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This publication presents technical information for the several product families that comprise 
the Motorola small-signal transistor line. The families include both bipolar and field-effect tran
sistors. These are available in a variety of packages; metal can, plastic, and microminiature. 
Complete device specifications and typical performance curves are given on individual data 
sheets, which are grouped by the various families. 

A quick comparison of performance characteristics is presented in the easy-to-use selector 
guides in the first section. The tables will assist in the selection of the proper transistor for a 
specific application. 

Separate sections are included to describe package outline drawings, and to clarify the 
mysteries of high reliability processing and testing. 

The information in this book has been carefully checked and is believed to be accurate; 
however, no responsibility is assumed for inaccuracies. Furthermore, this information does not 
convey to the purchaser of semiconductor devices any license under the patent rights to the 
manufacturer. 
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ALPHANUMERIC INDEX 
Data Selector 

Motorola Sheet Guide 
Part# Page# Page# 

Data Seiecior 
Motorola Sheet Guide 

Part# Page# Page# 
2N638 - 1-29 2N2060JTX 5-2 1-44 
2N656 4-2 1-17 
2N657 4-2 1-17 

2N2060JTXV 5-2 1-44 
2N2102 4-28 -

2N697 4-3 1-19 
2N699 4-4 -

2N2193A 4-29 1-18 
2N2218 4-30 1-19 

2N703 4-5 - 2N2218A 4-30 1-19 
2N703JAN 4-5 1-44 2N2218AJAN 4-30 1-19 
2N706 4-6 - 2N2218AJTX 4-30 1-19 
2N706A 4-6 - 2N2218AJTXV 4-30 1-19 
2N706B 4-6 - 2N2218JAN 4-30 1-19 

2N706JAN 4-6 1-44 2N2218JTX 4-30 1-19 
2N708 4-8 - 2N2218JTXV 4-30 1-19 
2N708JAN 4-8 1-44 2N2219 4-30 1-19 
2N708JTX 4-8 1-44 2N2219A 4-30 1-19 
2N718 4-9 1-18 2N2219AJAN 4-30 1-19 
2N718A 4-10 - 2N2219AJTX 4-30 1-19 
2N718AJAN 4-10 1-44 2N2219AJTXV 4-30 1-19 
2N718AJTX 4-10 1-44 2N2219ALJTXV - -
2N718AJTXV 4-10 1-44 2N2219JAN 4-30 1-19 
2N720A 4-12 - 2N2219JTX 4-30 1-19 

2N834 4-13 - 2N2219JTXV 4-30 1-19 
2N835 4-13 - 2N2221 4-30 -
2N860A - 1-29 2N2221A 4-30 1-18 
2N869A 4-14 1-15 2N2221AJAN 4-30 1-18 
2N869AJAN 4-14 1-15 2N2221AJTX 4-30 1-18 
2N869AJTX 4-14 1-15 2N2221AJTXV 4-30 1-18 
2N869AJTXV 4-14 1-15 2N2221JAN 4-30 1-44 
2N910 4-17 - 2N2221JTX 4-30 1-44 
2N914 4-18 1-15 2N2221JTXV 4-30 1-44 
2N914JAN 4-18 1-15 2N2222 4-30 1-18 

2N914JTX 4-18 1-15 2N2222A 4-30 1-18 
2N915 4-19 - 2N2222AJAN 4-30 1-18 
2N916 4-20 1-18 2N2222AJTX 4-30 1-18 
2N916JAN 4-20 1-18 2N2222AJTXV 4-30 1-18 
2N918 4-21 1-17 2N2222JAN 4-30 1-18 
2N918JAN 4-21 1-17 2N2222JTX 4-30 1-18 
2N918JANS - 1-17 2N2222JTXV 4-30 1-18 
2N918JANTXV - 1-17 2N2223 5-2 1-26 
2N918JTX 4-21 1-17 2N2223A 5-2 1-26 
2N918JTXV 4-21 1-17 2N2270 4-36 1-18 

2N930 4-22 1-16 2N2297 4-37 -
2N930A 4-22 1-16 2N2368 4-38 -
2N930JAN 4-22 1-16 2N2369 4-38 1-15 
2N930JTX 4-22 1-16 2N2369A 4-38 1-15 
2N956 4-10 1-18 2N2369AJAN 4-38 1-15 
2N1131A - 1-19 2N2369AJANS - 1-15 
2N1132 4-24 1-19 2N2369AJTX 4-38 1-15 
2N1132A 4-24 1-19 2N2369AJTXV 4-38 1-15 
2N1132JAN 4-24 1-19 2N2453 5-5 1-26 
2N1132JANTX - 1-19 2N2453A 5-5 1-26 

2N1613 4-26 1-18 2N2480 5-2 1-26 
2N1613JAN 4-26 1-18 2N2480A 5-2 1-26 
2N1613JTX 4-26 1-18 2N2481 4-43 -
2N1613JTXV 4-26 1-18 2N2481JAN 4-43 1-44 
2N1613LJTXV - - 2N2481JTX 4-43 1-44 
2N1711 4-10 1-18 2N2484 4-47 1-16 
2N1893 4-27 - 2N2484JAN 4-47 1-16 
2N2060 5-2 1-26 2N2484JTX 4-47 1-16 
2N2060A 5-2 1-26 2N2484JTXV 4-47 1-16 
2N2060JAN 5-2 1-44 2N2501 4-48 1-15 

Devices with no page number shown are available from Motorola although not represented 1n this book. Please contact your nearest Motorola 
representative for further information 
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Part# Page# Page# 
2N2539 4-51 -
2N2604 - 1-16 
2N2605 4-52 1-16 
2N2605JAN • 4-52 1-16 
2N2605JANTXV - 1-16 
2N2605JTX 4-52 1-16 
2N2608 6-2 1-30 
2N2608JAN - 1-44 
2N2609 6-2 1-31 
2N2609JAN - 1-44 

2N2906JTXV 4-57 1-19 
2N2907 4-57 1-19 
2N2907A 4-57 1-19 
2N2907AJAN 4-57 1-19 
2N2907AJANS 4-57 1-19 
2N2907AJTX 4-57 1-19 
2N2907AJTXV 4-57 1-19 
2N2907JAN 4-57 1-19 
2N2907JTX 4-57 1-19 
2N2907JTXV 4-57 1-19 

2N2639 5-7 1-26 
2N2640 5-7 1-26 
2N2641 5-7 1-26 
2N2642 5-7 1-26 
2N2643 5-7 1-26 
2N2644 5-7 1-26 
2N2652 5-9 1-26 
2N2652A 5-9 1-26 
2N2720 5-10 1-26 
2N2721 5-10 1-26 

2N2913 5-15 1-26 
2N2914 5-15 1-26 
2N2915 5-15 1-26 
2N2916 5-15 1-26 
2N2917 5-15 1-26 
2N2918 5-15 1-26 
2N2919 5-15 1-26 
2N2920 5-15 1-26 
2N2944 4-60 -
2N2944A 4-61 -

2N2722 5-11 1-26 
2N2723 5-12 -
2N2785 5-13 -
2N2800 4-53 -
2N2843 6-3 -
2N2844 6-3 -

2N2944AJAN 4-61 1-44 
2N2944AJTX 4-61 1-44 
2N2944AJTXV 4-61 1-44 
2N2945 4-60 1-20 
2N2945A 4-61 1-20 
2N2945AJAN 4-61 1-44 

2N2857 7-2 1-38 
2N2857JAN - 1-44 
2N2857JTX - 1-44 
2N2857JTXV - 1-44 

2N2945AJTX 4-61 1-44 
2N2945AJTXV 4-61 1-44 
2N2946 4-60 1-20 
2N2946A 4-61 1-20 

2N2894 4-54 1-15 
2N2895 4-55 1-18 
2N2896 4-55 1-18 
2N2897 4-55 1-18 
2N2903 5-14 1-26 
2N2903A - 1-26 
2N2904 4-57 1-19 
2N2904A 4-57 1-19 
2N2904AJAN 4-57 1-19 
2N2904AJTX 4-57 1-19 

2N2946AJAN 4-61 1-44 
2N2946AJTX 4-61 1-44 
2N2946AJTXV 4-61 1-44 
2N2959 , 4-65 -
2N3011 4-66 -
2N3012 4-67 -
2N3013 4-68 -
2N3013JAN 4-68 1-44 
2N3013JTX 4-68 1-44 
2N3014 4-68 -

2N2904AJTXV 4-57 1-19 
2N2904JAN 4-57 1-19 
2N2904JTX 4-57 1-19 
2N2904JTXV 4-57 1-19 
2N2905 4-57 1-19 
2N2905A 4-57 1-19 
2N2905AJAN 4-57 1-19 
2N2905AJTX 4-57 1-19 
2N2905AJTXV 4-57 1-19 
2N2905ALJANS 4-57 1-19 

2N3019 4-70 1-18 
2N3019JAN 4-70 1-18 
2N3019JTX 4-70 1-18 
2N3019JTXV 4-70 1-18 
2N3020 4-70 1-18 
2N3020JAN 4-70 -
2N3020JTX 4-70 -
2N3020JTXV 4-70 -
2N3043 5-17 1-26 
2N3044 5-17 1-26 

2N2905JAN 4-57 1-19 
2N2905JTX 4-57 1-19 
2N2905JTXV 4-57 1-19 
2N2906 4-57 1-19 
2N2906A 4-57 1-19 
2N2906AJAN 4-57 1-19 
2N2906AJTX 4-57 1-19 
2N2906AJTXV 4-57 1-19 
2N2906JAN 4-57 1-19 
2N2906JTX 4-57 1-19 

2N3045 5-17 1-26 
2N3046 5-17 1-26 
2N3047 5-17 1-26 
2N3048 5-17 1-26 
2N3053 4-73 1-19 
2N3053A 4-73 -
2N3073 4-74 -
2N3114 4-76 1-17 
2N3133 4-77 -
2N3135 4-77 -

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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Motorola Sheet Guide Motorola Sheet Guide 
Part# Page# Page# Part# Page# Page# 

2N3227 4-38 1-15 2N3485AJAN 4-57 1-19 
2N3244 4-78 1-16 2N3485AJTX 4-57 1-19 
2N3245 4-78 1-16 2N3486 4-57 1-19 
2N3249 4-82 - 2N3486A 4-57 1-19 
2N3250 4-86 1-19 2N3486AJAN 4-57 1-19 
2N3250A 4-86 1-19 2N3486AJTX 4-57 1-19 
2N3250AJAN 4-86 1-19 2N3494 4-108 1-18 
2N3250AJTX 4-86 1-19 2N3495 4-108 1-18 
2N3250AJTXV 4-86 1-19 2N3496 4-108 1-18 
2N3251 4-86 1-19 2N3497 4-108 1-18 

2N3251A 4-86 1-19 2N3498 4-111 1-17 
2N3251AJAN 4-86 1-19 2N3498JAN 4-111 1-17 
2N3251AJTX 4-86 1-19 2N3498JTX 4-111 1-17 
2N3251AJTXV 4-86 1-19 2N3498JTXV 4-111 1-17 
2N3252 4-91 1-15 2N3499 4-111 1-17 
2N3253 4-91 1-15 2N3499JAN 4-111 1-17 
2N3253JAN 4-91 1-15 2N3499JTX 4-111 1-17 
2N3253JANTX 4-91 1-15 2N3499JTXV 4-111 1-17 
2N3299 4-96 - 2N3500 4-111 1-17 
2N3300 4-96 1-19 2N3500JAN 4-111 1-17 

2N3301 4-96 - 2N3500JTX 4-111 1-17 
2N3302 4-96 1-18 2N3500JTXV 4-111 1-17 
2N3303 - 1-15 2N3501 4-111 1-17 
2N3307 4-97 1-17 2N3501JAN 4-111 1-44 
2N3308 4-97 - 2N3501JTX 4-111 1-44 
2N3330 6-4 1-30 2N3501JTXV 4-111 1-44 
2N3330JAN - 1-44 2N3506 4-117 1-15 
2N3330JTX - 1-44 2N3506JAN 4-117 1-15 
2N3331 6-5 - 2N3506JTX 4-117 1-15 
2N3368 - 1-31 2N3506JTXV 4-117 1-15 

2N3369 - 1-31 2N3507 4-117 1-15 
2N3370 - 1-31 2N3507JAN 4-117 1-15 
2N3425 5-19 - 2N3507JTX 4-117 1-15 
2N3436 6-6 1-32 2N3507JTXV 4-117 1-15 
2N3437 6-6 1-31 2N3508 4-119 1-15 
2N3438 6-6 1-31 2N3509 4-119 1-15 
2N3439 4-99 1-17 2N3510 4-121 -
2N3439JAN 4-99 1-17 2N3511 4-121 -
2N3439JTX 4-99 1-17 2N3546 4-124 1-15 
2N3439JTXV 4-99 1-17 2N3553 7-7 1-43 

2N3440 4-99 1-17 2N3553JAN - 1-44 
2N3440JAN 4-99 1-17 2N3553JTX - 1-44 
2N3440JTX 4-99 1-17 2N3553JTXV - 1-44 
2N3440JTXV 4-99 1-17 2N3634 4-127 1-16 
2N3444 4-91 1-15 2N3634JAN 4-127 1-16 
2N3444JAN 4-91 1-15 2N3634JTX 4-127 1-16 
2N3444JANTX 4-91 1-15 2N3635 4-127 1-16 
2N3458 6-7 1-32 2N3635JAN 4-127 1-16 
2N3459 6-7 1-31 2N3635JTX 4-127 1-16 
2N3460 6-7 1-31 2N3636 4-127 1-16 

2N3467 4-105 1-16 2N363£iJAN 4-127 1-16 
2N3467JAN 4-105 1-16 2N3636JTX 4-127 1-16 
2N3467JTX 4-105 1-16 2N3637 4-127 1-18 
2N3467JTXV 4-105 1-16 2N3637JAN 4-127 1-18 
2N3468 4-105 1-16 2N3637JTX 4-127 1-18 
2N3468JAN 4-105 1-16 2N3647 4-121 1-15 
2N3468JTX 4-105 1-16 2N3648 4-121 1-15 
2N3468JTXV 4-105 1-16 2N3673 - 1-19 
2N3485 4-57 - 2N3677 4-133 -
2N3485A 4-57 1-19 2N3700 4-70 1-18 

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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ALPHANUMERIC INDEX (continued) 
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Motorola Sheet Guide 
Part# Page# Page# 

Data Selector 
Motorola Sheet Guide 

Part# Page# Page# 
2N3712 4-134 1-17 2N3821JTXV - 1-44 
2N3724 4-135 1-15 2N3822 6-11 1-32 
2N3724A - 1-15 2N3822JAN 6-11 1-44 
2N3725 4-135 1-15 2N3822JTX - 1-44 
2N3725A - 1-15 2N3822JTXV - 1-44 
2N3726 5-20 1-26 2N3823 6-13 1-34 
2N3727 5-20 1-27 2N3823JAN - 1-44 
2N3734 4-139 1-15 2N3823JTX - 1-44 
2N3735 4-139 1-15 2N3823JTXV - 1-44 
2N3736 4-139 1-15 2N3824 6-11 -
2N3737 4-139 1-15 2N3838 5-25 1-27 
2N3742 4-141 1-17 2N3839 7-2 1-38 
2N3743 4-143 1-18 2N3866 7-9 1-38 
2N3743JAN 4-143 1-18 2N3866A 7-9 1-44 
2N3743JTX 4-143 1-18 2N3866AJAN 7-9 1-44 
2N3762 4-147 1-16 2N3866AJTX 7-9 1-44 
2N3762JAN 4-147 1-16 2N3866AJTXV 7-9 1-44 
2N3762JTX 4-147 1-16 2N3866JAN 7-9 1-44 
2N3762JTXV 4-147 1-16 2N3866JTX 7-9 1-44 
2N3763 4-147 1-16 2N3866JTXV 7-9 1-44 
2N3763JAN 4-147 1-16 2N3903 2-2 1-2 
2N3763JANTXV - 1-16 2N3904 2-2 1-2 
2N3763JTX 4-147 1-16 2N3905 2-7 1-2 
2N3764 4-147 - 2N3906 2-7 1-2 
2N3764JAN 4-147 1-44 2N3909 6-14 1-30 
2N3764JTX 4-147 1-44 2N3909A 6-14 1-31 
2N3764JTXV 4-147 1-44 2N3946 4-156 1-18 
2N3765 4-147 - 2N3947 4-156 1-18 
2N3765JAN 4-147 1-44 2N3948 7-13 1-42 
2N3765JTX 4-147 1-44 2N3959 7-15 1-39 

2N3796 6-8 1-33 2N3960 7-15 1-39 
2N3797 6-8 1-31 2N3960JAN - 1-44 
2N3798 4-153 1-16 2N3960JTX - 1-44 
2N3799 4-153 1-16 
2N3806 5-22 1-27 

2N3960JTXV - 1-44 
2N3962 4-162 1-16 

2N3807 5-22 1-27 2N3963 4-162 1-16 
2N3808 5-22 1-27 2N3964 4-162 1-16 
2N3809 5-22 1-27 2N3965 4-162 1-16 
2N3810 5-22 1-27 2N3966 6-15 -
2N3810A 5-22 1-27 2N3970 6-16 1-29 

2N3810JAN 5-22 1-44 2N3971 6-16 1-29 
2N3810JTX 5-22 1-44 2N3972 6-16 1-30 
2N3810JTXV 5-22 1-44 2N3993 6-17 1-28 
2N3811 5-22 1-27 2N3993A 6-17 1-28 
2N3811A 5-22 1-27 2N3994 6-17 1-28 
2N3811JAN 5-22 1-44 
2N3811JTX 5-22 1-44 
2N3811JTXV 5-22 1-44 
2N3812 5-22 1-27 

2N3994A 6-17 1-28 
2N4013 4-164 1-15 
2N4014 4-164 1-15 
2N4015 5-26 1-27 

2N3813 5-22 1-27 2N4016 5-26 1-27 
2N3814 5-22 1-27 2N4026 4-168 1-19 
2N3815 5-22 1-27 
2N3816 5-22 1-27 
2N3816A 5-22 1-27 
2N3817 5-22 1-27 
2N3817A 5-22 1-27 
2N3819 - 1-34 
2N3821 6-11 1-31 
2N3821JAN 6-11 1-44 
2N3821JTX - 1-44 

2N4027 4-168 1-19 
2N4028 4-168 1-19 
2N4029 4-168 1-19 
2N4030 4-168 1-16 
2N4031 4-168 1-19 
2N4032 4-168 1-19 
2N4033 4-168 1-16 
2N4033JAN 4-168 1-16 
2N4033JTX 4-168 1-16 

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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Data Selector 
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Part# Page# Page# 
2N4033JTXV 4-168 1-16 2N4410 2-35 -
2N4036 4-170 1-16 
2N4037 4-170 1-19 

2N4416 6-42 1-34 
2N4416A 6-42 1-34 

2N4057A - 1-29 2N4427 7-18 1-42 
2N4091 6-18 1-29 2N4449JAN - 1-44 
2N4092 6-18 1-29 2N4449JTX - 1-44 
2N4093 6-18 1-29 2N4453 4-14 -
2N4117 6-20 1-32 2N4453JAN 4-14 1-44 
2N4117A 6-20 1-32 2N4453JTX 4-14 1-44 
2N4118 6-20 1-32 2N4854 5-28 1-27 

2N4118A 6-20 1-32 2N4854JAN 5-28 1-44 
2N4119 6-20 1-32 2N4854JTX 5-28 1-44 
2N4119A 6-20 1-32 2N4854JTXV 5-28 1-44 
2N4123 2-12 1-2 2N4855 5-28 1-27 
2N4124 2-12 1-2 2N4856 6-49 1-28 
2N4125 2-16 1-2 2N4856A 6-49 1-28 
2N4126 2-16 1-2 2N4856JAN 6-49 1-44 
2N4208 4-172 1-15 2N4856JTX 6-49 1-44 
2N4209 4-172 1-15 2N4856JTXV - 1-44 
2N4220 6-22 1-31 2N4857 6-49 1-29 
2N4220A 6-22 1-31 2N4857A 6-49 -
2N4221 6-22 1-31 2N4857JAN 6-49 1-44 
2N4221A 6-22 1-32 
2N4222 6-22 1-32 

2N4857JTX 6-49 1-44 
2N4857JTXV - 1-44 

2N4222A 6-22 1-32 
2N4223 6-25 1-34 

2N4858 6-49 1-29 
2N4858A 6-49 1-29 

2N4224 6-25 1-34 
2N4234 4-174 1-18 

2N4858JAN 6-49 1-44 
2N4858JTX 6-49 1-44 

2N4235 4-174 1-18 2N4858JTXV - 1-44 
2N4236 4-174 1-18 2N4859 6-49 1-29 

2N4237 4-179 1-17 2N4859A 6-49 1-28 
2N4238 4-179 1-17 2N4859JAN 6-49 1-44 
2N4239 4-179 1-17 2N4859JTX 6-49 1-44 
2N4260 4-183 1-17 2N4859JTXV - 1-44 
2N4261 4-183 1-17 2N4860 6-49 1-29 
2N4261JAN 4-183 1-17 2N4860A 6-49 -
2N4261JTX 4-183 1-17 2N4860JAN 6-49 1-44 
2N4264 2-20 1-3 2N4860JTX 6-49 1-44 
2N4265 2-20 1-3 2N4860JTXV - 1-44 
2N4338 6-29 - 2N4861 6-49 1-29 

2N4339 6-29 1-31 2N4861A 6-49 1-29 
2N4340 6-29 1-31 2N4861JAN 6-49 1-44 
2N4341 6-29 1-32 2N4861JTX 6-49 1-44 
2N4342 6-30 1-30 2N4861JTXV - 1-44 
2N4351 6-31 1-33 
2N4352 6-35 -

2N4890 4-195 -
2N4924 4-196 1-17 

2N4360 6-39 1-30 
2N4391 6-40 1-29 

2N4925 4-196 -
2N4926 4-197 1-17 

2N4392 6-40 1-29 2N4927 4-197 1-17 
2N4393 6-40 1-29 2N4928 4-198 1-18 

2N4398 - 1-32 2N4929 4-198 1-18 
2N4400 2-25 1-2 2N4930 4-198 1-18 
2N4401 2-25 1-2 2N4930JAN 4-198 1-18 
2N4402 2-30 1-2 2N4930JTX 4-198 1-18 
2N4403 2-30 1-2 2N4930JTXV 4-198 1-18 
2N4404 4-186 1-16 2N4931 4-198 1-18 
2N4405 4-186 1-16 2N4931JAN 4-198 1-18 
2N4406 4-191 1-16 
2N4407 4-191 1-16 

2N4931JTX 4-198 1-18 
2N4931JTXV 4-198 1-18 

2N4409 2-35 - 2N4937 5-30 1-27 

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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2N4938 5-30 1-27 2N5363 - 1-32 
2N4939 5-30 1-27 2N5364 - 1-32 
2N4940 5-30 1-27 2N5400 2-59 1-5 
2N4941 5-30 1-27 2N5401 2-59 1-5 
2N4942 5-30 1-27 2N5415 4-99 1-18 
2N4957 7-20 1-41 2N5415JAN 4-99 1-18 
2N4957JAN 7-20 1-44 2N5415JTX 4-99 1-18 
2N4957JTX 7-20 1-44 2N5415JTXV 4-99 1-18 
2N4957JTXV 7-20 1-44 2N5416 4-99 1-18 
2N4958 7-20 1-41 2N5416JAN 4-99 1-18 

2N4959 7-20 1-41 2N5416JANTXV 4-99 1-18 
2N5022 4-200 1-16 2N5416JTX 4-99 1-18 
2N5023 4-200 1-16 2N5457 6-58 1-31 
2N5031 7-28 1-41 2N5458 6-58 1-31 
2N5032 7-28 1-41 2N5459 6-58 1-31 
2N5058 4-202 1-17 2N5460 6-59 1-30 
2N5059 4-202 1-17 2N5461 6-59 1-30 
2N5086 2-36 1-4 2N5462 6-59 1-30 
2N5087 2-36 1-4 2N5463 6-59 1-30 
2N5088 2-41 1-4 2N5464 6-59 1-30 

2N5089 2-41 1-4 2N5465 6-59 1-31 
2N5108 7-31 1-38 2N5484 6-62 1-33 
2N5109 7-34 1-40 2N5485 6-62 1-34 
2N5109JAN 7-34 1-44 2N5486 6-62 1-34 
2N5109JTX 7-34 1-44 2N5550 2-62 1-5 
2N5109JTXV 7-34 1-44 2N5551 2-62 1-5 
2N5146 - 1-23 2N5555 6-64 -
2N5160 7-39 1-43 2N5556 - 1-32 
2N5179 7-41 1-38 2N5557 - 1-31 
2N5208 2-42 1-3 2N5558 - 1-31 

2N5209 2-47 1-4 2N5581 4-30 1-19 
2N5210 2-47 1-4 2N5581JAN 4-30 1-19 
2N5222 2-48 1-3 2N5581JTX 4-30 1-19 
2N5223 2-51 - 2N5581JTXV 4-30 1-19 
2N5224 2-52 - 2N5582 4-30 1-19 
2N5225 2-54 - 2N5582JAN 4-30 1-19 
2N5226 2-55 - 2N5582JTX 4-30 1-19 
2N5227 2-56 - 2N5582JTXV 4-30 1-19 
2N5228 2-57 - 2N5583 7-46 1-39 
2N5229 4-203 1-20 2N5638 6-66 -

2N5230 4-203 1-20 2N5639 6-66 1-29 
2N5231 4-203 1-20 2N5640 6-66 1-29 
2N5245 6-51 1-34 2N5653 6-68 1-29 
2N5246 6-51 1-34 2N5654 6-68 1-29 
2N5247 6-51 1-34 2N5668 6-70 1-34 
2N5265 6-53 1-30 2N5669 6-70 1-34 
2N5266 6-53 1-30 2N5670 6-70 1-32 
2N5267 6-53 1-30 2N5679 4-210 1-18 
2N5268 6-53 1-30 2N5680 4-210 1-18 
2N5269 6-53 1-31 2N5681 4-210 1-17 

2N5270 6-53 1-31 2N5682 4-210 1-17 
2N5320 4-206 - 2N5771 2-66 1-3 
2N5321 4-206 - 2N5793 5-32 1-27 
2N5322 4-208 - 2N5793JAN 5-32 1-44 
2N5323 4-208 - 2N5793JTX 5-32 1-44 
2N5358 - 1-31 2N5793JTXV 5-32 1-44 
2N5359 - 1-31 2N5794 5-32 1-27 
2N5360 - 1-31 2N5794JAN 5-32 1-44 
2N5361 - 1-31 2N5794JTX 5-32 1-44 
2N5362 - 1-32 2N5794JTXV 5-32 1-44 
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2N5795 5-33 1-27 3N201 6-84 1-36 
2N5795JAN 5-33 1-44 3N202 6-84 1-36 
2N5795JTX 5-33 1-44 3N203 6-84 1-36 
2N5795JTXV 5-33 1-44 3N204 6-89 1-36 
2N5796 5-33 1-27 3N205 6-89 1-36 
2N5796JAN 5-33 1-44 3N206 - 1-36 
2N5796JTX 5-33 1-44 3N209 6-91 1-36 
2N5796JTXV 5-33 1-44 3N211 6-96 1-36 
2N5829 7-48 1-41 3N212 6-96 1-36 
2N5835 7-49 1-39 3N213 6-96 1-36 

2N5836 7-49 1-39 BC107, 108, 109 - -
2N5837 7-49 1-39 BC140 Series - -
2N5859 4-215 - BC141 Series - -
2N5861 4-218 1-15 BC160,-6,-10,-1& - -
2N5943 7-61 1-39 BC161,-6,-10,-16 - -
2N5947 7-67 1-39 BC177, 178, 179 - -
2N6255 7-71 1-42 BC393 - -
2N6256 7-74 1-42 BC394 - -
2N6304 7-77 1-40 BCW20 - 1-7 
2N6305 7-77 1-40 BCW29 3-2 1-8 

2N6426 2-67 1-4 BCW30 3-2 1-8 
2N6427 2-67 1-4 BCW31 3-3 1-7 
2N6428 2-71 1-4 BCW32 3-3 1-7 
2N6428A 2-71 - BCW33 3-3 1-7 
2N6429 2-71 1-4 BCW60A 3-4 1-7 
2N6429A 2-71 1-4 BCW60B 3-4 1-7 
2N6430 4-221 1-17 BCW60C 3-4 1-7 
2N6431 4-221 1-17 BCW60D 3-4 1-7 
2N6432 4-222 1-18 BCW61A 3-6 1-8 
2N6433 4-222 1-18 BCW61B 3-6 1-7 

2N6501 5-34 1-23 BCW61C 3-6 1-7 
2N6502 5-34 1-27 BCW61D 3-6 1-7 
2N6503 5-34 1-27 BCW65A 3-8 1-7 
2N6515 2-73 1-5 BCW65B - 1-7 
2N6516 2-73 1-5 BCW65C - 1-7 
2N6517 2-73 1-5 BCW66F 3-9 1-6 
2N6518 2-73 1-5 BCW66G - 1-6 
2N6519 2-73 1-5 BCW67 3-10 -
2N6520 2-73 1-5 BCW67A 3-10 1-8 
2N6603 7-82 1-39 BCW67B 3-10 1-8 

2N6603JAN 7-82 1-44 BCW67C 3-10 1-7 
2N6603JTXV 7-82 1-44 BCW68 3-10 -
2N6604 7-86 1-39 BCW68F 3-10 1-7 
2N6604JAN 7-86 1-44 BCW68G 3-10 1-7 
2N6604JTXV 7-86 1-44 BCW68H - -
2N6659 6-72 1-35 BCW69 3-11 1-7 
2N6660 6-72 1-35 BCW70 3-11 1-7 
2N6661 6-72 1-35 BCW71 3-12 1-6 
3N128 6-75 1-34 BCW72 3-12 1-6 
3N155 6-78 1-33 BCW72R - -
3N155A 6-78 1-33 BCX17 3-13 1-7 
3N156 6-78 1-33 BCX18 3-13 1-8 
3N156A 6-78 1-33 BCX19 - 1-6 
3N157 6-79 1-33 BCX20 - -
3N157A 6-79 1-33 BCX51 3-14 1-13 
3N158 6-79 1-33 BCX52 3-14 1-13 
3N158A 6-79 1-33 BCX53 3-14 1-13 
3N169 6-82 1-33 BCX54 3-15 1-13 
3N170 6-82 1-33 BCX55 3-15 1-13 
3N171 6-82 1-33 BCX56 3-15 1-13 
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BCX68 3-16 1-13 
BCX69 3-17 1-13 
BCX70G 3-18 1-6 
BCX70H 3-18 1-6 
BCX70J 3-18 1-6 
BCX70K 3-18 1-6 
BCX71G 3-20 1-7 
BCX71H 3-20 1-7 
BCX71J 3-20 1-7 
BCX71K 3-20 1-7 

BSX45,-6,-10,-16 - -
BSX47,-6,-10 - -
BZX84C 3-36 -
BZX84C4V7 3-36 1-12 
BZX84C5V1 3-36 1-12 
BZX84C5V6 3-36 1-12 
BZX84C6V2 3-36 1-12 
BZX84C6V8 3-36 1-12 
BZX84C7V5 3-36 1-12 
BZX84CBV2 3-36 1-12 

BCY58,Vll,Vlll,IX,X - - BZX84C9V1 3-36 1-12 
BCY59,Vll,Vlll,IX,X - - BZX84C10 3-36 1-12 
BCY70,71,72 - - BZX84C11 3-36 1-12 
BCY78,Vll,Vlll,IX,X - - BZX84C12 3-36 1-12 
BCY79,Vll,Vlll,IX,X - - BZX84C13 3-36 1-12 
BCY66 - - BZX84C15 3-36 1-12 
BCY67 - - BZX84C16 3-36 1-12 
BDT70 - - BZX84C18 3-36 1-12 
BDT71 - - BZX84C20 3-36 1-12 
BF246 - 1-30 BZX84C22 3-36 1-12 
BF246A - 1-30 BZX84C24 3-36 1-12 
BF246B - 1-30 BZX84C27 3-36 1-13 
BF246C - 1-30 BZX84C30 3-36 1-13 
BFQ17 3-22 1-14 BZX84C33 3-36 1-13 
BFQ18A 3-23 1-14 J107 6-101 1-30 
BFQ19 3-24 1-14 J108 6-101 1-30 
BFR30 3-25 1-11 J109 6-101 1-30 
BFR31 3-25 1-11 J110 6-101 1-30 
BFR90 7-90 1-39 J111 6-104 1-29 
BFR91 7-93 1-39 J112 6-104 1-29 

BFR92 3-26 1-10 J113 6-104 1-30 
BFR92S 3-26 1-10 J174 6-105 -
BFR93 3-27 1-10 J175 6-105 -
BFR93S 3-27 1-10 J176 6-105 -
BFR96 7-96 1-39 J177 6-105 -
BFRC96 7-96 - J201 6-106 1-31 
BFS17 3-28 1-10 J202 6-106 1-31 
BFS17S 3-28 1-10 J203 6-106 1-31 
BFW43,44 - - J270 6-107 -
BFW92A 7-96 1-39 J271 6-107 -
BFX29 - - J300 6-108 -
BFX84,85,86 - - J304 6-109 1-34 
BFX89 7-101 1-40 J305 6-109 1-34 
BFY90 7-101 1-40 J308 6-110 1-34 
BS107 6-98 1-35 J309 6-110 1-34 
BS107A 6-98 - J310 6-110 1-34 
BS170 6-99 1-35 JF1033B 6-112 -
BSS63 3-29 1-10 JF1033S 6-112 -
BSS64 3-30 1-10 JF1033Y 6-112 -
BSS71, 72, 73 - - MBAL99 3-38 1-11 

BSS74,75,76 - - MBAS16 3-39 1-11 
BSS77,78 - - MBAV70 3-40 1-11 
BSS79B - 1-6 MBAV74 3-41 1-11 
BSS79C 3-31 1-6 MBAV99 3-42 1-11 
BSSBOB - 1-7 MBAW56 3-43 1-11 
BSSBOC 3-32 - MD708 5-38 1-24 
BSS82C 3-33 1-7 MD708A 5-38 1-24 
BSV52 3-34 1-8 MD708AF 5-38 1-24 
BSX19,20 - - MD708B 5-38 1-24 
BSX39 3-35 1-8 MD708BF 5-38 1-24 
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MD708F 5-38 1-24 MD3467 5-72 1-25 
MD918 5-39 1-24 MD3467F 5-72 1-25 
MD918A 5-39 1-24 MD3725 5-76 1-25 
MD918AF 5-39 1-24 MD3725F 5-76 1-25 
MD918B 5-39 1-24 MD3762 5-79 1-25 
MD918BF 5-39 1-24 MD3762F 5-79 1-25 
MD918F 5-39 1-24 MD4260 5-82 -
MD982 5-42 1-24 MD4261 5-82 -
MD982F 5-42 1-24 MD4957 7-104 -
MD984 5-43 1-24 MDSOOO 5-83 1-25 
MD985 5-44 1-24 MD5000A 5-83 1-25 
MD985F 5-44 1-24 MD5000B 5-83 1-25 
MD986 5-46 1-24 
MD986F 5-46 1-24 

MD6001 5-84 1-25 
MD6001F 5-84 1-25 

MD1120 5-47 1-24 MD6002 5-84 1-25 
MD1120F 5-47 1-24 MD6002F 5-84 1-25 
MD1121 5-47 1-24 MD6003 5-84 1-25 
MD1121F 5-47 1-24 MD6003F 5-84 1-25 
MD1122 5-47 1-24 MD6100 - 1-25 
MD1122F 5-47 1-24 MD6100F - 1-25 
MD1123 5-49 1-24 MD7000 5-88 1-25 
MD1129 5-51 1-24 MD7001 5-89 1-25 
MD1129F 5-51 1-24 MD7001F 5-89 1-25 
MD1130 5-49 1-24 MD7002 5-91 1-25 
MD1130F 5-49 1-24 MD7002A 5-91 1-25 
MD1132 5-53 1-24 MD7002B 5-91 1-25 
MD1132F 5-53 1-24 MD7003 5-92 1-25 
MD2060F 1-24 MD7003A 5-92 1-25 
MD2218 5-54 1-24 MD7003AF 5-92 1-25 
MD2218A 5-54 1-24 MD7003B 5-92 1-25 
MD2218AF 5-54 1-24 MD7003F 5-92 1-25 
MD2218F 5-54 1-24 MD7004 - 1-25 
MD2219 5-54 1-24 MD7004F - 1-25 
MD2219A 5-54 1-24 
MD2219AF 5-54 1-24 

MD7005 - 1-25 
MD7005F - 1-26 

MD2219F 5-54 1-24 
MD2369 5-59 1-24 

MD7007 5-94 1-26 
MD7007A 5-94 1-26 

MD2369A 5-59 1-24 MD7007B 5-94 1-26 
MD2369AF 5-59 1-24 MD7007BF 5-94 1-26 
MD2369B 5-59 1-24 MD7007F 5-94 1-26 
MD2369BF 5-59 1-24 MD7021 5-96 1-26 
MD2369F 5-59 1-24 MD7021F 5-96 1-26 
MD2904 5-62 1-24 MD8001 5-98 1-26 
MD2904A 5-62 1-24 MD8002 5-98 1-26 
MD2904AF 5-62 1-24 MD8003 5-98 1-26 
MD2904F 5-62 1-24 MFE120 6-113 1-36 
MD2905 5-62 1-24 MFE121 6-113 1-36 
MD2905A 5-62 1-25 MFE122 6-113 1-36 
MD2905AF 5-62 1-25 MFE130 6-147 1-36 
MD2905F 5-62 1-25 MFE131 6-147 1-36 
MD3250 5-67 1-25 MFE132 6-147 1-36 
MD3250A 5-67 1-25 MFE140 6-117 1-36 
MD3250AF 5-67 1-25 MFE521 - 1-36 
MD3250F 5-67 1-25 MFE823 6-122 1-33 
MD3251 5-67 1-25 MFE825 6-123 1-33 
MD3251A 5-67 1-25 MFE910 6-124 1-35 
MD3251AF 5-67 1-25 MFE930 6-126 1-35 
MD3251F 5-67 1-25 MFE960 6-126 1-35 
MD3409 5-71 1-25 MFE990 6-126 1-35 
MD3410 5-71 1-25 MFE2000 6-129 1-34 
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MFE2001 6-129 1-34 
MFE2004 6-130 1-29 
MFE2005 6-130 1-29 
MFE2006 6-130 1-29 
MFE2010 6-132 1-29 
MFE2011 6-132 1-28 
MFE2012 6-132 1-28 
MFE3001 6-134 -

MM3006 4-229 1-17 
MM3007 4-229 1-17 
MM3008 4-230 1-17 
MM3009 4-230 1-17 
MM3726 4-231 -
MM3903 4-232 1-19 
MM3904 4-232 1-19 
MM3905 4-234 1-19 

MFE3002 6-135 .1-29 MM3906 4-234 1-19 
MFE3003 6-136 1-33 MM4000 4-236 1-18 
MFE3004 6-137 1-34 MM4001 4-236 1-18 
MFE3005 6-137 - MM4002 4-236 1-18 
MFE4007 - 1-30 MM4003 4-236 1-18 
MFE4009 - 1-30 MM4005 4-237 -
MFE4012 - 1-30 MM4006 4-237 -
MFE9200 6-139 1-35 
MFQ930C 6-142 1-23 

MM4007 4-237 -
MM4018 7-120 -

MFQ960C 6-142 1-23 
MFQ990C 6-142 1-23 
MHQ918 5-99 1-22 

MM4019 7-122 -
MM4036 4-238 1-19 
MM4037 4-238 1-19 

MHQ2221 5-100 1-22 MM4049 7-124 1-39 
MHQ2222 5-100 1-22 MM4052 4-240 -
MHQ2369 5-102 1-22 
MHQ2483 5-103 1-22 
MHQ2484 5-103 1-22 
MHQ2906 5-104 1-22 
MHQ2907 5-104 1-22 
MHQ3467 5-106 1-22 
MHQ3546 5-107 1-22 
MHQ3798 5-108 1-22 

MM4208 4-241 -
MM4209 4-241 -
MM4257 4-243 -
MM4258 4-243 1-15 
MM5005 4-246 1-18 
MM5006 4-246 1-18 
MM5007 4-246 1-18 
MM5262 4-247 1-15 

MHQ3799 5-108 1-22 MM5415 4-248 -
MHQ4001A 5-109 1-22 
MHQ4002A 5-109 1-22 

MM5416 4-248 -
MM6427 4-249 -

MHQ4013 5-110 1-22 
MHQ4014 5-110 1-22 

MM8000 7-134 1-40 
MM8001 7-134 1-40 

MHQ6001 5-112 1-22 
MHQ6002 5-112 1-22 
MHQ6100 5-113 1-22 
MHQ6100A 5-113 -
MHQ6842 - -

MM8002 7-134 -
MM8009 7-136 1-38 
MMBA811C5 3-44 1-7 
MMBA811C6 3-44 1-7 
MMBA811C7 3-44 1-7 

MHW590 7-108 1-41 
MHW591 7-111 1-41 

MMBA811C8 3-44 1-7 
MMBA812M3 3-45 1-7 

MHW592 7-117 1-41 
MHW593 7-123 1-41 

MMBA812M4 3-45 1-7 
MMBA812M5 3-45 1-7 

MM420 4-223 1-17 
MM421 4-223 1-17 

MMBA812M6 3-45 1-7 
MMBA812M7 3-45 1-7 

MM852 - 1-17 MMBA813S2 - 1-7 
MM1505 4-224 - MMBA813S3 - 1-7 
MM1748 4-225 1-15 
MM1748A 4-225 1-15 

MMSA813S4 - 1-7 
MMBB601T - 1-7 

MM1941 - 1-17 MMBB709S - 1-8 
MM2005 4-226 -
MM2258 4-227 -

MMBB709T - 1-8 
MMBC1009F1 3-46 1-8 

MM2259 4-227 -
MM2260 4-227 -
MM3000 4-228 -
MM3001 4-228 1-17 

MMBC1009F2 3-46 1-8 
MMBC1009F3 3-46 1-8 
MMBC1009F4 3-46 1-8 
MMBC1009F5 3-46 1-8 

MM3002 4-228 1-17 
MM3003 4-228 1-17 

MMBC1321Q2 3-47 1-8 
MMBC1321Q3 3-47 1-8 

MM3005 4-229 1-17 MMBC1321Q4 3-47 1-8 
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MMBC1321Q5 3-47 1-8 MMBT2222 3-89 1-7 
MMBC1621B2 3-48 1-8 MMBT2222A 3-89 1-6 
MMBC1621B3 3-48 1-8 MMBT2369 3-91 1-8 
MMBC1621B4 3-48 1-8 MMBT2484 3-92 1-9 
MMBC1622D6 3-49 1-7 MMBT2907 3-93 1-7 
MMBC1622D7 3-49 1-7 MMBT2907A 3-93 1-7 
MMBC1622D8 3-49 1-7 MMBT3640 3-95 1-8 
MMBC1623L3 3-50 1-7 MMBT3903 3-96 1-7 
MMBC1623L4 3-50 1-7 MMBT3904 3-96 1-6 
MMBC1623L5 3-50 1-6 MMBT3906 3-98 1-7 

MMBC1623L6 3-50 1-6 MMBT3960 - 1-8 
MMBC1623L7 3-50 1-6 MMBT3960A - 1-8 
MMBC1653N2 3-51 1-9 MMBT4124 3-100 1-7 
MMBC1653N3 3-51 1-9 MMBT4125 3-101 1-8 
MMBC1653N4 3-51 1-9 MMBT4260 - 1-8 
MMBC1654N5 3-52 - MMBT4261 - 1-8 
MMBC1654N6 3-52 1-9 MMBT4401 3-102 1-7 
MMBC1654N7 3-52 1-9 MMBT4403 3-103 1-7 
MMBD101 3-53 1-12 MMBT5086 3-104 1-9 
MMBD352 3-54 1-12 MMBT5087 3-104 1-9 
MMBD501 3-55 1-12 
MMBD914X 3-56 1-11 
MMBD2835X 3-57 1-11 
MMBD2836X 3-57 1-11 
MMBD2837X 3-58 1-11 
MMBD2838X 3-58 1-11 
MMBD6050X 3-59 1-11 
MMBD6100 3-60 1-11 
MMBD7000 3-61 1-11 
MMBF4391 3-62 1-11 

MMBT5088 3-105 1-9 
MMBT5089 3-105 1-9 
MMBT5401 3-106 1-9 
MMBT5550 3-107 1-9 
MMBT6427 3-108 1-9 
MMBT6428 3-109 1-9 
MMBT6429 3-109 1-9 
MMBT6517 3-110 -
MMBT6520 3-111 -
MMBT6543 3-112 1-8 

MMBF4392 3-62 1-11 
MMBF4393 3-62 1-11 
MMBF4416 3-63 1-10 
MMBF4860 3-64 1-11 
MMBF5457 3-66 1-11 
MMBF5459 3-67 1-11 
MMBF5460 3-68 1-11 
MMBF5484 3-69 1-10 
MMBF5486 3-70 1-10 
MMBFJ310 3-71 1-10 

MMBTAOS 3-113 1-10 
MMBTA06 3-113 1-10 
MMBTA13 3-114 1-9 
MMBTA14 3-114 1-9 
MMBTA20 3-115 1-7 
MMBTA42 3-116 1-9 
MMBTA43 3-116 1-9 
MMBTA55 3-117 1-10 
MMBTA56 3-117 1-10 
MMBTA63 3-118 1-9 

MMBFU310 3-72 1-10 
MMBJ930 3-88 -
MMBPU131 3-73 1-13 
MMBR901 3-74 1-10 
MMBR920 3-75 1-10 
MMBR930 3-76 1-10 
MMBR931 3-77 1-10 
MMBR2060 3-78 1-10 
MMBR2857 3-79 1-10 
MMBR4957 3-80 1-10 

MMBTA64 3-118 1-9 
MMBTA70 3-119 1-7 
MMBTA92 3-120 1-9 
MMBTA93 3-120 1-9 
MMBTH10 3-121 1-8 
MMBTH24 3-122 1-8 
MMBTH81 3-123 1-8 
MMBV105G 3-124 1-12 
MMBV109 3-125 1-12 
MMBV2097 3-126 1-12 

MMBR5031 3-81 1-10 
MMBR5179 3-82 1-10 
MMBS5060 3-83 1-13 
MMBS5061 3-83 1-13 
MMBS5062 3-83 1-13 
MMBT404 3-84 1-9 
MMBT404A 3-84 1-9 
MMBT918 3-86 1-8 
MMBT918R - -
MMBT930 3-88 1-6 

MMBV2098 3-126 1-12 
MMBV2099 3-126 -
MMBV2100 3-126 -
MMBV2101 3-126 1-12 
MMBV2102 3-126 -
MMBV2103 3-126 1-12 
MMBV2104 3-126 -
MMBV2105 3-126 -
MMBV2106 3-126 -
MMBV2107 3-126 -

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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MMBV2108 3-126 1-12 MPF161 - 1-30 
MMBV2109 3-126 1-12 MPF201 6-150 1-36 
MMBV3102 3-127 1-12 MPF202 6-150 1-36 
MMBV3401 3-128 1-12 MPF203 6-150 1-36 
MMBZ5226 3-129 1-12 MPF209 6-91 -
MMBZ5227 3-129 1-12 MPF211 6-155 1-36 
MMBZ5228 3-129 1-12 MPF212 6-155 1-36 
MMBZ5229 3-129 · 1-12 MPF213 6-155 1-36 
MMBZ5230 3-129 1-12 MPF230 6-160 -
MMBZ5231 3-129 1-12 MPF231 6-160 -
MMBZ5232 3-129 . 1-12 MPF232 6-160 -
MMBZ5233 3-129 1-12 MPF256 6-161 -
MMBZ5234 3-129 1-12 MPF521 6-162 1-36 
MMBZ5235 3-129 1-12 MPF820 6-166 -
MMBZ5236 3-129 1-12 MPF910 6-124 1-35 
MMBZ5237 3-129 1-12 MPF930 6-168 1-35 
MMBZ5238 3-129 1-12 MPF960 6-168 1-35 
MMBZ5239 3-129 1-12 MPF970 6-169 1-28 
MMBZ5240 3-129 1-12 MPF971 6-169 1-28 
MMBZ5241 3-129 1-12 MPF990 6-168 1-28 

MMBZ5242 3-129 1-12 MPF1010 - 1-35 
MMBZ5243 3-129 1-12 MPF2608 6-173 1-30 
MMBZ5244 3-129 1-12 MPF2609 6-173 1-31 
MMBZ5245 3-129 1-12 MPF3330 6-174 1-30 
MMBZ5246 3-129 1-12 MPF3821 6-175 1-31 
MMBZ5247 3-129 1-12 MPF3822 6-175 1-32 
MMBZ5248 3-129 1-12 MPF3823 6-176 1-34 
MMBZ5249 3-129 1-12 MPF3824 6-176 -
MMBZ5250 3-129 1-12 MPF3970 6-177 1-29 
MMBZ5251 3-129 1-12 MPF3971 6-177 1-29 

MMBZ5252 3-129 1-12 MPF3972 6-177 1-30 
MMBZ5253 3-129 1-13 MPF4091 - 1-29 
MMBZ5254 3-129 1-13 MPF4092 - 1-29 
MMBZ5255 3-129 1-13 MPF4093 6-179 1-29 
MMBZ5256 3-129 1-13 MPF4117 6-180 1-32 
MMBZ5257 3-129 1-13 MPF4117A 6-180 1-32 
MMCM918 - - MPF4118 6-180 1-32 
MMCM930 - - MPF4118A 6-180 1-32 
MMCM2221 - - MPF4119 6-180 1-32 
MMCM2222 - - MPF4119A 6-180 1-32 

MMCM2369 - - MPF4220 6-182 1-31 
MMCM2484 - - MPF4220A 6-182 1-31 
MMCM2857 - - MPF4221 6-182 1-32 
MMCM2906 - - MPF4221A 6-182 1-32 
MMCM2907 - - MPF4222 6-182 1-32 
MMCM3798 - - MPF4222A 6-182 1-32 
MMCM3799 - - MPF4223 6-183 1-34 
MMCM3903 - - MPF4224 6-183 1-34 
MMCM3904 - - MPF4339 - 1-31 
MMCM3905 - - MPF4391 6-184 1-29 

MMCM3906 - - MPF4392 6-184 1-29 
MMCM3960A - - MPF4393 6-184 1-29 
MPF102 6-143 1-34 MPF4416 6-188 1-34 
MPF108 6-144 1-34 MPF4416A 6-188 1-34 
MPF109 - 1-31 MPF4856 6-189 1-28 
MPF111 6-145 1-31 MPF4856A 6-189 1-28 
MPF112 6-146 -
MPF130 6-147 -

MPF4857 6-189 1-29 
MPF4857A 6-189 1-29 

MPF131 6-147 - MPF4858 6-189 1-29 
MPF132 6-147 - MPF4858A 6-189 1-29 

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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Part# Page# Page# 
MPF4859 6-189 1-29 MPS706 2-84 -
MPF4859A 6-189 1-28 MPS706A 2-84 -
MPF4860 6-189 1-29 MPS708 2-86 -
MPF4860A 6-189 1-29 MPS750 2-83 1-2 
MPF4861 6-189 1-29 MPS751 2-83 1-2 
MPF4861A 6-189 1-29 MPS751A - -
MPF6659 6-72 1-35 MPS834 2-88 -
MPF6660 6-72 1-35 MPS835 2-90 -
MPF6661 6-72 1-35 MPS918 2-92 1-3 
MPF9200 - 1-35 MPS929 2-94 -

MPQ918 5-114 1-22 MPS929A 2-94 -
MPQ1000 5-115 1-22 MPS930 2-94 -
MPQ1500 5-116 1-22 MPS930A 2-94 -
MPQ2221 5-100 1-22 MPS2222 2-97 1-2 
MPQ2221A - 1-22 MPS2222A 2-97 -
MPQ2222 5-100 1-22 MPS2369 2-101 1-3 
MPQ2222A - 1-22 MPS2714 2-103 -
MPQ2369 5-102 1-22 MPS2716 - -
MPQ2483 5-117 1-22 MPS2907 2-104 1-2 
MPQ2484 5-117 1-22 MPS2907A 2-104 -

MPQ2906 5-104 1-22 MPS2925 - -
MPQ2906A - 1-22 MPS3390 2-108 -
MPQ2907 5-104 1-22 MPS3391 2-108 -
MPQ2907A - 1-22 MPS3391A 2-109 -
MPQ3303 5-119 1-22 MPS3392 2-108 -
MPQ3467 5-120 1-22 MPS3393 2-108 -
MPQ3546 5-107 1-22 MPS3394 2-108 -
MPQ3724 - - MPS3395 2-108 -
MPQ3725 5-121 1-22 MPS3396 2-108 -
MPQ3725A 5-121 1-22 MPS3397 2-108 -
MPQ3762 5-123 1-22 MPS3398 2-108 -
MPQ3798 5-125 1-22 MPS3402 2-110 -
MPQ3799 5-125 1-22 MPS3403 2-110 -
MPQ3904 5-127 1-22 MPS3404 2-111 -
MPQ3906 5-128 1-22 MPS3405 2-111 -
MPQ6001 5-130 1-23 MPS3563 2-92 1-3 
MPQ6002 5-130 1-23 MPS3565 2-112 -
MPQ6100 5-133 1-23 MPS3566 2-113 -
MPQ6100A 5-133 1-23 MPS3567 2-114 -
MPQ6426 5-135 - MPS3568 2-114 -

MPQ6427 5-135 - MPS3569 2-114 -
MPQ6501 5-130 1-23 MPS3638 2-115 -
MPQ6502 5-130 1-23 MPS3638A 2-115 -
MPQ6600 5-133 1-23 MPS3640 2-117 1-3 
MPQ6600A 5-133 1-23 MPS3644 2-119 -
MPQ6700 5-137 1-23 MPS3645 2-119 -
MPQ6842 5-141 1-23 MPS3646 2-120 1-3 
MPQ7041 5-144 1-23 MPS3693 - 1-3 
MPQ7042 5-144 1-23 MPS3694 - 1-3 
MPQ7043 5-144 1-23 MPS3702 2-122 1-2 

MPQ7051 5-145 1-23 MPS3703 2-122 -
MPQ7052 5-145 1-23 MPS3704 2-123 1-2 
MPQ7053 5-145 - MPS3705 2-123 -
MPQ7091 5-147 1-23 MPS3706 2-123 -
MPQ7092 5-147 1-23 MPS3707 2-124 -
MPQ7093 5-147 1-23 MPS3710 2-124 -
MPS404 2-79 1-5 MPS3711 2-124 -
MPS404A 2-79 1-5 MPS3866 2-125 1-3 
MPS650 2-83 1-2 MPS3866A - -
MPS651 2-83 1-2 MPS3903 2-127 -

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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MPS3904 2-127 - MPS6576 2-161 -
MPS3905 2-133 - MPS6580 2-162 -
MPS3906 2-133 - MPS6601 2-163 1-2 
MPS4248 2-135 - MPS6602 2-163 -

MPS4249 2-135 1-4 MPS6651 2-163 1-2 
MPS4250 2-135 1-4 MPS6652 2-163 -
MPS4250A 2-135 1-4 MPS6714 2-168 1-2 
MPS4257 2-137 - MPS6715 2-168 1-2 
MPS4258 2-137 1-3 MPS6716 2-169 1-2 
MPS4274 2-139 - MPS6717 2-169 1-2 

MPS4275 2-139 - MPS6724 2-170 1-4 
MPS4354 - - MPS6725 2-170 1-4 
MPS4355 - - MPS6726 2-171 1-2 
MPS4356 - - MPS6727 2-171 1-2 
MPS5133 2-140 - MPS6728 2-172 1-2 
MPS5138 2-141 - MPS6729 2-172 1-2 
MPS5139 2-142 - MPS6733 2-173 1-5 
MPS5172 2-143 1-2 MPS6734 2-173 1-5 
MPS5179 2-144 1-3 MPS6735 2-173 1-5 
MPS6172 - - MPS8093 2-174 -
MPS6507 2-146 - MPS8097 2-175 1-4 
MPS6511 2-147 - MPS8098 2-176 1-2 
MPS6512 2-148 - MPS8099 2-176 1-2 
MPS6513 2-148 1-2 MPS8598 2-176 1-2 
MPS6514 2-148 1-2 MPS8599 2-176 1-2 
MPS6515 2-148 1-2 MPSAOS 2-181 1-2 
MPS6516 2-148 - MPSA06 2-181 1-2 
MPS6517 2-148 1-2 MPSA09 2-186 1-4 
MPS6518 2-148 1-2 MPSA10 2-187 -
MPS6519 2-148 1-2 MPSA12 2-188 1-4 

MPS6520 2-149 1-4 MPSA13 2-189 1-4 
MPS6521 2-149 1-4 MPSA14 2-189 1-4 
MPS6522 2-149 1-4 MPSA16 2-190 1-5 
MPS6523 2-149 1-4 MPSA17 2-190 1-5 
MPS6530 2-150 - MPSA18 2-192 1-4 
MPS6531 2-150 1-2 MPSA20 2-196 1-2 
MPS6532 2-150 - MPSA25 2-197 1-4 
MPS6533 2-151 - MPSA26 2-197 1-4 
MPS6534 2-151 1-2 MPSA27 2-197 1-4 
MPS6535 2-151 - MPSA28 2-199 1-4 

MPS6539 - 1-3 MPSA29 2-199 1-4 
MPS6540 - 1-3 MPSA42 2-201 1-5 
MPS6541 - - MPSA43 2-201 1-5 
MPS6543 2-152 1-3 MPSA44 2-203 1-5 
MPS6544 2-153 - MPSA45 2-203 1-5 
MPS6547 2-154 1-3 MPSASS 2-181 1-2 
MPS6548 - - MPSA56 2-181 1-2 
MPS6560 2-156 1-2 MPSA62 2-206 1-4 
MPS6561 - - MPSA63 2-206 1-4 
MPS6562 2-156 1-2 MPSA64 2-206 1-4 

MPS6563 - - MPSA70 2-207 1-2 
MPS6565 2-157 - MPSA75 2-208 1-4 
MPS6566 2-157 - MPSA76 2-208 1-4 
MPS6568A 2-158 - MPSA77 2-208 1-4 
MPS6569A 2-158 - MPSA92 2-210 1-5 
MPS6570A 2-158 - MPSA93 2-210 1-5 
MPS6571 2-160 - MPSD01 - 1-5 
MPS6573 2-161 - MPSD04 - 1-4 
MPS6574 2-161 - MPSDOS 2-212 -
MPS6575 2-161 - MPSD51 - 1-5 

Devices with no page number shown are available fror'n Motorola although not represented in this book. Please contact your nearest Motorola 
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MPSD54 - 1-4 MQ3799A - 1-23 
MPSD55 2-212 - MQ6001 5-84 1-23 
MPSH02 2-213 - MQ6002 5-84 1-23 
MPSH04 2-216 1-3 MQ7001 5-89 1-23 
MPSHOS 2-216 1-3 MQ7003 5-92 1-23 
MPSH07 2-217 1-3 MQ7004 - 1-23 
MPSHOB 2-217 1-3 MQ7005 - 1-23 
MPSH10 2-220 1-3 MQ7007 5-94 1-23 
MPSH11 2-220 1-3 MQ7021 5-96 1-23 
MPSH17 2-223 1-3 MRF207 7-139 1-42 

MPSH20 2-224 1-3 MRF225 7-142 1-42 
MPSH24 2-227 1-3 MRF227 7-144 1-42 
MPSH30 2-230 1-3 MRF229 7-147 1-42 
MPSH31 2-230 - MRF230 7-147 1-42 
MPSH32 2-231 1-3 MRF237 7-151 1-42 
MPSH34 2-234 1-3 MRF313 7-153 1-43 
MPSH54 2-235 1-3 MRF313A 7-153 1-43 
MPSH55 2-235 1-3 MRF402 7-155 -
MPSH69 - - MRF501 7-157 1-40 
MPSH81 2-236 1-3 MRF502 7-157 1-40 

MPSL01 2-238 1-5 MRF511 7-159 1-39 
MPSL51 2-239 1-5 MRF515 7-164 1-42 
MPSW01 2-240 1-2 MRF517 7-167 1-40 
MPSW01A 2-240 1-2 MRF525 7-172 1-40 
MPSWOS 2-243 102 MRF531 7-175 -
MPSW06 2-243 102 MRF532 7-177 -
MPSW10 2-244 1-5 MRF534 7-124 -
MPSW13 2-245 1-4 MRF536 7-124 1-39 
MPSW14 2-245 1-4 MRF559 7-178 1-39 
MPSW42 2-248 1-5 MRF571 7-184 1-39 

MPSW43 2-248 1-5 MRF572 7-184 1-39 
MPSW45 2-251 1-4 MRF573 7-184 1-39 
MPSW51 2-252 1-2 MRF580 7-195 1-39 
MPSW51A 2-252 1-2 MRF581 7-195 1-39 
MPSW55 2-255 1-2 MRF586 - 1-39 
MPSW56 2-255 1-2 MRF587 - 1-39 
MPSW60 2-258 1-5 MRF604 7-204 1-42 
MPSW63 2-259 1-4 MRF607 7-206 1-42 
MPSW64 2-259 1-4 MRF626 7-208 1-42 
MPSW92 2-262 1-5 MRF627 7-196 -

MPSW93 2-262 1-5 MRF628 7-211 1-42 
MQ918 - 1-23 MRF629 7-214 1-42 
MQ930 - 1-23 MRF630 7-216 1-43 
MQ982 5-42 1-23 MRF901 7-219 1-39 
MQ1120 5-47 1-23 MRF904 7-224 1-41 
MQ1129 5-51 1-23 MRF905 7-228 1-39 
MQ2218 5-54 1-23 MRF911 7-230 1-39 
MQ2218A 5-54 1-23 MRF912 7-233 -
MQ2219 5-54 1-23 MRF914 7-236 1-39 
MQ2219A 5-54 1-23 MRF931 7-231 1-39 

MQ2369 5-59 1-23 MRF961 7-96 1-39 
MQ2484 - 1-23 MRF962 7-96 1-39 
MQ2904 5-62 1-23 MRF965 7-96 1-40 
MQ2905A 5-62 1-23 MRF966 7-241 1-36 
MQ3251 5-67 1-23 MRF967 7-241 1-36 
MQ3467 5-72 1-23 MRF8003 7-249 1-42 
MQ3725 5-76 1-23 MRF8004 7-251 1-42 
MQ3762 5-79 1-23 MSD6100 2-.265 1-5 
MQ3798 - 1-23 MSD6102 2-266 1-5 
MQ3799 - 1-23 MSD6150 2-267 1-5 

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
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MWA110 7-253 1-41 
MWA120 7-253 1-41 
MWA130 7-253 1-41 
MWA210 7-261 1-41 
MWA220 7-261 1-41 
MWA230 7-261 1-41 
MWA310 7-267 1-41 
MWA320 7-267 1-41 
MWA330 7-267 1-41 
MWA110H - -
MWA120H - -
MWA130H - -
MWA210H - -
MWA220H - -
MWA230H - -
MWA310H - -
MWA320H - -
MWA330H - -
MXR3866 3-130 1-14 
MXR5160 3-131 1-14 

MXR5583 3-132 1-14 
MXR5943 3-133 1-14 
MXT3904 3-134 1-13 
MXT3906 3-136 1-13 
MXTA14 3-138 1-14 
MXTA27 3-139 1-14 
MXTA42 3-140 1-14 
MXTA43 3-140 1-14 
MXTA44 3-141 1-14 
MXTA64 3-142 -
MXTA77 3-143 1-14 
MXTA92 3-144 1-14 
MXTA93 3-144 1-14 
PN2222 - -
PN2222A - -
PN2907 - -
PN2907A - -
PN3644 - -
PN3645 - -
U308 6-191 1-34 

U309 6-191 1-34 
U310 6-191 1-34 

Devices with no page number shown are available from Motorola although not represented in this book. Please contact your nearest Motorola 
representative for further information. 
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The following selector guides highlight transistors that have 
emerged as the best values in their various categories. Semi
conductors are manufactured by "batch" processes; therefore, 
each "batch" may yield devices with widely varying parameters, 
creating "families." 

A large selection of plastic-encapsulated transistors is offered 
(T0-92, 1 Watt T0-92, SOT-23, SOT-89, Duals, and Quads). 

For those applications where higher power dissipation and 
hermeticity are required, Motorola offers a full line of transistors 
in several metal-can packages. 

FET's include devices developed for operation from de to UHF 
in switching and amplifying applications. 

A broad line of high frequency (RF) transistors with Fr's up 
to 8 GHz are included for amplifiers, oscillators, mixers and 
switching applications. 

Devices which are qualified to JAN, JANTX, JANTXV, and 
JANS high reliability specifications are so noted in the applicable 
selector guides. 

1-1 
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• Plastic-,Encapsulated Small-Signal Transistors 

,,.,,.., 
II/ C~ T0-92 

Motorola's small-signal T0-92 plastic transistors encom
pass hundreds of devices with a wide variety of character
istics for general purpose, amplifier and switching appli
cations. The popular high-volume T0-92 package combines 
proven reliability, performance, economy and convenience 
to provide the perfect solution for industrial and consumer 
design problems. All Motorola T0-92 devices are laser 
marked for ease of identification and shipped in antistatic 
containers, as part of Motorola's ongoing practice of main
taining the highest standards of quality and reliability. 

TABLE 1. General-Purpose Transistors 

In addition to the standard T0-92 devices listed in the 
following tables, Motorola also offers special electrical se
lections of these devices. Please contact your Motorola 
Sales Representative regarding any special requirements 
you may have. 

In each of the following tables, the major specifications 
of the T0-92 transistor are given for easy comparison. 

Motorola T0-92 transistors are available in the radial or 
axial tape and reel formats. Lead forming to fit T0-5 or T0-
18 sockets is also available. 

These general-purpose transistors are designed for small-signal amplification from de to low radio frequencies. They are also useful 
as oscillators and general-purpose switches. The transistors are listed in order of decreasing breakdown voltage, V (BR)CEO· 

Po@ TA= 25°C = 625 mW) 
Device and Polarity Y(BR)eEO Fr @ le HfE @ 

Volts MHz le mA le 
NPN PNP Min Min mA Max Min Max mA 

MPS8099 MPS8599 80 150 10 200 100 300 1.0 
MPS-A06 MPS-A56 80 100 10 500 50 - 100 
MPS8098 MPS8598 60 150 10 200 100 300 1.0 
MPS-A05 MPS-A55 60 100 10 500 50 - 100 
MPS651 MPS751 60 75 50 2000 40 - 2000 
2N3904 2N3906 40 300 10 200 100 300 10 
2N4401 2N4403 40 250 20 600 100 300 150 
2N3903 2N3905 40 250 10 200 50 150 100 
2N4400 2N4402 40 200 20 600 50 150 150 
MPS-A20 MPS-A70 40 125 5.0 100 40 400 5.0 
MPS650 MPS750 40 75 50 2000 40 - 2000 
MPS6531 MPS6534 40 390t 50 600 90 270 100 
MPS2222 MPS2907 30 250 20 600 100 300 150 
2N4123 2N4125 30 250 10 200 50 150 2.0 
MPS3704 MPS3702 30 100 50 600 100 300 50 
MPS6513 MPS6517 30 330t 10 100 90 180 2.0 
2N4124 2N4126 25 300 10 200 120 360 2.0 
MPS6514 MPS6518 25 480t 10 100 150 300 2.0 
MPS6515 MPS6519 25 480 10 100 250 500 2.0 
MPS5172 25 100 100 500 10 
MPS6560 MPS6562 25 60 10 500 50 200 600 
MPS6601 MPS6651 25 100 50 1000 30 150 1000 

1 WATT T0-92 (T0-226AE) (Po @ TA = 25°C = 1.0 W) 

MPS6717 MPS6729 80 50 200 500 80 - 50 
MPSW06 MPSW56 80 50 200 500 80 - 50 
MPS6716 MPS6728 60 50 200 500 80 - 50 
MPSW05 MPSW55 60 50 200 500 80 - 50 
MPS6715 MPS6727 40 50 50 1000 50 - 1000 
MPSW01A MPSW51A 40 50 50 1000 50 - 1000 
MPS6714 MPS6726 30 50 50 1000 50 - 1000 
MPSW01 MPSW51 30 50 50 1000 50 - 1000 

tTyp 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 2. High-Speed Saturated Switching Transistors 
The transistors listed in this table are specially optimized for high-speed saturated switches. They are heavily gold doped and 

processed to provide very short switching times and low output capacitance (below 6 pF). The transistors are listed in order of decreasing 
turn-on time (t0 nl. 

NPN 

Device 
Type 

2N4264 
2N4265 
MPS3646 
MPS2369 

PNP 
MPS3640 
MPS4256 
2N5771 

ton & ton @ 
ns ns le 

Max Max mA 

25 
25 
16 
12 

25 
15 
15 

35 
35 
26 
18 

35 
20 
20 

10 
10 

300 
10 

50 
10 
10 

Y(BRjeEO 
Vo ts 
Min 

15 
12 
15 
15 

12 
12 
15 

@ 

hfE le 
Min mA 

40 
100 
30 
40 

30 
30 
50 

10 
10 
30 
10 

10 
50 
10 

TABLE 3. RF/UHFNHF Amplifiers and CATV Transistors 

VeE(sat) @ & 
Volts le le 
Max mA mA 

0.22 
0.22 
0.2 

0.25 

0.2 
0.15 
0.16 

10 
10 
30 
10 

10 
10 
10 

1.0 
1.0 
3.0 
1.0 

1.0 
1.0 
1.0 

tr @ 
MHz le 
Min mA 

300 
300 
350 
500 

500 
700 
850 

10 
10 
30 
10 

10 
10 
10 

The transistors listed below are high performance, high frequency standard transistors. The transistors are listed in order of decreasing 
fT min. 

tr @ ecb Y(BR)eEO ~': NF @ @ Gain 
Device MHz 

le pf Volts dB I VAGe Reduction 
Type Min Typ mA Max Min Min Max MHz Min dB 

MPS5179 900 5.0 1.0 12 15 4.5 200 
MPS-H17 800 1600 5.0 0.9 15 24t 6.0 200 
MPS6543 750 1100 4.0 1.0 25 
MPS-H10 650 1500 4.0 o.ss· 25 
MPS-H11 650 1400 4.0 0.7 25 
MPS6547 600 1100 2.0 0.35t 25 
MPS916 600 800 4.0 1.7 15 15 6.0 60 
MPS3563 600 600 8.0 1.7 12 14 
MPS3666 500 50 30 10 
MPS-HOB 400 700 3.0 0.3' 30 14 3.5 200 5.0 .. 30 
MPS-H34 500 700 15 0.32 45 
MPS6539 500 1000 4.0 0.7 20 4.5 100 
2N5222 450 1000 4.0 1.3 15 
MPS-H07 400 700 3.0 0.3' 30 18 3.2 100 5.0 30 
MPS-H24 400 800 8.0 0.36 30 
MPS-H20 400 750 4.0 0.65 30 
MPS6540 350 700 2.0 0.65 30 
MPS-H32 300 450 4.0 0.22 30 22.5 3.3t 45 5.St 30 
MPS-H30 300 450 4.0 0.65 20 22.5 6.0 45 4.4 30 
MPS3693 200 400 10 3.5 45 4.0t 1.0 
MPS3694 200 400 10 3.5 45 4.0t 1.0 
MPS-H04 60 120 1.5 1.6 80 2.0 1.0 
MPS-HOS 60 120 1.5 1.6 80 2.0 1.0 

PNP 
MPS-H81 600 700 5.0 o.65. 20 
2N5208 300 600 2.0 1.0 25 22 3.0 100 
MPS-H54 80 130 1.5 1.6 60 2.0 1.0 
MPS-H55 80 130 1.5 1.6 80 

'Cce .. IAGC tTyp 
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• PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (cbntinued) 

TABLE 4. Darlington Transistors 
Darlington amplifiers are cascade transistors used in applications requiring very high gain and input impedance. These devices have 

monolithic construction and are listed,in order of decreasing voltage, V(BR)CES· 

Device and Polarity V(aRi:;.Es @ •e fT @ VeElsat) @ 
Vo hfE le mA MHz le Vols ic la 

NPN PNP Min Min mA Max Min mA Max mA mA 

MPS-A29 100 10000 100 500 125 10 2.0 100 0.1 
MPS-A28 80 10000 100 500 125 10 2.0 100 0.1 
MPS-A27 60 10000 100 500 125 10 1.5 100 0.1 

MPSAn 60 10000 100 300 125 10 1.5 100 0.1 
MPS-A26 50 10000 100 500 125 10 1.5 100 0.1 

MPSA76 50 10000 100 300 125 10 1.5 100 0.1 
2N6426 40 30000 100 500 150 10 1.5 500 0.5 
2N6427 40 20000 100 500 130 10 1.5 500 0.5 
MPSA25 40 10000 100 500 125 10 1.5 100 0.1 

MPSA75 40 10000 100 300 125 10 1.5 100 0.1 
MPSA14 MPSA64 30 20000 100 300 125 10 1.5 100 0.1 
MPSA13 MPSA63 30 10000 100 300 125 10 1.5 100 0.1 
MPSD04 MPSD54 25 1000 100 300 100 10 1.0 100 0.1 
MPSA12 MPSA62 20 20000 10 300 1.0 10 0.01 

1 Watt T0-92 
MPS6725 50 25K 200 1000 100 200 1.5 1000 2.0 
MPS6724 40 25K 200 1000 100 200 1.5 1000 2.0 
MPSW45 40 25K 200 1000 100 200 1.5 1000 2.0 
MPSW14 MPSW64 3.0 20K 100 1000 125 10 1.5 100 0.1 
MPSW13 MPSW63 30 10K 100 1000 125 10 1.5 100 0.1 

TABLE 5. Low-Noise Amplifier Transistors 

The smaii-signai iransisio;s iisted in ihis table are characterized for low-noise amplification at low frequencies. The transistors are 
listed in decreasing order of noise figure (NF). 

Device Type 

NPN 
2N6428 
2N4123 
2N6429 
2N4124 
2N6428A 
2N6429A 
2N5209 
2N508B 
MPS6520 
MPS6521 
2N5210 
MPS6097 
2N5089 
MPSA18 
MPSA09 

PNP 
2N4125 
2N4126 
2N5086 
MPS6522 
MPS6523 
MPS4249 
2N5087 
MPS4250 
"MPS4250A 

NF 
dB 
Typ 

6.0 
6.0 
5.0 
5.0 
4.0Max 
3.5Max 
3.0Max 
3.0 
3.0 
3.0 
2.0Max 
2.0Max 
2.0 Max 
1.5Max 
1.4 

5.0 
4.0 
3.0 
3.0 
3.0 
3.0 
2.0 
2.0 
2.0 

@ 

I* 

Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 
Audio 

1.0 kHz 

Audio 
Audio 
Audio 
Audio 
Audio 

1.0 kHz 
Audio 

1.0 kHz 
1.0 kHz 

"Audio = 10 Hz to 15.7 kHz. 
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BV(BR)eEO 
Volts 
Min 

50 
30 
45 
25 
50 
45 
50 
30 
25 
25 
50 
40 
25 
45 
50 

30 
25 
50 
25 
25 
60 
60 
40 
60 

1-4 

hfE 
Min 

250 
50 
500 
120 
250 
500 
150 
300 
200 
300 
250 
250 
400 
500 
100 

50 
120 
150 
200 
300 
100 
250 
250 
250 

@ 

le 
mA 

10 
2.0 
10 
2.0 
10 
10 
10 
10 
2.0 
2.0 
10 
0.1 
10 
10 
0.1 

2.0 
2.0 
10 
2.0 
2.0 
10 
10 
10 
0.1 

fT @ 
MHz 
Min 

100 
250 
100 
300 
100 
100 
30 
50 
390t 
390t 
30 

200 
50 
100 
30 

200 
250 
40 
340t 
340t 
100 
40 

250 
250 

tTyp 

•e 
mA 

1.0 
10 
1.0 
10 
1.0 
1.0 
0.5 
0.5 
2.0 
2.0 
0.5 
10 
0.5 
1.0 
0.5 

10 
10 
0.5 
2.0 
2.0 
1.0 
0.5 
1.0 
1.0 
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 6. High-Voltage Transistors 
These high-voltage transistors are designed for driving neon bulbs and Nixie' indicator tubes, for direct line operation, and for other 

applications requiring high-voltage capability at relatively low collector current. The devices are listed in order of decreasing breakdown 
voltage, V (BR)CEO· 

NPN 

Device 
Type 

MPS-A44 
2N6517 
MPS-A45 
2N6516 
MPS-A42 
2N6515 
MPS-A43 
MPS-001 
2N5551 
2N5550 
MPS-L01 

1 Watt T0-92 
MPS6735 
MPSW10 
MPSW42 
MPS6734 
MPSW43 
MPS6733 

PNP 
2N6520 
2N6519 
MPS-A92 
2N6518 
MPS-A93 
MPS-051 
2N5401 
2N5400 
MPS-L51 

1 Watt T0-92 
MPSW60 
MPSW92 
MPSW93 

V(BR)eEO 
Volts 
Min 

400 
350 
350 
300 
300 
250 
200 
200 
160 
140 
120 

300 
300 
300 
250 
200 
200 

350 
300 
300 
250 
200 
200 
150 
120 
100 

300 
300 
200 

TABLE 7. Choppers 

le 
Amp• 
Max 

0.3 
0.5 
0.3 
0.5 
0.5 
0.5 
0.5 
0.1 
0.6 
0.6 
0.15 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

0.5 
0.5 
0.5 
0.5 
0.5 
0.1 
0.6 
0.6 
0.6 

0.3 
0.3 
0.3 

Devices are listed in decreasing (V(BR)EBO 

V(BR)EBO 'e 
Device Volts Amp• 
Type Min Max 

NPN 
MPSA17 15 100 
MPSA16 12 100 

PNP 
MPS404A 25 150 
MPS404 12 150 

TABLE 8. Dual Diodes 

@ 

hFE le 
Min mA 

50 10 
30 30 
50 10 
45 30 
40 10 
50 30 
40 10 
20 30 
80 10 
60 10 
50 10 

40 10 
40 30 
40 30 
40 10 
50 30 
40 10 

30 30 
45 30 
40 10 
50 30 
40 10 
20 30 
60 10 
40 10 
40 50 

40 30 
25 30 
30 30 

@ 

hFE ie 
Min mA 

200 5.0 
200 5.0 

30 12 
30 12 

Vee(sat) 
Volts 
Max 

0.75 
0.30 
0.75 
0.30 
0.5 
0.30 
0.4 

0.15 
0.15 

2.0 
0.75 
0.50 
2.0 
0.4 
2.0 

0.30 
0.30 
0.8 

0.30 
0.7 

0.5 
0.5 
0.25 

0.75 
0.50 
0.40 

vi~\~:t> 
Max 

0.25 
0.25 

0.20 
0.20 

& 
le la 
mA mA 

50 5.0 
10 1.0 
50 5.0 
10 1.0 
20 2.0 
10 1.0 
20 2.0 

10 1.0 
10 1.0 

20 2.0 
30 3.0 
20 2.0 
20 2.0 
20 2.0 
20 2.0 

10 1.0 
10 1.0 
20 2.0 
10 1.0 
20 2.0 

50 0.5 
50 0.5 
10 1.0 

20 2.0 
20 2.0 
20 2.0 

& 
re ie 
mA mA 

10 1.0 
10 1.0 

24 1.0 
24 1.0 

,,. @ 

MHz le 
Min mA 

20 10 
40 10 
20 10 
40 10 
50 10 
40 10 
50 10 
40 10 
100 10 
100 10 
60 10 

50 10 
45 10 
50 10 
50 10 
50 10 
50 10 

40 10 
40 10 
50 10 
40 10 
50 10 
40 10 
100 10 
100 10 
60 10 

60 10 
50 10 
50 10 

,,. @ 
MHz 'e 
Min mA 

100 5.0 
80 5.0 

Dual diodes designed for use in low cost biasing, steering, and voltage doubler applications including series, common cathode and 
common anode diodes. 

V(BR)@ IR @ VF @ CVR= 0 Irr 
Device Volts l(BR) µA VA Volts IF pF ns 
Type Description Min µA Max Volts Min/Max mA Max Max 

MS06100 Switching 100 100 0.1 50 0.67/0.82 10 1.5 4.0 
MS06102 Common Cathode 70 100 0.1 50 0.6711.0 10 3.0 100 
MS06150 Common Anode 70 100 0.1 50 -/1.0 10 8.0 100 
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Microminiature Products 

SOT-89 

CASE 318 

T0-236AA 
T0-236AB • CASE 345-01 

Microminiature Space Saving Alternatives for Discrete Devices 
A wide variety of discrete components from Motorola's repertoire 
of reliability-proven semiconductor processes and geometries 
are available in SOT (Small Outline Transistor) packages. Prod· 
ucts include Bipolar and Field-Effect Transistors; Switching, 
Zener and Varactor Diodes; and Silicon Controlled Rectifiers. 
The surface-mounted SOT devices are currently being used by 
circuit designers on Printed Circuit Boards and Ceramic Substrate. 

Some of the significant features of the SOT devices are: 
• Complete Pretest Capability- all SOT's are 100% 

electrically tested. 

• Handling and Assembly Ease - SOT's can be placed on 
substrates either manually or by using automated handling 
equipment. 

• Reliability - SOT's are subjected to the same rigid relia· 
bility test performed on all Motorola plastic packages. 

• Small Size/Less Weight-Considerable size reduction and 
weight-saving is achieved in circuit designs using SOT 
technology. 

• Broad Une - Currently, Motorola offers over 250 standard 
discrete devices in the SOT packages. (Inquiries regarding 
customers' special requirements are invited.) 

• Marking Capability'- A multi-digit code is laser marked on 
every SOT device. 

TABLE 1. General-Purpose SOT-23 Transistors 
Pinout: 1 ·Base, 2-Emitter, 3-Collector 

Devices are listed in order of descending breakdown voltage. 

NPN 

Device Type Marking Vefil.CEQl. 
BCX7DK AK 45 
BCX7DJ AJ 45 
BCW72 K2 45 
BCX7DH AH 45 
BCW66G EG 45 
BCX70G AG 45 
BCW71 K1 45 
BCW66F EF 45 
BCX19 U1 45 
MMBT930 1X 45 
MMBC1623L7 L7 40 
MMBC1623L6 L6 40 
MMBC1623L5 L5 40 
BSS79C CF 40 
MMBT2222A 1P 40 
MMBT3904 1A 40 

MOTOROLA SEMICONDUCTORS 

• Multi-Sources - Although Motorola was the first domestic 
supplier of SO T's, today there are several U.S. manufac· 
turers, as well as many foreign sources for these devices. 

• Packaging - Motorola standard shipping method for 
SOT's is in vials; additionally, in conjunction with the in
dustry trend to use automatic placement equipment for 
microminiature components, Motorola offers the SOT-23 
packaged in the 8mm tape and reel format. 

• Standard SOT-23 VS Low Profile SOT-23 - Motorola of· 
fers both the standard SOT-23 outline (T0-236AA) and the 
new "Low Profile" SOT-23 (T0·236AB}. The only difference 
is the clearance from the bottom of the package to the 
surface of the substrate: 

Millimeters Inches 

Device Min J Max Min J Max 

Standard SOT -23 0.10 I 0.25 0.004 l 0.0098 

Low Profile SOT-23 0.01 I 0.10 0.0005 j 0.0040 

The "Low Profile" package is primarily designed for customers 
using two-sided printed circuit boards with the SOT-23's mounted 
on the "bottom side" of the board, and with the nonsurface 
mounted device on the "top side." Contact your Motorola rep
resentative for ordering instructions on "Low Profile" SOT-23's. 

hFE tr 
Min Max @lc_J_m& Min (MHz) 

380 630 2 125 
250 460 2 125 
200 450 2 -
180 310 2 125 
160 400 100 100 
120 220 2 125 
110 220 2 -
100 250 100 100 
100 600 100 200 
100 300 1 30 
300 600 1 200 
200 400 1 200 
135 270 1 200 
100 300 150 250 
100 300 150 200 
100 300 10 200 
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MICROMINIATURE PRODUCTS (continued) 

TABLE 1. General-Purpose SOT-23 Transistors (continued) 
Pinout: 1-Base, 2-Emitter, 3-Collector 

Devices are listed in order of descending breakdown voltage. 

NPN 

Device Type Marking Veiy_CEQl Min 

MMBT4401 2X 40 100 
MMBC1623L4 L4 40 90 
MMBC1623L3 L3 40 60 
MMBT3903 1Y 40 50 
BSS79B CE 40 40 
MMBTA20 1C 40 40 
MMBC1622D8 08 35 450 
MMBC1622D7 07 35 300 
MMBC1622D6 06 35 200 
BCW60D AD 32 380 
BCW60C AC 32 250 
BCW65C EC 32 250 
BCW60B AB 32 180 
BCW65B EB 32 160 
BCW60A AA 32 120 
BCW65A EA 32 100 
MMBT2222 1B 30 100 
MMBB601T ZA 25 400 
BCW20 U2 25 100 
MMBT4124 zc 25 60 
BCW33 03 20 420 
BCW32 02 20 200 
BCW31 01 20 110 

PNP 

Device Type Marking Veiy_cEQl Min 

BSS82C CM 60 100 
MMBT2907A 2F 60 100 
MMBA811C8 ca 45 450 
BCX71K BK 45 380 
MMBA811C7 C7 45 300 
BCX71J BJ 45 250 
BCW70 H2 45 215 
MMBA811C6 C6 45 200 
BCX71H BH 45 180 
BCW68G DG 45 160 
MMBA811C5 C5 45 135 
BCW69 H1 45 120 
BCX71G BG 45 120 
BCW68F DF 45 100 
BCX17 T1 45 100 
MMBA813S4 S4 45 100 
MMBA813S3 S3 45 75 
MMBA813S2 S2 45 50 
MMBA812M7 M7 40 300 
MMBA812M6 MS 40 200 
MMBA812M5 MS 40 135 
MMBT2907 2B 40 100 
MMBT3906 2A 40 100 
MMBT4403 2T 40 100 
MMBA812M4 M4 40 90 
MMBA812M3 M3 40 60 
BSSSOB CH 40 40 
BSSBOC CJ 40 40 
MMBTA70 2C 40 40 
BCW61D BD 32 380 
BCW61C BC 32 250 
BCW67C EC 32 250 
BCW61B BB 32 180 
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hFE tr 
Max @lc_im~ Min (MHz) 

300 150 250 
180 1 200 
120 1 200 
150 10 250 
120 150 250 
400 5 125 
900 5 100 
600 5 100 
400 5 100 
630 2 125 
460 2 125 
630 100 100 
310 2 125 
400 100 100 
220 2 125 
250 100 100 
300 150 250 
650 2 -
600 100 -
- 50 300 
00 2 -

450 2 -
220 2 -

hFE tr 
Max @lc_tm~) Mln(MHz) 

300 150 100 
300 150 200 
900 5 50 
630 2 -
600 5 50 
460 2 -
500 2 -
400 5 50 
310 2 -
400 100 100 
270 5 50 
260 2 -
220 2 -
250 100 100 
600 100 100 
200 50 100 
150 50 100 
100 50 100 
600 1 150 
400 1 150 
270 1 150 
300 150 200 
300 10 250 
300 150 200 
180 1 150 
120 1 150 
120 150 200 
120 150 200 
400 5 125 
630 2 -
460 2 -
630 100 100 
310 2 -
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•• MICROMINIATURE PRODUCTS {continued) 

TABLE 1. General-Purpose SOT-23 Transistors {continued) 
Pinout: 1-Base, 2-Emitter, 3-Collector 

Devices are listed in order of descending breakdown voltage. 

PNP 

Device Type Marking VB!!l._CEQ}_ 

BCW67B DB 32 
BCW61A BA 32 
BCW67A DA 32 
MMBT4125 ZD 30 
MMBB709T ZB 25 
MMBB709S ZB 25 
BCX18 T2 25 
BCW30 C2 20 
BCW29 C1 20 

TABLE 2. SOT-23 Switching Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 

NPN 
Switching Time (ns) 

Device Marking ToN lOFF 
MMBT2369 1J 12 18 
BSX39 02 12 18 
BSV52 B2 12 18 
MMBC1621B4 B4 20 40 
MMBC1621B3 B3 20 40 
MMBC1621B2 B2 20 40 

PNP 
I MMBT3640 2J 25 35 

Min 

160 
120 
100 
60 

400 
290 
100 
215 
120 

Ve!!{_CEQ}__ Min 

15 40 
14 40 
12 40 
20 90 
20 60 
20 40 

12 30 

hfE 

Max 

400 
220 
250 
80 

650 
460 
600 
500 
260 

hfE 

Max 

120 
200 
120 
180 
120 
80 

120 

TABLE 3. SOT-23 Transistors, VHF/UHF Amplifiers, Mixers, Oscillators 
Pinout: 1-Base, 2-Emitter, 3-Collector 

NPN 
tr 

tr 
@ICJ!n& Min (MHz) 

100 100 
2 -

100 100 
50 200 
2 -
2 -

100 -
2 -
2 -

@lc_lm& trMln (MHz) 

10 -
10 -
10 400 
1.0 200 
1.0 200 
1.0 20 

10 500 

Cob 
Device Marking Min (GHz) @lc_lm& Ve!!{_CEQ}_ Max (pF) 

MMBT3960A 
MMBT3960 
MMBT6543 
MMBTH10 
MMBC132102 
MMBC132103 
MMBC1321Q4 
MMBC132105 
MMBT918 
MMBTH24 
MMBC1009F1 
MMBC1009F2 
MMBC1009F3 
MMBC1009F4 
MMBC1009F5 

PNP 
MMBT4260 
MMBT4261 
MMBTH81 

1T 
15 
3F 
3E 
02 
03 
04 
05 
3B 
3A 
F1 
F2 
F3 
F4 
F5 

2R 
28 
3D 
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1.600 
1.600 
0.750 
0.650 
0.600 
0.600 
0.600 
0.600 
0.600 
0.400 
0.150 
0.150 
0.150 
0.150 
0.150 

2.000 
2.000 
0.600 

1-8 

30 
30 
4 
4 
2 
2 
2 
2 
4 
8 
1 
1 
1 
1 
1 

10 
10 
5 

B 
3 
25 
25 
25 
25 
25 
25 
15 
30 
25 
25 
25 
25 
25 

10 
10 
20 

2.00 
2.00 
1.00 
.io 

1.80 
1.80 
1.80 
1.80 
1.70 
.36 

3.50 
3.50 
3.50 
3.50 
3.50 

2.50 
2.50 
.85 
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MICROMINIATURE PRODUCTS (continued) 

TABLE 4. Chopper Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 

PNP 

Device Marking 

MMBT404 2M 
MMBT404A 2N 

Ve!Y_EBQl 

12 
25 

TABLE 5. SOT-23 Darlington Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 

NPN 

Device 

MMBTA14 
MMBT6427 
MMBTA13 

PNP 
MMBTA64 
MMBTA63 

Marking 

1N 
1V 
1M 

2V 
2U 

Min 

20 K 
10 K 
10 K 

10 K 
5.0 K 

TABLE 6. Low-Noise SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 

NPN 
NF dB 

Veiy_cEQl 

24 
35 

HfE 

Max 

-
100 K 
-

Device Marking {Typ) VBIY_CEQl Min 

MMBT5068 
MMBT5089 
MMBT2484 
MMBT6428 
MMBT6429 

PNP 
MMBT5067 
MMBT5086 

10 
1R 
1U 
1K 
1L 

20 
2P 

1.0 
1.0 
3.0 
3.0 
3.0 

1.0 
1.5 

TABLE 7. High-Voltage SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 

NPN 

Device 

MMBTA42 
MMBTA43 
MMBC1654N5 
MMBC1654N6 
MMBC1654N7 
MMBT5550 
MMBC1653N2 
MMBC1653N3 
MMBC1653N4 

PNP 
MMBTA92 
MMBTA93 
MMBT5401 

Marking 

10 
1E 
N5 
N6 
N7 
1F 
N2 
N3 
N4 

20 
2E 
2L 
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Vefil.CEQl 

300 
200 
160 
160 
160 
150 
130 
130 
130 

300 
200 
150 

30 
25 
60 
50 
45 

50 
50 

1-9 

Min 

40 
40 
150 
100 
50 
60 
150 
100 
50 

40 
40 
60 

300 
400 
100 
250 
500 

250 
150 

Min 

30 
30 

@IC_J_mAf_ 

100 
10 

100 

10 
10 

HfE 

Max 

900 
1200 
600 
650 
1250 

800 
500 

hfE 

Max 

-
-

330 
220 
130 
250 
330 
220 
130 

240 

HfE 

1 
Max 

400 
400 

VB!fil:EQl 
30 
40 
30 

30 
30 

@lc_im& 

1.0 
1.0 

0.01 
1.0 
1.0 

1.0 
1.0 

@IC_J_mAf_ 

10 
10 
15 
15 
15 
10 
15 
15 
15 

10 
10 
10 

l 
1 

@ lc_im& 

12 
12 

VcE(sat) 
Max(V) 

1.5 
1.5 
1.5 

1.5 
1.5 

'T 
Mln(MHz) 

50 
50 
15 

100 
100 

40 
40 

'T 
Mln{MHz) 

50 
50 
120 
120 
120 
100 
120 
120 
120 

50 
50 
100 
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• MICROMINIATURE PRODUCTS (continued) 

TABLE 8. SOT-23 Driver Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 

NPN 

Device 

MMBTA06 
BSS64 
MMBTA05 

PNP 
BSS63 
MMBTA56 
MMBTA55 

Marking 

1G 
AM 
1H 

BM 
2G 
2H 

TABLE 9. RF SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 

NPN IT 

VBfil_CEQ}_ 

80 
80 
60 

100 
80 
60 

Min 

50 
20 
50 

30 
50 
50 

NF 

Device Marking Typ (GHz) lc_Lm& VcEJYl_ Typ (dB) @lcJ_m~ 
MMBA571 
MMBA930 
MMBR920 
MMBR911 
BRF92 
BFR92S 
BFR93 
BFA93S 
MMBA901 
MMBR931 
MMBA2060 
MMBA5031 
MMBA5179 
MMBA2857 
BFS17 
BFS17S 

PNP 
MMBA536 
MMBA4957 

7X 
7C 
7B 
7P 
P1 
PS 
A1 
A6 
7A 
70 
7E 
7G 
7H 
7K 
E1 
E5 

7R 
7F 

8.0 
5.5 
5.0 
5.0 
4.5 
4.5 
4.5 
4.5 
4.0 
3.5 
2.5 
2.0 
1.5 
1.0 
1.0 
1.0 

4.0 
2.0 

50 
30 
14 
30 
14 
14 
30 
30 
15 
1.0 
20 
5.0 
5.0 
4.0 
2.0 
2.0 

20 
2.0 

10 
5.0 
10 
10 
10 
10 
5.0 
5.0 
10 
1.0 
10 
6.0 
6.0 
10 
5.0 
5.0 

5 
10 

2 
1.9 
2.4 
2.5 
3.0 
3.0 
3.0 
3.0 
2.3 
2.7 
2.0 
1.9 
4.0 
-
5.0 
5.0 

3.0 
2.5 

10 
2.0 
2.0 
5 

3.0 
3.0 
2.0 
2.0 
5.0 
0.5 
1.5 
1.0 
1.5 
-
2.0 
2.0 

3.0 
2.0 

TABLE 10. RF Junction Field-Effect SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 

N-CHANNEL 
NF 

Device Marking Typ (dB) I (MHz) Min (mmhos) 

MMBFU310 6C 1.5 100 10 
MMBF5484 6B 2.0 100 3.0 
MMBF5486 6H 2.0 100 4.0 
MMBF4416 6A 2.0 100 4.5 
MMBFJ310 6T 4.0 450 8.0 

MOTOROLA SEMICONDUCTORS 
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hFE IT 
Max @lcJ_m& Min (MHz) 

-
80 
-

VceJYl_ 

5.0 
5.0 
10 
5.0 
1.5 
1.5 
5.0 
5.0 
6.0 
1.0 
10 
6.0 
6.0 
-
5.0 
5 .. 0 

5.0 
10 

Typ (dB) 

Yfs 

12 
15.5 
17 
12 
-
-
-
-

10.5 
18 
13 

13.5 
11.0 
-
-
-

10 
14.5 

Max(mmhos) 

18 
6.0 
8.0 
7.5 
18 

10 
4.0 
10 

10 
10 
10 

MAG 

100 
50 
100 

50 
100 
100 

I 

@ lc_Lm& VcEJYl_ (MHz) 

30 
30 
14 
30 
-
-
-
-
15 
1.0 
20 
5.0 
5.0 
-
-
-

15 
2.0 

VDs<Vl 

10 
15 
15 
15 
10 

5 
5.0 
10 
10 
-
-
-
-
10 
1.0 
10 
6.0 
6.0 
-
-
-

5 
10 

1000 
500 
1000 
1000 
-
-
-
-

1000 
500 
500 
450 
450 
-
30 
30 

1000 
450 

~lll_GSS 
-25 
-25 
-25 
-30 
-25 
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MICROMINIATURE PRODUCTS (continued) 

TABLE 11. General-Purpose Field-Effect SOT-23 Transistors 
Pinout: 1-Base, 2-Emitter, 3-Collector 

N-CHANNEL 

Yts 

Device Marking ~fil_GSS Min (mmhos) Max (mmhos) 

MMBF5457 60 -25 1.0 5.0 
BFR30 M1 -25 1.0 4.0 
BFR31 M2 -25 1.5 4.5 
MMBF5459 6L -25 2.0 6.0 

P-CHANNEL 

I MMBF5460 6E 40 1.0 4.0 

Vos_M_ 

15 
10 
10 
15 

15 

TABLE 12. Chopper/Switches, Junction Field-Effect SOT-23 Transistors 

N-CHANNEL 

loff 
Device Marking 

rosbon) 
Max ( hms) Max (ns) 

MMBF4391 6J 30 
MMBF4860 6F 40 
MMBF4392 6K 60 
MMBF4393 6G 100 

TABLE 13. SOT-23 Switching Diodes 
(Dual Unless Otherwise Noted) 
Diode Pinout: Noted Below 

20 
50 
35 
55 

~Gfil_off 

~fil_GSS Mln(V) Max(V) 

-30 -4.0 -10 
-30 -2.0 -6.0 
-30 -2.0 -5.0 
-30 -0.5 -3.0 

Irr IR 
Max VeR Max 

loss 

Min (mA) Max (mA) 

1.0 5.0 
4.0 10 
1.0 5.0 
4.0 16 

1.0 5.0 

loss 

Mln(mA) Max(mA) 

50 150 
20 100 
25 75 
5.0 30 

Vf 
CvR 

Device Marking Description (ns) Min(V) (µA) Min (V) Max (V) @lf(mA) Max (pf) 

MMB02836 A2 Common Anode 
BAW56 A1 Common Anode 
MMB02835 A3 Common Anode 
BAV74 JA Common Cathode 
MMB02838 A6 Common Cathode 
BAV70 A4 Common Cathode 
MMBD2837 A5 Common Cathode 
MMBD6100 58 Common Cathode 
MMBD914 50 Single 
BAS16 A6 Single 
BAL99 TF Single 
MMBD6050 5A Single 
BAV99 A7 Series 
MMBD7000 SC Series 

NOTES: (1) If~ IR~ 10 mA, VR ~ 5.0 V, IRA~ 1.0 mA 
(2) IF~ IR~ 10 mA, VA~ 6.0 V, IRA~ 1.0 mA 
(3) Pinout: 1-Anode, 2-Anode, 3-Cathode 
(4) Pinout: 1-Anode, 2-Cathode, 3-Cathode and Anode 
(5) Pinout: 1-Cathode, 2-Cathode, 3-Anode 
(6) Pinout: 1-Anode, 2-N.C., 3-Cathode 
(7) Pinout: 1-N.C., 2-Anode, 3-Cathode 

SMALL-SIGNAL DEVICES 

(5) 6(1) 75 
(5) 6(1) 70 
(5) 6(1) 35 
(3) 2(2) 50 
(3) 6(1) 75 
(3) 6(1) 70 
(3) 6(1) 35 
(3) 15(1) 70 
(6) 4(2) 100 
(6) 6(1) 75 
(7) 6(1) 70 
(6) 10(1) 70 
(4) 6(1) 70 
(4) 15(1) 100 

1-11 

0.1 - 1.0 10 4.0 
2.5 - 1.1 50 1.5 
0.1 - 1.0 10 4.0 
0.1 - 1.0 100 2.0 
0.1 - 1.0 10 4.0 
2.5 - 1.1 50 1.5 
0.1 - 1.0 10 4.0 
0.1 0.85 1.1 100 2.5 

0.05 - 1.0 10 4.0 
1.0 - 0.715 1.0 2.0 
2.5 - 1.1 50 1.5 
0.1 0.85 1.1 100 2.5 
2.5 - 1.1 50 1.5 
0.3 0.75 1.1 100 1.5 
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• MICROMINIATURE PRODUCTS (continued) 

TABLE 14. SOT-23 Tuning Diodes 
Tuning Diode Pinouts: 1-Anode, 2-N,C., 3-Cathode 

BVR CT 

Device Marking 
Min l @IR 
(V) (µA) 

Min l Max l@ VR 
(pf) (pF) (V) 

TUNING DIODES 
MMBV2097 4K .B 1.2 

30 10 4 
MMBV209B 4L 1.B 2.7 

MMBV105G 4E 1.B 2.B 2.5 

MMBV2101 4G 30 10 6.1 7.5 

Capacitance 
Ratio Q Rs Vf IR 

Min I Max 
I @VRI &f Max Max l @If Max l ® VR 

Min (V) (MHz) (ohms) (V) (mA) (µA) (V) 

2.6 
2 t--- 325 4 100 - - - .02 25 

2.B 

4 6 150 (1) 100 .05 2B 
- - -

2.5 450 
4 r----1 3.3 r----1 4 50 .02 25 

MMBV2103 4H 9.0 11 2.6 400 - - -

MMBV3102 4C 30 10 20 25 3 4.5 - 300 3 50 - - - .1 25 

MMBV210B 4X 30 10 24.3 29.7 4 2.7 3.3 300 4 50 - - - .02 25 

MMBV109 4A 30 10 26 32 .3 5 6.5 280 3 50 - - - .02 25 

MMBV2109 4J 30 10 29.7 36.3 4 2.7 3.3 200 4 50 - - - .02 25 

"PIN" CHANNEL SWITCH 

I MMBV3401 I 40 I 35 10 I 1 I 20 .7 .1 I 25 

HOT CARRIER DIODES 
MMBD101 4M 4 10 - - - - - - - .6 

0 .25 3 
MMBD352 (Dual) 5G 4 .25 - 1 - - - - - - .50 10 

MMBD501 SF 50 10 - 20 - - - - - - 1.2 .2 25 

Notes: (1) Voltage such that CT = 9.0 pF. 

TABLE 15. SOT-23 Zener Diodes 
Pinout 1-Anode, 2-N.C., 3-Cathode (Tolerance ± 5%) 

VZ(Nom) U.S. Device Pro-Electron Device 
Volts Standards Marking Equivalent Marking 

3.3 MMBZ5226 BA 
3.6 MMBZ5227 BB 
3.9 MMBZ522B BC 
4.3 MMBZ5229 BO 
4.7 MMBZ5230 BE BZXB4C4V7 Z1 
5.1 MMBZ5231 BF BZXB4C5V1 Z2 
5.6 MMBZ5232 BG BZXB4C5V6 Z3 
6.0 MMBZ5233 SH 
6.2 MMBZ5234 BJ BZXB4C6V2 Z4 
6.B MMBZ5235 BK BZXB4C6V8 Z5 
7.5 MMBZ5236 SL BZX84C7V5 Z6 
B.2 MMBZ5237 SM BZX84CBV2 Z7 
8.7 MMBZ523B SN 
9.1 MMBZ5239 SP BZX84C9V1 ZS 
10.0 MMBZ5240 SQ BZX84C10 Z9 
11.0 MMBZ5241 SR BZX84C11 Y1 
12.0 MMBZ5242 as BZX84C12 Y2 
13.0 MMBZ5243 ST BZX84C13 Y3 
14.0 MMBZ5244 SU 
15.0 MMBZ5245 av BZX84C15 Y4 
16.0 MMBZ5246 aw BZX84C16 Y5 
17.0 MMBZ5247 BX 
1B.O MMBZ5248 BY BZX84C18 Y6 
19.0 MMBZ5249 BZ 
20.0 MMBZ5250 81A BZX84C20 Y7 
22.0 MMBZ5251 B1B BZX84C22 YB 
24.0 MMBZ5252 81C BZX84C24 yg 
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MICROMINIATURE PRODUCTS (continued) 

TABLE 15. SOT-23 Zener Diodes (continued) 
Pinout 1-Anode, 2-N.C., 3-Cathode (Tolerance ± 5%) 

VZ (Norn) U.S. Device 
Volts Standards Marking 

25.0 MMBZ5253 810 
27.0 MMBZ5254 81E 
28.0 MMBZ5255 81F 
30.0 MMBZ5256 81G 
33.0 MMBZ5257 81H 

TABLE 16. SOT-23 Silicon Controlled Rectifier 
Rectifier Pinouts: 1-Cathode, 2-Gate, 3-Anode 

Device Marking IF(mA) VFXM (mA) 

MMBS5062 5T 500 100 
MMBS5061 58 500 50 
MMBS5060 5R 500 25 

Pro-Electron 
Equivalent 

BZX84C27 

BZX84C30 
BZX84C33 

IGT(µA) 

200 
200 
200 

TABLE 17. SOT-23 Silicon Programmable Unijunction Transistors 
Transistor Pinouts: 1-Cathode, 2-Gate, 3-Anode 

Device 
Marking 

Y10 

Y11 
Y12 

VQT(V) IH(mA) 

.8 5 

.8 5 

.8 5 

Device Marking ITRM (Amp) (1) ITSM (Amp) (2) Max (µA) Ip (3) Min (V) VT Max (V) Max (µA) IV (3) Max (V) Vi= 

MMBPU131 5Z 2 .2 

NOTES: 
1. Repetitive Peak Forward Current 

100 µ,s Pulse Width 
1.0% Duty Cycle 

2. Non-Repetitive Peak Forward Current 
10 µ,s Pulse Width 

3. Vs~ 10 Vdc, RG ~ 1.0 m!l 

TABLE 18. SOT-89 Transistors 
Pinout: 1-Base, 2-Collector, 3-Emitter 

General Purpose 

NPN 

Device 

BCX56 
BCX55 
BCX54 
MXT3904 
BCX68 

PNP 

BCX53 
BCX52 
BCX51 
MXT3906 
BCX69 

Vel!{_CEQ)_ 

80 
60 
45 
40 
20 

80 
60 
45 
40 
20 

SMALL-SIGNAL DEVICES 

hFE 

Min Max 

40 160 
40 160 
40 250 
100 300 
85 375 

40 160 
40 160 
40 250 
100 300 
85 375 

1-13 

,,. 
@lc(mA) Min (MHz) 

150 50 
150 50 
150 50 
10 300 

500 65 

150 50 
150 50 
150 50 
10 250 

500 65 
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a MICROMINIATURE PRODUCTS (continued) 

TABLE 18. SOT-89 Transistors (continued) 
Pinout: 1-Base, 2-Collector, 3-Emitter 

High Voltage 

NPN 
MXTA44 
MXTA42 
MXTA43 

PNP 
MXTA92 
MXTA93 

Darlingtons 

Device 

NPN 

I 
MXTA27 
MXTA14 

PNP 
I MXTA77 

RF 

NPN 

PNP 

'Typ 

Device 

BF019 
BFQ18A 
MXR5943 
BFQ17 
MXR3866 

MXR5583 
MXR5160 

400 
300 
200 

300 
200 

Min 

10 K 
10 K 

10 K 

Min (MHz) 

4000 
3200· 
1200 
1200 
500 

1000 
500 

MOTOROLA SEMICONDUCTORS 

IT 

50 
40 
50 

40 
30 

hFE 

Max 

lc(mA) 

50 
-
50 
150 
50 

40 
50 

200 

200 

150 

@lc(mA) 

10 
10 

10 

VBl!{_CEQ)_ 

1-14 

15 
15 
30 
25 
30 

30 
40 

10 
10 
30 

10 
30 

VeR CBO 

Min 

25 
25 
25 
25 
10 

25 
10 

60 
30 

60 

hFE 

Max 

-
-
300 
-

200 

100 

50 

50 
50 

VcE(sat) 
Max (VJ 

1.5 
1.5 

1.5 

lc(mA) 

50 
50 
50 
50 
50 

100 
50 
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Metal Small-Signal Transistors 

fl"~'" II CAT0-18 

':,~ l//CA~0-46 ~ASE27-02 If ff c T0-52 
~ASE79-02 If ff ( T0-39 

Motorola Small-Signal Metal Can Transistors are designed for 
use as General-Purpose Amplifiers, High-Speed Switches, High
Voltage Amplifiers, Low-Level/Low-Noise Amplifiers, High-Fre
quency Oscillators, Choppers, and Darlingtons. These devices 
are manufactured in a variety of packages, i.e., T0-18, T0-39, 

TABLE 1. Switching Transistors 

T0-46, T0-52, and T0-72. 
The following selector guide tables also indicate those Mo

torola small-signal metal can transistors which are qualified to 
MIL-19500 high-rel requirements. Devices are available in the 
JAN, JANTX, JANTXV and JANS versions as specified. 

The following devices are intended for use in general-purpose switching and amplifier applications. Within each package group 
shown, the devices are listed in order of decreasing turn-on time (tonl· 

Package 

NPN 
T0-18 

T0-39 

T0-46 

T0-52 

PNP 
T0-18 

Device 
Type 

2N2540 
2N914 .. 
2N4014 
2N4013 
2N2501 
2N2369 
2N2369At 
2N3227 

2N3444 .. 
2N3253 .. 
2N3735# 
2N3734 
2N3252 
2N3506# 
2N3507# 
2N3725 
2N3725A 
2N3724 
2N3724A 
MM5262 
2N5861 
2N3303 

2N3736 
2N3737# 
2N3647 
2N3648 
2N3508 
2N3509 

MM1748 
MM1748A 

2N2894 
2N869A .. 
2N3546 
2N4208 
MM4258 
2N4209 

Ion Iott 
ns& ns @le 

Max Max mA 

40 40 150 
40 40 200 
35 60 500 
35 60 500 
15 25 300 
12 18 100 
12 18 10 
12 18 100 

50 70 500 
50 70 500 
48 60 1000 
48 60 1000 
45 70 500 
45 90 1500 
45 90 1500 
35 60 500 
35 60 500 
35 60 500 
35 60 500 
30 60 1000 
25 60 500 
15 25 1000 

48 60 1000 
48 60 1000 
20 25 150 
16 18 ·150 
12 18 10 
12 18 10 

6.0 15 10 
10 15 10 

60 90 30 
50 80 30 
40 30 50 
15 20 10 
15 20 10 
15 20 10 

V(BR)eEO le 
Volts mA 
Min Max 

30 
15 150 
50 1000 
30 1000 
20 
15 500 
15 200 
20 50 

50 
40 
50 1500 
50 1500 
30 
40 3000 
50 3000 
50 2000 
30 1200 
30 2000 
30 1200 
50 2000 
50 2000 
- 1000 

30 1500 
50 1500 
10 500 
15 500 
20 500 
20 500 

- 150 
- 150 

12 200 
18 200 
12 
12 200 
12 200 
15 200 

·•JAN available .. JAN/JANTX available tJAN/JANTX/JANTXV/JANS available 
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hfE@ le 
Min mA 

100 150 
12 10 
35 500 
35 500 
10 500 
20 100 
40 10 
30 100 

20 500 
25 500 
20 1000 
30 1000 
30 500 
40 1500 
30 1500 
35 500 
35 500 
35 500 
35 500 
25 1000 
25 500 
20 10 

30 1000 
20 1000 
25 150 
30 150 
40 10 
100 10 

20 10 
20 10 

40 30 
40 30 
25 50 
30 10 
30 10 
50 10 

VeElsat) 
Vots @ le @ le 
Max mA mA 

0.45 150 15 
0.7 200 20 

0.52 500 50 
0.42 500 50 
0.3 50 5.0 

0.25 10 1.0 
0.2 10 1.0 

0.25 10 1.0 

0.6 500 50 
0.6 500 50 
0.5 500 50 
0.5 500 50 
0.5 500 50 
1.0 1500 150 
1.0 1500 150 

0.52 500 50 
0.52 500 50 
0.42 500 50 
0.42 500 50 
0.8 1000 100 
0.5 500 50 
0.7 1000 100 

0.5 500 50 
0.5 500 50 
0.4 150 15 
0.4 150 15 

0.25 10 1.0 
0.25 10 1.0 

- - -
- - -

0.2 30 3.0 
0.2 30 3.0 
0.25 50 5.0 
0.15 10 1.0 
0.15 10 1.0 
0.6 50 5.0 

#JAN/JANTX/JANTXV available 

tr 
MHz 
Min 

250 
300 
300 
300 
350 
500 
500 
500 

175 
175 
250 
250 
200 
60 
60 

300 
300 
300 
300 

350(typ) 
200 
450 

250 
250 
350 
450 
500 
500 

600 
600 

400 
400 
700 
700 
700 
850 

le 
mA 

20 
20 
50 
50 
10 
10 
10 
10 

50 
50 
50 
50 
50 
100 
100 
50 
50 
50 
50 
50 
50 
100 

50 
50 
15 
15 
10 
10 

5.0 
5.0 

30 
10 
10 
10 
10 
10 
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• METAL SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 1. Switching Transistors (continued) 

Ion Iott V(BR)eEo le 
Device 
Type 

ns & ns @ le Volts mA hfE @ le 
Package Max Max mA Min Max Min mA 

PNP 
T0-39 2N3634# 400 600 50 140 1000 50 50 

2N3635# 400 600 50 140 1000 100 50 
2N3636# 400 600 50 175 1000 50 50 
2N4036 110 700 150 65 1000 40 150 
2N4030 100 240(typ) 500 60 1000 15 1000 
2N4031 100 240(typ) 500 80 1000 10 1000 
2N4032 100 240(typ) 500 60 1000 40 1000 
2N4033# 100 240(typ) 500 80 1000 25 1000 
2N4406 75 225 1000 80 1500 20 1000 
2N4407 75 225 1000 80 1500 30 1000 
2N3245 55 165 500 50 1000 30 500 
2N3244 50 185 500 40 1000 50 500 
2N3467# 40 90 500 40 100 40 500 
2N3468# 40 90 500 50 1000 25 500 
2N3762# 43 115 1000 40 1500 30 1000 
2N3763# 43 115 1000 60 1500 20 1000 
2N4404 40 210 500 80 1000 30 500 
2N4405 .. 40 210 500 80 1000 50 500 
2N5022 40 90 500 - 500 25 1000 
2N5023 40 90 500 - 500 40 1000 

VeEjsat) 
Vots @ le @ le 
Max mA mA 

0.5 50 5.0 
0.5 50 5.0 
0.5 50 5.0 
0.65 150 15 
1.0 1000 100 
0.5 500 50 
1.0 1000 100 
0.5 500 50 
0.7 1000 100 
0.7 1000 100 
0.6 500 50 
0.5 500 50 
0.5 500 50 
0.6 500 50 
0.9 1000 100 
0.9 1000 100 
0.5 500 50 
0.5 500 50 
0.8 1000 100 
0.7 1000 100 

•JAN available •• JAN/JANTX available tJAN/JANTX/JANTXV/JANS available #JAN/JANTX/JANTXV available 

TABLE 2. High-Gain Low-Noise Transistors 

tr 
MHz 
Min 

150 
200 
150 
60 
100 
100 
150 
150 
150 
150 
150 
175 
175 
150 
180 
150 
200 
200 
170 
200 

These transistors are characterized for high-gain and low-noise applications. Devices are listed in decreasing order of NF. 

NF 
Wideband V(BR)eEO le le tr 

Device Typ• Max Volts mA 
hr 1 µA MHz l Package Type dB Min Max Min Max mA' Min 

NPN 
T0-18 2N2484# a.a· 60 50 100 500 10 15 

2N930A 3.0 45 30 100 300 10 45 
2N930 .. 3.0 45 30 100 300 10 30 

NPN DARLINGTON 

I T0-18 I MM6427 40 300 5000 10· 125 

PNP 
T0-18 2N3962 10 60 200 100 450 1.0 40 

2N3963 10 80 200 100 450 1.0 40 
2N3965 8.0 60 200 250 600 1.0 50 
2N3964 4.0 45 200 250 600 1.0 50 
2N3798 3.5 60 50 150 450 500 30 
2N3799 2.5 60 50 300 900 500 30 

T0'-46 2N2604 4.0 45 0 40 120 0.D1 30 
2N2605# 4.0 45 30 100 300 0.01 30 

le 

le 
mA 

30 
30 
30 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

mA 

0.05 
0.5 
0.5 

100 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 3. High-Frequency Amplifiers/Oscillators 

The transistors shown are designed for use as both oscillators and amplifiers at UHF and VHF frequencies. Devices are listed in 
decreasing order of V(BR)CEO with each line. 

V(BR)CEO Gpe NF tr Cobo 
Device Volts hFE @ le dB dB @ MHz @ le pF 

Package Type Min Min mA Min Max MHz Min mA Max 

NPN 
T0-18 MM1941 20 25 10 7.0 600 10 2.5 

T0-72 2N91Bt 15 20 3.0 15 6.0 60 600 4.0 1.7 

PNP 
T0-18 2N3307 35 40 2.0 17 4.5 200 300 2.0 1.3 

T0-72 2N4261# 15 30 10 1600 10 2.5 
2N4260 15 30 10 2000 10 2.5 

*JAN available "*JAN/JANTX available tJAN/JANTX/JANTXVIJANS available #JANIJANTXIJANTXV available 

TABLE 4. High-Voltage/High-Current Amplifiers 

The following table lists Motorola standard devices that have high Collector-Emitter Breakdown Voltage. Devices are listed in 
decreasing order of V(BR)CEO within each package type. 

Package 

NPN 
T0-18 

T0-39 

Device 
Type 

2N6431 
2N6430 

MM8520 
2N3439# 
MM421 
2N3742 
2N5058 
MM420 
2N3440# 
MM3003 
2N4927 
2N5059 
MM3002 
2N4926 
MM3009 
MM3001 
2N3114 
2N3500# 
2N3501# 
2N3712 
2N5682 
MM3008 
2N657 
2N3498# 
2N3499# 
2N4924 
MM3007 
2N5681 
MM3006 
2N4239 
MM3005 
2N656 
2N4238 
2N4237 

#JANIJANTXIJANTXV available 

SMALL-SIGNAL DEVICES 

V(BR)CEO 
Volts 
Min 

300 
200 

500 
350 
325 
300 
300 
250 
250 
250 
250 
250 
200 
200 
180 
150 
150 
150 
150 
150 
120 
120 
100 
100 
100 
100 
100 
100 
80 
80 
60 
60 
60 
40 

le 
mA 
Max 

50 
50 

1000 
1000 
1000 
50 
150 

1000 
1000 
50 
50 
150 
50 
50 

400 
200 
200 
300 
300 
200 
1000 
400 

500 
500 
200 

2500 
1000 
2500 
3000 
2500 
-

3000 
3000 

hFE @ le 
Min mA 

50 30 
50 30 

15 10 
40 20 
25 30 
20 30 
35 30 
25 30 
40 20 
20 10 
20 30 
30 30 
20 10 
20 30 
40 10 
20 10 
30 30 
40 150 
100 150 
30 30 
40 250 
40 10 
30 200 
40 150 
100 150 
40 150 
50 250 
40 250 
50 200 
30 250 
50 150 
30 200 
30 250 
30 250 

1-17 

VcE (sat) tr 
Volts @ le & le MHz @ le 
Max mA mA Min mA 

0.5 20 2.0 50 10 
0.5 20 2.0 50 10 

1.5 10 2.0 5.0 10 
0.5 50 4 15 10 
5.0 30 3 15 10 
1.0 30 3.0 30 10 
1.0 30 3.0 30 10 
5.0 30 3 15 10 
0.5 50 4 15 10 

150 10 
2.0 30 3.0 30 10 
1.0 30 3.0 30 10 

150 10 
2.0 30 3.0 30 10 

50 20 
150 10 

1.0 50 5.0 40 30 
0.4 150 15 150 20 
0.4 150 15 150 20 
2.0 50 5.0 40 30 
0.6 250 25 30 100 

50 20 
4.0 200 40 
0.6 300 30 150 20 
0.6 300 30 150 20 
0.4 50 5.0 100 20 

0.35 150 15 50 50 
0.6 250 25 30 100 

0.35 150 15 50 50 
0.3 500 50 2 100 

0.35 150 15 50 50 
4.0 200 40 
0.3 500 50 2 100 
0.3 500 50 2 100 

MOTOROLA SEMICONDUCTORS 

• 



• METAL SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 4. High-Voltage High-Current Amplifiers (continued) 

Package 

PNP 
T0-18 

T0-39 

Device 
Type 

2N6433 
2N6432 
2N3497 
2N3496 

2N3743# 
•2N5416# 
MM4003 
2N4931# 
MM4002 
2N4930# 
•2N5415# 
2N3637# 
2N3636# 
2N4929 
MM4001 
2N3635# 
2N3634# 
2N3495 
2N5680 
MM4000 
MM5007 
2N4928 
2N5679 
MM5006 
2N3494 
2N4236 
2N4036 
MM5005 
2N4235 
2N4234 

#JAN/JANTXIJANTXV available 

V(BR)eEO 
Volts 
Min 

300 
200 
120 
80 

300 
300 
250 
250 
200 
200 
200 
175 
175 
150 
150 
140 
140 
120 
120 
100 
100 
100 
100 
80 
80 
80 
65 
60 
60 
40 

le 
mA 
Max 

1000 
1000 
100 
100 

50 
1000 
500 
500 
500 
500 
1000 
1000 
1000 
500 
500 
1000 
1000 
100 

1000 
100 

2000 
100 

1000 
2000 
100 

3000 
1000 
2000 
3000 
3000 

TABLE 5. General-Purpose Amplifiers 

hFE @ le 
Min mA 

30 30 
30 30 
40 10 
40 10 

25 30 
30 50 
20 10 
20 20 
20 10 
20 20 
30 50 
100 50 
50 50 
25 10 
20 10 
100 50 
50 50 
40 10 
40 250 
20 10 
50 250 
25 10 
40 250 
50 200 
40 10 
30 250 
40 150 
50 150 
30 250 
30 250 

Vee (sat) tr 
Volts @ le & le MHz @ le 
Max mA mA Min mA 

0.5 20 2.0 50 10 
0.5 20 2.0 50 10 
0.35 10 1.0 150 20 
0.3 10 1.0 200 20 

8.0 30 3.0 30 10 
2.5 50 5 15 10 
5.0 10 1.0 - -
5.0 10 1.0 20 20 
5.0 10 1.0 - -
5.0 10 1.0 20 20 
2.5 50 5 15 10 
0.5 50 5.0 200 30 
0.5 50 5.0 150 30 
0.5 10 1.0 100 20 
0.6 10 1.0 - -
0.5 50 5.0 200 30 
0.5 50 5.0 150 30 

0.35 10 1.0 150 20 
0.6 250 25 30 100 
0.6 10 1.0 - -
0.5 150 15 30 50 
0.5 10 1.0 100 20 
0.6 250 25 30 100 
0.5 150 15 30 50 
0.3 10 1.0 200 20 
0.6 1000 125 3 100 
0.65 150 15 60 50 
0.5 150 15 30 50 
0.6 1000 125 3 100 
0.6 1000 125 3 100 

These transistors are designed for de to VHF amplifier applications, general-purpose switching applications, and complementary 
circuitry. Devices are listed in decreasing order of V(BR)CEO within each package group. 

Package 

NPN 
T0-18 

T0-39 

Device 
Type 

2N2896 
2N3700# 
2N2895 
2N956 
2N2897 
2N718 
2N2221A# 
2N2222A# 
2N3946 
2N3947 
2N2222# 
2N3302 
2N916' 

2N1711 
2N3019# 
2N3020 
2N1613# 
2N2193A 
2N2270 

V(BR)eEO 
Volts 
Min 

90 
80 
65 
50 
45 
40 
40 
40 
40 
40 
30 
30 
25 

80 
80 
80 
50 
50 
45 

MOTOROLA SEMICONDUCTORS 

tr 
MHz @ 

Min 

120 
80 
120 
70 
100 
50 
250 
300 
300 
300 
250 
250 
300 

70 
100 
80 
60 
50 
100 

le 
mA 

50 
1.0 
50 
50 
50 
50 
20 
20 
10 
10 
20 
50 
10 

50 
50 
50 
50 
50 
50 

1-18 

le 
mA 
Max 

1000 
1000 
1000 

1000 

800 
800 
200 
200 
800 
500 

1000 
1000 
500 
1000 
1000 

hFE @ 
Min Max 

60 200 
50 
40 120 
40 120 
50 200 
40 120 
40 .120 
100 300 
50 150 
100 300 
100 300 
100 300 
50 200 

100 300 
100 300 
40 120 
40 120 
40 120 
50 200 

le 
mA 

150 
500 
150 
150 
150 
150 
150 
150 
10 
10 

150 
150 
10 

150 
150 
150 
150 
150 
150 
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METAL SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 5. General-Purpose Amplifiers (continued) 

Package 

NPN 
T0-39 

T0-46 

T0-52 

PNP 
T0-18 

T0-39 

T0-46 

T0-52 

*JAN available 

Device 
Type 

2N697 
2N2218A# 
2N2219A# 
2N3053 
2N2218# 
2N2219# 
2N3300 

2N5581"" 
2N5582"" 

MM3903 
MM3904 

2N4026 
2N4027 
2N4028 
2N4029 
2N2906A# 
2N2907At 
2N3250A# 
2N3251A# 
2N2906# 
2N2907# 
2N3250 
2N3251 
2N869 

MM5007 
MM5006 
2N4031 
2N4033# 
2N4404 
2N4405"" 
MM4036 
2N4036 
2N4037 
MM5005 
2N2904A# 
2N2905At 
2N4030 
2N4032 
MM4037 
2N1131A 
2N1132A 
2N2904# 
2N2905# 
2N1132" 

2N3485A"" 
2N3486A"" 
2N3673 
2N3486 

MM3906 
MM3905 

SMALL-SIGNAL DEVICES 

V(BR)eEO 
Volts 
Min 

40 
40 
40 
40 
30 
30 
30 

40 
40 

40 
40 

80 
80 
80 
80 
60 
60 
60 
60 
40 
40 
40 
40 
18 

100 
80 
80 
80 
80 
80 
65 
65 
65 
60 
60 
60 
60 
60 
40 
40 
40 
40 
40 
35 

60 
60 
50 
40 

40 
40 

IT 
MHz @ 
Min 

50 
250 
300 
100 
250 
250 
250 

250 
300 

250 
300 

100 
100 
150 
150 
200 
200 
250 
300 
200 
200 
250 
300 

30 
30 
100 
150 
200 
200 
60 
60 
60 
30 

200 
200 
100 
150 
60 
50 
60 

200 
200 
60 

200 
200 
200 
200 

250 
200 

le 
mA 

50 
20 
20 
50 
20 
20 
50 

20 
20 

10 
10 

50 
50 
50 
50 
50 
50 
10 
10 
50 
50 
10 
10 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
50 
50 

10 
10 

** JAN/JANTX available 
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le 
mA 
Max 

800 
800 
700 
800 
800 
500 

800 
800 

200 
200 

1000 
1000 
1000 
1000 
600 
600 
200 
200 
600 
600 
200 
200 

2000 
2000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
2000 
600 
600 
1000 
1000 
1000 
600 
600 
600 
600 
600 

600 
600 
600 
600 

200 
200 

hfE @ 
Min Max 

40 120 
40 120 
100 300 
50 250 
40 120 
100 300 
100 300 

40 120 
100 300 

50 150 
100 300 

15 -
10 -
40 -
25 -
40 120 
100 300 
50 150 
100 300 
40 120 
100 300 
50 150 
100 300 

50 250 
50 250 
10 -
25 -
40 120 
100 300 
20 140 
40 140 
40 -
50 250 
40 120 
100 300 
15 -
40 -
50 250 
30 90 
30 90 
40 120 
100 300 
30 90 

40 120 
100 300 
75 225 
100 300 

100 300 
50 150 

le 
mA 

150 
150 
150 
150 
150 
150 
150 

150 
150 

10 
10 

100 
100 
100 
100 
150 
150 
10 
10 

150 
150 
10 
10 

250 
200 
100 
100 
150 
150 
150 
150 
150 
150 
150 
150 
100 
100 
150 
150 
150 
150 
150 
150 

150 
150 
150 
150 

10 
10 

#JAN/JANTX/JANTXV available 
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• METAL SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 6. Choppers 

Devices are listed in decreasing V(BR)EBO· 

Offset Voltage On·State Resistance 
V(BR)EBO Min VEC(ofs) rec(on) 

Package Device Min ~filj:CO hFl;{jn-a_ Max (mV) Max(O) 

T0-46 2N2946 40 35 3.0 2.0 45 
2N2946A 40 35 20 2.0 8.0 
2N5230 30 20 15 0.5 8.0 
2N5231 30 20 15 0.8 10 
2N2945A 25 20 30 1.0 6.0 
2N2945 25 20 4.0 1.0 35 
2N5229 15 10 15 0.5 6.0 

JAN/JANTX available 
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Multiple Small-Signal Transistors 

t_ 
T0·72 

~-~'" II c~ T0-18 

14 

1~607-04 ~SE610A·04 

!-""w ,. I 
1 - CASE 646 

1 

The trend in electronic system design is toward the use of in· 
tegrated circuits - to reduce component cost, assembly cost, 
and equipment cost. But ICs still aren't all things to all people, 
and for those circuit designs where ICs are not available, there 
is a noticeable swing towards the use of multiple devices.* 

Motorola is reacting to this expanding market requirement by 
making available a large selection of Quad, Dual, and Darlington 
transistors for off-the-shelf delivery. The chips used in the Quad 
and Dual transistors are those that have emerged as the most 
popular ones for discrete transistor applications. But even be-

Specification Tables 

yond that, Motorola offers its entire vast repertoire of discrete 
small-signal transistors for multiple-device packaging. For spe
cial applications where the devices in this brochure might not 
quite fit the design requirements, special configurations can be 
supplied with quick turnaround time and at low premiums. 

*Multiple devices, as described here, encompass two or 
more transistor chips in a single package. Included in this def
inition are the Darlington transistors which consist of two inter
connected devices functioning as a single-stage amplifier. 

The following short form specifications include Quad and Dual transistors listed in alphanumeric order. Some columns denote two 
different types of data indicated by either bold or italic typeface. See key and headings for proper identification. 

KEY 
TYPE NO. 

Alphanumeric listing 

type numbers 

ldentif1cat1on Code 
1st letter: Polarity 
C - both types m 

multiple device 
N - NPN 
P- PNP 
2nd letter; Use 

ID 

A - General Purpose Amplifier 
E - Low Noise Audrn Amplifier 
F - low Noise RF Amphfier 
G - General Purpose Amplifier 

and Switch 
H - Tuned RF/IF Amplifier 
M - Differential Amphfier 
S - High Speed Switch 

Po 
Watts 
One 
Die 
Only 

Power Dissipation specified at 25°c. Smgle 
d1erat1ng. 

Ref. Point: A· Ambient temperature 
C ·Case temperature 

SMALL-SIGNAL DEVICES 

Vee-·~· 
Volts"§ 

"' 

'c 
Amp 
Max 

Common-emitter 
OC Current Gam 

Units for test current: 
A - ampere 
m-mA 
u - µA 

tr 
MHz 
Min 

Current-Ga1n-Bandw1dth 
Product. 

Contmuous !O CJ Collector Current 

Rated Minimum Collector-Emitter Voltage 
Subscript letter identifies base term1nat1on 
listed below'" order of preference. 
SUBSCRIPT 
0 - VCEO. open 

1-21 

hFE1 .Nee 
mV 

hFE2 Max 

Cob 
1on 
ns 

1oft 
ns !sat)@- & le 

Volts' 18 I 
Max 

PACKAGE 

~ TO-,Caae 
No. No. pF 

Max 
Max Max 

~~ ~ ~0o~se: ;1:~~e 
f - Test Frequency 

AUD - 10-15k Hz 
Frequency Units: 

H ·Hertz 
K ·kHz 
M-MHz 
G ·GHz 

JED EC Outline/ 
Motorola Package 
Outline. 

VcEfsatJ - Collector-Emitter Saturation Voltage 
le- Test OJrrent 

Current Units. 
u -µA 
m--m4 
A -AnJ> 

hfEtlhFE2 - Cur111nt Glin Ratio 
Vee - Differenti•I 81Se Vott111 JVae1 - Veezl. 

DifferentialAmplifien. 
ton - turn-on time 
to ff - rum-off time 

Output Capacitance .. common-base. Shown without distinct1on7· 
Ccb Collector·Base Capacitance 
Cre Common-Emitter Reverse Transfer Capacitance 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 1. Quad Transistors 

hfE1 4VBE Gp NF@ I 
-- mV dB dB 
hfE2 Max Min Max 

Po Typ• 
Watts • 

I 
le If· Cob ton to ff VeE ie 

TYPE NO. ID One ~ VcE- Amp hfE@lc MHz pf ns ns (sat)@- le PACKAGE 
Die ;i Volts Max Min I ~ Min Max Max Max Volts 11a § TO-lease Only Typ• Typ• Typ• Typ• Max No. No. 

MHQ918 NF 0.65A 15 0 0.05 20 3.0 m 60Q 2.0 6.0 60 M 116 632 
MHQ2221 NG 0.65A 40 0 0.5 40 150 m 20Q 8.0 .4 1 ·150 m 116 632 
MHQ2222t NG 0.65A 40 0 0.5 100 150 m 200 • 8.0 25· 250• .4 10 150m '116 632 
MHQ2369 NS 0.5A 15 0 0.5 40 10m 450 4.0 9.o· 15• .25 10 10rn 116 632 
MHQ2483 NA 0.6A 40 0 0.05 150 1.0m 50 3• AUD 116 632 
MHQ2484 NA 0.6A 40 0 0.05 300 1.0m 50 2' AUD 116 632 

MHQ2906 PG 0.65A 40 0 0.6 40 150 m 200 8.0 30• 100· .4 10 150m 116 632 
MHQ2907t PG 0.65A 40 0 0.6 100 150 m 200 8.0 30• 100· .4 10 150m 116 632 
MHQ3467t PS 0.9A 40 0 1.0 20 500 m 125 25 40 90 .5 10 500m 116 632 
MHQ3546 PS 0.5A 12 0 0.2 30 10m 600 6.0 .1s• 25· .25 10 10m 116 632 
MHQ3798 PA 0.5A 40 0 0.05 150 0.1 m 60 4.0 3' AUD 116 632 
MHQ3799 PA 0.5A 60 0 0.05 300 0.1 m 60 4.0 2' AUD 116 632 

MHQ4001A NS 0.75A 40 0 1.5 30 500 m 200 10 40 75 .52 10 500m 116 632 
MHQ4002A NS 0.75A 45 0 1.5 30 500 m 200 10 40 75 .52 10 500m 116 632 
MHQ4013tt NS 0.75A 40 0 1.5 35 500 m 200 10 35 60 .52 10 500m 116 632 
MHQ4014 NS 0.75A 45 0 1.5 35 500 m 200 10 35 60 .52 10 500m 116 632 
MHQ6001 CA 0.65A 30 0 0.5 40 150 m 200 8.0 30• 225• .4 10 150m 116 632 
MH06002 CA 0.65A 30 0 0.5 100 150 in 200 8.0 30• 225• .4 10 150m 116 632 
MHQ6100 CA 0.5A 40 0 0.05 75 1.0m 175• 4.5' .25 1.0m 116 632 
MPQ918 NA 0.625A 15 0 0.05 20 3.0 m 600 1.7 6.0 60M 646 
MPQ1000 NA 0.65A 20 0 0.5 50 10m 175 8.0 0.5 10 150m 64& 
MPQ2221 NA 0.65A 30 0 0.5 40 150 m 200 8.0 25· 250• .4 10 150m 646 
MPQ2221A NA 0.65A 30 0 0.5 40 150 m 200 8.0 25· 250• .4 10 150rn 646 
MP02222 NA 0.65A 30 0 0.5 100 150 m 200 8.0 25• 250' .4 10 150rn 646 
MPQ2222A NA 0.65A 30 0 0.5 100 150 m 200 8.0 25• 250· .4 10 150m 646 
MPQ2369 NS 0.5A 15 0 0.5 40 10m 450 4.0 9.o· 15· .25 10 10m 646 
MPQ2483 NA 0.625A 40 0 0.05 150 1.0m 50 3' AUD 646 
MPQ2484 NA 0.625A 40 0 0.05 300 1.0m 50 2' AUD 646 
MPQ2906 PA 0.65A 40 0 0.6 40 150 m 200 8.0 30• 100' .4 10 150rn 646 
MPQ2906A PA 0.65A 60 0 0.6 40 150 m 200 8.0 30· 100· .4 10 150m 646 
MPQ2907 PA 0.65A 40 0 0.6 100 150 m 200 8.0 30· 100' .4 10 150m 646 
MPQ2907A PA 0.65A 60 0 0.6 100 150 m 200 8.0 30· 100· .4 10 150rn 646 
MP03303 NS 0.65A 12 0 1.0 40 300 m 400 10 15 25 0.7 10 1.0 A 646 
MPQ3467 PS 0.75A 40 0 1.0 20 500 m 125 25 40 90 0.5 10 500m 646 
MPQ3546 PA 0.5A 12 0 0.2 30 10m 600 6.0 15• 25• .25 10 10rn 646 
MP03725t NS 1.0A 40 0 1.0 25 500 m 250 10 35 60 .45 10 500m 646 
MP03725A NS 1.0A 50 0 1.0 30 500 m 200 10 3.5 60 .45 500m 646 
MP03762 PS 0.75A 40 0 1.5 35 150 m 150 15 50 120 .55 10 500m 646 
MP03798 PA 0.625A 40 0 0.05 150 0.1 m 60 4.0 .3' AUD 646 
MPQ3799 PA 0.625A 60 0 0.05 300 0.1 m 60 4.0 2' AUD 646 
MPQ3904 NG 0.50A 40 0 0.2 75 10m 250 4.0 37' 136. 0.2 10 10m 646 
MP03906 PG 0.50A 40 0 0.2 75 10m 200 4.5 43• 155• .25 10 (Orn 646 

t H, HX, and HXV Suffixes also available. 
tt MHQ4013 ls electrically equivalent to MH03725. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) • TABLE 1. Quad Transistors (continued) 

hFE1 .;VBE 
NF 

Gp dB @f 
- mV dB 

;~1 Po 
hFE2 Max Min 

--- ---

TYPE NO. IO 
Watts-~ VcE--~ le fT Cob 1on faff VcE le PACKAGE 
One o.. Amp hfE@ le MHz pF ns ns (sat)@- & le 

., 
TO-,Case "Ii Volts~ 

., 
:> Die a: "' 

Max 
Min I :> Min Max Max Max Volts' la I No. No. 

Only Typ* Typ* Typ" Typ" Max 

MPQ6001 CG 0.65 A 30 0 0.5 40 150 m 200 8.0 30* 225· 0.4 10 150 m 646 
MPQ6002 CG 0.65 A 30 0 0.5 100 150 m 200 8.0 30* 225• 0.4 10 150 m 646 
MPQ6100 CA 0.5 A 40 0 0.05 75 1.0 m 50 4.0 4* AUD 646 
MPQ6100A CA 0.5 A 45 0 0.05 150 1.0 m 50 4.0 4* AUD 646 
MP06501 CG 0.65 A 30 0 0.5 40 150 m 200 8.0 30* 225* 0.4 10 150 m 646 
MPQ6502 CG 0.65 A 30 0 0.5 100 150 m 200 8.0 30" 225• 0.4 10 150 m 646 

MPQ6600 CA 05 A 40 0 0.05 75 1.0 m 50 4.0 4* AUD 646 
MPQ6600A CA 0.5 A 45 0 0.05 150 1.0 m 50 4.0 0.25 4.0 1.0 m 646 
MP06700 CA 0.5 A 40 0 0.2 70 10 m 200 4.5 0.25 4.0 1.0 m 646 
MPQ6842 CA 0.75 A 40 0 0.5 70 10 m 300 4.5 45 150 0.15 10 0.5 m 646 
MP07041 NA 0.75 A 150 0 0.5 25 1.0 m 50 5.0 0.5 10 20 m 646 
MPQ7042 NA 0.75 A 200 0 0.5 25 1.0 m 50 5.0 0.5 10 20m 646 
MP07043 NA 0.75 A 250 0 0.5 25 1.0 m 50 5.0 0.5 10 20m 646 

MPQ7051 CA 0.75 A 150 0 0.5 25 1.0 m 50 5.0 0.7 10 20m 646 
MPQ7052 CA 0.75 A 200 0 0.5 25 1.0 m 50 5.0 0.7 10 20m 646 
MPQ7053 CA 0.75 A 250 0 0.5 25 1.0 m 50 5.0 0.7 10 20 m 646 
MP07091 PA 0.75 A 150 0 0.5 25 1.0 m 50 5.0 0.5 10 20 m 646 
MP07092 PA 0.75 A 200 0 0.5 25 1.0 m 50 5.0 0.5 10 20m 646 
MP07093 PA 0.75 A 250 0 0.5 35 10 m 50 5.0 0.5 10 20m 646 
M0918 NA 0.55 A 15 0 0.05 50 3.0 m 600 1.7 6-0 60 M 607 

M0930 NA 0.4 A 45 0 0.03 150 1.0 m 260* 6.0 607 
MQ982 PA 0.4 A 50 0 0.6 40 150 m 200 8.0 0.5 10 150 m 607 
MQ1120 PA 0.4 A 30 0 0.5 50 10 m 200 8.0 0.10 10 10 m 607 
M01129 NA 0.4 A 30 0 0.5 100 10 m 200 8.0 0.15 10 10 m 607 
M02218 NA 0.4 A 30 0 0.5 40 150 m 200 8.0 0.4 10 150 m 607 
M02218A NA 06 A 40 0 0.5 40 150 m 200 8.0 0.4 10 150 m 607 
MQ2219 NA 0.6 A 30 0 0.5 100 150 m 200 8.0 0.3 10 150 m 607 
M02219A NA 0.4 A 30 0 0.5 100 150 m 200 8.0 0.3 10 150 m 607 

M02369 NS 0.40 A 15 0 0.5 40 10 m 500 4.0 15 20 .25 10 10 m 607 
M02484 NE 0.4 A 60 0 0.03 100 10 u 260* 6.0 3.0 AUD 607 
M02904 PG 0.4 A 40 0 0.6 40 150 m 300 8.0 42 130 .4 10 150 m 607 
M02905A PG 0.4 A 60 0 0.6 100 150 m 300 8.0 42 130 .4 10 150 m 607 
M03251 PA 0.40 A 40 0 0.05 100 10 m 300 6.0 .25 10 10 m 607 
MQ3467 PS 0.40 A 40 0 1.0 20 500 m 150 20 40 110 0.5 10 500 m 607 

M03725 NS 0.40 A 40 0 1.0 50 100 m 200 10 45 75 .26 10 100 m 607 
M03762 PS 0.40 A 40 0 1.5 20 1.0 A 150 20 40 110 1.0 10 1.0 A 607 
M03798 PA 0.40 A 60 0 0.05 1.50 100 u 450" 4.0 0.2 10 1.0 m 607 
M03799 PA 0.40 A 60 0 0.05 300 100 u 450* 4.0 0.2 10 1_0 m 607 
MQ3799A PM 0.40 A 60 0 0.05 300 100 u 450• 4.0 0.9 3.0 0.2 10 1.0 m 607 
MQ6001 CG 0.40 A 30 0 0.5 40 150 m 200 8.0 60 350 0.4 10 150 m 607 

M06002 CG 0.40 A 30 0 0.5 100 150 m 200 8.0 60 350 0.4 10 150 m 607 
M07001 PA 0.4 A 30 0 0.6 70 1.0 m 200 8.0 0.4 10 150 m 607 
M07003 NA 0.40 A 40 0 0.05 50 10 m 200 6.0 .35 10 1.0 m 607 
M07004 NA 0.40 A 13 0 0.2 30 10 m 675" 4.0 0.4 10 10 m 607 
M07005 NA 0.4 A 12 0 0.05 30 3.0 m 400 3.0 1.0 10 m 607 
MQ7007 PA 0.4 A 40 0 0.2 30 1.0 m 300 8.0 1.0 10 50 m 607 

M07021 CG 0.40 A 40 0 0.05 50 10 m 200 6.0 28' 12· .35 10 10 m 607 
2N5146 PA 0.4 A 40 0 1.5 20 1.0 A 150 20 40 110 1.0 10 1.0 A 607 
2N6501 NS 0.6 A 40 0 1.0 50 100 m 250 10 35 60 0.3 10 100 m 607 

Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings_ 

TABLE 2. QUAD TMOS FETS (N CHANNEL) 

rd!{_O~ VGS(tih) •oss ~l'.!}!>SS IGSS C1ss Crss Ion loff 
@ (V) @ @ @ @ @ @ 

(0) lo Vos 10 (µA) Vos (VJ IG (nA) VoG (pf) Vos (pf) Vos (ns) (ns) 
Device Max (µA) Min Max (V) (mA) Max (V) Min (µA) Max (V) Max (V) Max (V) Max Max 

MFQ930C 1.4 1.0A 1.0 3.5 VGS 1.0 10 35 35 10 50 15 70 25 18 25 15 15 

MFQ960C 1.7 1.0A 1.0 3.5 VGs 1.0 10 60 60 10 50 15 70 25 18 25 15 15 

MFQ990C 2.0 1.0A 1.0 3.5 VGS 1-0 10 90 90 10 50 15 70 25 18 25 15 15 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 3. Dual Transistors 

hFE1 :NeE Gp NF@ f 
-- mV dB 

~fxl hFE2 Max Min 
Po 

TYPE NO. ID 
Watts-~ VcE-·~ le fr Cob 'on loft VcE PACKAGE 
One a.. Amp hFE@ le -~ MHz pf ns ns (sat)@- & le ·c 

T0· 1 Case .. Volts .g c => Die a: "' Max 
Min I => Min Max Max Max ~~r;J 'e I No. No. 

Only 

M0708 NG 0.55 A 15 0 0.2 40 10 m 300 5.0 35 75 .20 10 10 m 654 
M0708A NM 0.55 A 15 0 0.2 40 10 m 300 5.0 0.9 5.0 .20 10 10 m 654 
M0708AF NM 0.35 A 15 0 0.2 40 10 m 300 5.0 0.9 5.0 .20 10 10 m 610A 
MD708B NM 0.55 A 15 0 0.2 40 10 m 300 5.0 0.8 10 .20 10 10 m 654 
MD708BF NM 0.35 A 15 0 0.2 40 10 m 300 5.0 0.8 10 .20 10 10 m 610A 
M0708F NG 0.35 A 15 0 0.2 40 10 m 300 5.0 35 75 .20 10 10 m 610A 

MD918 NF 0.55 A 15 0 0.05 50 3.0 m 600 1.7 6.0 60 M 654 
MD918A NM 0.55 A 15 0 0.05 50 3.0 m 600 1.7 0.9 5.0 6.0 60 M 654 
M0918AF NM 0.35 A 15 0 0.05 50 3.0 m 600 1.7 0.9 5.0 6.0 60 M 610A 
MD918B NM 0.55 A 15 0 0.05 50 3.0 m 600 1.7 0.8 10 6.0 60 M 654 
MD918F,BF NF 0.35 A 15 0 0.05 50 3.0 m 600 1.7 6.0 60 M 610A 
M0982,F I PA 040 Al 50 o I 0.6 40 150 m 200 801 0.5 I 10 150 m I 610A 
MD984 PA .575 A 20 0 0.2 25 10 m 250 0.5 10 50 m 654 
MD985 CA 575 A 30 0 0.5 40 150 m 200 8.0 0.5 10 150 m 654 
MD985F CA 0.35 A 30 0 0.5 40 150 m 200 8.0 0.5 10 150 m 610A 
MD986 CA 0.55 A 15 0 0.2 25 10 m 200 4.0 0.3 10 10 m 654 
MD986F CA 0.35 A 15 0 0.2 25 10 m 200 4.0 0.3 10 10 m 610A 
MD1120 NM 0.575 A 30 0 0.5 50 10 m 200 8.0 0.8 10 .10 10 10 m 654 
MD1120F NM 0.35 A 30 0 0.5 50 10 m 200 8.0 0.8 10 .10 10 10 m 610A 

MD1121 NM 0.575 A 30 0 0.5 50 10 m 200 8.0 0.9 10 .10 10 10 m 654 
MD1121F NM 0.35 A 30 0 0.5 50 10 m 200 8.0 0.9 10 .10 10 10 m 654 
MD1122 NM 0.575 A 30 0 0.5 50 10 m 200 8.0 0.9 5.0 .10 10 10 m 654 
MD1122F NM 0.35 A 30 0 0.5 50 20 m 200 8.0 0.9 5.0 .10 10 10 m 654 
MD1123 PM 0.575 A 40 0 0.2 30 100 u 250 4.0 0.8 10 .25 10 10 m 654 
MD1129 NM 0.575 A 30 0 0.5 100 10 m 200 8.0 0.9 5.0 0.1 10 10 m 654 
MD1129F NM 0.35 A 30 0 0.5 100 10 m 200 8.0 0.9 5.0 .15 10 10 m 610A 
MD1130 PM 0.575 A 40 0 0.2 100 100 u 200 4.0 0.9 5.0 .25 10 10 m 654 
MD1130F PM 0.35 A 40 0 0.2 100 100 u 200 4.0 0.9 5.0 .25 10 10 m 610A 
MD1132 NM 0.3 A 15 0 0.05 50 1.0 m 600 1.7 0.9 5.0 0.4 10 10 m 654 
MD2060F NM 0.35 A 60 0 0.5 30 0.1 m 100 15 0.9 5.0 .10 8.0 10 m 654 
MD2218 NG 0.575 A 30 0 0.5 40 150 m 200 8.0 60 350 0.4 10 150 m 654 
MD2218A NG 0.575 A 30 0 0.5 40 150 m 200 8.0 45 310 0.3 10 150 m 654 
M02218AF NG 0.35 A 30 0 0.5 40 150 m 200 8.0 45 310 0.3 10 150 m 610A 
M02218F NG 0.35 A 30 0 0.5 40 150 m 200 8.0 60 350 0.4 10 150 m 610A 
MD2219 NG 0.575 A 30 0 0.5 100 150 m 200 8.0 60 350 0.4 10 150 m 654 
MD2219A NG 0.575 A 30 0 0.5 100 150 m 200 8.0 45 310 0.3 10 150 m 654 
MD2219AF NG 0.350 A 30 0 0.5 100 150 m 200 8.0 45 310 0.3 10 150 m 610A 
MD2219F NG 0.350 A 30 0 0.5 100 150 m 200 8.0 60 350 0.4 10 150 m 610A 
MD2369 NS 0.55 A 15 0 0.5 40 10 m 500 4.0 15 20 .25 10 10 m 654 
MD2369A NM 0.55 A 15 0 0.5 40 10 m 500 4.0 0.9 5.0 .25 10 10 m 654 
M02369AF NM 0.35 A 15 0 0.5 40 10 m 500 4.0 0.9 5.0 .25 10 10 m 610A 
M02369B NM 0.55 A 15 0 0.5 40 10 m 500 4.0 0.8 10 .25 10 10 m 654 
M02369BF NM 0.35 A 15 0 0.5 40 10 m 500 4.0 0.8 10 .25 10 10 m 610A 
MD2369F NS 0.35 A 15 0 0.5 40 10 m 500 4.0 15 20 .25 10 10 m 610A 
M02904 PG 0.575 A 40 0 0.6 40 150 m 200 8.0 45 130 0.4 10 150 m 654 
M02904A PG 0.575 A 60 0 0.6 40 150 m 200 8.0 45 130 0.4 10 150 m 654 
MD2904AF PG 0.350 A 60 0 0.6 40 150 m 200 8.0 45 130 0.4 10 150 m 610A 
MD2904F PG 0.350 A 40 0 0.6 40 150 m 200 8.0 45 130 0.4 10 150 m 610A 
M02905 PG 0.575 A 40 0 0.6 100 150 m 200 8.0 45 130 0.4 10 150 m 654 

Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) • TABLE 3. Dual Transistors (continued) 

hFEl cNsE Gp NF@ f 
-- mV dB 

~;x I Po 
hFE2 Max Min 

TYPE NO. ID 
Watts·~ VCE··~ le fT Cob 1on toll VCE PACKAGE One o.. Amp hFE@ le MHz pF ns {sat)@- & 'c ·2 

T0-1Case Die ~ Volts~ E ns ::> 
Max Min j 

::> Min Max Max Max ~~r;l 'a I No. No. 
Only Typ* 

MD2905A PG 0.575 A 60 0 0.6 100 150 m 200 8.0 45 130 0.4 10 150 m 654 
MD2905AF PG 0.35 A 60 0 0.6 100 150 m 200 8.0 45 130 0.4 10 150 m 610A 
MD2905F PG 0.35 A 40 0 0.6 100 150 m 200 8.0 45 130 0.4 10 150 m 610A 
MD3250 PA 0.57 5 A40 0 0.20 50 1.0 m 200 6.0 .25 10 10 m 654 
MD3250A PM 0.57 5 A40 0 0.20 50 1.0 m 200 6.0 0.9 5.0 .25 10 10 m 654 
MD3250AF PM 0.35 A 40 0 0.20 50 1.0 m 200 6.0 0.9 5.0 .25 10 10m 610A 
MD3250F PA 0.35 A 40 0 0.20 50 1.0 m 200 6.0 .25 10 10 m 610A 
MD3251 PA 0.575 A 40 0 0.20 100 1.0 m 250 6.0 .25 10 10 m 654 
MD3251A PM 0.575 A 40 0 0.20 100 1.0 m 250 6.0 0.9 5.0 .25 10 10 m 654 
MD3251AF PM 0.35 A 40 0 0.20 100 1.0 m 250 6.0 0.9 5.0 .25 10 10 m 610A 
MD3251 F PA 0.35 A 40 0 0.20 100 1.0 m 250 6.0 .25 10 10m 610A 
MD3409 NM 0.575 A 30 0 0.5 50 10 m 200 8.0 0.8 10 .15 10 10 m 654 
MD3410 NM 0.575 A 30 0 0.5 50 10 m 200 8.0 0.9 10 .15 10 10 m 654 
MD3467 PS 0.60 A 40 0 1.5 20 500 m 150 20 40 110 0.5 10 500 m 654 
MD3467F PS 0.35 A 40 0 1.5 20 500 m 150 20 40 110 0.5 10 500 m 610A 
MD3725 NS 0.60 A 40 0 1.0 50 100 m 200 10 45 75 .26 10 100 m 654 
MD3725F NS 0.35 A 40 0 1.0 50 100 m 200 10 45 75 .26 10 100 m 610A 
MD3762 PS 0.60 A 40 0 1.5 20 1.0 A 150 20 40 110 1.0 10 1.0 A 654 
MD3762F PS 0.35 A 40 0 1.5 20 1.0 A 150 20 40 110 1.0 10 1.0 A 610A 
MD5000 PH 0.3 A 15 0 0.05 20 3.0 m 600 1.7 15 200 M 654 
MD5000A PM 0.3 A 15 0 0.05 20 3.0 m 600 1.7 0.9 5.0 15 200 M 654 
MD5000B PM 0.3 A 15 0 0.05 20 3.0 m 600 1.7 0.8 10 15 200 M 654 

MD6001 CG 575 Al 30 0 0.5 40 150 m 200 8.0 60 350 04 10 150 m 654 
MD6001 F CG 0.35 A 30 0 0.5 40 150 m 200 8.0 60 350 0.4 10 150 m 610A 
MD6002 CG 575 A 30 0 0.5 100 150 m 200 8.0 60 350 0.4 10 150 m 654 
MD6002F CG 0.35 A 30 0 0.5 100 150 m 200 8.0 60 350 0.4 10 150 m 610A 
MD6003 CA 575 A 30 0 0.5 70 150 m 200 8.0 0.4 10 150 m 654 
MD6003F CA 0.35 A 30 0 0.5 70 150 m 200 8.0 0.4 10 150 m 610A 
MD6100 CA 0.5 A 45 0 0.05 100 0.1 m 30 4.0 .25 10 1.0 m 654 
MD6100F CA 0.35 A 45 0 0.05 100 0.1 m 30 4.0 .25 10 10 m 610A 
MD7000 NA 0.575 A 30 0 0.5 70 150 m 200 8.0 0.4 10 150 m 654 
MD7001 PA 0.6 A 30 0 0.6 70 150 m 200 8.0 0.4 10 150 m 654 
MD7001 F PA 0.350 A 30 0 0.6 70 150 m 200 8.0 0.4 10 150 m 610A 
MD7002 NA 0.575 A 40 0 0.03 40 100 u 200 6.0 .35 10 10 m 654 
MD7002A NM 0.575 A 40 0 0.03 40 100 u 200 6.0 0.75 25 .35 10 10 m 654 
MD7002B NM 0.575 A 40 0 0.03 40 100 u 200 6.0 0.85 15 .35 10 10 m 654 
MD7003 NA 0.55 A 40 0 0.05 50 10 m 200 6.0 .35 10 1.0 m 654 
MD7003A NM 0.55 A 40 0 0.05 50 10 m 200 60 0.75 25 35 10 1.0 m 654 
MD7003AF NM 0.35 A 40 0 0.05 50 10 m 200 6.0 0.75 25 .35 10 1.0 m 610A 
MD7003B NM 0.55 A 40 0 0.05 50 10 m 200 6.0 0.85 15 .35 10 1.0 m 654 
MD7003F NA 0.35 A 40 0 0.05 50 10 m 200 6.0 .35 10 1.0 m 610A 
MD7004 NA 0.55 A 13 0 0.2 30 10 m 675* 4.0 0.4 10 10 m 654 
MD7004F NA 0.35 A 13 0 0.2 30 10 m 675* 4.0 0.4 10 10 m 610A 
MD7005 PA 0.55 A 12 0 0.05 30 3.0 m 650 3.0 0.4 10 10 m 654 

I I I 

I 

I 

Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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• MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 3. Dual Transistors (continued) 

hFE1 .NBE Gp NF@ f 
-- mV dB 

~~x I Po 
hFE2 Max Min 

TYPE NO. ID 
Watts ·6 VcE-·~ 'c IT Cob 1on toft VcE PACKAGE 
One a. Amp hFE@ le 0 MHz pF ns ns (sat)@- & 'c 0 T0-1 Case ;; Volts~ ::> Die 

0: Max 
Min I ::> Min Max Max Max Vo!tsl 18 I No. No. 

Only Typ* Typ* Tvp" Typ" Max 

MD7005F PA 0.35 A 12 0 0.05 30 3.0 m 650 3.0 0.4 10 10 m 610A 
MD7007 PA 0.575 A 40 0 0.2 30 1.0 m 300 8.0 1.0 10 50 m 654 
MD7007A PM 0.575 A 50 0 0.2 30 1.0 m 300 8.0 0.75 20 1.0 10 50 m 654 
MD70078 PM 0.575 A 60 0 0.2 30 1.0 m 300 8.0 0.85 10 1.0 10 50 m 654 
MD7007BF PM 0.35 A 40 0 0.2 30 1.0 m 300 8.0 0.85 10 1.0 10 50 m 610A 
MD7007F PA 0.35 A 40 0 0.2 30 1.0 m 300 8.0 1.0 10 50 m 610A 

MD7021 CG 0.55 A 40 0 0.05 50 10 m 200 6.0 28* 72" .35 10 10 m 654 
MD7021 F CG 0.35 A 40 0 0.05 50 10 m 200 6.0 28* 72* .35 10 10 m 610A 
MD8001 NM 0.575 A 40 0 0.03 100 1.0 m 260* 2.6* 15 654 
MD8002 NM 0.575 A 40 0 0.03 100 1.0 m 260* 2.6* 15 654 
MD8003 NM 0.575 A 40 0 0.03 100 1.0 m 260* 2.6* 15 654 
2N2060 NM 0.5 A 60 0 0.5 30 100 Li 60 15 0.9 5.0 8.0 1000 H 78 654 

2N2060A NM 0.5 A 60 0 0.5 30 100 Li 60 15 0.9 3.0 0.6 10 50 m 78 654 
2N2223 NM 0.5 A 60 0 0.5 25 100 Li 50 15 0.8 15 12 10 50 m 78 654 
2N2223A NM 0.5 A 60 0 0.5 25 100 Li 50 15 0.9 5.0 1.2 10 50 m 78 654 
2N2453 NM 0.5 A 30 0 0.05 80 10 Li 60 8.0 0.9 3.0 7.0 1000 H 78 654 
2N2453A NM 0.5 A 50 0 0.05 80 10 Li 60 8.0 0.9 3.0 4.0 1000 H 78 654 
2N2480 NM 0.3 A 35 0 0.5 30 1.0 m 50 20 0.8 10 8.0 1000 H 78 654 

2N2480A NM 0.3 A 40 0 0.5 50 1.0 m 50 18 0.8 5.0 1.3 10 50 m 78 654 
2N2639 NM 0.3 A 45 0 0.03 50 10 Li 80 8.0 0.9 5.0 4.0 AUD 78 654 
2N2640 NM 0.3 A 45 0 0.03 50 10 Li 80 8.0 0.8 10 4.0 AUD 78 654 
2N2641 NE 0.3 A 45 0 0.03 50 10 Li 80 8.0 4.0 AUD 78 654 
2N2642 NM 0.3 A 45 0 0.03 100 10 Li 80 8.0 0.9 5.0 4.0 AUD 78 654 
2N2643 NM 0.3 A 45 0 0.03 100 10 Li 80 8.0 0.8 10 4.0 AUD 78 654 

2N2644 NE 0.3 A 45 0 0.03 100 10 Li 80 8.0 4.0 AUD 78 654 
2N2652 NM 0.3 A 60 0 0.5 50 1.0 m 60 15 0.85 3.0 1.2 10 50 m 78 654 
2N2652A NM 0.3 A 60 0 0.5 50 1.0 m 60 15 0.9 3.0 8.0 1000 H 78 654 
2N2720 NM 0.3 A 60 0 0.04 30 0.1 m 80 6.0 0.9 5.0 1.0 10 10 m 78 654 
2N2721 NM 0.3 A 60 0 0.04 30 0.1 m 80 6.0 0.8 10 1.0 10 10 m 78 654 
2N2722 NM 0.3 A 45 0 0.04 50 1.0 Li 100 6.0 0.9 5.0 1.0 20 10 m 78 654 

2N2903 NM 0.6 c 30 0 0.05 125 1.0 m 60 8.0 0.8 10 7.0 1000 H 78 654 
2N2903A NM 06 c 30 0 0.05 125 1.0 m 60 8.0 0.9 5.0 7.0 1000 H 78 654 
2N2913 NE 0.3 A 45 0 0.03 60 10 Li 60 6.0 4.0 AUD 654 
2N2914 NE 0.3 A 45 0 0.03 150 10 Li 60 6.0 3.0 AUD 654 
2N2915 NM 0.3 A 45 0 0.03 60 10 Li 60 6.0 0.9 5.0 4.0 AUD 654 
2N2916 NM 0.3 A 45 0 0.03 150 10 Li 60 6.0 0.9 5.0 3.0 AUD 654 

2N2917 NM 0.3 A 45 0 0.03 60 10 Li 60 6.0 0.8 10 4.0 AUD 654 
2N2918 NM 0.3 A 45 0 0.03 150 10 Li 60 6.0 0.8 10 3.0 AUD 654 
2N2919 NM 0.3 A 60 0 0.03 60 10 Li 60 6.0 0.9 5.0 4.0 AUD 654 
2N2920 NM 0.3 A 60 0 0.03 150 10 Li 60 6.0 0.9 5.0 3.0 AUD 654 
2N3043 NM 0.25 A 45 0 0.03 100 10 Li 30 8.0 0.9 5.0 5.0 AUD 610A 
2N3044 NM 0.25 A 45 0 0.03 100 10 Li 30 8.0 0.8 10 5.0 AUD 610A 

2N3045 NE 0.25 A 45 0 0.03 100 10 Li 30 8.0 5.0 AUD 610A 
2N3046 NM 0.25 A 45 0 0.03 50 10 Li 30 8.0 0.9 5.0 5.0 AUD 610A 
2N3047 NM 0.25 A 45 0 0.03 50 10 Li 30 8.0 0.8 10 5.0 AUD 610A 
2N3048 NE 0.25 A 45 0 0.03 50 10 Li 30 8.0 5.0 AUD 610A 
2N3726 I PE I 

04 Al 45 o I 0.3 

I 
135 I 1.0 m I 200 I 801 0.91 5.0 I 14011000 HI 

I 
654 

I I I I 

Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

1-26 



MULTIPLE SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 3. Dual Transistors (continued) 

TYPE NO. 

2N3727 
2N3806 
2N3807 
2N3808 
2N3809 
2N3810 
2N3810A 
2N3811 
2N3811A 
2N3812 
2N3813 
2N3814 
2N3815 
2N3816 
2N3816A 
2N3817 
2N3817A 
2N3838 
2N4015 
2N4016 
2N4854 
2N4855 
2N4937 
2N4938 
2N4939 
2N4940 
2N4941 
2N4942 
2N5793 
2N5794 
2N5795 
2N5796 
2N6502 
2N6503 

ID 

PE 
PE 
PE 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PA 
PM 
PM 
PM 
PM 
PM 
PM 
CE 

PM 
PM 
CE 
CE 
PM 
PM 
PE 
PM 
PM 
PE 
NG 
NG 
NG 
NG 
NS 
NS 

Po ~ 
Watts·§ 
One a. 
Die : 
Only 

0.4 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 

0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 

0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 

0.25 A 
0.4 A 
0.4 A 
0.3 A 
0.3 A 
0.6 A 
0.6 A 

0.6 A 
0.6 A 
0.6 A 
0.6 A 
0.5 A 
0.5 A 
0.5 A 
0.5 A 
0.6 A 
0.6 A 

li 
Vee~·~ 
Volts .g 

"' 
45 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
60 0 
40 0 
60 0 
60 0 
40 0 
40 0 
40 0 
40 0 
40 0 
40 0 
40 0 
40 0 
40 0 
40 0 
60 0 
60 0 
40 0 
40 0 

le 
Amp 
Max 

0.3 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.6 
0.3 
03 
0.6 
0.6 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.6 
0.6 
0.6 
0.6 
1.0 
1.0 

hFE@ le ~ 
Min I 
135 
150 
300 
150 
300 
150 
150 
300 
300 
150 
300 
150 
300 
150 
150 
300 
300 
100 
135 
135 
100 
40 
50 
50 
50 
50 
50 
50 
40 

100 
40 

100 
50 
50 

1.0 m 
0.1 m 
0.1 m 
0.1 m 
0.1 m 
0.1 m 

0.1 m 
0.1 m 
0.1 m 
0.1 m 
0.1 m 
0.1 m 

0.1 m 
0.1 m 
0.1 m 
0.1 m 
0.1 m 
150 m 
1.0 m 
1.0 m 

150 m 
150 m 
1.0 m 
1.0 m 

1.0 m 
1.0 m 
1.0 m 
1.0 m 

150 m 
150 m 
150 m 
150 m 
100 m 
100 m 

IT 
MHz 
Min 

200 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
200 
200 
200 
200 
200 
300 
300 
300 
300 
300 
300 
200 
200 
200 
200 
250 
250 

Cob 
pf 

Max 

8.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
8.0 
8.0 
8.0 
8.0 
8.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
8.0 
8.0 
8.0 
8.0 
10 
10 

'on 
ns 

Max 

0.9 

0.8 
0.8 
0.9 

0.95 
0.9 

0.95 

0.8 
0.8 
0.9 

0.95 
0.9 

0.95 
50 

0.9 
0.9 
60 
60 

0.9 
0.8 

0.8 
0.9 

45 
45 
47 
47 
35 
35 

Gp NF@ f 

1off 
ns 

Max 

~I:~;~ I 
fsatJ@- & le 
Voltsl Is I 
Max 

·~ PACKAGE 
::i TO-,Ca88 

No. No. 

2.5 

5.0 
5.0 
3.0 
1.5 
3.0 
1.5 

5.0 
5.0 
3.0 
1.5 
3.0 
1.5 
340 
5.0 
2.5 
350 
350 
3.0 
5.0 

5.0 
3.0 

310 0.3 
310 0.3 
140 0.4 
140 0.4 
60 0.3 
60 0.3 

4.0 
7.0 
4.0 
7.0 
4.0 
7.0 
3.0 
4.0 
1.5 
3.5 
2.5 
7.0 
4.0 
7.0 
7.0 
4.0 
4.0 
8.0 
4.0 
4.0 
8.0 
8.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
10 
10 
10 
10 

10 I 
10 

1000 H 
100 H 
100 H 
100 H 
100 H 
100 H 
100 H 
100 H 
100 H 

AUD 
AUD 
100 H 

100 H 
100 H 
100 H 
100 H 
100 H 

1000 H 
1000 H 
1000 H 
1000 H 
1000 H 
AUD 
AUD 
AUD 
AUD 
AUD 
AUD 

150 m 
150 m 
150 m 
150 m 
100 m 
100 m 

654 
654 
654 
654 
654 
654 
654 
654 
654 
610A 
610A 
610A 
610A 
610A 
610A 
610A 
610A 
610A 
654 
654 
654 
654 
654 
654 
654 
610A 
610A 
610A 
654 
654 
654 
654 
654 
610A 

Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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II Field-Effect Transistors 

ff"~'" 
//cAT0-18 

~"rn~ I/! c. T0-52 

,,,,.., II/ c\0.92 J.SE29-03 

~ASE79-02 I/! Cl T0-39 

Motorola offers a line of field-effect transistors that encom
passes the latest technology and covers the full range of FET 
applications. Included here is a wide variety of junction FETs, 
MOSFETs (with P- or N-channel polarity with both single and 
dual gates) and TMOS FETs. These FETs include devices de
veloped for operation across the frequency range from de to 
UHF in switching and amplifying applications. Package options 

JFETs 

TABLE 1. Switches and Choppers 

~CASE317-01 ~ Macro-X 

T0-92 
WATT 

from low cost plastic to metal T0-72 packages are available. 
The selector guides on the following pages are designed to 
emphasize those FET families and device types that, by virtue 
of widespread industry use, ease of manufacture and, conse
quently, low relative cost, merit first consideration for new equip
ment design. 

JFETs D 

G--© '~"'""" 
JFETs operate in the depletion mode. They are available in both P- and N

channel and are offered in both metal and plastic packages. Applications include 
general-purpose amplifiers, switches and choppers, and RF amplifiers and mixers. 
These devices are economical and very rugged. The drain and source are inter
changeable on many typical FETs. 

s 
D 

G--© "'"'""" 
P-Channel JFETs s 

V(BR)GSS 
'ds(on) VGS(off) loss V(BR)GOO Ciss Crss Ion Iott 

@ (V) (mA) 
Package (0) 10 (V) (pF) (pF) (ns) (ns) 

TO- Device MAX (µA) MIN MAX MIN MAX MIN MAX MAX MAX MAX 

92 MPF970 100 1.0 5.0 12 15 100 30 12 5.0 8.0 25 

92 MPF971 250 1.0 1.0 7.0 2.0 80 30 12 5.0 10 120 

72 2N3993 150 - 4.0 9.5 10 - 25 16 4.5 - -
72 2N3994 300 - 1.0 5.5 2.0 - 25 16 4.5 - -
72 2N3994A 300 - 1.0 5.5 2.0 - 25 12 3.0 - -

N-Channel JFETs 
18 MFE2012 10 - 3.0 10 100 - 25 50 20 16 37 

18 MFE2011 15 1.0 1.0 10 40 - 25 50 20 10 20 

18 2N4859A 25 - 2.0 6.0 50 - 30 10 4.0 8.0 20 

92 MPF4859A 25 - 2.0 6.0 50 - 30 10 4.0 8.0 20 

18 2N4856A 25 - 4.0 10 50 - 40 10 4.0 8.0 20 

92 MPF4856A 25 - 4.0 10 50 - 40 10 4.0 8.0 20 

18 2N4856 26 - 4.0 10 50 - 40 10 8.0 9.0 25 

92 MPF4856 25 - 4.0 10 50 - 40 10 8.0 9.0 25 
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FIELD-EFFECT TRANSISTORS (continued) • TABLE 1. Switches and Choppers (continued) 

N-Channel JFETs (continued) 

'ds(on) VGS(off) loss 
Y(BR)GSS 
Y(BR)GDO C1ss Crss Ion loft 

@ (V) (mA) 
Package (0) 10 (V) (pf) (pf) (ns) (ns) 

1'0- Device MAX (µA) MIN MAX MIN MAX MIN MAX MAX MAX MAX 

18 2N4859 25 - 4.0 10 50 - 30 18 8.0 9.0 25 

92 MPF4859 25 - 4.0 10 50 - 30 18. 8.0 9.0 25 

18 MFE2010 25 1.0 0.5 10 15 - 25 50 20 10 35 

18 2N4391 30 1.0 4.0 10 50 150 40 14 3.5 15 20 

92 MPF4391 30 1.0 4.0 10 60 130 20 10 3.5 15 20 

92 2N638 30 1.0 - (12) 50 - 30 10 4.0 9.0 15 

18 2N4091 30 1.0 5.0 10 30 - 40 16 5.0 25 40 

92 MPF4091 30 1.0 5.0 10 30 - 40 16 5.0 25 40 

92 J111 30 1.0 3.0 10 20 - 35 10t 5.ot 13 35 

18 MFE2006 30 1.0 -5.0 -10 30 - -30 16 5.0 20 40 

18 2N3970 30 1.0 4.0 10 50 150 40 25 6.0 20 30 

92 MPF3970 30 1.0 4.0 10 50 150 40 25 6.0 20 30 

18 2N4057A 40 - 2.0 6.0 20 100 40 10 3.5 10 40 

92 MPF4857A 40 - 2.0 6.0 20 100 40 10 3.5 10 40 

18 2N860A 40 - 2.0 6.0 20 100 30 10 3.5 10 40 

92 MPF4860A 40 - 2.0 6.0 20 100 30 10 3.5 10 40 

18 2N4857 40 - 2.0 6.0 20 100 40 18 8.0 10 50 

92 MPF4857 40 - 2.0 6.0 20 100 40 18 8.0 10 50 

18 2N4860 40 - 2.0 6.0 20 100 30 18 8.0 10 50 

92 MPF4860 40 - 2.0 6.0 20 100 30 18 8.0 10 50 

92 2N5653 50 1.0 - (12)1 40 - 30 10 3.5 9.0 15 

18 2N4092 50 1.0 2.0 7.0 15 - 40 16 5.0 35 60 

92 MPF4092 50 1.0 2.0 7.0 15 - 40 16 5.0 35 60 

92 J112 50 1.0 1.0 5.0 5.0 - 35 10t 5.ot 131 35! 

18 MFE2005 50 1.0 -2.0 -8.0 15 - -30 16 5.0 35 60 

18 2N4392 60 1.0 2.0 5.0 25 75 40 14 3.5 15 35 

92 MPF4392 60 1.0 2.0 5.0 25 75 20 10 3.5 15 35 

18 2N4858A 60 1.0 0.8 4.0 8.0 80 40 10 3.5 16 80 

92 MPF4858A 60 1.0 0.8 4.0 8.0 80 40 10 3.5 16 80 

18 2N4861A 60 - 0.8 4.0 8.0 80 30 10 3.5 16 80 

92 MPF4861A 60 - 0.8 4.0 8.0 80 30 10 3.5 16 80 

92 2N5639 60 1.0 - (8.0)I 25 - 30 10 4.0 14 30 

18 2N3971 60 1.0 2.0 5.0 25 75 40 25 6.0 30 60 

92 MPF3971 60 1.0 2.0 5.0 25 75 40 25 6.0 30 60 

18 2N4858 60 - 0.8 4.0 8.0 80 40 18 8.0 20 100 

92 MPF4858 60 - 0.8 4.0 8.0 80 40 18 8.0 20 100 

18 2N4861 60 - 0.8 4.0 B.O 80 30 18 8.0 20 100 

92 MPF4861 60 - 0.8 4.0 8.0 80 30 18 B.O 20 100 

18 2N4093 BO 1.0 1.0 5.0 BO - 40 16 5.0 60 80 

92 MPF4093 80 1.0 1.0 5.0 80 - 40 16 5.0 60 80 

18 MFE2004 80 1.0 -1.0 -6.0 8.0 - -30 16 5.0 60 80 

72 MFE3002 100 10V - 3.0 - 10 15 5.0 1.5 - -
18 2N4393 100 1.0 0.5 3.0 5.0 30 40 14 3.5 15 50 

92 MPF4393 100 1.0 0.5 3.0 5.0 30 20 10 3.5 15 55 

92 2N5654 100 1.0 - (8.0) 15 - 25 10 3.5 14 30 

92 2N5640 100 1.0 - (6.0) 5.0 - 30 10 4.0 18 45 
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a FIELD-EFFECT TRANSISTORS (continued) 

TABLE 1. Switches and Choppers (continued) 

N-Channel JFETs (continued) 

V(BR)GSS 
'ds(on) Vas( off) ioss V(BR)GDO C;ss Crss Ion Iott 

@ (V) (mA) 
Package (!l) lo (V) (pf) (pf) (ns) (ns) 

TO- Device MAX (µA) MIN MAX MIN MAX MIN MAX MAX MAX MAX 

18 2N3972 100 1.0 0.5 3.0 5.0 30 40 25 6.0 80 100 

92 MPF3972 100 1.0 0.5 3.0 5.0 30 40 25 6.0 80 100 

92 J113 100 1.0 0.5 3.0 2.0 - 35 10t 5.ot 13t 35t 

92 BF246 - - 0.5 14 10 300 25 - - - -
92 BF246A 35t 1.0 1.5 4.0 30 80 25 - - - -
92 BF246B sot 1.0 3.0 7.0 60 140 25 - - - -
92 BF246C 55t 1.0 5.5 12.0 110 250 25 - - - -
92 J107 8 - 0.5 4.5 100 - 25 - - - -
92 J108 8 - 3.0 10.0 80 - 25 - - - -
92 J109 12 - 2.0 6.0 40 - 25 - - - -
92 J110 18 - 0.5 4.0 10 - 25 - - - -

t ~typical 

TABLE 2. Low-Frequency/Low-Noise 

P-Channel JFETs 

Rel Ytsl Rel Yosl C;ss Crss 
V(BR)GSS 
V(BR)GDO Vas( off) loss 

(V) (mA) 

Package (mmho) (µmho) (pf) (pf) (V) 
TO- Device MIN MAX (MAX) MAX MIN MIN MAX MIN MAX 

92 MPF161 0.8 75 7.0 2.0 40 0.2 8.0 -0.5 -14 

72 2N5265 0.9 75 7.0 2.0 60 0.3 1.5 0.5 1.0 

72 MFE4009 1.0 20 20 - 20 - 5.0 1.0 3.0 

72 MFE4012 1.0 100 20 - 20 - 8.0 5.0 15 

72 2N5267/8 1.0 20 20 - 20 - 6.0 1.0 6.0 

72 2N3909 1.0 100 32 16 20 0.3 7.9 0.3 15 

18 MFE4007 1.0 20 25 7.0 25 0.3 1.5 0.3 1.2 

28 2N2608 1.0 17 - - 30 1.0 4.0 0.9 4.5 

92 MPF2608 1.0 - 17 - 30 1.0 4.0 0.9 4.5 

92 2N5460 1.0 50 7.0 2.0 40 0.75 6.0 1.0 5.0 

72 2N5266 1.0 75 7.0 2.0 60 0.4 2.0 0.8 1.6 

92 2N5463 1.0 75 7.0 2.0 60 0.5 4.0 1.0 5.0 

72 2N3330 1.5 40 20 - 20 - 6.0 2.0 6.0 

92 MPF3330 1.5 40 20 - 20 - 6.0 2.0 6.0 

18 MFE4009 1.5 20 25 7.0 25 0.5 2.5 1.0 3.5 

92 2N5461 1.5 50 7.0 2.0 40 1.0 7.5 2.0 9.0 

72 2N5267 1.5 75 7.0 2.0 60 1.0 4.0 1.5 3.0 

92 2N5464 1.5 75 7.0 2.0 60 0.8 4.5 2.0 9.0 

92 2N4360 2.0 100 20 5.0 20 0.4 9.0 3.0 30 

92 2N4342 2.0 75 20 5.0 25 - 5.5 4.0 12 

92 2N5462 2.0 50 7.0 2.0 40 1.8 9.0 4.0 16 

72 2N5268 2.0 75 7.0 2.0 60 1.0 4.0 2.5 5.0 
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FIELD-EFFECT TRANSISTORS (continued) 

TABLE 2. Low-Frequency/Low-Noise (continued) 
II 

P-Channel JFETs 

V(BR)GSS 
Rel V1sl Rel Vasi C;ss Crss V(BR)GDO VGS(aff) loss 

(V) (mA) 
Package (mmha) (µmha) (pF) (pF) (V) 

TO- Device MIN MAX (MAX) MAX MIN MIN MAX MIN MAX 
92 2N5465 2.0 75 7.0 2.0 60 1.5 6.0 4.0 16 
72 2N3909A 2.2 100 9.0 3.0 20 0.3 7.9 1.0 15 
72 2N5269 2.2 75 7.0 2.0 60 2.0 6.0 4.0 8.0 
18 2N2609 2.5 - 30 - 30 1.0 4.0 2.0 10 
92 MPF2609 2.5 - 30 - 30 1.0 4.0 2.0 10 
72 2N5270 2.5 75 7.0 2.0 60 2.0 6.0 7.0 14 

N-Channel JFETs 

Rel V1sl Rel Vasi C;ss Crss 
V(BR)GSS 
V(BR)GDO VGS(aff) loss 

@ @ (V) (mA) 
Package (mmha) I (µmha) I (pF) (pF) (V) 

TO- Device MIN (MHz) MAX (MHz) (MAX) MAX MIN MIN MAX MIN MAX 

18 2N3370 0.3 30 15 30 20 3.0 40 - 3.2 0.1 0.6 

92 MPF111 0.5 10 200 10 - - 20 0.5 10 0.5 20 

92 J201 0.5 20 1.01 20 5.ot 2.01 40 0.3 1.5 0.2 1.0 

18 2N3369 0.6 30 30 30 20 3.0 40 - 6.5 0.5 2.5 

92 MPF109 0.8 15 75 15 7.0 3.0 25 0.2 8.0 0.5 24 

18 2N4339 0.8 15 15 15 7.0 3.0 50 0.6 1.8 0.5 1.5 

92 MPF4339 0.8 15 15 15 7.0 3.0 50 0.6 1.8 0.5 1.5 

18 2N3460 0.8 20 5.0 30 18 6.0 50 - 1.8 0.2 1.0 

18 2N3438 0.8 20 5.0 30 18 6.0 50 - 2.3 0.2 1.0 

72 2N4220 1.0 15 10 15 6.0 2.0 30 - 4.0 0.5 3.0 

92 MPF4220 1.0 15 10 15 6.0 2.0 30 - 4.0 0.5 3.0 

72 2N4220A 1.0 15 10 15 6.0 2.0 30 - 4.0 0.5 3.0 

92 MPF4220A 1.0 15 10 15 6.0 2.0 30 - 4.0 0.5 3.0 

72 2N5358 1.0 15 10 15 6.0 2.0 40 0.5 3.0 0.5 1.0 

92 J202 1.0 20 3.51 20 5.ot 2.01 40 0.8 4.0 0.9 4.5 

18 2N3368 1.0 30 80 30 20 3.0 40 - 11.5 2.0 12 

72 2N5359 1.2 15 10 15 6.0 2.0 40 0.8 4.0 0.6 1.6 

18 2N4340 1.3 15 30 15 7.0 3.0 50 1.0 3.0 1.2 3.6 

72 2N5360 1.4 15 20 15 6.0 2.0 40 0.8 4.0 0.5 2.5 

94 2N5458 1.5 15 50 15 7.0 3.0 25 1.0 7.0 2.0 9.0 

72 2N5361 1.5 15 20 15 6.0 2.0 40 1.0 6.0 2.5 5.0 

92 J203 1.5 20 10t 20 5.ot 2.01 40 2.0 10 4.0 20 

18 2N3459 1.5 20 20 30 18 6.0 50 - 3.4 0.8 4.0 

72 2N3821 1.5 15 10 15 6.0 3.0 50 - 4.0 0.5 2.5 

92 MPF3821 1.5 15 10 15 6.0 3.0 50 - 4.0 0.5 2.5 

18 2N3437 1.5 20 20 30 18 6.0 50 - 4.8 0.8 4.0 

92 2N5457 2.0 15 50 15 7.0 3.0 25 0.5 6.0 1.0 5.0 

92 2N5459 2.0 15 50 15 7.0 3.0 25 2.0 8.0 4.0 16 

72 2N4221 2.0 15 20 15 6.0 2.0 30 - 6.0 2.0 6.0 

t ~typical 
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FIELD-EFFECT TRANSISTORS (continued) 

TABLE 2. Low-Frequency/Low-Noise (continued) 

N-Channel JFETs 

Rel Y1sl Rel Yosl C;ss Crss 
Y(BR)GSS 
Y(BR)GDO Vas( off) loss 

@ @ (V) (mA) 

Package (mmho) I (µmho) I (pF) (pF) (V) 
TO- Device MIN (MHz) MAX (MHz) (MAX) MAX MIN MIN MAX MIN MAX 

92 MPF4221 2.0 15 20 15 6.0 2.0 30 - 6.0 2.0 6.0 

72 2N4221A 2.0 15 20 15 6.0 2.0 30 - 6.0 2.0 6.0 

92 MPF4221A 2.0 15 20 15 6.0 2.0 30 - 6.0 2.0 6.0 

72 2N5362 2.0 15 40 15 6.0 2.0 40 2.0 7.0 4.0 8.0 

72 2N3822 2.0 15 20 15 6.0 3.0 50 - 6.0 2.0 10 

92 MPF3822 2.0 15 20 15 6.0 3.0 50 - 6.0 2.0 10 

18 2N4341 2.0 15 60 15 7.0 3.0 50 2.0 6.0 3.0 9.0 

72 2N4222 2.5 15 40 15 6.0 2.0 30 - 8.0 5.0 15 

92 MPF4222 2.5 15 40 15 6.0 2.0 30 - 8.0 5.0 15 

72 2N4222A 2.5 15 40 15 6.0 2.0 30 - 8.0 5.0 15 

92 MPF4222A 2.5 15 40 15 6.0 2.0 30 - 8.0 5.0 15 

72 2N5363 2.5 15 40 15 6.0 2.0 40 2.5 8.0 7.0 14 

18 2N3458 2.5 20 35 30 18 6.0 50 - 7.8 3.0 15 

18 2N3436 2.5 20 35 30 18 6.0 50 - 9.8 3.0 15 

72 2N5364 2.7 15 60 15 6.0 2.0 40 2.5 8.0 9.0 18 

92 2N5670 3.0 15 75 15 7.0 3.0 25 2.0 8.0 8.0 20 

18 2N4398 12t 0.001 - - 14 3.5 40 0.5 3.0 5.0 30 

72 2N5556 6.5 0.001 20 15 6.0 3.0 30 0.2 4.0 0.5 2.5 

72 2N4117 20 0.001 3.0 10 3.0 1.5 40 0.6 1.8 30 90 

92 MPF4117 20 0.001 3.0 10 3.0 1.5 40 0.6 1.8 30 90 

72 2N4117A 70 0.001 3.0 10 3.0 1.5 40 0.6 1.8 30 90 

92 MPF4117A 70 0.001 3.0 10 3.0 1.5 40 0.6 1.8 30 90 

72 2N4118 80 0.001 5.0 10 3.0 1.5 40 1.0 3.0 80 240 

92 MPF4118 80 0.001 5.0 10 3.0 1.5 40 1.0 3.0 80 240 

72 2N4118A 80 0.001 5.0 10 3.0 1.5 40 1.0 3.0 80 240 

92 MPF4118A 80 0.001 5.0 10 3.0 1.5 40 1.0 3.0 80 240 

72 2N4119 100 0.001 10 10 3.0 1.5 40 2.0 6.0 200 600 

92 MPF4119 100 0.001 10 10 3.0 1.5 40 2.0 6.0 200 600 

72 2N4119A 100 0.001 10 10 3.0 1.5 40 2.0 6.0 200 600 

92 MPF4119A 100 0.001 10 10 3.0 1.5 40 2.0 6.0 200 600 

t =typical 
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FIELD-EFFECT TRANSISTORS (continued) 

MOSFETs 
MOSFETs are available in either depletion/enhancement or enhancement mode 

(in general, depletion/enhancement devices are operated in the depletion mode and 
are referred to as depletion devices). They are available in both N- and P-channel, 
and both single gate and dual gate construction. Some MOSFETs are also offered 
with input diode protection which reduces the chance of damage from static charge 
in handling. 

TABLE 2. Low-Frequency/Low-Noise (continued) 

P-Channel MOSFETs 

MOSFETs D 

P-CHANNEL 
SingleGat@ 

G Enhancement 

s 
D 

~ N-CHANNEL 

G~ Depletion 

s 

~ N-CHANNEL 
G~ Enhancement 

s 

Rel Ytsl C1ss Crss Y(BR)DSS VGS(TH) ioss 
(V) (mA) 

Package (mmho) (µmho) (pF) (pF) (V) 
TO- Device MIN MAX (MAX) MAX MIN MIN MAX MIN MAX 

72 3N155 1.0 60 5.0 1.3 -35 -1.5 -3.2 - -1.0 

72 3N156 1.0 60 5.0 1.3 -35 -3.0 -5.0 - -1.0 

72 3N157 1.0 60 5.0 1.3 -35 -1.5 -3.2 - -: 1.0 

72 3N155A 1.0 60 5.0 1.3 -35 -1.5 -3.2 - -0.25 

72 3N156A 1.0 60 5.0 1.3 -35 -3.0 -5.0 - -0.25 

72 3N157A 1.0 60 5.0 1.3 -50 -1.5 -3.2 - -0.25 

72 3N158 1.0 60 5.0 1.3 -35 -3.0 -5.0 - -1.0 

72 3N158A 1.0 60 5.0 1.3 -25 -2.0 -6.0 - -20 

18 MFE823 1.0 - 6.0 1.5 -50 -3.0 -5.0 - -0.25 

72 MFE3003 - - 5.0 1.0 -15 - -4.0 - 10 

N-Channel MOSFETs 
18 2N3796 0.4 1.8 7.0 0.8 25 - -7.0 2.0 6.0 

18 MFE825 0.5 - 4.0 0.7 20 - - 1.0 25 

72 2N4351 1.0 - 5.0 1.3 25 1.0 5.0 - 10 

72 3N169 1.0 - 5.0 1.3 25 0.5 1.5 - 10 

72 3N170 1.0 - 5.0 1.3 25 1.0 2.0 - 10 

72 3N171 1.0 - 5.0 1.3 25 1.5 3.0 - 10 

72 MFE3002 - - 5.0 1.0 15 - 3.0 - 10 

18 2N3797 1.5 - 8.0 0.8 25 - -7.0 2.0 6.0 
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FIELD-EFFECT TRANSISTORS (continued) 

TABLE 3. High-Frequency Amplifiers 

N-Channel JFETs 

Package 
TO- Device 

92 2N5669 

92 MPF108 

92 MPF102 

92 2N3819 

92 2N5668 

72 2N4224 

92 MPF4224 

92 2N5484 

72 MFE2000 

92 2N5670 

92 2N5246 

72 2N4223 

92 MPF4223 

92 2N5485 

92 J305 

72 2N3823 

92 MPF3823 

92 2N5486 

72 MFE2001 

72 2N4416 

92 MPF4416 

72 2N4416A 

92 MPF4416A 

92 2N5245 

92 2N5247 

92 J304 

52 U308 

52 U309 

52 U310 

92 J308 

92 J309 

92 J310 

72 MFE3004 

72 3N128" 

t = typical 

'N-Channel MOSFET 

Rel Y1sl 

@ 

(mmho) I 
MIN (MHz) 

1.6 100 

1.6 100 

1.6 100 

1.6 100 

1.0 100 

1.7 200 

1.7 200 

2.5 100 

2.5 0.001 

2.5 100 

2.5 400 

2.7 200 

2.7 200 

3.0 400 

3.ot 400 

3.2 200 

3.2 200 

3.5 400 

4.0 0.001 

4.0 400 

4.0 400 

4.0 400 

4.0 400 

4.0 400 

4.0 400 

4.2t 400 

10 0.001 

10 0.001 

10 0.001 

12t 100 

12t 100 

12t 100 

2.0 0.001 

5.0 0.001 
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Rel Yosl 

@ 
(µmho) I 

MAX (MHz) 

100 100 

200 100 

200 100 

- -

50 100 

200 200 

200 200 

75 100 

50 0.001 

150 100 

100 400 

200 200 

200 200 

100 400 

sot 100 

200 200 

200 200 

100 400 

75 0.001 

100 400 

100 400 

100 400 

100 400 

100 400 

150 400 

sot 100 

150 100 

150 100 

150 100 

25ot 100 

25ot 100 

25ot 100 

- -
500 200 

C1ss Crss 

(pF) (pF) 
(MAX) MAX 

7.0 3.0 

6.5 2.5 

7.0 3.0 

8.0 4.0 

7.0 3.0 

6.0 2.0 

6.0 2.0 

5.0 1.0 

5.0 1.0 

7.0 3.0 

4.5 1.0 

6.0 2.0 

6.0 2.0 

5.0 1.0 

3.ot a.at 

6.0 2.0 

6.0 2.0 

5.0 1.0 

5.0 1.0 

4.0 0.8 

4.0 0.8 

4.0 0.8 

4.0 0.8 

4.5 1.0 

4.5 1.0 

s.ot a.at 

5.0 2.5 

5.0 2.5 

5.0 2.5 

7.5 2.5 

7.5 2.5 

7.5 2.5 

4.5 0.4 

7.0 0.28 

1-34 

V(BR)GSS 
NF V(BR)GDO Vas( off) loss 

@ (V) (mA) 
(dB) RG = 1K (V) 
MAX I (MHz) MIN MIN MAX MIN MAX 

2.5 100 25 1.0 6.0 4.0 10 

3.0 100 25 - 8.0 1.5 24 
- - 25 - 8.0 2.0 20 
- - 25 - 8.0 2.0 20 

2.5 100 25 0.2 4.0 1.0 5.0 

- - 30 0.1 8.0 20 20 

- - 30 0.1 8.0 2.0 20 

3.0 100 25 0.3 3.0 1.0 5.0 

4.0 400 -25 -0.5 -0.4 4.0 10 

2.5 100 25 2.0 8.0 8.0 20 
- - 30 0.5 4.0 1.5 7.0 

5.0 200 30 0.1 8.0 3.0 18 

5.0 200 30 0.1 8.0 3.0 18 

4.0 400 25 1.0 4.0 4.0 10 
4.ot 400 30 0.5 3.0 1.0 8.0 

2.5 100 30 - 8.0 4.0 20 

2.5 100 30 - 8.0 4.0 20 

4.0 400 25 2.0 6.0 8.0 20 

4.0 400 -25 -2.0 -6.0 8.0 20 

4.0 400 30 2.0 6.0 5.0 15 

4.0 400 30 2.0 6.0 5.0 15 

4.0 400 30 2.0 6.0 5.0 15 

4.0 400 30 2.0 6.0 5.0 15 

4.0 400 30 1.0 6.0 5.0 15 

4.0 400 30 1.5 8.0 8.0 24 

4.ot 400 30 2.0 6.0 5.0 15 
3.ot 450 25 1.0 6.0 12 60 
3t 450 25 1.0 4.0 12 30 
3t 450 25 2.5 6.0 24 60 

1.5t 100 25 1.0 6.5 12 60 
1.5t 100 25 1.0 4.0 12 30 
1.5t 100 25 2.0 6.5 24 60 

4.5 200 20 - -5.0 2.0 10 

5.0 200 -50 -0.5 -8.0 5.0 25 
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FIELD-EFFECT TRANSISTORS (continued) 

MOSFETs (continued) 
TABLE 4. Dual Gate MOSFETs 

These devices are especially suited for RF amplifier and mixer applications in TV 
tuners, radio, etc. The Dual Gate construction also allows easy AGC control with very 
low power. 

Dual Gate MOSFETs 

Rel Ytsl Rel Yosl C1ss Crss NF 

@ @ @ 
Package (mmho) f (11mho) f (pf) (pf) (dB) RG = 1K 

TO- Device MIN (MHz) MAX (MHz) (MAX) MAX MAX f(MHz) 

72 MFE140 10 0.001 7.0 0.05 3.5 105 

72 MFE521 10 0.001 4.0 0.02 3.5 200 

72 3N211 17 0.001 - 0.05 3.5 200 

M MPF211 17 0.001 - 0.05 3.5 200 

72 3N206 7.0 0.001 - 0.03 4.0 45 

72 3N213 15 0.001 - 0.05 4.0 45 

M MPF213 15 0.001 - 0.05 4.0 45 

72 3N212 17 0.001 - 0.05 4.0 45 

M MPF212 17 0.001 - 0.05 4.0 45 

!1 3N203 7.0 0.001 4.31 0.03 4.5 200 

M MPF203 7.0 0.001 4.31 0.03 4.5 200 

72 3N201 8.0 0.001 4.51 0.03 4.5 200 

M MPF201 8.0 0.001 4.31 0.03 4.5 200 

72 3N202 8.0 0.001 4.31 0.03 4.5 200 

M MPF202 8.0 0.001 4.31 0.03 4.5 200 

72 MFE121 10 0.001 6.0 0.02 5.0 60 

72 MFE120 8.0 0.001 7.0 0.02 5.0 105 

72 MFE130 8.0 0.001 7.0 0.05 5.0 105 

72 MFE122 8.0 0.001 7.0 0.02 5.0 200 

72 MFE131 8.0 0.001 7.0 0.05 5.0 200 

72 MFE132 8.0 0.001 7.0 0.05 5.0 200 

72 3N204 10 0.001 - 0.03 5.0 400 

72 3N205 10 0.001 - 0.03 5.0 400 

72 3N209 10 0.001 7.0 0.03 6.0 500 

M MPF521 10 0.001 4.0 0.03 3.5 200 

I = typical M = Macro-X Package 
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MOSFETs 
Dual Gate 

G2-""""-t....-~ 

Gl--+--+-.. 

V(BR)GSS 

D 

V(BR)GDO VGS(off) 

(V) 
(V) 
MIN MIN MAX 

±7.0 - 4.0 

10 0.5 2.0 

±6.0 -0.2 -5.5 

±6.0 -0.2 -5.5 

25 -0.2 -4.0 

±6.0 -0.2 -5.5 

±6.0 -0.2 -5.5 

±6.0 -0.2 -4.0 

±6.0 -0.2 -4.0 

±6.0 -0.2 -5.0 

±6.0 -0.2 -5.0 

±6.0 -0.2 -5.0 

±6.0 -0.2 -5.0 

±6.0 -0.2 -5.0 

±6.0 -0.2 -5.0 

±7.0 - -4.0 

±7.0 - -4.0 

±7.0 - -4.0 

±7.0 - -4.0 

±7.0 - -4.0 

±7.0 - -4.0 

25 -0.2 -4.0 

25 -0.2 -4.0 

±7.0 -0.1 -4.0 

12 - -

N·CHANNEL 

loss 
(mA) 

MIN MAX 

3.0 30 

5.0 20 

6.0 40 

6.0 40 

3.0 15 

6.0 40 

6.0 40 

6.0 40 

6.0 40 

3.0 11 

3.0 11 

6.0 30 

6.0 30 

6.0 30 

6.0 30 

5.0 30 

2.0 18 

3.0 30 

2.0 30 

3.0 30 

3.0 30 

6.0 30 

6.0 30 

5.0 30 

- -
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FIELD-EFFECT TRANSISTORS (continued) 

Small-Signal TMOS 

TABLE 5. TMOS Power MOSFETs 
Power MOSFETs, Motorola trademark TMOS, are FET transistors with an oxide 

insulated gate which controls vertical current flow. 
This basic description fits a number of structures and process titles including Vertical 

DMOS, HEXMOS, TMOS, UMOS, Vertical MOS, and VMOS. 
There are subtle parametric tradeoffs with these different products but they all 

exhibit higher input impedance, faster switching, enhanced thermal stability, and 
easier paralleling than bipolar transistors. In addition, they have lower "on" resistance 
and higher power handling capability than conventional horizontal MOSFETs or 
JFETs. 

N-Channel 

N-CHANNEL 

'ds(on) VGS(tlh) loss V(BR)DSS IGSS Ciss Crss Ion Iott 

@ (V) 

Package (.!l) lo (µA) (V) (nA) (pf) (pF) (ns) (ns) 
TO- Device MAX (A) MIN MAX MAX MIN MAX MAX MAX MAX MAX 

39 MFE930 1.4 1.0 1.0 3.5 10 35 50 70 18 15 15 

92 MPF930 1.4 1.0 1.0 3.5 10 35 50 70 18 15 15 

39 MFE960 1.7 1.0 1.0 3.5 10 60 50 70 18 15 15 

92 MPF960 1.7 1.0 1.0 3.5 10 60 50 70 18 15 15 

39 MFE990 2.0 1.0 1.0 3.5 10 90 50 70 18 15 15 

92 MPF990 2.0 1.0 1.0 3.5 10 90 50 70 18 15 15 

18 MFE9200 6.4 .250 1.0 4.0 10 200 50 90 3.5 15 15 

92 MPF9200 6.4 .250 1.0 4.0 10 200 50 90 3.5 15 15 

92 BS107 14 0.20 1.0 2.6 0.03 200 10 90 3.5 15 15 

92 BS170 5.0 0.20 0.8 3.0 0.5 60 10 39t 4_5t 10 10 

226AE MPF910 5.0 0.50 0.8 2.5 10 60 10 39t 4_51 5.ot 5.ot 

92 MPF6659 1.8 1.0 0.8 2.0 500 35 100 50 10 5.0 5.0 

92 MPF6660 3.0 1.0 0.8 2.0 500 60 100 50 10 5.0 5.0 

92 MPF6661 4.0 1.0 0.8 2.0 500 90 100 50 10 5.0 5.0 

39 2N6659 1.8 1.0 0.8 2.0 10 35 100 50 10 5.0 5.0 

39 2N6660 3.0 1.0 0.8 2.0 10 60 100 50 10 5.0 5.0 

39 2N6661 4.0 1.0 0.8 2.0 10 90 100 50 10 5.0 5.0 

226AE MPF1010 - - 0.3 2.5 10 100 10 35t st 5.ot 5.ot 

39 MFE910 5.0 0.5 0.3 2.5 10 60 10 - - 5.ot 5.ot 

t = typical 

GaAs FETs 
TABLE 6. GaAs Dual Gate Field-Effect Transistors 

The GaAs Dual Gate FETs listed here are for low noise and high gain receiver amplifier and mixer applications. 

loss 
Typ Noise Figure Gain lnd3 MdB 

loss NF I 10 dB f lo Pr 
Device Type (mA) Vds dB MHz mA Min MHz dB dBm ~f!l_DSX mA mW Package 

MRF966 50 5.0 1.2· 1000 10 15 1000 -s5· 10· 10 60 350 317-1 

MRF967 50 5.0 1.2· 1000 10 13 1000 -65. 10' 10 60 350 358-1 

'Typ 
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RF Small-Signal Transistors 

fl,_ ~rn~ ~'~~ ~'"'" l/=~n) //=~,.1 II!~) /f JQ ~"'"""' I/! Cl(T0-39) 

~, __ I 

~v~0-117) 

~""""-01 x::,, '"-01 ~ Macro-X 

Motorola's small-signal, low power RF transistor product range 
includes transistors with gain-bandwidths of 1.0 GHz to 8.0 GHz 
operating at currents of 0.25 mA to over 140 mA. 

These devices are available in a wide variety of package 
types; metal can, plastic Macro-X and Macro-T, hermetic ce
ramic and microminiature. Most of these transistors are fully 

Typical Gain-Bandwidth Product versus Collector Current 

le, COLLECTOR CURRENT - mA 

MOTOROLA SEMICONDUCTORS 

~SE317A·01XCASE358-01 ~CAMacro-T 

characterized with y or s parameters; and in addition, there are 
non-saturated switching characteristics, low power driver spec
ifications, and noise figure limits. QPL types with JAN, JTX and 
JTXV processing levels are available as well as Hi Rel pro
cessing to meet unique customer requirements. 

RF Small-Signal Transistors 
Motorola small-signal and medium power RF transistors with 
gain-bandwidth products from 1.0 GHz to 8.0 GHz operate with 
currents from 0.25 mA to over 140 mA. The following chart, 
combined with the tables of package options, enables the circuit 
designer to select the optimum device from Motorola's wide 
range of transistor/package combinations. 

1 2N3866, 2N3866A, MM8000 
2 2N5160, MM4018, PNP 

10 2N4957, 2N4958, 2N4959, PNP 
11 MRF931 

3 2N3948, 2N4427, MRF207 
4 2N5109, 2N5943, MM8001, MM8002 
5 2N5583, PNP 
6 2N5836, 2N5837 
7 MRF511, MRF517, MRF525 
8 2N2857, 2N3839, 2N5179, 

MRF501, MRF502 
9 2N6304, 2N6305, BFX89, BFY90 

1-37 

12 2N8603, BFR90, MRF901, MRF904 
13 2N6604, BFR91, MRF911, MRF914 
14 BFR96, MRF961, MRF962, MRF965 
15 BFW92A 
16 MRF559 
17 MRF580, MRF581, MRF586, MRF587 
18 MRF571, MRF572, MRF573 
19 MRF536, MRF534, MM4049, PNP 
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• RF SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 1. UHF and Microwave Oscillators 
The transistors listed below are for UHF and microwave oscillator applications as initial signal sources or as output stages of limited 

range transmitters. Devices are listed in order of increasing out~ut power. 

Test Conditions 
Pout IT 

I Vee mW MHz 
Device Type MHz Volts Min Typ Package 

2N5179 500 10 20 1800 T0-72 

2N2857 500 10 30 1800 T0-72 

2N3839 500 6.0 30 1800 T0-72 

MM8009 1680 20 200 1400 T0-39 

2N5108 1680 20 300 1400 T0-39 

MRF905 1680 20 500" 2200 T0-46 

2N3866 400 15 1000 1000 T0-39 

*Typical 

TABLE 2. GaAs Dual Gate Field-Effect Transistors 
The GaAs Dual Gate N-Channel FET's listed here are for low noise and high gain receiver amplifier and mixer applications. 

loss 
Typ Noise Figure Gain IMD3 P1dB 

loss NF I 10 dB I 10 Pr 
Device Type (mA) Vds dB MHz mA Min MHz dB dBm ~Jlli)SX mA mW Package 

MRF966 50 5.0 1.2· 1000 10 15 1000 -65" 10· 10 60 350 317-1 

MRF967 50 5.0 1.2· 1000 10 13 1000 -65" 10· 10 60 350 358-1 

*Typical 

TABLE 3. Low-Noise Transistors 

The low-noise devices listed are produced with carefully controlled rb' and IT to optimize device noise performance. Devices listed 
in the matrix are classified according to noise figure performance versus frequency. 

NF Frequency MHz 

dB 60 100 200 450 1000 2000 Polarity 

1.5 2N5829 2N5829 PNP 
2N5031 2N5031 MRF904 MRF571 MRF572 NPN 

2.0 2N4957 2N4957 2N5829 PNP 
2N5032 2N5032 2N5031 MRF904 MRF901 NPN 

2.5 2N4958 2N4958 2N4957 2N5829 PNP 
2N5032 2N5032 2N5032 2N5031 MRF901 MRF572 NPN 

2N6603 MRF573 NPN 

3.0 2N4959 2N4959 2N4958 2N4957 2N5829 PNP 
2N2857 2N2857 2N5032 2N5032 MRF901 2N6603 NPN 

2N6604 NPN 

3.5 2N4959 2N4959 2N4959 2N4958 2N4957 PNP 
2N5179 2N5179 2N2857 2N5032 2N5031 MRF901 NPN 

4.0 2N4959 2N4959 2N4959 2N4959 2N4958 PNP 
2N5179 2N5179 2N5179 2N2857 2N5031 2N6604 NPN 

4.5 2N4959 2N4959 2N4959 2N4959 2N4959 PNP 
2N517!) 2N5179 2N5179 2N2857 2N5032 NPN 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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RF SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 4. CATV, MATV, and Class A Linear Transistors 

The devices listed below are excellent for Class A linear CATV/MATV applications and are listed according to increasing gain
bandwidth (IT). More information concerning the device for your specific linear design needs can be obtained through your local 
Motorola Sales Office or Motorola distributor. 

Nominal Test Noise Figure Distortion Specifications 

Conditions tr 2nd 3rd 12 Ch. Output 
Device Vce11c MHz Max/Freq. Order Order Cross- Level 
Type Volts/mA Min dB/MHz IMO IMO Mod. dBmV Package 

MRF501 615 600 4.5'/200 T0-72 

MRF502 615 800 4.0'1200 T0-72 

2N5179 615 900 4.51200 T0-72 

BFY90 512 1000 5.01500 T0-72 

2N6305 5110 1200 5.51450 T0-72 

BFX89 5125 1200 6.51500 T0-72 

2N5109 15/50 1200 3.0'/200 T0-39 

2N5943 15/50 1200 3.4/200 -50 -42 +50 T0-39 

2N6304 5/10 1400 4.5/450 T0-72 

MRF511 20180 1500 7.3'1200 -50 -65 -57 +50 244A-01 

2N5947 20175 1500' 3.81200 -55 -60 +50 244A-01 

MRF517 15160 2200 7.51300 -60 -72 -57 +45 T0-39 

BFW92A 5/2 4500' 3.0'1500 317A-01 

MRF586 14/70 4500' 3.01500 -50 -72 +50 T0-39 

BFR90 10/14 5000' 2.4'1500 317A-01 

BFR91 5135 5000' 1.9'1500 317A-01 

BFR96 10150 5000' 3.0'1500 317A-01 

MRF961 10150 5000' 2.0'1500 317-01 

MRF962 10150 5000' 2.0'1500 303-01 

MRF965 10150 5000' 2.0'1500 T0-46 

MRF581 10175 5000' 3.01500 -65 +50 317-01 

MRF587 14170 5500' 3.01500 -52 -72 +50 244A·01 

'Typ 

TABLE 5. High-Speed Switches 
The transistors listed below are for use as high-frequency current-mode switches. They are also suitable for RF amplifier and oscillator 

applications. The devices are listed in ascending order of collector current. 

Test 
Conditions tr 

lcNce MHz rb'Cc 
Device Type mA/Volts Min Max Package 

2N3959 10/10 1300 25 T0-18 
2N3960 10/10 1600 40 T0-18 
2N5835 1016.0 2500 5.0 .. T0-72 
MM4049' 2015.0 4000 15 T0-72 

MRF914 20110 4500" - T0-72 
2N5842 2514.0 1700 40 T0-72 
2N5841 2514.0 2200 25 T0-72 
2N5943 50/15 1200 5.5 .. T0-39 

2N5583' 50/10 1000 8.0 .. T0-39 
2N5836 5016.0 2000 6.0 .. T0-46 
2N5837 100/3.0 1700 6.0 .. T0-46 

'PNP "Typ 
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• RF SMALL-SIGNAL TRANSISTORS (continued) 

Class C Amplifiers 
The transistors listed in these tables are specified for operation in Class C RF power amplifier circuits. The tables are arranged by 

increasing frequency of operation first, then by increasing output power. The first table contains those devices specified at 12.5 Vdc, 
while the following table contains devices specified at 28 Vdc. 

TABLE 6. Low-Voltage Class C Amplifiers 

Device Frequency P;n 
Type (MHz) (w) 

MRF8003 27 0.05 

MRF8004 27 0.35 

MRF402 50 0.1 

MRF229 90 0.15 

MRF230 90 0.15 

MRF604 175 0.1 

2N4427 175 0.1 

MRF607 175 0.12 

2N6255 175 0.5 

MRF237' 175 0.25 

MRF207 220 0.15 

MRF225 225 0.18 

MRF227' 225 0.13 

2N3948 400 0.25 

2N6256 470 0.1 

MRF515 470 0.12 

MRF581 470 0.05 

MRF629' 470 0.32 

MRF626 470 0.05 

MRF627 470 0.05 

MRF628 470 0.05 

MRF630 470 0.25 

MRF559 870 0.063 

MRF581 870 0.12 

TABLE 7. High-Voltage Class C Amplifiers 

Device 
Type 

2N3553 

MRF525" 

2N3866 

2N5160t 

MRF313 

MRF313A 

*Grounded Emitter T0-39 
tPNP 

Frequency 
(MHz) 

175 

400 

400 

400 

400 

400 

MOTOROLA SEMICONDUCTORS 

P;n 
(w) 

0.25 

0.001 

0.1 

0.16 

0.03 

0.03 

Pout Gpe Voltage Case 
(w) dB (V) Outline 

0.5 10.0 12.5 T0-39 

3.5 10.0 12.5 T0-39 

1.0 10.0 12.5 T0-39 

1.5 10.0 12.5 T0-39 

1.5 10.0 12.5 T0-39 

1.0 10.0 12.5 T0-46 

1.0 10.0 12.0 T0-39 

1.75 11.5 12.5 T0-39 

3.0 7.8 12.5 T0-39 

4.0 12.0 12.5 T0-39 

1.0 8.2 12.5 T0-39 

1.5 9.0 12.5 T0-39 

3.0 13.5 12.5 T0-39 

1.0 6.0 13.6 T0-39 

0.5 7.0 12.5 249-5 

0.75 8.0 12.5 T0-39 

1.2 13.8 12.5 317-1 

2.0 8.0 12.5 T0-39 

0.5 10.0 12.5 305-1 

0.5 10.0 12.5 305A-1 

0.5 10.0 12.5 249-5 

3.0 10.8 12.5 T0-39 

0.5 9.0 12.5 317-1 

1.0 9.2 12.5 317-1 

Pout Gpe Voltage Case 
(w) dB (V) Outline 

2.5 10.0 28.0 T0-39 

0.02 13.0 26.0 T0-39 

1.0 10.0 28.0 T0-39 

1.0 8.0 28.0 T0-39 

1.0 15.0 28.0 305A-1 

1.0 15.0 28.0 305-1 
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RF SMALL-SIGNAL TRANSISTORS (continued) 

Small-Signal Amplifier Transistor Selection by Package 
In small-signal RF applications the package style is often determined by the end application, or circuit construction technique. To 

aid the circuit designer in device selection, below are listed the Motorola broad range of RF small-signal amplifier transistors organized 
by package. Devices for other applications such as oscillators or switches are shown in the appropriate preceding tables. 

TABLE 8. T0-39 METAL CAN 

Gain-BW Noise Figure Gain Maximum Ratings 

IT le NF I le dB I V(BR)CEO le Pr 
Device Type GHz mA dB MHz mA Min MHz v mA mW 

MM8000 0.7 50 2.7 200 10 11.4' 200 30 0.4 3.50 

MM8001 0.9 50 2.7 200 10 11.4' 200 30 0.4 3.50 

2N5109 1.2 50 3.0 200 10 11 216 20 400 2.50 

2N5943 1.2 50 3.4 200 30 11.4' 200 30 400 3.50 

MRF525t 2.5 50 4.0 400 - 13 400 35" 150 2.50 

MRF517 2.7 60 7.5 300 50 10· 300 35" 150 2.50 

MRF586 4.5 70 3.0 500 70 14' 500 17 200 2.50 

tGrounded Emitter T0-39 'Typ .. V(BR)CBO 

TABLE 9. Plastic - SOE - Case 317-01/317A-01 

Gain-BW Noise Figure Gain Maximum Ratings 

IT le NF I le dB I le Pr 
Device Type GHz mA dB MHz mA Min MHz ~Bl!l_CEOV mA mW 

MRF931 3.0 1.0 3.8 500 0.25 16' 500 5.0 5.0 50 

MRF559 3.0 100 - - - 13.0' 512 18 150 2000 

BFW92A 4.0 25 2.5 500 2.0 16' 500 5.0 50 190 

MRF901 4.5 15 2.0 1000 5.0 10 1000 15 30 375 

BFR96 4.5 50 2.0· 500 10 12 500 15 100 500 

MRF961 4.5 50 2.0· 500 10 13.5 500 15 100 500 

MRF911 5.0 30 2.5 1000 5.0 12.5' 1000 12 40 400 

BFR90 5.0 14 2.4 500 2.0 19· 500 15 30 180 

BFR91 5.0 30 1.9 500 2.0 16' 500 12 35 180 

MRF571 8.0 5.0 1.0' 500 5.0 13.5 500 10 70 2500 

MRF580 5.0 75 2.0· 500 50.0 11.0 500 18 200 2500 

MRF581 5.0 75 2.0· 500 50.0 13.0 500 18 200 2500 

MRF536" 5.0 20 4.5' 1000 3.0 8.5 1000 10 30 300 

'Typ .. PNP 

TABLE 10. Ceramic - SOE - Case 244A-01, 303-01, 358-01 

Gain-BW Noise Figure Gain Maximum Ratings 

IT le NF I le dB I le Pr 
Device Type GHz mA dB MHz mA Min MHz ~'!)_CEO V mA mW 

2N5947 1.5 75 3.8 200 50 10 250 30 400 5000 

MRF511 2.1 80 7.3 200 50 10 250 25 250 5000 

2N6603 4.5 15 2.0 1000 5.0 13' 1000 15 30 400 

MRF962 4.5 50 2.0· 500 10 15 500 15 100 750 

2N6604 5.0 30 2.5 1000 5.0 14 1000 12 50 500 

MRF587 5.5 70 3.0 500 70 15• 500 17 200 5800 

MRF572 8.0 50 2.0 1000 5.0 10 1000 10 70 2500 

MRF573 8.0 50 2.0 1000 5.0 10 1000 10 70 2500 

'Typ 
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• RF SMALL-SIGNAL TRANSISTORS (continued) 

TABLE 11. T0-72 METAL CAN 

Gain-BW Noise Figure Gain Maximum Ratings 

IT le NF f le dB I V(BR)CEO le P,-
Device Type GHz mA dB MHz mA Min MHz v mA mW 

2N5031 1.0 5.0 2.5 450 1.0 14 450 10 20 200 
2N5032 1.0 5.0 3.0 450 1.0 14 450 10 20 200 
2N4958' 1.0 2.0 3.3 450 2.0 16 450 30 30 200 
2N4959' 1.0 2.0 3.8 450 2.0 15 450 30 30 200 
2N5829' 1.2 2.0 2.5 450 2.0 17 450 30 30 200 

2N4957' 1.2 2.0 3.0 450 2.0 17 450 30 30 200 
MRF501 1.2 5.0 4.0 200 1.5 15" 200 15 50 200 
MRF502 1.2 5.0 4.0 200 1.5 15" 200 15 50 200 
2N6305 1.2 10 5.5 450 2.0 12 450 15 50 200 
BFX89 1.2 25 6.5 500 2.0 19 200 15 50 200 

BFY90 1.4 25 5.0 500 2.0 21 200 15 50 200 
2N5179 1.4 10 4.5 200 1.5 15 200 12 50 200 
2N6304 1.4 10 4.5 450 2.0 15 450 15 50 200 
2N3839 1.6 8.0 3.9 450 1.5 12.5 450 15 40 200 
2N2857 1.6 8.0 4.1 450 1.5 12.5 450 15 40 200 

MRF904 4.0 15 1.5 450 5.0 16 450 15 30 200 
MRF914 4.5 20 2.0 500 5.0 15 500 12 40 200 

'PNP "Typ 

RF Amplifier Modules 
The devices listed below are general purpose RF hybrid amplifiers, which feature input and output impedance matching and de 

biasing networks for simplified RF amplifier design. 

TABLE 12. General-Purpose 50 fi -100 fi Wideband Modules 

Frequency Gain Supply Output Level Noise Figure 
Range dB Voltage 1 dB Compression @ 250 MHz 

Device Type MHz Min/Typ Vdc mW/I (MHz) dB 

MHW590 10-400 32.5/34 24 800/200 5.0 

MHW591 1.0-250 35/36.5 13.6 700/100 5.0 

MHW592 1.0-250 34.5/36 24 900/100 5.0 

MHW593 10-400 34/35.5 13.6 600/200 4.5 

TABLE 13. T0-39 Wideband, 50 fi Modules 

The MWA Series features excellent gain versus frequency flatness, temperature stability and are cascadable for high gain lineups. 
Construction techniques include thin film gold metal circuitry and hermetic T0-39 package. MWA devices processed for military 
applications are available to special order. 

Frequency Gain Supply Output Level Noise Figure 
Range dB Voltage 1 dB Compression (400 MHz) 

Device Type MHz Min/Typ Vdc dBm Typ dB Typ 

MWA110 0.1-400 13/14 2.9 -2.5 4.0 

MWA120 0.1-400 13/14 5.0 +8.2 5.5 

MWA130 0.1-400 13/14 5.5 +18 7.0 

MWA210 0.1-600 9/10 1.75 +1.5 6.0 

MWA220 0.1-600 9/10 3.2 +10.5 6.5 

MWA230 0.1-600 9/10 4.4 +18.5 7.5 

MWA310 0.1-1000 7/8 1.60 +3.5 6.5 

MWA320 0.1-1000 718 2.9 +11.5 6.7 

MWA330 0.1-1000 -/6.2 4.0 +15.2 9.0 
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RF SMALL-SIGNAL TRANSISTORS (continued) 

High Reliability RF Transistors 
The listed devices are active per QPL-19500 (Qualified Prod

ucts List). Check with your local Motorola Sales Office or fran
chised Distributor for current qualification status and additions. 

2N2857JAN 2N4957JAN 
2N2857JTX 2N4957JTX 
2N2857JTXV 2N4957JTXV 

2N3553JAN 2N5109JAN 
2N3553JTX 2N5109JTX 
2N3553JTXV 2N5109JTXV 

2N3866JAN 2N6603JAN 
2N3866JTX 2N6603JTX 
2N3866JTXV 2N6603JTXV 

2N3866AJAN 2N6604JAN 
2N3866AJTX 2N6604JTX 
2N3866AJTXV 2N6604JTXV 

2N3960JAN 
2N3960JTX 
2N3906JTXV 

MOTOROLA SEMICONDUCTORS 

Transistor Complements 
The transistor complements listed are suitable for most ap

plications requiring NPN and PNP devices of similar RF char
acteristics. If your application demands special matching of com
plementary transistors, please contact your local Motorola Sales 
Office or Motorola distributors. 

NPN PNP 

2N2857 2N4958 

2N3553 MM4019 

2N3866 2N5160 

2N3959,2N3960 2N4260, 2N4261 

2N3906JAN MM4261H 

2N5943 2N5583 

MRF531 MRF532 

MRF904 MM4049 

MRF571 MRF536 

SMALL-SIGNAL DEVICES 
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• Devices for Hi-Rel Applications 
Motorola offers over 650 devices listed in QPL-19500, and is certified to supply small-signal bipolar devices to ALL FOUR quality levels 
of MIL-S-19500: JAN, JANTX, JANTXV, and JANS. 

The following tables list the Motorola discrete devices and slash-sheet number as they appear on the Qualified Products List. 

Switching and High-Frequency Transistors 

MIL-S-19500 
2N703 JAN . /153 2N3250A JAN,JTX,JTXV /323 
2N706 JAN /120 2N3251A JAN,JTX,JTXV /323 
2N708 JAN,JTX . /312 2N3253 JAN /347 
2N718A JAN,JTX,JTXV . /181 2N3444 JAN,JTX . /347 
2N869A JAN,JTX /283 2N3467 JAN,JTX,JTXV . . /348 
2N914 JAN,JTX /373 2N3468 JAN,JTX,JTXV . /348 
2N916 JAN /271 2N3485A JAN,JTX. /392 
2N918 JAN,JTX,JTXV,JANS. /301 2N3486A JAN,JTX. . /392 
2N930 JAN,JTX . . /253 2N3498 JAN,JTX,JTXV /366 
2N1132 JAN. /177 2N3499 JAN,JTX,JTXV . . /366 
2N1613 JAN,JTX,JTXV . /181 2N3500 JAN,JTX,JTXV . . /366 
2N2218 JAN,JTX,JTXV . /251 2N3501 JAN,JTX,JTXV . . /366 
2N2218A JAN,JTX,JTXV /251 2N3506 JAN,JTX,JTXV . /349 
2N2219 JAN,JTX,JTXV . . /251 2N3507 JAN,JTX,JTXV . /349 
2N2219A JAN,JTX,JTXV /251 2N3634 JAN,JTX,JTXV . /357 
2N22219AL JANS 2N3635 JAN,JTX,JTXV /357 
2N2221 JAN,JTX,JTXV . /255 2N3636 JAN,JTX,JTXV . /357 
2N2221A JAN,JTX,JTXV /255 2N3637 JAN,JTX,JTXV . /357 
2N2222 JAN,JTX,JTXV /255 2N3700 JAN,JTX,JTXV . . /391 
2N2222A JAN,JTX,JTXV,JANS /225 2N3735 JAN,JTX,JTXV . /395 
2N2369A JAN,JTX,JTXV,JANS . /317 2N3737 JAN,JTX,JTXV . /395 
2N2481 JAN,JTX /268 2N3743 JAN,JTX,JTXV . /397 
2N2904 JAN,JTX,JTXV . /290 2N3762 JAN,JTX,JTXV . /396 
2N2904A JAN,JTX,JTXV . I 2N3763 JAN,JTX,JTXV . /396 
2N2905 JAN,JTX,JTXV . /290 2N3764 JAN,JTX,JTXV . /396 
2N2905A JAN,JTX,JTXV /290 2N3765 JAN,JTX,JTXV . /396 
2N2905AL JANS. I 2N4033 JAN,JTX,JTXV . /511 
2N2906 JAN,JTX,JTXV . /291 2N4261 JAN,JTX,JTXV . /511 
2N2906A JAN,JTX,JTXV . /291 2N4405 JAN,JTX,JTXV . /488 
2N2907 JAN,JTX,JTXV /291 2N4449 JAN,JTX,JTXV . /317 
2N2907A JAN,JTX,JTXV,JANS . .. /291 2N4453 JAN,JTX /283 
2N2944A JAN,JTX,JTXV . I 2N4930 JAN,JTX,JTXV . /397 
2N2945A JAN,JTX,JTXV . I 2N4931 JAN,JTX,JTXV . /397 
2N2946A JAN,JTX,JTXV 2N5581 JAN,JTX /423 
2N3013 JAN,JTX . /287 2N5582 JAN,JTX /423 
2N3019,S JAN,JTX,JTSV . /391 

RF Transistors 

MIL-S-19500 
2N918 JAN,JTX,JTXV,JANS .................................................... /301 
2N2857 JAN,JTX,JTXV . .. . /343 
2N3375 JAN,JTX,JTXV .. . .... /341 
2N3553 JAN,JTX,JTXV . .. /341 
2N3866 JAN,JTX,JTXV ................................................................. /398 
2N3866A JAN,JTX,JTXV ........ /398 

Multiple Devices 

MIL-S-19500 
2N2060 JAN,JTX,JTXV 
2N2919 JAN,JTX,JTXV . 
2N2920 JAN,JTX,JTXV 
2N3810 JAN,JTX,JTXV 

....................................................... 1270 
.............................................. 1355 

2N3811 JAN,JTX,JTXV .... 
2N4854 JAN,JTX,JTXV 
2N5793 JAN,JTX,JTXV 
2N5794 JAN,JTX,JTXV . 
2N5795 JAN,JTX,JTXV ...................... . 
2N5796 JAN,JTX,JTXV ...................... . 
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.... /355 
. /336 

.................................. 1336 
..................... /421 

....................... /495 
... /495 
.. /496 

........................... /496 

1-44 

2N3959 JAN,JTX,JTXV . 
2N3960 JAN,JTX,JTXV . 
2N4957 JAN,JTX,JTXV . 
2N5109 JAN,JTX,JTXV . 
2N6603 JAN,JTXV . 
2N6604 JAN,JTXV . 

.. ........................................... /399 
.. /399 

.. ......... /426 
. ................... 1453 

.. .......................... 1522 
.. ....................................... /522 

Field-Effect Transistors 

MIL·S-19500 
2N2608 JAN . . .. ........... /295 
2N2609 JAN . . .. .................................... /296 
2N3330 JAN ,JTX . .. ................... /378 
2N3821 JAN,JTX,JTXV ............................................................... 1375 
2N3822 JAN ,JTX,JTXV ............................................................. /375 
2N3823 JAN,JTX,JTXV ............................................................... /375 
2N4856 JAN,JTX,JTXV ............................................................... /385 
2N4857 JAN,JTX,JTXV . ... /385 
2N4858 JAN,JTX,JTXV .. .. ..... /385 
2N4859 JAN,JTX,JTXV . .. ........... /385 
2N4860 JAN,JTX,JTXV ...................................... /385 
2N4861 JAN,JTX,JTXV . .. ..... /385 
2N4091 JAN,JTX,JTXV ................................................................. /431 
2N4092 JAN,JTX,JTXV ................................................................ /431 
2N4093 JAN,JTX,JTXV ... /431 
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/"'"'" 11 ~ATT T0-92 

Motorola's small-signal T0-92 plastic transistors encompass 
hundreds of devices spanning the gamut from general-purpose 
amplifiers and switches with a wide variety of characteristics to 
dedicated special-purpose devices for the most demanding ap
plications. The popular high-volume T0-92 package combines 
proven reliability, performance, economy and convenience to 
provide the perfect solution for industrial and consumer design 
problems. 

As an additional service to our customers Motorola will, upon 
request, supply the following: 

• Radial tape and reel 

• Axial tape and reel 

• T0-5 lead forming 

• T0-18 lead forming 
Contact your Motorola representative for ordering information. 
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2N3903 
2N3904 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
GENERAL PURPOSE 

TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltge 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

*Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

ReJC 

ReJA 

Value Unit 

40 Vdc 

60 Vdc 

6.0 Vdc 

200 mAdc 

625 mW 
2.8 mWl°C 

1.5 Watts 
12 mWl°C 

-55 to +150 oc 

Max Unit 

83.3 °C/W 

200 oc;w 

*Indicates Data in addition to JEDEC Requirements. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1 I 
(le = 1.0 mAdc, Is = 01 

Collector-Base Breakdown Voltage 
lie = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Base Cutoff Current 
(VcE = 30 Vdc, VEB = 3.0 Vdc) 

Collector Cutoff Current 
(VcE = 30 Vdc, VEB = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain(1 I 
lie = 0.1 mAdc, VcE = 1.0 Vdc) 

lie = 1.0 mAdc, VcE = 1.0 Vdc) 

lie = 10 mAdc, VcE = 1.0 Vdc) 

lie = 50 mAdc, VcE = 1.0 Vdc) 

lie = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(1 I 
lie = 10 mAdc, Is = 1.0 mAdc) 
lie = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
lie = 10 mAdc, Is = 1.0 mAdc) 
lie = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

MOTOROLA SEMICONDUCTORS 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2-2 

Symbol 

V(BR)CEO 

V(BRICBO 

V(BR)EBO 

IBL 

ICEX 

hFE 

VcE(sat) 

VBE(sat) 

Min 

40 

60 

6.0 

-

-

20 
40 

35 
70 

50 
100 

30 
60 

15 
30 

-
-

0.65 
-

250 
300 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

50 nAdc 

50 nAdc 

-
-
-

-
-

150 
300 

-
-

-
-

Vdc 
0.2 
0.3 

Vdc 
0.85 
0.95 

MHz 

SMALL-SIGNAL DEVICES 



2N3903, 2N3904 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max 

Output Capacitance Cobo - 4.0 
(Vcs = 5.0 Vdc, IE = o. f = 1.0 MHz) 

Input Capacitance Gibo - 8.0 
(VBE = G.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance hie 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 1.0 8.0 

2N3904 1.0 10 

Voltage Feedback Ratio hre 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 0.1 5.0 

2N3904 0.5 8.0 

Small-Signal Current Gain hte 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 50 200 

2N3904 100 400 

Output Admittance hoe 1.0 40 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF 
Oc = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 k ohms, 2N3903 - 6.0 
f = 10 Hz to 15.7 kHz) 2N3904 - 5.0 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.0 Vdc, VBE = 0.5 Vdc, td - 35 

Rise Time le = 10 mAdc, 191 = 1.0 mAdc) 
tr - 35 

Storage Time (Vee = 3.0 Vdc, le = 10 mAdc, 2N3903 ts - 175 
191 = 192 = 1.0 mAdc) 2N3904 - 200 

Fall Time If - 50 

(1) Pulse Test: Pulse Width "'300 µs, Duty Cycle"' 2.0%. 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

FIGURE 2 - STORAGE AND FALL TIME 

300 ns-i i--
DUTY CYCLE= 2%~+10.9V 

-0.5V 

< 1.0 ns J.:. 

EQUIVALENT TEST CIRCUIT 

10<11 <500µs--! t, ~+Jogy 

OON<<ll~>:s; 

- 9.1 V __.,-/+' < 1.0 ns 

•Total shunt capacitance of test jig and connectors 

TYPICAL TRANSIENT CHARACTERISTICS 

-TJ = 2s0 c --·TJ = 12s0 c 

IN916 

FIGURE 3- CAPACITANCE FIGURE 4- CHARGE DATA 
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2N3903, 2N3904 

FIGURE 5 -TURN-ON TIME 
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FIGURE 7 - STORAGE TIME 
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FIGURE 6 - RISE TIME 
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FIGURE 8 - FALL TIME 
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 

FIGURE 9 
12 
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2N3903, 2N3904 

h PARAMETERS 
(Vee 0 10 Vde, t = 1.0 kHz, TA= 2s0 c1 

FIGURE 11 - CURRENT GAIN FIGURE 12 - OUTPUT ADMITTANCE 
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FIGURE 13- INPUT IMPEDANCE FIGURE 14 - VOLTAGE FEEDBACK RATIO 
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FIGURE 16- COLLECTOR SATURATION REGION 
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FIGURE 18 - TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Base Voltage Vcso 40 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWl°C 

Total Power Dissipation @ TA = 60°C Po 250 mW 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 

Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RnJC 83.3 oc;w 

Thermal Resistance, Junction to Ambient RoJA 200 oc;w 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = 0) 

Base Cutoff Current 
(VcE = 30 Vdc, VsE = 3.0 Vdc) 

Collector Cutoff Current 
(VcE = 30 Vdc, VsE = 3.0 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = 0.1 mAdc, VcE = 1.0 Vdc) 2N3905 

2N3906 

(le = 1.0 mAdc, VcE = 1.0 Vdc) 2N3905 
2N3906 

(le = 10 mAdc, VcE = 1.0 Vdc) 2N3905 
2N3906 

Oc = 50 mAdc, VcE = 1.0 Vdc) 2N3905 
2N3906 

(le = 100 mAdc, VcE = 1.0 Vdc) 2N3905 
2N3906 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
(le= 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N3905 

2N3906 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 100 kHz) 

SMALL-SIGNAL DEVICES 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBL 

ICEX 

hFE 

VcE(sat) 

VBE(sat) 

fr 

Cobo 

2N3905 
2N3906 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
GENERAL PURPOSE 

TRANSISTOR 

PNP SILICON 

Min Max 

40 -

40 -

5.0 -

- 50 

- 50 

30 -
60 -

40 -
80 -

50 150 
100 300 

30 -
60 -

15 -
30 -

- 0.25 
- 0.4 

0.65 0.85 
- 0.95 

200 -
250 -
- 4.5 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

MOTOROLA SEMICONDUCTORS 

• 
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2N3905, 2N3906 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max 

Input Capacitance eibo - 10.0 
(VBE = 0.5 Vdc, le = 0, f = 100 kHz) 

Input Impedance hie 
(le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3905 0.5 8.0 

2N3906 2.0 12 

Voltage Feedback Ratio hre 
(le = 1 .o mAdc, VcE = 10 Vdc, f = 1 .o kHz) 2N3905 0.1 5.0 

2N3906 0.1 10 

Small-Signal Current Gain hte 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3905 50 200 

2N3906 100 400 

Output Admittance hoe 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3905 1.0 40 

2N3906 3.0 60 

Noise Figure NF 
Uc = 100 µ.Ade, Vee = 5.0 Vdc, Rs = 1 .o k ohm. 2N3905 - 5.0 
f = 10 Hz to 15.7 kHz) 2N3906 - 4.0 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.0 Vdc, VBE = 0.5 Vdc Id - 35 

Rise Time le = 10 mAdc, 191 = 1.0 mAdc) tr - 35 

Storage Time 2N3905 Is - 200 

<Vee = 3.0 Vdc, le = 10 mAdc, 2N3906 - 225 

Fall Time 191 = 192 = 1.0 mAdc) 2N3905 If - 60 
2N3906 - 75 

(1) Pulse Width "" 300 µs, Duty Cycle "" 2.0%. 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
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TRANSIENT CHARACTERISTICS 
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FIGURE 3 - CAPACITANCE FIGURE 4 - CHARGE DATA 
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FIGURE 5 - TURN-ON TIME 
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FIGURE 6 - FALL TIME 
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FIGURE 15 - "ON" VOLTAGES 
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2N4123 
2N4124 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

/ 
GENERAL PURPOSE 

TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 1.0 mAdc, IE = O) 2N4123 

2N4124 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µ.Ade, IE = Ol 2N4123 

2N4124 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µ.Ade, le = Ol 

Collector Cutoff Current lceo 
(Vee = 20 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VeE = 3.0 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Oc = 2.0 mAdc, VcE = 1.0 Vdcl 2N4123 

2N4124 

Oc = 50 mAdc, VcE = 1.0 Vdcl 2N4123 
2N4124 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
(le = 50 mAdc, le = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VeE(satl 
(le = 50 mAdc, le = 5.0 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(le= 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4123 

2N4124 

Output Capacitance Cobo 
(Vee = 5.0 Vdc, IE = o. f = 100 MHz) 

Input Capacitance Cibo 
(VeE = 0.5 Vdc, le = o, t = 100 kHzl 

Collector-Base Capacitance Ccb 
OE = 0, Vee = 5.0 v, f = 100 kHz) 

Small-Signal Current Gain hte 
Oc = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4123 

2N4124 

MOTOROLA SEMICONDUCTORS 

2-12 

Symbol 2N4123 2N4124 Unit 

Vern 30 25 Vdc 

Vceo 40 30 Vdc 

VEBO 5.0 Vdc 

le 200 mAdc 

Po 625 mW 
5.0 mWl°C 

Po 1.5 Watt 
12 mWl°C 

TJ, Tstg -55to +150 oc 

Symbol Max Unit 

Rruc 83.3 oc/W 

Ro.JA 200 oc/W 

Min Max Unit 

Vdc 
30 -
25 -

Vdc 
40 -
30 -
5.0 - Vdc 

- 50 nAdc 

- 50 nAdc 

-
50 150 
120 360 

25 -
60 -
- 0.3 Vdc 

- 0.95 Vdc 

MHz 
250 -
300 -
- 4.0 pF 

- 8.0 pF 

- 4.0 pF 

-
50 200 
120 480 

SMALL-SIGNAL DEVICES 



2N4123, 2N4124 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max 

Current Gain - High Frequency lhtel 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4123 2.5 -

2N4124 3.0 -

Uc = 2.0 mAdc, VcE = 10 V, f = 1.0 kHz) 2N4123 50 200 
Uc = 2.0 mAdc, VcE = 10 V, f = 1.0 kHz) 2N4124 120 480 

Noise Figure NF 
(le = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 kohm, 2N4123 - 6.0 
Noise Bandwidth = 10 Hz to 15. 7 kHz) 2N4124 - 5.0 

(1) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 

FIGURE 1 - CAPACITANCE FIGURE 2 - SWITCHING TIMES 
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AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE 

IVcE = 5 Vdc, TA= 25°CI 

FIGURE 3 - FREQUENCY VARIATIONS 
Bandwidth = 1.0 Hz 

FIGURE 4- SOURCE RESISTANCE 
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2N4123, 2N4124 

h PARAMETERS 
Ve• = 10 v. f = 1 kHz. T, = 2s•c 

FIGURE 5- CURRENT GAIN 
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FIGURE 7 - INPUT IMPEDANCE 
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FIGURE I-VOLTAGE FEEDBACK RATIO 
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FIGURE 10- COLLECTOR SATUHTION REGION 
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• 
2N4125 
2N4126 

CASE 29·02, STYLE 1 
T0-92 (T0-226AAI 

I 
AMPLIFIER TRANSISTORS 

PNP SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc= 1.0 mAdc, IE = 0) 2N4125 V(BR)CEO 
2N4126 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = 0) 2N4125 V(BR)CBO 
2N4126 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) V(Bfill'BO 

Collector Cutoff Current (Vea = 20 Vdc, IE = O) lcso 

Emitter Cutoff Current (VsE = 3.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Uc = 2.0 mAdc, VcE = 1.0 Vdcl 2N4125 

2N4126 

Uc = 50 mAdc, VcE = 1.0 Vdc) 2N4125 
2N4126 

Collector-Emitter Saturation Voltage(!) VcE(satl 
Uc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
Uc = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4125 

2N4126 

Input Capacitance Cibo 
(VBE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Collector-Base Capacitance Ccb 
(Vea = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
Uc = 2.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) 2N4125 

2N4126 

Current Gain - High Frequency lhtel 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4125 

2N4126 

Noise Figure NF 
Uc = 100 µAde, VcE = 5.0 Vdc, RG = 1.0 k ohm, 
Noise Bandwidth = 10 Hz to 15.7 kHz) 2N4125 

2N4126 

(1) Pulse Test: Pulse Width "" 300 µ,sec, Duty Cycle = 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol 2N4125 2N4126 Unit 

Vern 30 25 Vdc 

VcBo 30 25 Vdc 

VEBO 4.0 Vdc 

le 200 mAdc 

Po 625 mW 
5.0 mW/"C 

Po 1.5 Watt 
12.0 mW/"C 

TJ, Tstg -55to +150 oc 

Symbol Max Unit 

Rf/Jc 83.3 oc;w 

RfJJA 200 oc;w 

Min Max Unit 

30 - Vdc 
25 -
30 - Vdc 
25 -
4.0 - Vdc 

- 50 nAdc 

- 50 nAdc 

-
50 150 
120 360 

25 -
60 -
- 0.4 Vdc 

- 0.95 Vdc 

MHz 
200 -
250 -
- 10 pF 

- 4.5 pF 

-
50 200 
120 480 

-
2.0 -
2.5 -

dB 

- 5.0 
- 4.0 

SMALL-SIGNAL DEVICES 
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FIGURE 1 - CAPACITANCE FIGURE 2 - SWITCHING TIMES 
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• 
2N4125, 2N4126 

FIGURE 7 - INPUT IMPEDANCE FIGURE 8-YDLTAGE FEEDBACK RATIO 
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2N4125, 2N4126 

FIGURE 11- "ON" VOLTAGES FIGURE 12- TEMPERATURE COEFFICIENTS 
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• 
2N4264 
2N4265 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

THERMAL CHARACTERISTICS 

Characteristic 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25°C 

Total Device Dissipation @Tc = 25'C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage VIBR)CEO 
lie = 1.0 mAdc, IE = O) 2N4264 

2N4265 

Collector-Base Breakdown Voltage V(BR)CBO 
lie = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage VIBR)EBO 
llE = 10 µAde, le = O) 

Base Cutoff Current IBEV 
(VcE = 12 Vdc, VE Bl off) = 0.25 Vdc) 
IVcE = 12 Vdc, VEBloff) = 0.25 Vdc, TA = 100'C) 

Collector Cutoff Current ICEX 
(VcE = 12 Vdc, VEBloff) = 0.25 Vdc) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = 1.0 mAdc, VcE = 1.0 Vdc) 2N4264 

2N4265 

lie= 10 mAdc, VcE = 1.0 Vdc) 2N4264 
2N4265 

lie= 10 mAdc, VcE = 1.0 Vdc, TA= -55°C) 2N4264 
2N4265 

lie = 30 mAdc, VcE = 1 .o Vdc) 2N4264 
2N4265 

lie= 100 mAdc, VcE = 1.0 Vdc)(1) 2N4264 
2N4265 

lie= 200 mAdc, VcE = 1.0 Vdc)(1) 2N4264 
2N4265 

Collector-Emitter Saturation Voltage VcE(sat) 
lie= 10 mAdc, Is = 1.0 mAdc) 
lie= 100 mAdc, Is= 10 mAdc)(1) 

Base-Emitter Saturation Voltage VsE(sat) 
lie= 10 mAdc, Is = 1.0 mAdc) 
lie= 100 mAdc, Is = 10 mAdc)(1) 

MOTOROLA SEMICONDUCTORS 
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Symbol 2N4264 I 2N4265 Unit 

VcEO 15 l 12 Vdc 

Vcso 30 Vdc 

Vrno 6.0 Vdc 

le 200 mAdc 

Po 625 mW 
5.0 mW/°C 

Po 1.5 Watts 
12 mW!°C 

TJ, Tstg -55 to +150 'C 

Symbol Max Unit 

ReJC 83.3 'C/W 

ReJA 200 'C/W 

Min Max Unit 

Vdc 
15 -
12 -
20 - Vdc 

6.0 - Vdc 

µAde 
- 0.1 
- 10 

- 100 nAdc 

-
25 -
30 -

40 160 
100 400 

20 -
45 -

40 -
90 -

30 -
55 -

20 -
35 -

Vdc 
- 0.22 
- 0.35 

Vdc 
0.65 0.80 
0.75 0.95 

SMALL-SIGNAL DEVICES 



2N4264,2N4265 

ELECTRICAL CHARACTERISTICS (continued) !TA= 25'C unless otherwise noted.) 

Characteristic J Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 350 - MHz 
!le = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Input Capacitance Cibo - 8.0 pF • (VBE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Collector-Base Capacitance Ccb - 4.0 pF 
(Vea = 5.0 Vdc, IE = o. f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 10 Vdc, VEB(off) = 2.0 Vdc, td - 8.0 ns 

Rise Time le = 100 mAdc, ls1 = 10 mAdc) (Fig. 1, Test Condition C) tr - 15 ns 

Storage Time Vee = 10 Vdc, !le = 10 mAdc, for ts) ts - 20 ns 

Fall Time !le = 100 mA for tf) 
tf - 15 ns 

191 = ls2 = 10 mAdc) (Fig. 1, Test Condition C) 

Turn-On Time (Vee = 3.0 Vdc, VEB(off) = 1.5 Vdc, ton - 25 ns 
le= 10 mAdc, ls1 = 3.0 mAdc) (Fig. 1, Test Condition A) 

Turn-Off Time (Vee = 3.0 Vdc, le = 10 mAdc, toff - 35 ns 
ls1 = 3.0 mAdc, ls2 = 1.5 mAdc) (Fig. 1, Test 
Condition A) 

Storage Time (Vee = 10 Vdc, le = 10 mA ts - 20 ns 
ls1 = ls2 = 10 mAdc) (Fig. 1, Test Condition A) 

Total Control Charge (Vee = 3.0 Vdc, le = 10 mAdc, Is = mAdc) (Fig. 1, Test Or - 80 pC 
Condition 8) 

(1) Pulse Test: Pulse Width = 300 µ.s, Duty Cycle = 2.0%. 

C~~;IOR le Yee •• le Csr ..... 1 Yn/oHI v, v, v, 
mA v !l !l pf v v v v 

A 10 3 3300 270 4 1.5 10.55 4.15 10.70 
I 10 10 560 960 4 - - 4.65 6.55 
c 100 10 560 96 12 -2.0 6.35 4.65 6.55 

FIGURE 1 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 
Vee 

If I -(f.!I 

v,.1:~1Pct - t:~~-~ C2M .~ ~~C2M 
R1 

PULSE WIDTH lt 1J = 300 ns DUTY CYCLE= 2% 

SMALL-SIGNAL. DEVICES MOTOROLA SEMICONDUCTORS 
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2N4264, 2N4265 

CURRENT GAIN CHARACTERISTICS 

FIGURE 2 - MINIMUM CURRENT GAIN 
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FIGURE 3 - Qr TEST CIRCUIT 
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FIGURE 4 - TURN·OFF WAVEFORM 

TIME--+ 

NOTE 1 
When a transistor is held in a conductive state by a base current, 

18, a charge, Q5, is developed or "stored" in the transistor. Q5 may be 
written: Q5 = Q1 + Qv + Qx. 

Q1 is the charge required to develop the required collector current. 
This charge is primarily a function of alpha cutoff frequency. Ov is 
the charge required to charge the collector·base feedback capacity. 
Qx is excess charge resulting from overdrive, i.e., operation in 
saturation. 

The charge required to turn a transistor "on" to the edge of sat
uration is the sum of Q1 and Qv which is defined as the active region 
charge, QA. QA = l81 t, when the transistor is driven by a constant cur

ie 
rent step (1 81 ) and 181 < < ~· 

MOTOROLA SEMICONDUCTORS 

2-22 

If 18 were suddenly removed, the transistor would continue to con
duct until Qs is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina
tion time is long compared to the ultimate capability of a transistor, a 
charge, Qr. of opposite polarity, equal in magnitude, can be stored on 
an external capacitor, C, to neutralize the internal charge and con
siderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn-off waveform. Given Gr from 
Figure 13, the external C for worst-case turn-off in any circuit is: 
C :::::: Q1/ !::::. V, where !::::. V is defined in Figure 3. 

SMALL-SIGNAL DEVICES 



2N4264, 2N4265 

"ON" CONDITION CHARACTERISTICS 

FIGURE 5 - COLLECTOR SATURATION REGION 
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FIGURE 7 - TEMPERATURE COEFFICIENTS 
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DYNAMIC CHARACTERISTICS 

FIGURE 8 - DELAY TIME 
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FIGURE 10 - STORAGE TIME 
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FIGURE 12 - JUNCTION CAPACITANCE 
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FIGURE 11 - FALL TIME 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 600 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 83.3 

Thermal Resistance, Junction to Ambient R8JA 200 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
(le= 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = 0.1 mAdc, le = O) 

Base Cutoff Current 
(VcE = 35 Vdc, VEB = 0.4 Vdc) 

Collector Cutoff Current 
(VcE = 35 Vdc, VEB = 0.4 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 0.1 mAdc, VcE = 1.0 Vdc) 2N4401 

Uc= 1.0 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 

Oc = 10 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 

Oc = 150 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 

Oc = 500 mAdc, VcE = 2.0 Vdc) 2N4400 
2N4401 

Collector-Emitter Saturation Voltage 
(le = 150 mAdc, le = 15 mAdc) 
Uc = 500 mAdc, le = 50 mAdc) 

Base-Emitter Saturation Voltage 
(le = 150 mAdc, le = 15 mAdc) 
(le = 500 mAdc, le = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N4400 

2N4401 

Collector-Base Capacitance 
(Vee = 5.0 Vdc, IE = 0, f = 100 kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 
Watt 

mwrc 
·c 

Unit 

·c!W 
0 c1W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

ICEX 

hfE 

VcE(sat) 

VBE(sat) 

fr 

Ccb 

2N4400 
2N4401 

CASE 29-02, STYLE 1 
T0-92 {T0-226AA) 

I 
GENERAL PURPOSE 

TRANSISTOR 

NPN SILICON 

Min Max 

40 -

60 -

6.0 -

- 0.1 

- 0.1 

20 -

20 -
40 -

40 -
80 -

50 150 
100 300 

20 -
40 -

- 0.4 
- 0.75 

0.75 0.95 
- 1.2 

200 -
250 -
- 6.5 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pf 

MOTOROLA SEMICONDUCTORS 

• 



2N4400, 2N4401 

ELECTRICAL CHARACTERISTICS (continued) <TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max 

Emitter-Base Capacitance Ceb - 30 
(VeE = 0.5 Vdc, le = o, f = 1 oo kHz) 

Input Impedance hie 
!le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHzJ 2N4400 0.5 7.5 

2N4401 1.0 15 

Voltage Feedback Ratio hre 0.1 8.0 
!le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 
(le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4400 20 250 

2N4401 40 500 

Output Admittance hoe 1.0 30 
!le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VEB = 2.0 Vdc, ld - 15 

Rise Time le = 150 mAdc, 101 = 15 mAdc) 
tr - 20 

Storage Time (Vee = 30 Vdc, le = 150 mAdc, ls - 225 

Fall Time 101 = 102 = 15 mAdc) lf - 30 

(1) Pulse Test: Pulse Width .; 300 µs, Duty Cycle.; 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-OFF TIME 
+30V -I 1- 1.010 100 µs. 
200 n -1 I- 1.0 to 100 µs, 

: 1EV DUTY CYCLE= 2.0% 

-2.0 v -I < 2.0 ns 

_l_ + 160 v~UTY CYCLE= 2.0%. 

-res*< 10 pf -14 v 

1 ___ J - I- < 20 ns 

-4.0V 
Scope rise time < 4.0 ns 
*Total shunt capacitance of test jig connectors, and oscilloscope 

TRANSIENT CHARACTERISTICS 
-- 25'C --- 100'C 

Unit 

pF 

k ohms 

x 10-4 

-

µmhos 

ns 

ns 

ns 

ns 

+30 v 

200 n 

I 
I _ .. _ 

-r-
l cs~< 10 pF ___ _J 

FIGURE 3 - CAPACITANCES FIGURE 4 - CHARGE DATA 
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2N4400, 2N4401 

FIGURE 5 - TURN-ON TIME 
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FIGURE 8 - FALL TIME 
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NOISE FIGURE 
VcE = 10 Vdc, TA = 25°C 
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FIGURE 9 - FREQUENCY EFFECTS Bandwidth = 1.0 Hz FIGURE 10 - SOURCE RESISTANCE EFFECTS 
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h PARAMETERS 
VcE = 10 Vdc, f = 1.0 kHz, TA = 25°C 

This group of graphs illustrates the relation
ship between hfe and other "h" parameters 
for this series of transistors. To obtain these 
curves, a high-gain and a low-gain unit were 

FIGURE 11 - CURRENT GAIN 
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selected from both the 2N4400 and 2N4401 
lines, and the same units were used to de
velop the correspondingly numbered curves 
on each graph. 

FIGURE 12 - UNPUT IMPEDANCE 
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FIGURE 14 - OUTPUT ADMITIANCE 
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STATIC CHARACTERISTICS 

FIGURE 15 - DC CURRENT GAIN 
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2N4400, 2N4401 

FIGURE 16 - COLLECTOR SATURATION REGION 
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FIGURE 17- "ON" VOLTAGES FIGURE 18 - TEMPERATURE COEFFICIENTS 
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2N4402 
2N4403 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
GENERAL PURPOSE 

TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @Tc = 25'C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagel11 lie= 1.0 mAdc, Is= OI VIBR)CEO 

Collector-Base Breakdown Voltage lie = 0.1 mAdc, IE = O) VIBR)CBO 

Emitter-Base Breakdown Voltage llE = 0.1 mAdc, le= OI VIBR)EBO 

Base Cutoff Current IVcE = 35 Vdc, VsE = 0.4 Vdc) IBEV 

Collector Cutoff Current IVcE = 35 Vdc, VsE = 0.4 Vdc) ICEX 

ON CHARACTERISTICS 

DC Current Gain hFE 
Ile = 0.1 mAdc, VcE = 1.0 Vdcl 2N4403 

lie = 1.0 mAdc, VcE = 1.0 Vdcl 2N4402 
2N4403 

lie = 10 mAdc, VcE = 1.0 Vdc) 2N4402 
2N4403 

lie = 150 mAdc, VcE = 2.0 Vdc)(1 l 2N4402 
2N4403 

Ile = 500 mAdc, VcE = 2.0 Vdc)(1) Both 

Collector-Emitter Saturation Voltagel1 I VcE(sat) 
lie= 150 mAdc, 19 = 15 mAdc) 
lie = 500 mAdc, 19 = 50 mAdc) 

Base-Emitter Saturation Voltage(1) VsE(sat) 
lie= 150 mAdc, Is = 15 mAdc) 
lie = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
lie = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N4402 

2N4403 

Collector-Base Capacitance Ccb 
(Vea = 10 Vdc, IE = 0, f = 140 kHz) 

Emitter-Base Capacitance Ceb 
IVsE = 0.5 Vdc, le = o, t = 140 kHz) 

Input Impedance hie 
lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4402 

2N4403 

MOTOROLA SEMICONDUCTORS 

2-30 

Symbol Value Unit 

Vern 40 Vdc 

Vcso 40 Vdc 

VEBO 5.0 Vdc 

le 600 mAdc 

Po 625 mW 
5.0 mW/'C 

Po 1.5 Watt 
12 mW/'C 

TJ, Tstg -55to +150 'C 

Symbol Max Unit 

RoJC 83.3 oc/W 

RoJA 200 oc/W 

Min Max Unit 

40 - Vdc 

40 - Vdc 

5.0 - Vdc 

- 0.1 µ.Ade 

- 0.1 µ.Ade 

-
30 -

30 -
60 -

50 -
100 -

50 150 
100 300 

20 -
Vdc 

- 0.4 
- 0.75 

Vdc 
0.75 0.95 
- 1.3 

MHz 
150 -
200 -
- 8.5 pF 

- 30 pF 

ohms 
750 7.5k 
1.5k 15k 

SMALL-SIGNAL DEVICES 



2N4402,2N4403 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Voltage Feedback Ratio hre 0.1 8.0 x 10-4 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hte -
(le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4402 30 250 

2N4403 60 500 

Output Admittance hoe 1.0 100 µmhos 
Uc= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VsE = 2.0 Vdc, Id - 15 ns 

Rise Time le = 150 mAdc, ls1 = 15 mAdc) t, - 20 ns 

Storage Time (Vee = 30 Vdc, le= 150 mAdc, ts - 225 ns 

Fall Time ls1 = ls2 = 15 mAdc) If - 30 ns 

(1) Pulse Test: Pulse Width "'300 µs, Duty Cycle"' 2.0%. 
-:::-

SWITCHING TIME EQUIVALENT TEST CIRCUIT 
FIGURE I - TURN·ON TIME FIGURE 2 - TURN-Off TIME 
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FIGURE 5 - TURN-ON TIME FIGURE 6 - RISE TIME 
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FIGURE 7 - STORAGE TIME 
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FIGURE 8 - FREQUENCY EFFECTS 
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NOISE FIGURE 
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Bandwidth = 1.0 Hz FIGURE 9 - SOURCE RESISTANCE EFFECTS 
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2N4402, 2N4403 

h PARAMETERS 
Ve,= 10 Vdc, I= I kHz, TA= 25•c 

This group of graphs illustrates the relationship be· 
tween hf. and other "h" parameters for this series 
of transistors. To obtain these curves, a high-gain 
and a low-gain unit were selected from both the 

FIGURE 10 - CURRENT GAIN 

2N4402 and 2N4403 lines, and the same units 
were used to develop the correspondingly
numbered c;::urves on each graph. 

FIGURE 11 - INPUT IMPEDANCE 
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2N4402, 2N4403 

FIGURE 15 - COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 
Rating Symbol 2N4409 2N4410 

Collector-Emitter Voltage Vceo 50 80 

Collector-Base Voltage Vceo 80 120 

Emitter-Base Voltage Veeo 5.0 

Collector Current - Continuous le 250 

Total Device Dissipation@ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 83.3 

Thermal Resistance, Junction to Ambient RruA 200 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(!) 
Uc = 1.0 mAdc, le = O) 2N4409 

2N4410 

Collector-Emltter Breakdown Voltage 
Uc = 500 µAde, Vee = 5.0 Vdc, Ree = 8.2 kohms) 2N4409 

2N4410 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, le = O) 2N4409 

2N4410 

Emitter-Base Breakdown Voltage 
Ue = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vee = 60 Vdc, le = Ol 2N4409 
(Vee= 60 Vdc, le = 0, TA= 100"C) 2N4409 
(Vee = 100 Vdc, IE = O) 2N4410 
(Vee= 100 Vdc, IE = o, TA= 100°Cl 2N4410 

Emitter Cutoff Current 
(Vee = 4.0 Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain Uc= 1.0 mAdc, Vee = 1.0 Vdc) 
Uc= 10 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage Uc= 1.0 mAdc, le= 0.1 mAdc) 

Base-Emitter Saturation Voltage Uc= 1.0 mAdc, le = 0.1 mAdc) 

Base-Emitter On Voltage Uc = 1.0 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 10 mAdc, Vee = 10 Vdc, f = 30 MHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = 0, f = 140 kHz, emitter guarded) 

Emitter-Base Capacitance 
(Vee = 0.5 Vdc, le =. 0, f = 140 kHz, collector guarded) 

(1) Pulse Test: Pulse Width.;; 300 µs, Duty Cycle.;; 2.0%. 
(2) fy = lhtel • ftest· 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWf'C 

Watts 
mWf'C 

·c 

Unit 

•ctw 
·ctw 

2N4409 
2N4410 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPNSILICON 

Refer to 2N5550 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 50 Vdc 
80 -

-
V(BR)CEX Vdc 

80 -
120 -

V(BR)CBO Vdc 
80 -
120 -

V(BR)EBO 5.0 - Vdc 

iceo µAde 
- 0.01 
- 1.0 
- 0.01 
- 1.0 

IEBO - 0.1 µAde 

hfE 60 - -
60 400 

Vcfil_sa!)_ - 0.2 Vdc 

Ve~a:tl_ - 0.8 Vdc 

VBE(on) - 0.8 Vdc 

fy 60 300 MHz 

Ccb - 12 pf 

Ceb - 50 pf 

MOTOROLA SEMICONDUCTORS 
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~ 
2N5086 
2N5087 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

I 
AMPLIFIER TRANSISTOR 

PNPSIUCON 

MAXIMUM RATINGS 
Rating : 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA= 25'C 
Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

VcEO 

VcBo 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

R(l.)C 

R6JA(1) 

Value Unit 

50 Vdc 

50 Vdc 

3.0 Vdc 

50 mAdc 

625 mW 
5.0 mW/'C 

1.5 Watt 
12 mW/'C 

-55 to + 150 'C 

Max Unit 

125 'C/W 

357 'C/W 

(1) R(l.)A is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 50 - Vdc 
Uc= 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 50 - Vdc 
Uc = 100 µAde, IE = 0) 

Collector Cutoff Current le Bo nAdc 
(Veg = 10 Vdc, IE = 0) - 10 
(Vea = 35 Vdc, IE = 0) - 50 

Emitter Cutoff Current IEaO - 50 nAdc 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc = 100 µAde, VcE = 5.0 Vdc) 2N5086 150 500 

2N5087 250 800 

Uc= 1.0 mAdc, VcE = 5.0 Vdc) 2N5086 150 -
2N5087 250 -

Uc= 10 mAdc, VcE = 5.0 Vdc)(2) 2N5086 150 -
2N5087 250 -

Collector-Emitter Saturation Voltage VcE(sat) - 0.3 Vdc 
Uc = 10 mAdc, la = 1.0 mAdc) 

Base-Emitter On Voltage VaE(on) - 0.85 Vdc 
Uc= 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain -·Bandwidth Product tr 40 - IV!Hz 
Uc = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) 

Collector-Base Capacitance Ccb - 4.0 pF 
(VcB = 5.0 Vdc, IE = o. f = 1 oo kHz) 

Small-Signal Current Gain hfe -
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N5086 150 600 

2N5087 250 900 

Noise Figure NF dB 
Uc = 20 µAde, VcE = 5.0 Vdc, Rs = 10 k ohms, 2N5086 - 3.0 
f = 10 Hz to 15.7 kHz) 2N5087 - 2.0 

Uc = 100 µAde, VcE = 5.0 Vdc, Rs = 3.0 k ohms, 2N5086 - 3.0 
f = 1.0 kHz) 2N5087 - 2.0 

(2) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5086,2N5087 

TYPICAL NOISE CHARACTERISTICS 
(Vee= 5.0 Vdc, TA= 25°c1 

10 

7.0 

~ 5.0 
w 

"' ~ 
§; 3.0 
w 
~ 

~ 
~ 2.0 

1.0 

......._ 

~ t--

b. :::-
1.0mA~ 

10 20 

FIGURE 1-NOISE VOLTAGE 

HI: Bandwidth= 1.0 Hz 

±t±ffi 
Rs• 0 

le• lOµA 

Jll 
rw;;A 

! 
>-

~ 
~ 

lOOµA ~ 
w 

300e' ~ 

0 
z 
.E 

50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 

f, FREQUENCY (Hzl 

FIGURE 2 - NOISE CURRENT 
10 

7.0 

5.0 

:s Bandwidth= 1.0 Hz 
As:::. oo 

3.0 

2.0 

1.0 

fc=l.OmA :s 
~ -+-.I 

IS. H ~o~ !'-... ---
0.7 

0.5 

0.3 

0.2 

:s lOOµA 
~ 

~ 
~ ~ 

lOµA 

01 .. l..I 
10 20 50 100 200 500 1.0k 2.0k 5.0k 10k 

f, FREQUENCY (Hz) 

NOISE FIGURE CONTOURS 
(Vee= 5.0 Vdc, TA= 25°CI 

FIGURE 3 - NARROW BANO, 100 Hz 
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Noise Figure is Defined as: 

_ f en2 + 4KTRs + 1n2Rs2] 1/2 
NF - 20 log10 t 4KTRs 

en Noise Voltage of the Transistor 
referred to the input. (Figure 3) 

In Noise Current of the transistor 
referred to the input (Figure 4) 

K Boltzman's Constant (1.38 x 10-23 j/OK) 
T Temperature of the Source Resistance (°K) 
Rs Source Resistance (Ohms) 
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TYPICAL STATIC CHARACTERISTICS 

FIGURE 6 - DC CURRENT GAIN 
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FIGURE 7 - COLLECTOR SATURATION REGION 
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FIGURE 8 - COLLECTOR CHARACTERISTICS 
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2N5086,2N5087 

TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 13 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 14 - CAPACITANCE 
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FIGURE 17 - THERMAL RESPONSE 
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The safe operating area curves indicate lc-VcE limits 
of the transistor that must be observed for reliable oper
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 20 is based upon T J(pk) = 15ooc; 
Tc or TA is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided T J(pk).,;; 
15o0 c. T J(pk) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi· 
tations will reduce the power that can be handled to 
values less than the limitations imposed by second break
down. (See AN-415A). 
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DESIGN NOTE: USE OF THERMAL RESPONSE DATA 

A train of periodical power pulses can be represented by 
the model as shown in Figure 19A. Using the model and the 
device thermal response the normalized effective transient 
thermal resistance of Figure 19 was calculated for various 
duty cycles. 

To find ZOJA(t)· multiply the value obtained from 
Figure 19 by the steady state value ROJA· 
Example: 
The MPS3905 is dissipating 2.0 watts peak under the 
following conditions: 

t1=1.0 ms, t2 = 5.0 ms (D = 0.2) 
Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 
The peak rise in junction temperature is therefore 

6T = r(t) x P(pk) x ROJA= 0.22 x 2.0 x 200 = 88°C. 
For more information, see AN-569. 
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MAXIMUM RATINGS 

Rating Symbol 2N5088 2N5089 Unit 

Collector-Emitter Voltage VcEO 30 25 Vdc 

Collector-Base Voltage Vcso 35 30 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW!°C 

Total Device Dissipation @Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 125 oc;w 

Thermal Resistance, Junction to Ambient RoJAl1) 357 oc;w 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) lie = 1.0 mAdc, Is = O) 2N5088 
2N5089 

Collector-Base Breakdown Voltage lie = 100 µAde, IE = O) 2N5088 
2N5089 

Collector Cutoff Current IV cs = 20 Vdc, IE = O) 2N5088 
(Vcs = 15 Vdc, IE = O) 2N5089 

Emitter Cutoff Current (VEB(off) = 3.0 Vdc, le = 0) 
IVEB(off) = 4.5 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 100 µAde, VcE = 5.0 Vdc) 2N5088 

2N5089 

lie = 1.0 mAdc, VcE = 5.0 Vdc) 2N5088 
2N5089 

lie = 10 mAdc, VcE = 5.0 Vdc)(2) 2N5088 
2N5089 

Collector-Emitter Saturation Voltage 
lie = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter On Voltage 
lie = 10 mAdc, VcE = 5.0 Vdc)(2) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 500 µAde, VcE = 5.0 Vdc, I = 20 MHz) 

Collector-Base Capacitance 
(Vcs = 5.0 Vdc, IE = 0, I = 100 kHz) 

Emitter-Base Capacitance 
IVBE = 0.5 Vdc, le = 0, I = 100 kHz) 

Small-Signal Current Gain 
lie = 1.0 mAdc, VcE = 5.0 Vdc, I = 1.0 kHz) 2N5088 

2N5089 

Noise Figure 
lie = 100 µAde, VcE = 5.0 Vdc, Rs = 10 kohms, 2N5088 
f = 10 Hz to 15.7 kHz) 2N5089 

(1) RruA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .;;; 300 µs, Duty Cycle .;;; 2.0%. 
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2N5088 
2N5089 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSA18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 
25 -

V(BR)CBO 35 - Vdc 
30 -

icso - 50 nAdc 
- 50 

IEBO - 50 nAdc 
- 100 

hFE -
300 900 
400 1200 

350 -
450 -

300 -
400 -

VcE(sat) - 0.5 Vdc 

VsE(on) - 0.8 Vdc 

IT 50 - MHz 

Ccb - 4.0 pF 

Ceb - 10 pF 

hte -
350 1400 
450 1800 

NF dB 
- 3.0 
- 2.0 

MOTOROLA SEMICONDUCTORS 



2N5208 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
lie = 1.0 mAdc, Is = OI 

Collector-Base Breakdown Voltage V(BR)CBO 
lie= 0.1 mAdc, IE= O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 10 "Ade, le = O) 

Collector Cutoff Current icso 
(Vcs = 10 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
(VBE = 2.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hfE 
lie = 2.0 mAdc, VcE = 10 Vdc) 

Base-Emitter On Voltage VBE(on) 
lie = 2.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product t-r 
lie = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Input Capacitance Cibo 
(VBE = 2.0 Vdc, le = 0, f = 1.0 MHz) 

Collector-Base Capacitance Ccb 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Collector Base Time Constant rb'Cc 
llE = 2.0 mAdc, Vcs = 10 Vdc, f = 31.8 MHz) 

Noise Figure NF 
lie= 2.0 mAdc, VcE = 10 Vdc, Rs = 75 ohms, f = 100 MHz, BW = 1.0 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
lie = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Gpe 

(1) RIJJA is measured with the device soldered into a typical printed circuit board. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 25 Vdc 

Vcso 30 Vdc 

VEBO 3.0 Vdc 

le 50 mAdc 

Po 625 mW 
5.0 mW/'C 

Po 65 Watt 
12 mW/'C 

TJ, Tstg -55to +150 'C 

Symbol Max Unit 

RoJC 125 'C/W 

RoJAl1l 357 'C/W 

Min Max Unit 

25 - Vdc 

30 - Vdc 

3.0 - Vdc 

- 10 nAdc 

- 100 nAdc 

20 120 -
- 0.85 Vdc 

300 1200 MHz 

- 4.0 pF 

- 1.0 pF 

- 10 ps 

- 3.0 dB 

22 dB 

SMALL-SIGNAL DEVICES 
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COMMON-EMITTER Y PARAMETERS (Polar Plots) 
VcE = 10 Vdc, TA= 25°C 

FIGURE 2- INPUT ADMITTANCE FIGURE 3 ·OUTPUT ADMITTANCE 
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STABILITY FACTOR CURVES 

FIGURE 12 - OPTIMUM SOURCE ADMITTANCE 
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When a potentially unstable device is operated without feedback, thent is an infinite number of combinations of 
source and load admittance associated with any given circuit stability factor lk). Equations have been developed for 
determining the optimum source and load admittance for maximum gain. Figures 7, 12 and 13 provide a solution to 
the equltions for the 2N5208. 

FIGURE 13 - OPTIMUM LOAD ADMITTANCE 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 50 Vdc 

Collector-Base Voltage VcBo 50 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mwrc 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watt 
Derate above 25"C 12 mwrc 

Operating and Storage Junction TJ. Tstg -55 to + 150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 125 oc/W 

Thermal Resistance, Junction to Ambient R11JA(1) 357 "C/W 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Oc = 0.1 mAdc, IE = 0) 

Collector Cutoff Current 
(VcB = 35 Vdc, IE = O) 

Emitter Cutoff Current 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 100 µAde, VcE = 5.0 Vdc) 2N5209 

2N5210 

Oc = 1.0 mAdc, VcE = 5.0 Vdc) 2N5209 
2N5210 

Oc = 10 mAdc, VcE = 5.0 Vdc)(2) 2N5209 
2N5210 

Collector-Emitter Saturation Voltage 
lie= 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter On Voltage 
Oc = 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vea = 5.0 Vdc, IE = 0, f = 100 kHz) 

Small-Signal Current Gain 
lie = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N5209 

2N5210 

Noise Figure 
(le = 20 µAde, VcE = 5.0 Vdc, Rs = 22 k ohms, 2N5209 
f = 10 Hz to 15.7 kHz) 2N5210 

(le = 20 µAde, VcE = 5.0 Vdc, Rs = 10 k ohms, 2N5209 
f = 1.0 kHz) 2N5210 

(1) RllJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 2.0%. 
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2N5209 
2N5210 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSA18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 50 - Vdc 

V(BR)CBO 50 - Vdc 

le Bo - 50 nAdc 

IEBO - 50 nAdc 

hFE -
100 300 
200 600 

150 -
250 -

150 -
250 -

VcE(sat) - 0.7 Vdc 

VsE(on) - 0.85 Vdc 

fT 30 - MHz 

Ccb - 4.0 pF 

hte -
150 600 
250 900 

NF dB 
- 3.0 
- 2.0 

- 4.0 
- 3.0 
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2N5222 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = o) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 10 Vdc, IE = 0) 

Emitter Cutoff Current 
(VBE = 2.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(2) 
Oc = 4.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 4.0 mAdc, Is = 400 µAde) 

Base-Emitter On Voltage 
(le = 4.0 mAdc, Is = 400 µAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 4.0 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(le = 4.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

(1) R8JA 1s measured with the device soldered into a typical printed c1rcu1t board. 
(2) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 2.0%. 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

tr 

Ccb 

hfe 

Symbol Value Unit 

Vern 15 Vdc 

vcso 20 Vdc 

VEBO 2.0 Vdc 

Jc 50 mAdc 

Po 625 mW 
5.0 mW/°C 

Po 1.5 Watt 
12 mWi°C 

TJ, Tstg -55 to + 150 oc 

Symbol Max Unit 

ReJC 125 oc/W 

ReJA(1) 357 oc;w 

Min Max Unit 

15 - Vdc 

20 - Vdc 

2.0 - Vdc 

- 100 nAdc 

- 100 nAdc 

20 150 -

- 1.0 Vdc 

- 1.2 Vdc 

450 - MHz 

- 1.3 pf 

20 300 -

SMALL-SIGNAL DEVICES 
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Yrb. REVERSE TRANSFER ADMITTANCE 

FIGURE 5 - RECTANGULAR FORM FIGURE 6 - POLAR FORM 
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2N5222 

Y~b· OUT1'UT ADMITTAl\ICE 

FIGURE 7 - RECTANGULAR FORM 
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FIGURE 8 - POLAR FORM 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 20 Vdc 

Collector-Base Voltage VcBo 25 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 100 mAdc 

Total Device Dissipation (iiJ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watt 
Derate. above 25°C 12.0 mWl°C 

Operating and Storage Junction TJ, Tstg -55 to +150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 125 oc/W 

Thermal Resistance, Junction to Ambient ReJAl11 357 oc/W 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = 01 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
IVcB = 10 Vdc, IE = 0) 

Emitter· Cutoff Current 
IVBE = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 2.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, IB = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, IB = 1.0 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 10 mAdc, VcE = 10 Vdc, I = 20 MHz) 

Collector-Base Capacitance 
IVcB = 10 Vdc, IE = 0, I= 1.0 MHz) 

Small-Signal Current Gain 
Oc = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

SMALL-SIGNAL DEVICES 

2-51 

2N5223 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3903 for graphs. 

Symbol Min Max Unit 

V(BRICEO 20 - Vdc 

V(BR)CBO 25 - Vdc 

V(BR)EBO 3.0 - Vdc 

icBo - 100 nAdc 

IEBO - 500 nAdc 

hFE 50 800 -

VcElsat) - 0.7 Vdc 

VBE(sat) - 1.2 Vdc 

IT 150 - MHz 

Ccb - 4.0 pF 

hte 50 1600 -

MOTOROLA SEMICONDUCTORS 
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2N5224 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

Vern 

VcBo 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

ReJC 

ReJAl1) 

Value Unit 

12 Vdc 

25 Vdc 

5.0 Vdc 

200 mAdc 

625 mW 
5.0 mwrc 
1.5 Watt 
12 mwrc 

-55 to + 150 oc 

Max Unit 

125 oc/\N 

357 oc/\N 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 12 - Vdc 
lie = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 25 - Vdc 
lie = 100 µAde, IE = O) 

Emitter·Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
llE = 100 µAde, le = 0) 

Collector Cutoff Current le Bo - 500 nAdc 
(VcB = 15 Vdc, IE = 0) 

Emitter Cutoff Current IEBO - 100 µAde 
(VBE = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
lie= 10 mAdc, VcE = 1.0 Vdc) 40 400 
lie = 100 mAdc, VcE = 1 .o Vdc)(2) 15 -

Collector-Emitter Saturation Voltage VcE(sat) - 0.35 Vdc 
lie = 10 mAdc, IB = 3.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) - 0.9 Vdc 
lie = 10 mAdc, IB = 3.0 mAdc) 

SM~LL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 250 - MHz 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 4.0 pF 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.0 Vdc, VBE(off) = 1 .5 Vdc Id - 25 ns 

Rise Time le = 10 mAdc, IB1 = 3.0 mAdc) tr - 20 ns 

Storage Time (Vee = 3.0 Vdc, ts - 35 ns 

Fall Time le = 10 mA, IB1 = IB2 = 3.0 mAdc) tf - 25 ns 

(2) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5224 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

TURN·ON INPUT PULSE 

SMALL-SIGNAL DEVICES 

vcc=J.ov 

10.lV-n 

-9.lV~[ 

270 

3.3 k 
IN >----JV<~----<,..._--l 

TURN·OFF INPUT PULSE 

MSD6100 

GENERATOR SOURCE IMPEDANCE= 50 ohms -3.0 v 
INPUT PULSE 

RISE TIME s;:; 2.0 ns 
FALL TIME .;;; 2.0 ns 
NOMINAL PULSEWIDTH = 300 n's 
NOMINAL DUTY CYCLE = 2.0'% 

For td and tr, diode is disconnected. 

2-53 

OSCILLOSCOPE 
RISE TIME .;;; 0.4 ns 
INPUT RESISTANCE~ 50 ohms 
INPUT CAPACITANCE .;;; 4.0 pf 

MOTOROLA SEMICONDUCTORS 
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2N5225 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

Rruc 

Re.JA(1) 

Value Unit 

25 Vdc 

25 Vdc 

4.0 Vdc 

200 mAdc 

625 mW 
5.0 mWl°C 

1.5 Watt 
12.0 mWl°C 

-55to+150 'C 

Max Unit 

125 'C!W 

357 'C/W 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 - Vdc 
Uc= 10 mAdc, Is= O) 

Collector-Base Breakdown Voltage V(BR)CBO 25 - Vdc 
Uc= 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - Vdc 
OE = 100 µAde, le = O) 

Collector Cutoff Current lcso - 300 nAdc 
(Vcs = 15 Vdc, IE = 0) 

Emitter Cutoff Current leso - 500 nAdc 
<Vse = 4.0 Vdc, le = O) 

ON CHARACTERISTICS(Z) 

DC Current Gain hFE -
Uc= 10 mAdc, Vee = 10 Vdc) 25 -
Uc = 50 mAdc, Vee = 10 Vdc) 30 600 

Collector-Emitter Saturation Voltage Vce(sat) - 0.8 Vdc 
Uc = 100 mAdc, Is = 10 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) - 1.0 Vdc 
Uc = 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 50 - MHz 
Uc = 20 mAdc, Vee = 10 Vdc, f = 20 MHz) 

Collector-Base Capacitance Ccb - 20 pF 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 30 1800 -
Uc = 50 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

(2) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 25 Vdc 

Collector-Base Voltage VcBo 25 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWl°C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12.0 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, T stg -55 to + 150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RllJC 125 oc/W 

Thermal Resistance, Junction to Ambient R11JA(1) 357 oc/W 

(1) RllJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc = 10 mAdc, IB = Ol 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
UE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcB = 15 Vdc, le = Ol 

Emitter Cutoff Current 
(VBE = 4.0 Vdc, le = O) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Uc = 10 mAdc, VcE = 10 Vdcl 
Uc = 50 mAdc, VcE = 10 Vdcl 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, IB = 10 mAdcl 

Base-Emitter Saturation Voltage 
Uc = 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 20 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
Uc = 50 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 
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2N5226 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

PNPSILICON 

Symbol Min Max Unit 

V(BR)CEO 25 - Vdc 

V(BR)CBO 25 - Vdc 

V(BR)EBO 4.0 - Vdc 

le Bo - 300 nAdc 

IEBO - 500 nAdc 

hFE -
25 -
30 600 

VcE(sat) - 0.8 Vdc 

VBE(satl - 1.0 Vdc 

IT 50 - MHz 

Ccb - 20 pf 

hfe 30 1800 -

MOTOROLA SEMICONDUCTORS 
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2N5227 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

ROJC 

RoJA(1) 

Value Unit 

30 Vdc 

30 Vdc 

3.0 Vdc 

50 mAdc 

625 mW 
5.0 mWl°C 

1.5 Watt 
12.0 mWl°C 

-55 to + 150 oc 

Max Unit 

83.3 oc;w 

200 oc;w 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 
Refer to 2N3905 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 30 - Vdc 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 30 - Vdc 
Oc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - Vdc 
OE = 100 µAde, le = O) 

Collector Cutoff Current lcso - 100 nAdc 
(Vcs = 10 Vdc, IE = 0) 

Emitter Cutoff Current IEBO - 500 nAdc 
(VBE = 2.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hfE -
Oc = 100 µAde, VcE = 10 Vdc) 30 -
Oc = 2.0 mAdc, VcE = 10 Vdc) 50 700 

Collector-Emitter Saturation Voltage VcE(sat) - 0.4 Vdc 
(le= 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) - 1.0 Vdc 
Uc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product t,- 100 - MHz 
(le = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Collector-Base Capacitance Ccb - 5.0 pf 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 50 1500 -
Oc = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 5.0 Vdc 

Collector-Emitter Voltage VcES 6.0 Vdc 

Collector-Base Voltage Vcso 5.0 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mWl°C 

Total Device Dissipation @ Tc = 25'C Po 1.5 Watt 
Derate above 25'C 12 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 125 'CIW 

Thermal Resistance, Junction to Ambient R(IJA(1) 357 'CIW 

(t) ReJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Oc = to mAdc, Is = O) 

Collector-Emitter Breakdown Voltage Oc = too µAde, VsE = o) 

Collector-Base Breakdown Voltage Oc = too µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = tOO µAde, le = O) 

Collector Cutoff Current (VcE = 4.0 Vdc, VsE = 0) 

Emitter Cutoff Current (VsE = 2.5 Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain (le = 10 mAdc, VcE = 0.3 Vdc) 
Oc = 50 mAdc, VcE = 1.0 Vdc)(2) 

Collector-Emitter Saturation Voltage (le = 10 mAdc, Is = 3.0 mAdc) 

Base-Emitter Saturation Voltage Oc = to mAdc, Is = 3.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = to mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance (Vea = 5.0 Vdc, IE = 0, f = t .O MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.0 Vdc, VsE(off) = 1.5 Vdc 
Rise Time le = to mAdc, 1st = 3.0 mAdc) 

Storage Time (Vee = 3.0 Vdc, le = to mA, 
Fall Time lat = ls2 = 3.0 mAdc) 

(2) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

SMALL-SIGNAL DEVICES 
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2N5228 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

SWITCHING TRANSISTOR 

PNP SILICON 

Refer to MPS3640 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 5.0 - Vdc 

V(BR)CES 6.0 - Vdc 

V(BR)CBO 5.0 - Vdc 

V(BR)EBO 3.0 - Vdc 

le ES - too nAdc 

IEBQ - tOO µAde 

hFE -
30 -
t5 -

VcE(sat) - 0.4 Vdc 

VBE(sat) 0.65 t.25 Vdc 

300 MHz 

Ccb 5.0 pf 

Id - 25 ns 

tr - 50 ns 

ts - 90 ns 

If - 50 ns 

MOTOROLA SEMICONDUCTORS 
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-2N5228 

1~~"] c 
-10.55V-LJ 

TURN-ON INPUT PULSE 

Vee 0 J.o v 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

3.3 k 91VJ r 
-10.lV-LJ 

TURN-OFF INPUT PULSE 

IN >----"AIV-----< 

GENERATOR SOURCE IMPEDANCE"' 50 ohms 

INPUT PULSEc 
RtSE TIME,;;;; 2.0 ns 
FALL TIME..-;;: 2.0 ns 
NOMINAL PULSEWIDTH = 300 ns 
NOMINAL DUTY CYCL6 = 2.0% 

OSCILLOSCOPE· 
RISE TIME.;,;; 0.4 ns 
INPUT RESISTANCE;;;. 50 ohms 
INPUT CAPACITANCE..:; 4.0 pf 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol 2N5400 2N540.1 

Collector-Emitter Voltage VcEO 120 150 

Collector-Base Voltage VcBo 130 160 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 600 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @Tc = 25'C Po 1.5 
Derate above 25'C 12.0 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RoJC 83.3 

Thermal Resistance, Junction to Ambient RoJA 200 

ELECTRICAL CHARACTERISTIC$ (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
lie = 1.0 mAdc, IB = 01 2N5400 

2N5401 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) 2N5400 

2N5401 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcB = 100 Vdc, IE = O) 2N5400 
(VcB = 120 Vdc, IE = 0) 2N5401 
(VcB = 100 Vdc, IE = 0, TA = 100'C) 2N5400 
(VcB = 120 Vdc, IE = 0, TA = 100'C) 2N5401 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie = 1.0 mAdc, VcE = 5.0 Vdc) 2N5400 

2N5401 

(le = 10 mAdc, VcE = 5.0 Vdc) 2N5400 
2N5401 

(le = 50 mAdc, VcE = 5.0 Vdc) 2N5400 
2N5401 

Collector-Emitter Saturation Voltage 
lie= 10 mAdc, IB = 1.0 mAdc) 
lie = 50 mAdc, IB = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
lie = 10 mAdc, IB = 1.0 mAdc) 
lie= 50 mAdc, IB = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 Mhz) 2N5400 

2N5401 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 

2-59 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

Watt 
mW/"C 

'C 

Unit 

'CIW 

'CIW 

2N5400 
2N5401 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BRICEO Vdc 
120 -
150 -

V(BR)CBO Vdc 
130 -
160 -

V(BRIEBO 5.0 - Vdc 

le Bo 
- 100 nAdc 
- 50 
- 100 µAde 
- 50 

IEBO - 50 nAdc 

hfE -
30 -
50 -

40 180 
60 240 

40 -
50 -

VcE(sat) Vdc 
- 0.20 
- 0.5 

VBE(sat) Vdc 
- 1.0 
- 1.0 

tr MHz 
100 400 
100 300 

Cobo - 6.0 pf 

MOTOROLA SE;MICONDUCTORS 



2N5400, 2N5401 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) .. 
Characteristic Symbol Min Max Unit 

Small-Signal Current Gain hte -
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N5400 30 200 

2N5401 40 200 

Noise Figure NF - 8.0 dB 
Uc = 250 µAde, VcE = 5.0 Vdc, 
Rs = 1.0 kohm, f = 10 Hz to 15.7 kHz) 

(1) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 

FIGURE 1 - DC CURRENT GAIN 

le, COLLECTOR CURRENT {mA) 

FIGURE 2 -COLLECTOR SATURATION REGION 

~ 1.0 ~~~--.-~~~~ll.------.---.-\.....-.m-,-.,-,---,..,1,.--,--,--,-.-r,..,,----,--,--,-, 

~ 0.9 1-4-4--l-l-l----+--+---+-+-+-+--+-++4f-+l-+--l--\t-+-t-ji-t++----t-t1-t--r-+-t-t-t-t-r-------r---r--i---i 

~ 0.81-1-1-+++-__Jl--+--+--+--+-+-l-+++-'ll---+--l---\-+-t-t-+lf+----+-l+-t-+-+-t-+Tt+----t--+--r-"1 

~ 0.7 l-l-t-++l--~f--+--il--+-+-+-IH+-\l-t--+-++~+-++t++--+-1H---+-+++ttr---t---t-~ 
~ 0.61-i-l-+++---t--+--+--+--+-+-1-+++-lt--+--+---+-\t-+-t-1-+ll----t--11-+-+-t-+Tt-r----r---t--r-"1 
w lc=l.OmA lOmA 30mA 100mA 
~ 0.5 ~-+-+++--4-.:+--+---+--+-+-1-+++--'\>--+--l--+-~]\"'rl--t-iH-ll----t---lt--+-+-1-t--i-t+----t---r--r--i 

~ o.4 1-+-1-1-+-+----+I+---+--+-1-+-+-+++---~-++-f--t~Llrr--+-H+---r-H~rt-T-1--t-i-t-t----i----i---r-i 
~ 0.31-1-+-+++---'lrl-,-+-+-+-+-++++--~~l,--lf---l-t-+'h."k:1"+1._H---t--f---f' .... r-dt-H-t-i-t---T-i--t-1 

j 0.21-+-++++---+~~..d::--l--l-+-+-1-+f----+-~""":l--+-t-+~1~-,...~""";::::-\---f-t-t-l-t+tt't'-::___-f_-t--i--I 
~ o.11-l-1-+++---+--,..._+-~=~=t1~~j::ll----+---1~~-l-t--++-:++:!~------t---l---=t-+--+-1-+-+++---+--+--+---1 
u 

> o~-'-J....L."---+--'---'--'-.L..J-'-'-'----'---'---'---'--'--'-'-'-'---~~-~~~~":---~-~---::-
0.005 0.01 0,02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

103 

< 102 
3 
1-

ffi 10 
~ 
:::> 

1 

~ 100 
0 
t; 
j 10-

8 
<.3 

1 

- 10-2 

10-3 

Is. BASE CURRENT {mA) 

FIGURE 3 - COLLECTOR CUT-OFF REGION 

t-VCE = 30 V _j_ r?- ~ 1 
~lc=ICES r ll: z 

~TJ = 125DC 
~ [£- ~ 

75oc 7 

~R~ERSE FOAfAAD I/ 
25•C 

_j_ 1 
0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

VsE. BASE-EMITIEA VOLTAGE (VOLTS) 

MOTOROLA SEMICONDUCTORS 

2-60 

SMALL-SIGNAL DEVICES 



2N5400, 2N5401 

FIGURE 4 - "ON" VOL TAG ES 
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FIGURE 5 - TEMPERATURE COEFFICIENTS 
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2N5550 
2N555l 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPNSIUCON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

VcEO 

Vceo 

VEBO 

le 

Po 

Po 

TJ, Tsig 

Symbol 

Rruc 

R8.JA(1) 

2N5550 2N5551 Unit 

140 160 Vdc 

160 180 Vdc 

6.0 Vdc 

600 mAdc 

625 mW 
5.0 mW/'C 

1.5 Watt 
12 mW/'C 

-55 to +150 'C .. 

Max Unit 

125 'C!W 

357 'C!W 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
Uc= 1.0 mAdc, le = Ol 2N5550 140 -

2N5551 160 -
Collector-Base Breakdown Voltage V(BR)CBO Vdc 

Uc = 100 µAde, IE = 0) 2N5550 160 -
2N5551 180 -

Emitter-Base Breakdown Voltage V(BR)EBO 6.0 - Vdc 
UE = 10 µAde, le= Ol 

Collector Cutoff Current lceo 
(Vee = 100 Vdc, IE = 0) 2N5550 - 100 nAdc 
(Vee = 120 Vdc, IE = 0) 2N5551 - 50 
(Vee = 100 Vdc, IE = 0, TA = 100'C) 2N5550 - 100 µAde 
(Vee = 120 Vdc, IE = 0, TA = 100'C) 2N5551 - 50 

Emitter Cutoff Current IEBO - 50 nAdc 
(VEe = 4.0 Vdc, le = O) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE -
Uc= 1.0 mAdc, VcE = 5.0 Vdc) 2N5550 60 -

2N5551 80 -

Uc = 10 mAdc, VcE = 5.0 Vdc) 2N5550 60 250 
2N5551 80 250 

Uc = 50 mAdc, VcE = 5.0 Vdc) 2N5550 20 -
2N5551 30 -.. 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Uc= 10 mAdc, le = 1.0 mAdc) Both Types - 0.15 

Uc = 50 mAdc, le = 5.0 mAdc) 2N5550 - 0.25 
2N5551 - 0.20 

Base-Emitter Saturation Voltage Vf!.E{sat) Vdc 
Uc= 10 mAdc, le= 1.0 mAdcl Both Types - 1.0 

Uc = 50 mAdc, Is = 5.0 mAdc) 2N5550 - 1.2 
2N5551 - 1.0 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5550, 2N5551 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic j Symbol Min Max Unit 
SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 100 300 MHz 
(le= 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 6.0 pF 
(VcB = 10 Vdc, IE = o. f = 1.0 MHz) 

Input Capacitance Cibo pF 
(VBE = 0.5 Vdc, le = 0, f = 1.0 MHz) 2N5550 - 30 

2N5551 - 20 

Small-Signal Current Gain hfe 50 200 -
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF dB 
Uc = 250 µAde, VcE = 5.0 Vdc, Rs = 1.0 kohm, 2N5550 - 10 
f = 10 Hz to 15.7 kHz) 2N5551 - 8.0 

(2) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 2.0%. 
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2N5550, 2N5551 

FIGURE 3 - COLLECTOR CUT-OFF REGION 
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FIGURE 8 - TURN-ON TIME FIGURE 9 - TURN-OFF TIME 
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• 
2N5771 

CASE 29-02, STYLE 1 
T0-92 IT0-226AA) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

SWITCHING TRANSISTOR Total Device Dissipation @ Tc = 25°C 
Cerate above 25°C 

PNP SILICON Operating and Storage Junction 
Temperature Range 

Lead Temperature 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage !le= 3.0 mA)(1) V(BR)CEO 

Collector-Emitter Breakdown Voltage (le= 100 µA) V(BR)CES 

Collector-Base Breakdown Voltage (le= 100 µAl V(Blll_CBO 

Emitter-Base Breakdown Voltage (IE= 100 µA) "l!!R)EBO 

Collector Cutoff Current (VcB = 8.0 Vdc) ICBO 

Collector Cutoff Current (VcE = 8.0 Vdc) ICES 
(VcE = 8.0 Vdc, TA= 125°C) 

Emitter Cutoff Current (VBE = 4.5 Vdc) IEBO 

ON CHARACTERISTICS 

DC Current Gain !le= 1.0 mA, VcE = 0.5 Vdc)(1) hFE 
!le = 10 mA, VcE = 0.3 Vdc)(1) 
(le = 50 mA, VcE = 1.0 Vdc)(1) 
!le= 10 mA, VcE = 0.3 Vdc, TA= -55°C) 

Collector-Emitter Saturation Voltage(1) !le = 1.0 mA, IB = 0.1 mA) ' VcE(sat) 
!le = 10 mA, IB = 1.0 mA) 
!le = 50 mA, IB = 5.0 mA) 

Base-Emitter Saturation Voltage(1) !le= 1.0 mA, IB = 0.1 mA) VBE(sat) 
(le= 10 mA, IB = 1.0 mA) 
!le = 50 mA, IB = 5.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance Ccb 
(Vee = 5.0 Vdc, f = 140 kHz) 

Emitter-Base Capacitance Ceb 
(VBE = 0.5 Vdc, f = 140 kHz) 

Small-Signal Current Gain hfe 
!le = 10 mA, Vee = 10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time ts 
!le = 10 mA, IB1 = IB2 = 10 mA) 

Turn-On Time ton 
!le= 10 mA, IB = 1.0 mA) 

Turn-Off Time to ff 
!le = 10 mA, IB1 = IB2 = 1.0 mA) 

(1) Pulse Conditions: Pulse Length = 300 µs, Duty Cycle = 1.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 15 Vdc 

VcBO 15 Vdc 

Vrno 4.5 Vdc 

le 50 mA 

Po 350 Watts 
2.8 mW/°C 

Po 1.0 Watt 
8.0 mWl°C 

TJ, Tstg -55 to + 150 oc 

TL 260 oc 

Min Max Unit 

15 - Vdc 

15 - Vdc 

15 - Vdc 

4.5 - Vdc 

- 10 nA 

- 10 nA 
- 5.0 µA 

- 1.0 µA 

35 - -
50 120 
40 -
20 -
- 0.15 Vdc 
- 0.18 
- 0.6 

- 0.8 Vdc 
0.75 0.95 
- 1.5 

- 3.0 pF 

- 3.5 pF 

8.5 - -

- 20 ns 

- 15 ns 

- 20 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 40 Vdc 

Collector-Base Voltage Vceo 40 Vdc 

Emitter-Base Voltage Veeo 12 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/"C 

Total Device Dissipation @Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mW/"C 

Operating ·and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 •c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Rruc 83.3 •c;w 

Thermal Resistance, Junction to Ambient R8JA(1) 200 •c;w 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
Ue = 10 µAde, le = o) 

Collector Cutoff Current lceo 
(Vee = 25 Vdc, le = OJ 

Collector Cutoff Current iceo 
(Vee = 30 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
!Vee = 10 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
lie = 10 mAdc, Vee = 5.0 Vdcl 2N6426 

2N6427 

lie = 100 mAdc, Vee = 5.0 Vdc) 2N6426 
2N6427 

Uc = 500 mAdc, Vee = 5.0 Vdc) 2N6426 
2N6427 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 50 mAdc, le = 0.5 mAdc) 
Uc = 500 mAdc, le = 0.5 mAdc) 

Base-Emitter Saturation Voltage VeE(sat) 
Uc = 500 mAdc, le = 0.5 mAdc) 

Base-Emitter On Voltage VeE(on) 
Uc = 50 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(Vee = 1.0 Vdc, le = o, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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2N6426 
·2N6427 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
DARLINGTON TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

40 - - Vdc 

40 - - Vdc 

12 - - Vdc 

- - 1.0 µAde 

- - 50 nAdc 

- - 50 nAdc 

-
20,000 - 200,000 
10,000 - 100,000 

30,000 - 300,000 
20,000 - 200,000 

20,000 - 200,000 
14,000 - 140,000 

Vdc 
- 0.71 1.2 
- 0.9 1.5 

- 1.52 2.0 Vdc 

- 1.24 1.75 Vdc 

- 5.4 7.0 pF 

- 10 15 pF 

MOTOROLA SEMICONDUCTORS 
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2N6426, 2NM27 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input Impedance hie k!l 
Uc = 10 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N6426 100 - 2000 

2N6427 50 - 1000 

Small-Signal Current Gain hfe -
Uc = 10 mAdc, VcE = 5.0 Vdc: f = 1.0-kHzl 2N6426 20,000 - -

2N6427 10,000 - -
Current Gain - High Frequency lhtel -

Uc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 2N6426 1.5 2.4 -
2N6427 1.3 2.4 -

Output Admittance hoe - - 1000 µmhos 
Uc = 10 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure NF - 3.0 10 dB 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, Rs = 100 k!l, 
f = 10 kHz to 15.7 kHz) 

(2) Pulse Test: Pulse Width .;; 300 µs, Outy Cycle .;; 2.0%. 
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2N6426,2N6427 

FIGURE 4 - TOTAL WIDEBAND NOISE VOLTAGE 
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2N6426,2N6427 

.FIGURE 10- "ON" VOLTAGES 
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MAXIMUM RATINGS ,.... ·-

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO Vdc 
2N6428,A 50 
2N6429,A 45 

Collector-Base Voltage Vcso Vdc 
2N6428,A 60 
2N6429,A 55 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA.= 25'C Po 625 mW 
Derate above 25'C 5.0 mW/'C 

Total Device Dissipation @Tc = 25'C Po 1.5 Watts 
Derate above 25°C 12 mW/'C 

Operating and Storage Junction TJ, Tstg -55 to + 150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, JunCtion to Ca~e R9JC 83.3 'C/W 

Thermal Resistance, Junction to Ambient· R9JA 200 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, Is= O) 2N6428,A 

2N6429,A 

Collector-Base Breakdown Voltage 
Oc = 0.1 mAdc, IE = O) 2N6428,A 

2N6429,A 

Collector Cutoff Current 
(VcE = 30 Vdc) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
(VcE = 5.0 Vdc, le = o.oi mAdc) 2N6428,A 

2N6429,A 

(VcE = 5.0 Vdc, le = 0.1 mAdc) 2N6428,A 
2N6429,A 

(VcE = 5.0 Vdc, le = 1.0 mAdc) 2N6428,A 
2N6429,A 

(VcE = 5.0 Vdc, le = 10 mAdc) 2N6428,A 
2N6429,A 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, Is = 0.5 mAdc) 
Oc = 100 mAdc, Is = 5.0 mAdc) 

Base-Emitter On Voltage 
Oc = 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 1.0 mAdc, VcE = 5.0 V, f = 100 MHz) 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, I = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, I = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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2N6428,A 
2N6429,A 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N6428 for graphs. 

Symbol Min Max 

V(BR)CEO 
50 -
45 -

V(BR)CBO 
60 -
55 -

lcEO - 0.025 

lcso - O.Q1 

IEBO - O.Q1 

hFE 
250 -
500 -

250 650 
500 1250 

250 -
500 -

250 -
500 -

VcE(sat) 
- 0.2 
- 0.6 

VBE(on) 0.56 0.66 

tr 100 700 

Cobo - 3.0 

Cibo - 8.0 

Unit 

Vdc 

Vdc 

µA 

µA 

µA 

-

Vdc 

Vdc 

MHz 

pF 

pF 

MOTOROLA SEMICONDUCTORS 
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• 
2N6428,A, 2N6429,A 

ELECTRICAL CHARACTERISTICS (continued) (T A= 25"C nle otherwise noted ) u SS ,.:._ 
Characteristic Symbol Min Max Unit 

Input Impedance hie I kO 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N6428.A 3.0 30 

2N6429.A 6.0 60 

Voltage Feedback Ratio hre x 10-4 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N6428.A 2.0 20 

2N6429,A 5.0 50 

Small-Signal Current Gain hfe -
Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N6428.A 200 800 

2N6429,A 400 1600 

Output Admittance hoe µmhos 
Uc= 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 2N6428.A 5.0 50 

2N6429,A 10 100 

NOISE FIGUREfTOTAL NOISE VOLTAGE CHARACTERISncS (VCE = 5.0 V, le = 0.1 mA, TA = 25°C). 

(1) Rs = 10 kO, BW = 1.0 Hz, f = 100 Hz 
(2) Rs = 50 kO, BW = 15.7 kHz, f = 10 Hz-10 kHz 
(3)Rs = 5000,BW = 1.0Hz,f = 10Hz 

MOTOROLA SEMICONDUCTORS 

2N6428 
2N6428A 
2N6429 
2N6429A 
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NF VT 
Max(1) 

3.0 18.1 
2.0 16.2 
3.0 18.1 
2.0 16.2 

NF VT NF VT 
Max(2) Max(3) Unit 

6.0 5700 3.5 4.3 dB nV 
4.0 4600 3.0 4.1 dB nV 
5.0 5100 4.0 4.6 dB nV 
3.5 4300 3.5 4.3 dB nV 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
2NB515 2N6516 2N6517 

Rating Symbol 2N6518 2N6519 2N5520 

Collector-Emitter Voltage Vceo 250 300 350 

Collector-Base Voltage Vceo 250 300 350 

Emitter-Base Voltage Veeo 
2N6515, 2N6516, 2N6517 6.0 
2N6518, 2N6519, 2N6520 5.0 

Base Current le 250 

Collector Current - Continuous le 500 

Total Device Dissipation Po 0.625 
@TA=25"C 5.0 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg -55to+150 
Temperature Range 

Lead Temperature TL 260 
;. 1 /16" from case for 10 seconds 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 83.3 

Thermal Resistance, Junction to Ambient RIJJA 200 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 1.0 mAdc, le = O) 2N6515, 2N6518 

2N6516, 2N6519 
2N6517, 2N6520 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = O) 2N6515, 2N6518 

2N6516, 2N6519 
2N6517, 2N6520 

Emitter-Base Breakdown Voltage 
lie = 10 µAde, le = o) 2N6515, 2N6516, 2N6517 

2N6518, 2N6519, 2N6520 

Collector Cutoff Current 
(Vee = 150 Vdc, le = O) 2N6515, 2N6518 
(Vee = 200 Vdc, le = o) 2N6516, 2N6519 
(Vee = 250 Vdc, IE = 0) 2N6517, 2N6520 

Emitter Cutoff Current 
Nee = 5.o Vdc, le = o) 2N6515, 2N6516, 2N6517 
!Vee = 4.0 Vdc, le = o) 2N6518, 2N6519, 2N6520 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= 1.0 mAdc, Vee = 10 Vdc) 2N6515, 2N6518 

2N6516, 2N6519 
2N6517, 2N6520 

Uc = 10 mAdc, Vee = 10 Vdc) 2N6516, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 

Uc= 30 mAdc, Vee = 10 Vdc) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 

Uc = 50 mAdc, Vee = 10 Vdc) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 

Uc = 100 mAdc, Vee = 10 Vdc) 2N6515, 2N6518 
2N6516, 2N6519 
2N6517, 2N6520 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

Watt 
mWf'C 

•c 

·c 

Unit 

"C/W 

•CfW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

leeo 

hFE 

NPN 
2N6515. 

thm 2N6517 
PNP 

2N6518 
thru 2N6520 
CASE 29-02, STYLE 1 

T0-92 (T0-226AA) 

/ 
HIGH VOLTAGE 
TRANSISTOR 

Min Max 

250 -
300 -
350 -
260 -
300 -
350 -
6.0 -
5.0 -

- 50 
- 50 
- 50 

- 50 
- 50 

35 -
30 -
20 -
50 -
45 -
30 -
50 300 
45 270 
30 200 

45 220 
40 200 
20 200 

25 -
20 -
15 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-
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NPN 2N6515 thry-2N~517, PNP 2N65~8 thru 2N65~0 
.~ - ·• -~,, . . : __ 

ELECTRICAL CHARACTE,RISTICS (continued) (T.A = 25'C unless otne..Wise noted.) 

Characteristi~ Symbol. Min Max Unit. 

Collector-emitter S~turation Voltajje Vcc(sat) .; .. Vdc 
Uc = 10 mAdc, le = 1.0 mAdc) - 0.30 
Uc = 20 mAdc, le f'.!. 2.0 mAdc) 

; - 0.35 
Uc = 30 mAdc, le ;f 3.0 mAdc) - 0.50 
Uc = 50 mAdc, le = 5.0 mAdc) - 1.0 

Base-Emitter Saturation Voltage VeE(sat) Vdc 
Uc = 10,mAdc,Je = 1.0 mAdc) - 0.75 
Uc = 20 mAdc, le = 2.0 mAdc) - 0.85 
Uc = 30 mAdc, le = 3.0 mAdc) - 0.90 

Base-Emitter On Voltage 
Uc = 100 mAdc, VcE = 10 Vdc) 

VeE(on) - 2.0 Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) fr 40 200 MHz 
Uc = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance Ccb - 6.0 pF 
(Vee= 20 Vdc, IE= 0, f = 1.0 MHz) 

Emitter-Base Capacitance Ceb pF 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 2N6515 thru 2N6517 - 80 

2N6518 thru 2N6520 - 100 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 200 ns 
(Vee = 100 Vdc, VeE(off) = 2.0 Vdc, le = 50 mAdc, le1 = 10 mAdc) 

Turn:Off Time toff - 3.5 ns 
(Vee = 100 Vdc, le = 50 mAdc, le1 = le2 = 10 mAdc) 

(1) Pulse Test: Pulse Width.;; 300 µs, Duty Cycle.;; 2.0%. 

NPN PNP 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 

FIGURE 2 - DC CURRENT GAIN 

2N6517 

10~--+--+--+--+-~-+-~--+--+---<t--~-+-~~ 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

IC, COLLECTOR CURRENT (mA) 

200 

100 

"' 70 
< 
~ 50 

~ 
~ 30 

"' ~ 20 

10 

t-VJe=lov 

1.0 2.0 3.0 

2N6520 

TJ = m•c 

25•c :s: 

-55°c ..l. 

~ 
I\ 
N 

!'\ 

5.0 7.0 10 20 30 50 70. 100 
le. COLLECTOR CURRENT (mA) 

FIGURE 3 -CURRENT-GAIN - BANDWIDTH PRODUCT 

2N6515, 2N6516, 2N6517 
~ 100~ ................ -..-_,_,.....,._,_,...,..,..-..,......_,_~-..--.~,_,_~ 
;;!. 
t; 

~ 70i:=::::+::::+==+=::t:l=l~:f:l:==f::;i:::=t=:::r::::t=r:i:+~ ~ 50 ~ ~ 
~ tY TJ =25°C ll. 
~ rt--,/1-2"''-+-+-+-1-+-+-1-++·vce = 20 v -H\-+--+--t--t-++1 
- t"'" I I= 20 MHz _l 
~ 30t---+---+-+--+-+-+--t-t-++--_,__,___,_l+t--+-t--t-t+1 

.), 
<( 201---+---+-+--+-+-+--t-t-++---+--+---+--<..,_.-+-+-+-H 

i 1 
"' a 
~ 10..,..,,..-+---=-:--:~-'-::"="""~~-~~--:':-''--:':,.......,~~ 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

le. COLLECTOR CURRENT (mA) 

NPN 

2N6518, 2N6519, 2N6520 
~TOO~.....,........,...-.,__,_,.....,.~...,..,..-..,......_,_~~~~,_,_~ 
;;!. 

~ 70t----t---t--+-+-t-t-t-!:;lof" ....... "'-+-+--t-~-'ir+-lf+-H1 
0 
0 

"' ~ 50 r7 
b ~ 

1 

~ I y TJ =25°C 
~ 30 t---,1<V-+-_J-+-+-1-+-+-1++- V CE = 20 V 
~ I,/! f: 20 MHz 

~ 20t----+--+-+--+--+-+........,H+--+--+----t-,__,-+-+++-t 
1-

ffi 
"' "' a 
~10.,..,,...-+--::'::--:~-'-::"="""~.....,.-~~-==,......~=---=0'"'-~ 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

IC. COLLECTOR CURRENT lmA) 

PNP 
FIGURE 4- "ON" VOLTAGES 

2N6515, 2N6516, 2N6517 
1.4 ,.----r-,-,---,Ic-I-.I..---rrr-..---.--..---.---..--,-,-,., 

1.2 l---+--+---1-11= ~°f_ 

1.0 f---+--1-+--j±l-±+-±+-+-r++---+-+---+-+-+-++-+-H 

~ o.B 1---+--+--vse1:Ji ~ 1c)1s = 10 t--+-:l::=l-~~+f'fl 
0 i--;- ~ 
> 
iii 0·6 VSElon) @Vee =~ti V -+--+---+--<--+-+-+-H]7"" 

~ o.4 l l 1lill l~ 
; J + t+r J_ 

0·2 t---+-+-vce(satl @le/ls = 1 1~t---+--+~---+-. -j_,.,""';...-i-+--Fl 

o~-+--+--~~'-'-""-'-'-'---'--"--v~c~E(=sa~t)-@~~1~/!!'~=~5~.o~ 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

le. COLLECTOR CURRENT (mA) 

SMALL-SIGNAL DEVICES 

2-75 

2N6518, 2N6519, 2N6520 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 

FIGURE 5 -TEMPERATURE COEFFICIENTS 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 

I 
FIGURE 8 -TURN-OFF TIME 
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NPN 2N6515 thru 2N6517, PNP 2N6518 thru 2N6520 

FIGURE 11 - ACTIVE REGION SAFE OPERATING AREA 
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Figure A 
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MAXIMUM RATINGS 

Rating Symbol MPS404 MPS404A Unit 

Collector-Emitter Voltage Vceo 24 35 Vdc 

Collector-Base Voltage Vcso 25 40 Vdc 

Emitter-Base Voltage Ve so 12 25 Vdc 

Collector Current - Continuous le 150 mAdc 

Total Device Dissipation@ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mwrc 

Total Device Dissipation @Tc = 25°C Po 1.6 Watts 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction TJ, Tstg -55 to + 150 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Rruc 83.3 ·ctw 
Thermal Resistance, Junction to Ambient R8.JA(1) 200 'C/W 

(1) R8.JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc = 10 mAdc, Is = O) MPS404 

MPS404A 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, le = 01 MPS404 

MPS404A 

Emitter-Base Breakdown Voltage V(BR)EBO 
Ue = 10 µAde, le = O) MPS404 

MPS404A 

Collector Cutoff Current icso 
(Vcs = 10 Vdc, le = O) 

Emitter Cutoff Current leso 
(Vse = 10 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc= 12 mAdc, Vee = 0.15 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 12 mAdc, Is = 0.4 mAdc) 
Uc = 24 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage Vse(sat) 
Uc = 12 mAdc, IB = 0.4 mAdc) 
Uc = 24 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Common-Base Cutoff Frequency fob 
Uc= 1.0 mAdc. Vcs = 6.0 Vdc) 

Output Capacitance Cobo 
(Vcs = 6.0 Vdc, IE = 0, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 
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MPS404 
MPS404A 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
CHOPPER TRANSISTOR 

PNl"SILICON 

Min Typ Mex 

24 - -
35 - -
25 - -
40 - -
12 50 -
25 50 -
- - 100 

- - 100 

30 100 400 

- 0.1 0.15 
- 0.12 0.20 

- 0.7 0.85 
- 0.74 1.0 

4.0 - -
- 6.8 20 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-
Vdc 

Vdc 

MHz 

pF 
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• 



• 
MPS404, MPS404A 

FIGURE 1 - COLLECTOR-EMITTER VOLTAGE 
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FIGURE 2 - BASE "ON" VOLTAGE 
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MPS404, MPS404A 

FIGURE 7 - COLLECTOR SATURATION REGION 
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FIGURE 8 - EMITTER SATURATION REGION f 5 ~[~~~1~1~~~~~T~J.~25~'C 
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• 
MPS404, MPS404A 

FIGURE 13-'Svill·TCHING TIME TEST CIRCUIT 

Vin~. O.lµf 

l51 

ton. tdand tr 
toff, tsandtf 

Vas. 

Ree· 
Lill< 

Vin 
(Volts) 
-12 

+20.6 

Rs 

10k 

Vas 
(Volts) 
+1.4 

-11.6 

vcc-1ov 

Voltagis and resistor values shown 
are for le= 10 mA, le/ls= 10 
and'Je1 = le2. Resistor values 
changed to obtain curves ill 
Figures 11and12. 
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FIGURE 14 - STORED BASE CHARGE TEST CIRCUIT 
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Qs3 or ~7 by B·Line Electronics 6.0 V 
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MAXIMUM RATINGS 
MPS650 MPS651 

Rating Symbol MPS750 MPS751 

Collector-Emitter Voltage VcEo 40 60 

Collector-Base Voltage Vceo 60 80 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous 'c 2.0 

Total Device Dissipation @ TA = 25"C Po 625 
Derate above 25°C 12.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 5.0 

Operating and Storage Junction TJ. Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 83.3 

Thermal Resistance, Junction to Ambient Rf!.JA 200 

ELECTRICAL CHARACTERISTICS <TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, le = O) MPS650, MPS750 

MPS651, MPS751 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = Ol MPS650, MPS750 

MPS651, MPS751 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vee = 60 Vdc, IE = O) MPS650, MPS750 
(Vee = 80 Vdc, IE = 0) MPS651, MPS751 

Emitter Cutoff Current 
(VEe = 4.o v, le = 01 

ON CHARACTERISTICS(t) 

DC Current Gain 
Uc = 50 mA, VcE = 2.0 V) 
(le = 500 mA, VcE = 2.0 V) 
Uc = 1.0 A. VcE = 2.0 V) 
(le = 2.0 A. VcE = 2.0 V) 

Collector-Emitter Saturation Voltage 
Uc = 2.0 A. le = 200 mA) 
Uc= 1.0 A, le = 100 mAl 

Base-Emitter Saturation Voltage 
Uc = 1.0 A, le = 100 mA) 

Base-Emitter On Voltage 
Uc= 1.0 A. VcE = 2.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 50 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 
(2) fr is defined as the frequency at which lhtel extrapolates to unity. 
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Unit 

Vdc 

Vdc 

Vdc 

Ade 

mW 
mwrc 

Watt 
mW!"C 

·c 

Unit 

"C/W 

"C/W 

MPS650 
MPS&Sl 

NPN SILICON 
MPS750 
MPS751 

PNP SILICON 
CASE 29-02, STYLE 1 

T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

Symbol Min Max Unit 

V(BR)CEO Vdc 
40 -
60 -

V(BR)CBO Vdc 
60 -
80 -

V(BR)EBO 5.0 - Vdc 

iceo µAde 
- 0.1 
- 0.1 

IEBO - 0.1 µAde 

hFE -
75 -
75 -
75 -
40 -

VcE(satl Vdc 
- 0.5 
- 0.3 

VeE(satl - 1.2 Vdc 

VeE(on) - 1.0 Vdc 

75 MHz 
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• 



II 
MPS706,A 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(le = 10 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage(2) V(BR)CER 
(le= 10 mAdc, RsE = 10 Ohms) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = 15 Vdc, IE = O) MPS706/MPS706A 
(Vcs = 25 Vdc, IE = 0) MPS706A 

Collector Cutoff Current MPS706A ICER 
(VcE = 20 Vdc, RsE = 100 kHz) 

Emitter Cutoff Current IEBO 
(VBE = 3.0 Vdc, le = 0) MPS706 
(VBE = 5.0 Vdc, le = 0) MPS706A 

ON CHARACTERISTICS 

DC Current Gain(2) hfE 
Uc= 10 mAdc, VcE = 1.0 Vdc) MPS706 

MPS706A 

Collector-Emitter Saturation Voltage(2) VcE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage(2) VBE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) MPS706 

MPS706A 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 10 mAdc, VcE = 15 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) MPS706 

Input Capacitance Cibo 
(VBE = 1.0 Vdc, le = 0, f = 100 kHz) 

Extrinsic Base Resistance rb 
(VcE = 15 Vdc, IE = 10 mAdc, f = 300 MHz) 

MOTOROLA SEMICONDUCTORS 

2-84 

Symbol Value Unit 

VcER 20 Vdc 

Vcso 25 Vdc 

VEBO 5.0 Vdc 

le 200 mAdc 

Po 625 mW 
5.0 mW/'C 

Po 1.5 Watt 
12 mW/'C 

TJ, Tstg -55 to + 150 'C 

Symbol Max Unit 

RllJC 83.3 'C/W 

ReJA(1) 200 'C/W 

Min Typ Max Unit 

15 - - Vdc 

20 - - Vdc 

25 - - Vdc 

5.0 - - Vdc 

µAde 
- - 0.5 
- - 10 

- - 10 µAde 

µAde 
- - 10 
- - 10 

-
20 50 -
20 45 60 

- 0.3 0.6 Vdc 

Vdc 
- 0.8 0.9 
0.7 0.8 0.9 

200 600 - MHz 

- 1.5 6.0 pf 

- 3.4 - pf 

- - 50 pf 
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MPS706,A 

ELECTR!CAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

SWITCHING CHARACTERISTICS 

Storage Time (Figure 1) 
(Vee = 10 Vdc, le = 10 mAdc, MPS706A 
ls1 = ls2 = 10 mAdc) MPS706 

Turn-On Time (Figure 1) 
(Vee = 3.0 Vdc, VBEloff) = 2.0 Vdc, le = 10 mAdc, ls1 = 3.0 mAdc) 

Turn-Off Time (Figure 2) 
(Vee = 3.0 Vdc, le = 10 mAdc, ls1 = ls2 = 3.0 mAdc) 

(1) RoJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width "' 12 ns, Duty Cycle,,;; 2.0%. 

Is 

Ion 

loff 

Min Typ Max Unit 

ns 
- 20 25 
- 20 60 

- 35 40 ns 

- 55 75 ns 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT FIGURE 2 -STORAGE TIME TEST CIRCUIT 

+:·: n O----'V2.VOl..-k--+--I 

-2.0 v 

SMALL-SIGNAL DEVICES 

Vee= 3.0 Vdc 
(Adjust for 10 mA) 

Scope 
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Vee= 10.3 Vdc 
(Adjust for 10 mA) 

Scope 
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• 
MPS708 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25'C 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Oc = 30 mAdc, Is = Ol 

Collector-Emitter Breakdown Voltage 
Oc = 30 mAdc, RsE = 10 Ohms) 

Collector-Base Breakdown Voltage 
(le= 1.0 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = Ol 

Collector Cutoff Current 
IVcs = 20 Vdc, IE = O) 

Emitter Cutoff Current 
(VBE = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Oc = 0.5 mAdc, VcE = 1.0 Vdc) 
Oc = 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Storage Time (Figure 1) 
(Vee = 3.0 Vdc, le = 10 mAdc, ls1 = ls2 = 10 mAdc) 

11) R9JA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle .; 2.0%. 

Symbol 

V(BR)CEO 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Cobo 

MPS750, MPS751 For Sepcifications, See MPS650, MPS651 

Symbol Value Unit 

VcEO 15 Vdc 

Vcso 40 Vdc 

VEBO 5.0 Vdc 

le 200 mAdc 

Po 625 mW 
5.0 mW/'C 

Po 1.5 Watt 
12mW mW/'C 

TJ, Tstg -55 to + 150 'C 

Symbol Max Unit 

R9JC 83.3 'C/W 

RruA(1) 200 'C/W 

Min Typ Max Unit 

15 - - Vdc 

20 - - Vdc 

40 - - Vdc 

5.0 - - Vdc 

- - 25 nAdc 

- - 80 nAdc 

-
15 35 -
30 50 120 

- 0.21 0.4 Vdc 

0.68 0.7 0.78 Vdc 

300 600 - MHz 

- 2.4 6.0 pf 

14 25 ns 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS708 

Vij, 
(tr~ 1.0 ns) 

SMALL-SIGNAL DEVICES 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

50 

V99 ~ 

+11 v 
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Vee== 3.o v 

MOTOROLA SEMICONDUCTORS 

• 



MPS834 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAl 

I 
SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
(le = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, tc = O) 

Collector Cutoff Current 
(Vea = 20 Vdc, IE = 0) 

Collector Cutoff Current 
(VcE = 30 Vdc, VaE = O) 

ON CHARACTERISTICS 

DC Current Gain(2) 
lie= 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, ta = 1.0 mAdc) 
(tc = 50 mAdc, ta = 5.0 mAdc)(2) 

Base-Emitter Saturation Voltage 
(tc = 10 mAdc, ta = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(tc = 10 mAdc, VcE = 20 Vdc, t = 100 MHz) 

Output Capacitance 
(Vea = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VEB = 10 Vdc, le = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Storage Time (Figure 1) 
(Vee = 10 Vdc, tc = 10 mAdc, ta1 = ta2 = 10 mAdc) 

Turn-On Time (Figure 1) 
(Vee = 3.0 Vdc, Vai;J_off) = 4.0 Vdc, tc = 10 mAdc, ta1 = 3.0 mAdc) 

Turn-Off Time (Figure 2) 
(Vee= 3.0 Vdc, tc = 10 mAdc, ta1 = 3.0 mAdc) 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CBO 

V(BR)EBO 

tcao 

ICES 

hFE 

VcE(sat) 

VaE(sat) 

tr 

Cobo 

Cibo 

ls 

Ion 

lo ff 

Symbol Value Unit 

VcEO 30 Vdc 

Vcao 40 Vdc 

VEBO 5.0 Vdc 

tc 200 mAdc 

Po 625 mW 
5.0 mW/'C 

Po 1.5 Watt 
12 mW/'C 

TJ, Tstg -65 to + 150 'C 

Symbol Max Unit 

R8JC 83.3 'CIW 

R8JA(1) 200 'C/W 

Min Typ Max Unit 

40 - - Vdc 

5.0 - - Vdc 

- - 0.5 µAde 

- - 10 µAde 

25 - - -
Vdc 

- 0.2 0.25 
- 0.3 0.4 

- 0.7 0.9 Vdc 

350 600 - MHz 

- 1.5 4.0 pF 

- 3.4 - pF 

- 18 25 ns 

- 12 16 ns 

- 25 30 ns 

SMALL-SIGNAL DEVICES 



MPS834 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Turn-On 

Vee• -4.o v 

Vjn-+21TI 

o- - - -

5.0k 

Turn-Off 
Vee= +16 v Vee o-u--

V1n = -19 V 

SMALL-SIGNAL DEVICES 

+3.0 Vdc 

280 

0.1 IJF 
1---<J Scope 
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FIGURE 2 - STORAGE TIME TEST CIRCUIT 

o-u-·-
-10 v 

0.1 IJF 

1 
+11 v 

+10 v 

1110 
0.1 IJF 

..-w1r--if-o V out 
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MPS835 

CASE 29-02, STYLE 1 
T0·92 (T0~226AA) 

' SWITCHING TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Vqltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation@ TA = 25°C 
Cerate above 25°C 

Total Device Dissipation@ Tc= 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le ;. O) 

Collector Cutoff Current 
(Vee = 20 Vdc, IE = 0) 

Collector Cutoff Current 
(VcE = 20 Vdc, VeE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, le= 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Oc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

StorageTime (Figure 1) 
(Vee = 10 v. le = 10 mAdc, le1 = le2 = 10 mAdc) 

Turn-On Time (Figure 2) 
(Vee = 3.0 v, VeE(off) = 2.0 v, le = 10 mAdc, 
le1 = 3.0 mAdc, le2 = 1.0 mAdc) 

Turn-Off Time (Figure 2) 
(Vee= 3.0 v.1c = 10 mAdc, le1 = 3.0 mA, le2 = 1.0 mAdc) 

(1) RruA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 
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Symbol 

V(BR)CBO 

V(BR)EBO 

iceo 

ICES 

hFE 

VcE(sat) 

VeE(sat) 

tr 

Cobo 

ts 

ton 

toff 

Symbol V~lue Unit 

VcEO 20 Vdc 

VcBo 25 Vdc 

VEBO 3.0 Vdc 

le 200 mAdc 

Po 625 mW 
5.0 mW!°C 

Po 1.5 Watt 
12 mW!°C 

TJ. Tstg -55to +150 ·c 

Symbol Max Unit 

·Rruc · 83.3 •cJW 
R6JA(1) 200 •cJW 

Min Typ Max Unit 

25 - - Vdc 

3.0 - - Vdc 

- - 0.5 µAde 

- - 10 µAde 

20 35 - -

- 0.20 0.30 Vdc 

- 0.78 0.9 Vdc 

300 600 - MHz 

- 1.5 4.0 pF 

- 28 35 ns 

- 15 20 ns 

- 30 35 ns 

SMALLcSIGNAL DEVICES 



MPS835 

FIGURE 1 - TURN-ON AND TUAN-OFF TIME 
TEST CIRCUIT 

+3.0 Vdc 

280 
0.t µF 

~+--'lftA..-lf--o Vout 
l.5k 

_ • n "~- ___j__ Vin" -19 Vdc 
ton: Ves:..:::..:.::..r t0tt: Vse=+16V~ 

ov -----. ov--i
Vin" +21 Vdc -+ 
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FIGURE 2 - STORAGE TIME TEST CIRCUIT 

o.r_,.F 
500 

500 
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_+10Vdc 

160 
820 0.1 ~F 
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MPS918 

MPS3563 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 3.0 mAdc, Is = O) MPS918 

MPS3563 

Collector-Base Breakdown Voltage V(BR)CBO 
(le= 1.0 µAde, IE = O) MPS918 
Uc = 100 µAde, IE = O) MPS3563 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = o) MPS918 

MPS3563 

Collector Cutoff Current icso 
(Vee = 15 Vdc, IE = O) MPS918 

MPS3563 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
Oc = 3.0 mAdc, VcE = 1.0 Vdc) MPS918 
Oc = 8.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) MPS918 

Base-Emitter Saturation Voltage VBE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) MPS918 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) tr 
Oc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) MPS918 
Oc = 8.0 mAdc, VcE = 10 Vdc, f = 100 MHz) MPS3563 

Output Capacitance Cobo 
(Vee = 0 Vdc, IE = o, f = 140 kHz) MPS918 
(Vee = 10 Vdc, IE = 0, f = 140 kHz) MPS918 
(Vee= 10 Vdc, IE = 0, f = 1.0 MHz) MPS3563 

Input Capacitance Cibo 
(VEB = 0.5 Vdc, le = 0, f = 140 kHz) MPS918 

Small-Signal Current Gain hfe 
(le = 8.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) MPS3563 

Noise Figure NF 
Oc = 1.0 mAdc, VcE = 6.0 Vdc, Rs = 400 ohms, f = 60 MHz) MPS918 

MOTOROLA SEMICONDUCTORS 
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Symbol MPS918 MPS3563 Unit 

Vern 15 12 Vdc 

Vcso 30 30 Vdc 

VEBO 3.0 2.0 Vdc 

le 50 mAdc 

Po 625 mW 
5.0 mwrc 

Po 1.5 Watt 
12 mwrc 

TJ, Tstg -55to +150 "C 

Symbol Max Unit 

RoJC 83.3 "C/W 

RoJA(1) 200 "C/W 

Min Max Unit 

Vdc 
15 -
12 -

Vdc 
30 -
30 -

Vdc 
3.0 -
2.0 -

nAdc 
- 10 
- 50 

-
20 -
20 200 

- 0.4 Vdc 

- 1.0 Vdc 

MHz 
600 -
600 1500 

pF 
- 3.0 
- 1.7 
- 1.7 

- 2.0 pF 

20 250 -
- 6.0 dB 

SMALL-SIGNAL DEVICES 



MPS918, MPS3563 

ELECTRJ_CAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
Oc = 6.0 mAdc, VcB = 12 Vdc, f = 200 MHz) MPS918 
Oc = 8.0 mAdc, VcE = 10 Vdc, f = 200 MHz) MPS3563 

(Gfd + Gre < -20 dB) 

Power Output 
Oc = 8.0 mAdc, VcB = 15 Vdc, f = 500 MHz) MPS918 

Oscillator Collector Efficiency 
Oc = 8.0 mAdc, VcB = 15 Vdc, Pout= 30 mW, f = 500 MHz) MPS918 

(1) RruA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle " 1.0%. 

SMALL-SIGNAL DEVICES 
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Gpe dB 
15 -
14 -

Pout 30 - mW 

,, 25 - % 

MOTOROLA SEMICONDUCTORS 
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MPS929,A 
MPS930,A 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

/ 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPS3903 for additional graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
De rate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 
MPS929J MPS929A 
MPS930 MPS930A Unit 

VcEO 45 Vdc 

VcBo 45 1 60 Vdc 

VEBO 5.0 6.0 Vdc 

le 100 mAdc 

Po 625 mW 
5.0 mW/°C 

Po 1.5 Watts 
12 mWl°C 

TJ, Tstg -55to +150 oc 

Symbol Max Unit 

Re.Jc 83.3 oc/W 

ReJA 200 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 45 - Vdc 
Uc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
Oc = 10 µ.Ade, IE = 0) MPS929, MPS930 45 -

MPS929A. MPS930A 60 -
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 

(IE = 1 o µ.Ade, le = o) MPS929, MPS930 5.0 -
MPS929A, MPS930A 6.0 -

Collector Cutoff Current lcEO - 2.0 nAdc 
(VCE = 5.0 Vdc, IB = 0) 

Collector Cutoff Current le Bo nAdc 
(VcB = 45 Vdc, IE = O) MPS929, MPS930 - 10 

MPS929A, MPS930A - 2.0 

Collector Cutoff Current ICES nAdc 
(VcE = 45 Vdc, VBE = 0) MPS929, MPS930 - 10 

MPS929A, MPS930A - 2.0 

(VCE = 45 Vdc, VBE = 0, TA= 125°C) MPS929, MPS930 - 10 µAde 
MPS929A, MPS930A - 2.0 

Emitter Cutoff Current IEBO nAdc 
(VEB = 5.0 Vdc, le = O) MPS929, MPS930 - 10 

MPS929A, MPS930A - 2.0 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
Uc= 1.0 µ.Ade, VcE = 5.0 Vdc) MPS929A 25 -

MPS930A 60 -

Uc = 10 µ.Ade, VcE = 5.0 Vdc) MPS929, MPS929A 40 120 
MPS930, MPS930A 100 300 

Uc= 10 µ.Ade, VcE = 5.0 Vdc, TA= -55°C) MPS929 10 -
MPS929A 15 -
MPS930 20 -
MPS930A 30 -

Uc = 500 µ.Ade, VcE = 5.0 Vdc) MPS929, MPS929A 60 -
MPS930, MPS930A 150 -

Uc = 10 mAdc, VcE = 5.0 Vdc) MPS929, MPS929A - 350 
MPS930, MPS930A - 600 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVlCES 
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ELECTRICAL CHARACTERISTICS (continued) (TA= 25•c unless otherwise noted.) 

Characteristic Symbol Min 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
Uc = 10 mAdc, le = o.5 mAdc) MPS929, MPS930 -

MPS929A, MPS930A -
Base-Emitter· Saturation Voltage(1) VBE(sat) 

Uc = 10 mAdc, le = 0.5 mAdc) MPS929, MPS930 0.6 
MPS929A, MPS930A 0.7 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Uc = 500 µAde, VcE = 5.0 Vdc, f = 30 MHz) MPS929, MPS930 30 

MPS929A, MPS930A 45 

Output Capacitance Cobo 
(Vee = 5;0 Vdc, IE = 0, f = 1.0 MHz) MPS929, MPS930 -

MPS929A, MPS930A -
Input Impedance hib 25 

UE = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hrb -
UE = 1.0 mAdc, Vee= 5.0 Vdc, f = 1.0 kHzJ 

Small-Signal Current Gain hfe 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) MPS929, MPS929A 60 

MPS930, MPS930A 150 

Output Admittance hob -
UE = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure NF 
Uc = 10 µAde, VcE = 5.0 Vdc, MPS929, MPS929A -
Rs = 10 kohms, f = 10 Hz to 15.7 kHz) MPS930, MPS930A -

(1) Pulse Test: Pulse Width.;; 300 µs, Duty Cycle.;; 2.0%. 

TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN FIGURE 2 - "ON" VOLTAGES 
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MPS929,A, MPS930,A 

FIGURE 3 ~COLLECTOR SATURATION REGION 
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FIGURE 4 - TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 
Rating Symbol MPS2222 MPS2222A Unit 

Collector-Emitter Voltage VcEO 30 40 Vdc 

Collector-Base Voltage Vceo 60 75 Vdc 

Emitter-Base Voltage VEBO 5.0 6.0 Vdc 

Collector Current - Continuous le 600 mAdc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mWi°C 

Total Device Dissipation@ Tc = 25'C Po 1.5 Watts 
Derate above 25'C 12 mWi°C 

Operating and Storage Junction TJ, Tstg -55 to +150 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RllJC 83.3 •CMf 

Thermal Resistance, Junction to Ambient RllJA 200 •CMf 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 10 mAdc, le = O) MPS2222 

MPS2222A 

Collector-Base Breakdown Voltage 
!le = 10 µAde, IE = O) MPS2222 

MPS2222A 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le= O) MPS2222 

MPS2222A 

Collector Cutoff Current 
(VcE = 60 Vdc, VEIH_off) = 3.0 Vdc) MPS2222A 

Collector Cutoff Current 
(Vee = 50 Vdc, IE = 0) MPS2222 
(Vee = 60 Vdc, IE = 0) MPS2222A 
(Vee = 50 Vdc, IE = o, TA= 125'C) MPS2222 
(Vee= 50 Vdc, IE = 0, TA= 125'C) MPS2222A 

Emitter Cutoff Current 
(VEe = 3.0 Vdc, le = O) MPS2222A 

Base Cutoff Current 
(VcE = 60 Vdc, VEIH_off)_ = 3.0 Vdc) MPS2222A 

ON CHARACTERISTICS 

DC Current Gain 
!le= 0.1 mAdc, VcE = 10 Vdc) 
!le = 1.0 mAdc, VcE = 10 Vdc) 
!le = 10 mAdc, VcE = 10 Vdc) 
!le= 10 mAdc, VcE = 10 Vdc, TA= -55'C) MPS2222A only 
!le = 150 mAdc, VcE = 10 Vdc)(1) 
!le= 150 mAdc, VcE = 1.0 Vdc)(1) 
!le = 500 mAdc, VcE = 10 Vdc)(1) MPS2222 

MPS2222A 

Collector-Emitter Saturation Voltage(1) 
!le = 150 mAdc, le = 15 mAdc) MPS2222 

MPS2222A 

!le = 500 mAdc, le = 50 mAdc) MPS2222 
MPS2222A 

*Also available as a PN2222,A. 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

iceo 

IEBO 

leL 

hFE 

VcE(sat) 

MPS2222 
MPS2222A* 

CASE 29·02, STYLE 1 
T0-92 (T0·226AA) 

I 
GENERAL PURPOSE 

TRANSISTOR 

NPNSIUCON 

Min Max 

30 -
40 -
60 -
75 -

5.0 -
6.0 -
- 10 

- O.Q1 
- O.Q1 
- .10 
- 10 

- 10 

- 20 

35 -
50 -
75 -
35 -
100 300 
50 -
30 -
40 -

- 0.4 
- 0.3 

- 1.6 
- 1.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

µAde 

nAdc 

nAdc 

-

Vdc 
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. MPS2222, MPS2222A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min 

Base-Emitter Saturation Voltage(1) VeE(sat) 
Uc = 150 mAdc, le = 15 mAdc) MPS2222 -

MPS2222A 0.6 

Uc = 500 mAdc, le = 50 mAdc) MPS2222 -
MPS2222A -

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) tr 
Uc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) MPS2222 250 

MPS2222A 300 

Output Capacitance Cobo -
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) MPS2222 -

MPS2222A -
Input Impedance hie 

Uc= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 2.0 
Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 0.25 

Voltage Feedback Ratio hre 
Uc= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A -
Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A -

Small-Signal Current Gain hfe 
Uc= 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) MPS2222A 50 
Uc = 10 mAdc, Vee = 10 Vdc, f = 1.0 kHz) MPS2222A 75 

Output Admittance hoe 
Uc = 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) MPS2222A 5.0 
Uc = 10 mAdc, Vee = 10 Vdc, f = 1.0 kHz) MPS2222A 25 

Collector Base Time Constant rb'Cc -
Ue = 20 mAdc, Vee= 20 Vdc, f = 31.8 MHz) MPS2222A 

Noise Figure NF -
Uc = 100 µAde, VcE = 10 Vdc, Rs = 1.0 kn, f = 1.0 kHz) MPS2222A 

SWITCHING CHARACTERISTICS MPS2222A only 

Delay Time (Vee = 30 Vdc, VeE(off) = 0.5 Vdc, Id -
Rise Time le = 150 mAdc, 191 = 15 mAdc) (Figure 1) 

tr -
Storage Time (Vee= 30 Vdc, le= 150 mAdc, Is -
Fall Time le1 = le2 = 15 mAdc) (Figure 2) 

If -
(1) Pulse Test: Pulse Width"" 300 µs, Duty Cycle"" 2.0%. 
(2) tr is defined as the frequency at which [htel extrapolates to unity. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 
FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-OFF TIME 

+30 v -+\ I- 1.0 to 100 µ.s, DUTY 

200
0 

+ 1SV~ CYCLE,.,2% 

_l_ 0 
-T-

: cs•< 10 pF -14v L 
___ J - r<20ns 1N914 

Scope Rise Time< 4 ns 
*Total shunt capacit8nce of test jig, 
connectors, and oscilloscope. 

-4 v 

Max 

1.3 
1.2 

2.6 
2.0 

-
-
8.0 

30 
25 

8.0 
1.25 

8.0 
4.0 

300 
375 

35 
200 

150 

4.0 

10 

25 

225 

60 

+30 v 
200 

' ' _ ... _ 
-r-

Unit 

Vdc 

MHz 

pF 

pF 

k!l 

x 10-4 

-

µmhos 

ps 

dB 

ns 

ns 

ns 

ns 

lCs* < 10 pF 
___ ..J 
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MPS2222, MPS2222A 

FIGURE 3 - DC CURRENT GAIN 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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0 
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FIGURE 5 -TURN-ON TIME 

le, COLLECTOR CURRENT (mA) 
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FIGURE 6 - TURN-OFF TIME 
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MPS2222, MPS2222A 

FIGURE 7 - FREQUENCY EFFECTS 

l\l Ull lillJjj_ Ull ll 
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~ 
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w 

~ 
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~ 
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FIGURE 9 - CAPACITANCES 

~H 
3.o H-+++-+-ll+t+tt--++-t+-t-++++tt--+-1-'f>l*i 

2.0~~~~~~~~~~~~~~~ 
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REVERSE VOLTAGE (VOLTS) 

FIGURE 11 - "ON" VOLTAGES 
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FIGURE 8 - SOURCE RESISTANCE EFFECTS 
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FIGURE 10 - CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 12 -TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 15 

Collector-Emitter Voltage VcES 40 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage VEBO 4.5 

Collector Current - Continuous le 500 

Total Device Dissipation @TA = 25'C Po 625 
Derate above 25'C 5.0 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -5510 +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 200 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage 
lie = 10 µAde, VsE = Ol 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = Ol 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 20 Vdc, IE = 0) 
(Vee = 20 Vdc, IE = 0, TA= 125'C) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc= 10 mAdc, VcE = 1.0 Vdcl 
Uc= 10 mAdc, VcE = 1.0 Vdc, TA= -55'C) 
lie = 100 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
(le= 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
lie= 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time 
(151 = 152 = le = 10 mAdc) (Figure 3) 

Turn-On Time 
(Vee = 3.0 Vdc, le = 10 mAdc, ls1 = 3.0 mAdcl (Figure 1) 

Turn-Off Time 
(Vee = 3.0 Vdc, le = 10 mAdc, 151 = 3.0 mAdc, 
152 = 1.5 mAdc) (Figure 2) 

(1) Pulse Test: Pulse Width ""300 µs, Duty Cycle"" 2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

'C 

Unit 

'C!W 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

lcso 

hFE 

VcE(sat) 

VBE(sat) 

Cobo 

hfe 

Is 

ton 

lo ff 

MPS2369 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
SWITCHING TRANSISTOR 

NPNSILICON 

Min Typ Max 

15 - -
40 - -
40 - -

4.5 - -

- - 0.4 
- - 30 

40 - 120 
20 - -
20 - -
- - 0.25 

0.70 - 0.85 

- - 4.0 

5.0 - -

- 5.0 13 

- 8.0 12 

- 10 18 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vdc 

pF 

-

ns 

ns 

ns 
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MPS2369 

-I " f.
·10~6V--n -1.5~ ~<1.0"' 

PULSE WIDTH ltil "300 ns 
DUTY CYCLE =2.0% 

FIGURE 2 - toff CIRCUIT 

•6.0V!l'l 1-
0- -- -

-4_0 v 
<1.0ns ~ 

PULSE WIDTH (tl) = 300 ns 
DUTY CYCLE~ 2 Q0ii 

FIGURE 1 - t 00 CIRCUIT 

--I " ~ 3 0 v 0---,,,..,.,,.-~ 
+10750Vn---, 

-4 lSV---=:J--~ i...-<110ns 

PULSE WIDTH ~11) "300 ns 
DUTY CYCLE= 2.0% 

• .L. 

270 

3.3k 

:J~s· < J.O pF FIGURE 3 - STORAGE TJ'ST CIRCUIT 

'Total shunt capacitance of test jig and connectors 

MOTOROLA SEMICONDUCTORS 

2-102 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 18 Vdc 

Collector-Base Voltage Vcso 18 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWl°C 

Total Device Dissipation @Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12.0 mWl°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJc 125 oc!W 

Thermal Resistance, Junction to Ambient ReJA(1) 357 oc!W 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Oc = 1.0 mAdc, IE = 0) 

Collector Cutoff Current lcso 
(Vcs = 18.0 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VBE = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 2.0 mAdc, VcE = 4.5 Vdc) 

Collector-Emitter Saturation Voltage VCE(satl 
Oc = 50 mAdc, Is = 3.0 mAdcl 

Base-Emitter Saturation Voltage VBE(sat) 
Oc = 50 mAdc, Is = 3.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
Oc = 10 mAdc, VcE = 10 Vdc, I = 100 MHz) 

Output Capacitance Cobo 
IVcs = 10 Vdc, le = o. I= 100 kHz) 

Input Impedance hie 
Oc = 0.5 mAdc, VcE = 1.0 Vdc, I = 1.0 kHz) 

Small-Signal Current Gain hfe 
Oc = 2.0 mAdc, VcE = 4.5 Vdc, I = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time Id 

Rise Time 
lie = 10 mA. ls1 = 3.o mA, Vee = 10 VI 

tr 

Storage Time lie = 10 mA. ls1 = 3.0 mA, 192 = 1.0 mA, ts 

Fall Time Vee= 10 VI If 
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MPS2714 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

SWITCHING TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

18 - - v 

- - 0.5 µA 

- - 0.5 µA 

75 - 225 -
- - 0.3 Vdc 

- - 1.3 Vdc 

- 250 - MHz 

- 2.5 - pF 

- 3000 - ohms 

80 - 300 -

- 7.0 - ns 

- 6.0 - ns 

- 12 - ns 

- 9.0 - ns 
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MPS2907 
MPS2907A 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

I 
GENERAL PURPOSE 

TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol MPS290:7l_MPS2907A Unit 

Vern 40 l 60 Vdc 

vcso 60 Vdc 

VEBO 5.0 Vdc 

le 600 mAdc 

Po 625 mW 
5.0 mW!°C 

Po 1.5 Watts 
12 mW/°C 

TJ, Tstg -55 to + 150 oc 

Symbol Max Unit 

ROJc 83.3 oc/W 

ROJA 200 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) ViBR)CEO Vdc 
Oc = 10 mAdc, Is = O) MPS2907 40 -

MPS2907A 60 -
Collector-Base Breakdown Voltage V(BR)CBO 60 - Vdc 

Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
OE = 10 µAde, le = O) 

Collector Cutoff Current ICEX - 50 nAdc 
(VcE = 30 Vdc, VsE(off) = 0.5 Vdc) 

Collector Cutoff Current lcso µAde 
(Vea = 50 Vdc, IE = 0) MPS2907 - 0.020 

MPS2907A - 0.010 

(Vea = 50 Vdc, IE = 0, TA= 125°C) MPS2907 - 20 
MPS2907A - 10 

Base Current Is - 50 nAdc 
(VcE = 30 Vdc, VsE(off) = 0.5 Vdc) 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc= 0.1 mAdc, VcE = 10 Vdc) MPS2907 35 -

MPS2907A 75 -

Uc = 1.0 mAdc, VcE = 10 Vdc) MPS2907 50 -
MPS2907A 100 -

Uc= 10 mAdc, VcE = 10 Vdc) MPS2907 75 -
MPS2907A 100 -

Uc = 150 mAdc, VcE = 10 Vdc)(1) MPS2907, MPS2907A 100 300 

Uc= 500 mAdc, VcE = 10 Vdc)(1) MPS2907 30 -
MPS2907A 50 -

Collector-Emitter Saturation Voltage(1) VcE(sat) Vdc 
Uc= 150 mAdc, Is = 15 mAdc) - 0.4 
Uc = 500 mAdc, Is = 50 mAdc) - 1.6 

Base-Emitter Saturation Voltage( 1) VBE(sat) Vdc 
(le = 150 mAdc, Is = 15 mAdc) - 1.3 
(le = 500 mAdc, Is = 50 mAdc) - 2.6 
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MPS2907, MPS2907A 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°c unless otherwise noted.) 

Characteristic j Symbol Min Max 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1 ),(2) 
lie = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vea = 10 Vdc, IE = o, f = 1.0 MHz) 

Input Capacitance 
(VBE = 2.0 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Delay Time 
(Vee = 30 Vdc, le = 150 mAdc, 
191 = 15 mAdc) (Figures 1 and 5) 

Rise Time 

Turn·Off Time 

Storage Time 
(Vee = 6.o Vdc, le = 150 mAdc, 
191 = 192 = 15 mAdc) (Figure 2) 

Fall Time 

(1) Pulse Test: Pulse Width.;; 300 µ.s, Duty Cycle.;; 2.0%. 
(2) ti" is defined as the frequency at which lhtel extrapolates to unity. 

FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 

INPUT 
Zo=500 
PRF = 150 PPS 
RISE TIME .;; 2.0 ns 
P.W. < 200 ns 

- 30 v 

200 

Ii" 200 -

Cobo - 8.0 

Cibo - 30 

Ion - 45 

Id - 10 

tr - 40 

tott - 100 

Is - 80 

If - 30 

FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 

INPUT 
Z0 = 50 n 
PRF = 150 PPS 
RISE TIME .;; 2.0 ns 
P.W. < 200 ns 

+15V -6.0V 

Unit 

MHz 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 

, .o k 
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MPS3390 

thru 
MPS3398 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
GENERAL PURPOSE 

TRANSISTOR 

NPN SILICON 

Refer to 2N3903 for graphs. 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Base Voltage Vcso 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation @ TA = 25°C Po 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient RoJA 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 25 
Oc = 1.0 mAdc, Is = O) 

Collector Cutoff Current lcso -
(Vcs = 18 Vdc, IE = O) 

Emitter Cutoff Current IEBO -
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(VcE = 4.5 Vdc, le = 2.0 mAdc) MPS3390 400 

MPS3391 250 
MPS3392 150 
MPS3393 90 
MPS3394 55 
MPS3395 150 
MPS3396 90 
MPS3397 55 
MPS3398 55 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo -
(Vcs = 10 V, IE = 0, I = 1.0 MHz) 

Small-Signal Current Gain hfe 
(VcE = 4.5 V, le = 2.0 mA, I = 1 .0 kHz) MPS3390 400 

MPS3391 250 
MPS3392 150 
MPS3393 90 
MPS3394 55 
MPS3395 150 
MPS3396 90 
MPS3397 55 
MPS3398 55 

Value Unit 

25 Vdc 

25 Vdc 

5 Vdc 

100 mAdc 

625 mW 
5.0 mW/°C 

1.5 Watts 
12 mW/°C 

-55to +150 "C 

Max Unit 

200 "C!W 

Max Unit 

- v 

0.1 µA 

0.1 µA 

-
800 
500 
300 
180 
110 
500 
500 
500 
800 

10 pF 

-
1250 
800 
500 
400 
300 
800 
800 
800 
1250 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 25 

Collector-Base Voltage vcso 25 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 100 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RoJC 83.3 

Thermal Resistance, Junction to Ambient RllJA 200 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 1.0 mAdc, Is = OI 

Collector Cutoff Current 
(VcB = 25 Vdc, IE = 0) 
(Vcs = 25 Vdc, IE = 0, TA = 100'C) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 2.0 mAdc, VcE = 4.5 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, I = 1.0 MHz) 

Current Gain - High Frequency 
(le = 100 µ.Ade, VcE = 10 Vdc, I = 1.0 kHz) 

Noise Figure 
(le = 100 µ.Ade, VcE = 4.5 Vdc, ~ = 5.0 kohms, I = 10 Hz to 15.7 kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watts 
mwrc 

'C 

Unit 

'C/W 

'C/W 

MPS3391A 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 25 - Vdc 

le Bo µ.Ade 
- 0.1 
- 10 

Imo - 0.1 µ.Ade 

250 500 

Cobo - 10 pF 

lhtel 170 - -

NF - 5.0 dB 

MOTOROLA SEMICONDUCTORS 
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MPS3402 
MPS3403 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
TRANSISTOR 

NPN SILICON 

Refer to MPS8098 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mA) 

Collector-Base Breakdown Voltage 
Oc = 100 µAl 

Emitter-Base Breakdown Voltage 
OE= 10 µA) 

Collector Cutoff Current 
!Vcs = 18 vi 
!Vcs = 18 v, TA= 100°c1 

Emitter Cutoff Current 
(VBE = 5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 2.0 mA, VcE = 4.5 V) 
Oc = 2.0 mA, VcE = 4.5 VI 

Collector-Emitter Saturation Voltage 
Oc = 50 mA, Is = 3.0 mAI 

Base-Emitter Saturation Voltage 
Oc = ,50 mA. Is = 3.0 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Current Gain 
Oc = 2.0 mA, VcE = 4.5 V, f = 1 .0 kHz) 
Oc = 2.0 mA, VcE = 4.5 V, f = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

irno 

hFE 
MPS3402 
MPS3403 

VcE(satl 

VBE(sat) 

hte 

2-110 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

Re.Jc 

RoJA 

Min 

25 

25 

5.0 

-
-
-

75 
180 

-

0.6 

75 
180 

Value Unit 

25 Vdc 

25 Vdc 

5.0 Vdc 

500 mA 

625 mW 
5.0 mW!°C 

1.5 Watts 
12 mW/°C 

-55 to +150 oc 

Max Unit 

83.3 oc;w 

200 oc;w 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

100 nA 
15 µA 

100 nA 

-
225 
540 

0.3 Vdc 

1.3 Vdc 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 50 Vdc 

Collector-Base Voltage Vceo 50 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 500 mA 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mwrc 

Total Device Dissipation @l Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mwrc 

Operating and Storage Junction TJ, Tstg -55to +150 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 83.3 0c1W 

Thermal Resistance, Junction to Ambient RBJA 200 •cfW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 1.0 mA) 

Collector-Base Breakdown Voltage 
Uc= 100 µ.A) 

Emitter-Base Breakdown Voltage 
(IE= 10µ.A) 

Collector Cutoff Current 
(Vee= 10 vi 
!Vee = 10 v, TA = 1oo·ci 

Emitter Cutoff Current 
(VBE = 5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 2.0 mA, VcE = 4.5 V) 
Uc = 2.0 mA, VcE = 4.5 V) 

Collector-Emitter Saturation Voltage 
Uc = 50 mA, le = 3.0 mAl 

Base-Emitter Saturation Voltage 
Uc = 50 mA. le = 3.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Current Gain 
Uc,= 2.0 mA, VcE = 4.5 V, f = 1.0 kHz) , 
Uc= 2.0 mA, VcE = 4.5 V, f = 1.0 kHz) 

MPS3563 For Specifications, See MPS918 

SMALL-SIGNAL DEVICES 
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MPS3404 
MPS3405 

MPS3404 
MPS3405 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

IEBO 

hFE 

VcE(sat) 

VeE(sat) 

hte 

MPS3404 
MPS3405 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

I 
TRANSISTOR 

NPNSILICON 

Refer to MPS8098 for graphs. 

Min 

50 

50 

5.0 

-
-
-

75 
180 

-

0.6 

75 
100 

Max 

-

-

-

100 
15 

100 

225 
540 

0.3 

1.3 

Unit 

Vdc 

Vdc 

Vdc 

nA 
µA 

nA 

-

Vdc 

Vdc 

MOTOROLA SEMICONDUCTORS 

• 



I 

• 
MPS3565 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
GENERAL PURPOSE 

TRANSISTOR 

NPN SILICON 

Refer to 2N4400 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Power Dissipation @ TA = 60°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µA) 

Collector-Emitter Breakdown Voltage V(BR)CEO(sus) 
Oc = 2.0 mA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 10 µA) 

Collector Cutoff Current lcso 
(Vea= 25 Vl 
(Vea= 25 V, TA = 65°C) 

ON CHARACTERISTICS 

DC Current Gain hfE 
Uc = 100 µA, VcE = 10 V) 
Oc = 1.0 mA, VcE = 10 V) 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 1.0 mA, 19 = 0.1 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
(Vea= 10 V, f = 1.0 MHz) 

Small-Signal Current Gain hte 
Uc = 1.0 mA, VcE = 5.0 V, f = 20 MHz) 
(le = 10 mA, VcE = 5.0 V, f = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 25 Vdc 

Vcso 30 Vdc 

VEBO 6.0 Vdc 

le 200 mAdc 

Po 625 mW 
5.0 mWFC 

Po 450 mW 

Po 1.5 Watts 
12 mWFC 

TJ, Tstg -55 to + 150 oc 

Symbol Max Unit 

RoJC 83.3 oc!W 

RoJA 200 oc!W 

Min Max Unit 

30 - Vdc 

25 - Vdc 

6.0 - Vdc 

- 50 nAdc 
- 3.0 µA 

-
70 -
150 600 

- 0.35 Vdc 

- 4.0 pF 

-
2.0 12 
120 750 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 30 

Collector-Base Voltage VcBo 40 

Emitter-Base Voltage Veeo 5.0 

Collector Current - Continuous le 200 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25"C 5.0 

Total Power Dissipation @TA= 60°C Po 450 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 83.3 

Thermal Resistance, Junction to Ambient RruA 200 

ELECTRICAL CHARACTERISTICS <TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 30 mA) 

Collector-Base Breakdown Voltage 
Uc= 1ooµA) 

Emitter-Base Breakdown Voltage 
Ue = 10 µAl 

Collector Cutoff Current 
!Vee= 20 vi 
(Vee = 20 V, TA = 75°C) 

Emitter Cutoff Current 
!Vee= 5.o vi 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 10 mA, Vee = 10 Vl 
Uc = 2.0 mA, Vee = 10 Vl 

Collector-Emitter Saturation Voltage 
Uc = 100 mA, le = 10 mAl 

Base-Emitter On Voltage(1) 
Uc = 100 mA, Vee = 1.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
!Vee = 10 v, t = 1.0 MHz) 

Small-Signal Current Gain 
Uc = 30 mA, Vee = 10 v, t = 20 MHz) 

(1) Pulse Test: Pulse Width "'300 µs, Duty Cycle"' 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

mW 

Watts 
mwrc 

·c 

Unit 

·c;w 

"CIW 

Symbol 

MPS3566 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
GENERAL PURPOSE 

TRANSISTOR 

NPNSILICON 

Refer to 2N4400 for graphs. 

Min Max 

V(BR)CEO(sus) 30 -

V(BR)CBO 40 -

V(BR)EBO 5.0 -

lceo 
- 50 
- 5.0 

leeo - 10 

hFE 
150 600 
80 -

VcE(sat) - 1.0 

VeE(on) - 0.9 

Cobo - 25 

hte 2.0 35 

Unit 

Vdc 

Vdc 

Vdc 

nA 
µA 

µA 

-

Vdc 

Vdc 

pF 

-

MOTOROLA Sl:MICONDUCTORS 
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MPS3567 
MPS3568 
MPS3569 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N4400for graphs for MPS3567, 3569.* 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1 I VcEO(susl 
(le = 30 mAdc, Is = Ol MPS3567, MPS3569 

MPS3568 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µ.Ade, IE = 01 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µ.Ade, le = O) 

Collector Cutoff Current le Bo 
(VcB = 40 Vdc, IE = 0) 
(VcB = 40 Vdc, IE = 0, TA = 75°C) 

Emitter Cutoff Current Imo 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
(le= 30 mAdc, VcE = 1.0 Vdc) M PS3567, M PS3568 

MPS3569 

(le= 150 mAdc, Vee = 1.0 Vdc) M PS3567, M PS3568 
MPS3569 

Collector-Emitter Saturation Voltage VcE(satl 
Oc = 150 mAdc, IB = 15 mAdcl 

Base-Emitter Saturation Voltage VBE(sat) 
Uc= 150 mAdc, IB = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1 I tr 
Oc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
IVcB = 10 V, f = 1.0 MHz) 

Input Capacitance Cibo 
IVEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

*Refer to MPS8098 for graphs for MPS3568. 
11 I Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS 
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MPS356~MPS3568 
Symbol MPS3569 Unit 

Vern 4o I 60 Vdc 

VcBo 80 Vdc 

Vrno 5.0 Vdc 

le 600 mAdc 

Po 625 mW 
5 mWl°C 

Po 1.5 Watts 
12 mWl°C 

TJ, Tstg -55 to + 150 oc 

Symbol Max Unit 

ROJc 83.3 oc!W 

ROJA 200 oc/W 

Min Max Unit 

Vdc 
40 -
60 -
80 - Vdc 

5.0 - Vdc 

- 50 nAdc 
- 5.0 µ.Ade 

- 25 nAdc 

-
40 -
100 -

40 120 
100 300 

- 0.25 Vdc 

- 1.1 Vdc 

60 - MHz 

- 20 pF 

- 80 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 25 Vdc 

Collector-Emitter Voltage VcES 25 Vdc 

Collector-Base Voltage VcBo 25 Vdc 

Emitter-Base Voltage VEBO 40 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mW/'C 

Total Device Dissipation @ Tc = 25'C Po 1.5 Watts 
Derate above 25'C 12 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, T stg -55to +150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RBJc 83.3 'C/W 

Thermal Resistance, Junction to Ambient R8JA(1) 200 'C/W 

(1) RoJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 100 µAde, VsE = Ol 

Collector-Emitter Sustaining Voltage(1) 
Uc = 10 mAdc, Is ,,,; O) 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcE = 15 Vdc, VsE = O) 
(VcE = 15 Vdc, VsE = 0, TA = -65'C) 

Emitter Cutoff Current 
(VEB = 3.0 V, le = O) 

Base Current 
(VcE = 15 Vdc, VsE = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 1.0 mAdc, VcE = 10 Vdc) MPS3638A 

Uc = 10 mAdc, VcE = 10 Vdc) MPS3638 
MPS3638A 

Uc = 50 mAdc, VcE = 1.0 Vdc) MPS3638 
MPS3638A 

Uc = 300 mAdc, VcE = 2.0 Vdc) MPS3638 
MPS3638A 

Collector-Emitter Saturation Voltage 
Uc = 50 mAdc, Is = 2.5 mAdc) 
Uc = 300 mAdc, Is = 30 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 50 mAdc, Is = 2.5 mAdc) 
Uc= 300 mAdc, Is = 30 mAdc) 

SMALL-SIGNAL DEVICES 
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MPS3638 
MPS3638A 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

SWITCHING TRANSISTOR 

PNP SILICON 

Reier to 2N4402 for graphs. 

Symbol Min Max Unit 

V(BR)CES 25 - Vdc 

VCEO(sus) 25 - Vdc 

V(BR)CBO 25 - Vdc 

V(BR)EBO 4.0 - Vdc 

ICES µAde 
- 0.035 
- 2.0 

IEBO - 35 nA 

Is - 0.035 µAde 

hFE -
80 -

20 -
100 -

30 -
100 -

20 -
20 -

VcE(sat) Vdc 
- 0.25 
- 1.0 

VsE(sat) Vdc 
- 1.1 

0.80 2.0 

MOTOROLA SEMICONDUCTORS 
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MPS3638, MPS3638A 

ELECTRICJ'L CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product ti" MHz 
(VcE = 3.0 Vdc, le = 50 mAdc, f = 100 MHz) MPS3638 100 -

MPS3638A 150 -
Output Capacitance Cobo pF 

(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) MPS3638 - 20 
MPS3638A - 10 

Input Capacitance Cibo pF 
(VBE = 0.5 Vdc, le = 0, f = 1.0 MHz) MPS3638 - 65 

MPS3638A - 25 

Input Impedance hje - 2000 Ohms 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre x 10-4 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3638 - 26 

MPS3638A - 15 

Small-Signal Current Gain hfe -
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3638 25 -

MPS3638A 100 -

Output Admittance hoe - 1.2 mm hos 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 10 Vdc, le = 300 mAdc, td - 20 ns 

Rise Time 191 = 30 mAdc) tr - 70 ns 

Storage Time (Vee = 10 Vdc, le = 300 mAdc, ts - 140 ns 

Fall Time 191 = 30 mAdc, 192 = 30 mAdc) tf - 70 ns 

Turn-On Time Oc = 300 mAdc, 191 = 30 mAdc) ton - 75 ns 

Turn-Off Time (le = 300 mAdc, 191 = 30 mAdc, 192 = 30 mAdc) to ff - 170 ns 

(1) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 12 Vdc 

Collector-Base Voltage Vcso 12 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 80 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW!°C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction TJ, Tstg -55to+150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 83.3 oc;w 

Thermal Resistance, Junction to Ambient RoJA 200 "C!W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage lie = 100 µAde, VsE = 01 

Collector-Emitter Sustaining Voltage(l) lie = 10 mAdc, Is = 01 

Collector-Base Breakdown Voltage lie = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage llE = 100 µAde, le = 01 

Collector Cutoff Current IVcE = 6.0 Vdc, VsE = 0) 
(VcE = 6.0 Vdc, VsE = 0, TA = 65°CI 

Base Current IVcE = 6.0 Vdc, VsE = O) 

ON CHARACTERISTICS(1) 

DC Current Gain lie = 10 mAdc, VcE = 0.3 Vdc) 
lie = 50 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage lie = 10 mAdc, Is = 1.0 mAdci 
lie = 50 mAdc, Is = 5.0 mAdc) 
lie= 10 mAdc, Is= 1.0 mAdc, TA= 65°C) 

Base-Emitter Saturation Voltage lie = 10 mAdc, Is = 0.5 mAdc) 
lie = 10 mAdc, Is = 1.0 mAdc) 
lie = 50 mAdc, Is = 5.0 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product lie = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance IVcs = = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance IVsE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time !Vee = 6.0 Vdc, le = 50 mAdc, VsE(offl = 1.9 Vdc, 

Rise Time ls1 = 5.0 mAdc) 

Storage Time (Vee = 6.0 Vdc, le = 50 mAdc, ls1 = ls2 = 5.0 mAdcl 

Fall Time 

Turn-On Time 
(Vee = 6.o Vdc, le = 50 mAdc, VsE(offl = 1.9 Vdc, ls1 = 5.0 mAdc) 
(Vee = 1.5 Vdc, le = 10 mAdc, ls1 = 0.5 mAdc) 

Turn-Off Time 
(Vee = 6.0 Vdc, le = 50 mAdc, VsE(offl = 1.9 v, ls1 = ls2 = 5.0 mAdc) 
(Vee = 1.5 Vdc, le = 10 mAdc, ls1 = ls2 = 0.5 mAdcl 

(1) Pulse Test: Pulse Width,,;; 300 µs, Duty Cycle,,;; 2.0%. 

SMALL-SIGNAL DEVICES 
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MPS3640 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAJ 

I 
SWITCHING TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CES 12 - Vdc 

VcEO(sus) 12 - Vdc 

V(BR)CBO 12 - Vdc 

V(BRIEBO 4.0 - Vdc 

ICES - 0.01 µAde 
- 1.0 

Is - 10 nAdc 

hFE 30 120 -
20 -

VcE(satl - 0.2 Vdc 
- 0.6 
- 0.25 

VsE(sat) 0.75 0.95 Vdc 
0.8 1.0 
- 1.5 

fr 500 - MHz 

Cobo - 3.5 pF 

cibo - 3.5 pF 

ld - 10 ns 

tr - 30 ns 

Is - 20 ns 

If - 12 ns 

Ion ns 
- 25 
- 60 

lo ff ns 
- 35 
- 75 

MOTOROLA SEMICONDUCTORS 
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MPS3640 

_:JS 
PULSE SOURCE 
Rise Time::: 1 .0 ns 
Pulse Width ~100 ns 
Zin• 50 Ohms 
Fall Time:: 1.0 ns 

FIGURE 1 

Vss·•1.9V vcc=-6.ov 

1.0 k 

0.1 µF 

Vin:r 

Vout 

TO SAMPLING SCOPE 
Input Z ~100 k 
Rise Time:=.: 1.0 ns 

NOTES: Collector Current= 50 mA, Turn-On and Turn-Off Time 
Base Currents= 5.0 mA. 

FIGURE 3- DC CURRENT GAIN 

200 
VcE• 1.0V 

J];2Jc 

I-D_25oc 
~ 100 

"' ~ 70 

"' a 50 t--550C I--
~ ~ 

'-' c 

i 30 

20 

10 
0.1 0.2 

t'-b 

0.5 1.0 2.0 5.0 10 20 50 100 

le. COLLECTOR CURRENT (mA) 

FIGURE 5 - COLLECTOR SATURATION REGION 

"' w 
,__ -,__ ~ 

1.0 

0.8 

~ ~ 0.6 

"'> c-
t- w 
'-'"' j ~ 0.4 
00 
'-' > 
~ 
> 0.2 

0 

lc= 1.0mA 

~ 

0.01 0.02 

ITT l Tp 25°C 

5.0 mA 20 mA 80 mA 

~ 
N 

!--.. 
,-;;; 

t-
__, 

0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 
15, BASE CURRENT (mA) 

FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 

~ 2000 
~ 
t; 
:::> 
c 
c 
g: 1000 

" ,__ 
c 
3 
c 
z 
;li 

I 
z 
;;: 
"' >'-
~ 
"' :::> 

800 

600 

400 

~ 200 

TJ • 25°C 
f • 100 MHz 

!.<'.'. 
~ 

IZ I-"'" 

~ 

- 1.0 2.0 

VCE • 10 V 

vH --,......_ 
:i;o ~ 

i.--- t-

3.0 5.0 7.0 10 20 30 
le, COLLECTOR CURRENT (mA) 

MOTOROLA SEMICONDUCTORS 

6l 

r-

50 70 100 

FIGURE 2 

VBB • -6.0 V Vcc=1.5V 

:n 5.0 k 

0.1 µF 

Vin1 

Vout 
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PULSE SOURCE 
Rise Time'::: 1.0 ns 
Pulse Width '.::'200 ns 
Zin• 50 Ohms 
Fall Time::: 1.0 ns 

TO SAMPLING SCOPE 
Input Z ~100 k 
RiseTime:S:l.Ons 

NOTES: Collector Current"' 10 mA, Turn-On and Turn-Off Time 
Base Currents= 0.5 mA. 

FIGURE 4 - "ON" VOLTAGES 
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FIGURE 6 - TEMPERATURE COEFFICIENTS 
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FIGURE 8 - CAPACITANCE 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage MPS3644 Vceo 45 Vdc 
MPS3645 60 

Collector-Base Voltage MPS3644 Vcso 45 Vdc 
MPS3645 60 

Emitter-Base Voltage VEBo 5.0 Vdc 

Total Device Dissipation @TA = 25°C Po .625 Watts 
Derate above 25°C mWfC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 "C 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) !le= 10 mA) MPS3644 
MPS3645 

Collector-Base Breakdown Voltage !le= 100 µAl MPS3644 
MPS3645 

Emitter-Base Breakdown Voltage !le= 10 µAl 

Collector Cutoff Current 
!Vee = 30 Vdc) MPS3644 
!Vee = 50 Vdcl MPS3645 
(Vee = 30 Vdc,@ TA= 65°C) MPS3644 
(Vee = 50 Vdc,@ TA= 65°C) MPS3645 

ON CHARACTERISTICS 

DC Current Gain !le = 100 µA, Vee = 10 Vdc) 
!le= 1.0 mA, Vee = 10 Vdcl 
!le = 10 mA, Vee = 10 Vdc)(1) 
!le= 50 mA, Vee= 1.0Vdc)(1) 
!le = 160 mA, Vee = 10 Vdc)(1) 
!le = 300 mA, Vee = 2.0 Vdc)(1) 

Collector-Emitter Saturation Voltage (le = 50 mA. le = 2.5 mA)(1) 
!le = 150 mA. le = 15 mA)(1) 
!le = 300 mA. Is = 30 mA)(1) 

Base-Emitter Saturation Voltage Uc = 50 mA. le = 2.5 mA)(1l 
!le = 150 mA, le = 15 mA)(1) 
!le = 300 mA, le = 30 mA)(1 l 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance !Vee = 10 Vdcl 

Input Capacitance (Vee = 0.5 Vdcl 

Input Impedance !le = 10 mA. Vee = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio Uc= 10 mA, Vee = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain (le = 20 mA. Vee = 20 Vdc, t = 100 MHz) 
!le = 10 mA. Vee = 10 Vdc, t = 1.0 kHz) 

Output Admittance !le = 10 mA. Vee = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS (FIGURE 1) 

Turn-On Time !le = 300 mA, 191 = 30 mA) 

Turn-Off Time !le = 300 mA. ls1 = 192 = 30 mA) 

(1) Pulse Width = 300 µsec., Duty Cycle = 1.0%. 

SMALL-SIGNAL DEVICES 

Symbol 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

ICES 

hFE 

Vce(sat) 

Vee(satl 

Cobo 

Cibo 

hie 

hre 

hte 

hoe 

Ion 
to ff 

MPS3644 
MPS3645 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

I 
GENERAL PURPOSE 

TRANSISTOR 

PNP SILICON 

Min 

45 -
60 -
45 -
60 -
5.0 -
- 35 
- 35 
- 2.0 
- 2.0 

40 -
80 -
100 -
116 300 
100 300 
20 -
- O.Z5 
- 0.4 
- 1.0 

- 1.0 
- 1.3 
- 2.0 

- 8.0 

- 25 

- 2000 

Unit 

Vdc 

Vdc 

Vdc 

nA 

µA 

-

Vdc 

Vdc 

pF 

pF 

0 

- 1600 -6x10 

2.0 - -
100 -
- 1200 µmhos 

40 ns 

100 ns 
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MPS3646 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
- 10 µs Pulse 

I Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

SWITCHING TRANSISTOR THERMAL CHARACTERISTICS 

NPN SILICON Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Refer to 2N4264 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter.Breakdown Voltage Oc = 1 oo µAde, VsE = O) V(BRICES 

Collector-Emitter Sustaining Voltage(1) lie = 10 mAdc, Is = 01 Vcrn1sus) 

Collector-Base Breakdown Voltage lie = 100 µAde, IE = O) V(BRICBO 

Emitter-Base Breakdown Voltage OE = 100 µAde, le = 01 V(BR)EBO 

Collector Cutoff Current (VcE = 20 Vdc, VsE = O) ICES 
(VcE = 20 Vdc, VsE = 0, TA = 65°C) 

ON CHARACTERISTICS(1) 

DC Current Gain Oc = 30 mAdc, VcE = 0.4 Vdcl hFE 
Oc = 100 mAdc, VcE = 0.5 Vdcl 
Oc = 300 mA, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage Oc = 30 mAdc, Is = 3.0 mAdcl VcE(sat) 
lie = 100 mAdc, Is = 10 mAdc) 
Oc = 300 mAdc, Is = 30 mAdc) 
lie = 30 mA, Is = 3.0 mA. TA = 65°C) 

Base-Emitter Saturation Voltage Oc = 30 mAdc, Is = 3.0 mAdc) VBE(sat) 
lie = 100 mAdc, Is = 10 mAdc) 
lie = 300 mAdc, Is = 30 rnAI 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = 30 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vea = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Ciba 
(VsE = 0.5 Vdc, le = o. f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 

Delay Time (Vee = 10 Vdc, VBE(offl = 3.0 Vdc, le = 300 mAdc, 
td 191 = 30 mAdc) (Figure 1) 

Rise Time tr 

Turn-Off Time (Vee = 10 Vdc, le = 300 mAdc, 191 = 192 = 30 mAdc) to ff 

Fall Time (Figure 1) If 

Storage Time ls 
(Vee = 10 Vdc, le = 10 mAdc, 191 = 192 = 10 mAdcl (Figure 2) 

(1) Pulse Test: Pulse Width "'300 µ,s, Duty Cycle"' 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 15 Vdc 

VcEs 40 Vdc 

Vcso 40 Vdc 

VEBO 5.0 Vdc 

le 300 mAdc 
500 

Po 625 mW 
5.0 mWl°C 

Po 1.5 Watts 
12.0 mWl°C 

TJ. Tstg -55 to + 150 oc 

Symbol Max Unit 

Rruc 83.3 oc!W 

R8JA 200 oc!W 

Min Max Unit 

40 - Vdc 

15 - Vdc 

40 - Vdc 

5.0 - Vdc 

- 0.5 µAde 
- 3.0 

30 120 -
25 -
15 -
- 0.2 Vdc 
- 0.28 
- 0.5 
- 0.3 

0.73 0.95 Vdc 
- 1.2 
- 1.7 

350 - MHz 

- 5.0 pF 

- - pF 

- 18 ns 

- 10 ns 

- 15 ns 

- 28 ns 

- 15 ns 

- 18 ns 

SMALL-SIGNAL DEVICES 



MPS3646 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

-3.0 v +10 v 

1.0 k 33 

+1.svn 
_J L 0.1 

0 V;n1 
tr,tf <1.0ns 
Pulse Width~ 240 ns 50 

Z;n = 50 fl ""° 

SMALL-SIGNAL DEVICES 

FIGURE 2 - CHARGE STORAGE TIME TEST CIRCUIT 

0~1 Vin 
-10 v 56 

tr< 1.0 ns 
Pulse Width = 300 ns -:
Dutv:cvcle = 2.~ 

Zin= 50 n 

2-121 

+11 v 

500 

"A" 

+10 v 

+6.0 v 10% Pulse 
Waveform at 
Point "A" 

t, 

To Sampling Scope 
· t,.~1.0 ns 

Zin= 100 k.fl 
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MPS3702 
MPS3703 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N4402 for graphs. 

MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage VcEO 

Collector-Base Voltage Vcso 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation @ TA = 25°C Po 
Cerate above 25°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Ambient R8JA 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, Is = O) MPS3702 25 

MPS3703 30 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAde, IE = 0) MPS3702 40 

MPS3703 50 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 
HE = 100 µAde, le= Ol 

Collector Cutoff Current icso -
(Vee = 20 Vdc, IE = 0) 

Emitter Cutoff Current IEBO -
!Vee = 3.o Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Oc = 50 mAdc, Vee = 5.0 Vdcl MPS3702 60 

MPS3703 30 

Collector-Emitter Saturation Voltage(1) VcE(sat) -
Oc = 50 mAdc, 19 = 5.0 mAdc) 

Base-Emitter On Voltage(1) VsE(on) 0.6 
Oc = 50 mAdc, Vee = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product t-r 100 
Oc = 50 mAdc, Vee = 5.0 Vdc, f = 20 MHz) 

Output Capacitance Cobo -
(Vee = 10 Vdc, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 2.0%. 

MPS3702 MPS3703 Unh 

25 30 Vdc 

40 50 Vdc 

5.0 Vdc 

600 mAdc 

625 mW 
5.0 mW!°C 

-55to +150 ·c 

Max Unit 

0.2 0ctw 

Max Unit 

Vdc 
-
-

Vdc 
-
-
- Vdc 

100 nAdc 

100 nAdc 

-
300 
150 

0.25 Vdc 

1.0 Vdc 

- MHz 

12 pF 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

MPS3704 MPS3706 
Rating Symbol MPS3705 

Collector-Emitter Voltage Vern 30 20 

Collector-Base Voltage Vcso 50 40 

Emitter-Base Voltage VEBO 5 

Collector Current - Continuous le 600 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 0.2 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 11 
Uc = 10 mAdc, IE = 0) MPS3704 

MPS3705 
MPS3706 

Collector-Base Breakdown Voltage 
Uc = 100 µ.Ade, IE = OJ MPS3704 

MPS3705 
MPS3706 

Emitter-Base Breakdown Voltage 
llE = 1 oo µAde, le = OI 

Collector Cutoff Current 
(Vcs = 20 Vdc, IE = O) 

Emitter Cutoff Current 
(VsE = 3.0 Vdc, le = OJ 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc = 50 mAdc, VcE = 2.0 Vdcl MPS3704 

MPS3705 
MPS3706 

Collector-Emitter Saturation Voltage(1) 
Uc = 100 mAdc, Is = 5.0 mAdc) MPS3704 

MPS3705 
MPS3706 

Base-Emitter On Voltage( 1) 
(le = 100 mAdc, VcE = 2.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 50 mAdc, VcE = 2.0 Vdc, I = 20 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

oc 

Unit 

oc!W 

MPS3704 
thru 

MPS3706 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N4400 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
30 -
30 -
20 -

V(BR)CBO Vdc 
50 -
50 -
40 -

V(BR)EBO 5.0 - Vdc 

lcso - 100 nAdc 

IEBO - 100 nAdc 

hFE -
100 300 
50 150 
30 600 

VcE(satl Vdc 
- 0.6 
- 0.8 
- 1.0 

VsE(on) 0.5 1.0 Vdc 

tr 100 - MHz 

Cobo - 12 pF 

MOTOROLA SEMICONDUCTORS 

• 



• 
MPS3707 
MPS3710 
MPS3711 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Refer to MPS3903 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Oc = 1.0 mAdc, Is = Ol 

Collector Cutoff Current lcso 
(Vcs = 20 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
(VBE = 6.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 100 µAde, VcE = 5.0 Vdc) MPS3707 
Uc = 1.0 mAdc, VcE = 5.0 Vdcl MPS3710 

MPS3711 

Collector-Emitter Saturation Voltage VcE(satl 
Oc = 10 m!\.dc, Is = 0.5 mAdcl 

Base-Emitter On Voltage VBE(on) 
Uc = 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Current Gain hfe 
Oc = 100 µ,Ade, VcE = 5.0 Vdc, f = 1.0 KHz) MPS3707 
Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 KHz) MPS3710 

MPS3711 

Noise Figure(1) NF 
(VcE = 5.0 V, le = 100 µA) MPS3707 
(RG = 5.0 Kil, Noise Bandwidth = 15.7 KHz) 

Symbol Value Unit 

VcEO 30 Vdc 

Vcso 30 Vdc 

VEBO 6.0 Vdc 

le 30 mAdc 

Po 625 mW 
5.0 mW/°C 

Po 1.5 Watt 
12 mWl°C 

TJ, Tstg -55 to + 150 "C 

Symbol Max Unit 

ROJA 200 "C/W 

RllJC 83.3 "C/W 

Min Max Unit 

30 - v 

100 nA 

100 nA 

-
100 400 
90 330 
180 660 

- 1.0 v 

0.5 1.0 v 

-
100 550 
90 450 
180 800 

dB 
- 5.0 

(1) Average Noise Figure is measured in an amplifier with low frequency response down 3 dB at 10 c/s. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 30 

Collector-Base Voltage vcBo 55 

Emitter-Base Voltage VEBO 3.5 

Collector Current - Continuous le 0.4 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ Tc = 25'C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 83.3 

Thermal Resistance, Junction to Ambient Ro.JA 200 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 5.0 mAdc, RBE = 1 o {}) 

Collector-Emitter Sustaining Voltage 
nc = 5.o mAdc, le = 01 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcE = 28 Vdc, le = 01 

Collector Cutoff Current 
(VcE = 30 Vdc, VeE = -1.5 Vdc (Rev.), Tc = 150'C) 
(VcE = 55 Vdc, VeE = -1.5 Vdc (Rev.) 

Emitter Cutoff Current 
(VBE = 3.5 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 360 mAdc, VcE = 5.0 Vdc)(1) 
(le = 50 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 100 mAdc, le = 20 mAdc) 

SMALL-SrGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = so mAdc, VcE = 15 Vdc, f = 200 MHz) 

Output Capacitance 
(Vee = 28 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
(Vee = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

Collector Efficiency 
!Vee = 28 Vdc, Pout = 1.0 w, f = 400 MHz) 

(1) Pulse Test: Pulse Width"" 300 µs, Duty Cycle"" 2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

Ade 

mW 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'CIW 

'CIW 

MPS3866 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

VcER(sus) 55 - Vdc 

VcEO(sus) 30 - Vdc 

V(BR)EBO 3.5 - Vdc 

lcEO - 0.02 mAdc 

ICEX mAdc 
- 5.0 
- 0.1 

IEBO - 0.1 mAdc 

hfE -
5.0 -
10 200 

VcE(sat) - 1.0 Vdc 

fr 500 - MHz 

Cobo - 3.0 pF 

Gpe 10 - dB 

11 45 - % 

MOTOROLA SEMICONDUCTORS 
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MPS3866 

RF 
Inputs 

C1: 3.0 35 pf 
C2, C5: 8.0 60 pf 

C3: 12 pf 
C4: 1000 pf 
C6: 0.9-1.0 pf 
L 1: Two turns #18 Wire, 

1 /4" ID, 1 /8" long 
L2: FERRITE RF Choke, 

One Turn, z; 450 Ohms 
L3, L4: RF Choke, 0.1 µH 

L5: 2-3/4 Turns, #18 Wire, 
1 /4" ID, 3/16" long 

R1: 5.6 Ohms 

MOTOROLA SEMICONDUCTORS 

FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 

L3 C6 

C3 

C4 

T..__1_..,,.._--<( :8 Vac 
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RF 
Inputs 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mW/'C 

Total Power Dissipation @TA = 60'C Po 450 mW 

Total Device Dissipation @ Tc = 25'C Po 1.5 Watts 
Derate above 25'C 12 mW/'C 

Operating and Storage Junction TJ, Tstg -55 to + 150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 83.3 'C/W 

Thermal Resistance, Junction to Ambient RoJA 200 'C!W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 1.0 mAdc, Is = OI 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = OI 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = OI 

Collector Cutoff Current 
(VcE = 30 Vdc, VEB(off) = 3.0 Vdc) 

Base Cutoff Current 
(VcE = 30 Vdc, VEB(off) = 3.0 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 0.1 mAdc, VcE = 1.0 Vdc) MPS3903 

MPS3904 

(le = 1.0 mAdc, VcE = 1.0 Vdc) MPS3903 
MPS3904 

(le = 10 mAdc, VcE = 1.0 Vdcl MPS3903 
MPS3904 

(le = 50 mAdc, V cE = 1.0 Vdc) MPS3903 
MPS3904 

le = 100 mAdc, VcE = 1.0 Vdc) MPS3903 
MPS3904 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, IB = 1.0 mAdcl 
(le = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
(le= 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 5.0 mAdcl 

SMALL-SIGNAL DEVICES 

2-127 

MPS3903 
MPS3904 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 6.0 - Vdc 

ICEX - 50 nAdc 

IBL - 50 nAdc 

hFE -
20 -
40 -

35 -
70 -

50 150 
100 300 

30 -
60 -

15 -
30 -

VcE(satl Vdc 
- 0.2 
- 0.3 

VBE(sat) Vdc 
0.65 0.85 
- 1.0 

MOTOROLA SEMICONDUCTORS 
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• 
MPS3903, MPS3904 

ELECTRICAL CHARACTERISTICS !continued) (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
lie = 10 mAdc, VcE = 20 Vdc, t = 100 MHz) MPS3903 150 -

MPS3904 200 -
Output Capacitance Cobo - 4.0 pF 

(Vea = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo - 8.0 pF 
IVaE = 0.5 Vdc, le = 0, f = 100 kHz) 

Input Impedance hie kO 
lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3903 0.5 8.0 

MPS3904 1.0 10 

Voltage Feedback Ratio hre x 10-4 
lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3903 0.1 5.0 

MPS3904 0.5 8.0 

Small-Signal Current Gain hfe -
lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3903 50 200 

MPS3904 100 400 

Output Admittance hoe 1.0 40 µmhos 
lie= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF dB 
lie = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 kO, MPS3903 - 6.0 
f = 10 Hz to 15.7 kHz) MPS3904 - 5.0 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.0 Vdc, VaE(offl = o.5 Vdc, Id - 35 ns 

Rise Time le = 10 mAdc, 191 = 1.0 mAdc) 
Ir - 50 ns 

Storage Time MPS3903 ts - 800 ns 
!Vee = 3.0 Vdc, le = 10 mAdc, MPS3904 - 900 

Fall Time 191 = 192 = 1.0 mAdc) If - 90 ns 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

EQUIVALENT SWITCHING TIME TEST CIRCUITS 

FIGURE 1 -TURN·ON TIME FIGURE 2 -TURN-OFF TIME 

300 ns _., ~ +lO 9 V +3.0 V 
Duty Cycle"" 2% n1-- T' . 

10<t1<50Qµs-+j t1 1:!:__+109V 

Duty Cycle~ 2% 1i=i' ..J---+t- 1 0 k 

-o.s v I , 
<1.0 ns ___., h.-

MOTOROLA SEMICONDUCTORS 

0 ' 

i 

-9.1 V~-r--- <1.0 ns 

"Total shunt capacitance of test jig and connectors 
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MPS3903, MPS3904 

TYPICAL NOISE CHARACTERISTICS 
(VcE = 5.0 Vdc, TA= 25°C) 

FIGURE 3 - NOISE VOLTAGE 

Bandw:dth ~ 1101H1 
Rs" 0 

2.0 ~--'o-~~cw.w;.,----,-'c--~.,..._~~c---".,---'-'~-'-'-~ 10 20 50 100 200 500 10 k 2.0 k 5.0 k 10 k 
t. FREQUENCY (H,) 

FIGURE 4 - NOISE CURRENT 

lOOF==l=' 
50 B~~idth"' 1.0 tt'Zl 

Rs~ -

20 p..P$+:1:tl+-~+1---L+--t--++-t-+tt-----r--r-t-+-t-+++t 
~ 10 t:s;t-- brc - 10 mA 

~ 50 ~~~~~11~~3~0~0~µAalll~l~lll 
~ 20t~r~~!~l't-§~lrOO~µA~~i~~~-I ~ 1.0 J::-,, b 30µA 
_5 0.5 t=:: - 10 µA 

r---t---r--+--HH-+H---±-1 :::::::-0.2 --
--+----H - J_ _l 

0 ·\::-o--c2Lo--~-~5Lo"L'~100·---2·~00~~~50~0~~1.-o_k_2L.o-k~L5L.OLk~10 k 
t. FREQUENCY (H,) 

NOISE FIGURE CONTOURS 
(Vee= 5.0 Vdc, TA= 25°C) 

FIGURE 5 - NARROW BAND, 100 Hz 

500k?ss;~~~~~~~~~~~~~~~~~fJ,1*l 200 k ~ Bandwidth - 1.0 Hz o;100 k E;;: ::S 

~ 50 k 

w 20k = ~ 

~lOki:i::,.,,1111.J"-.,fll ~ 5-0 k t-----t- 2.0 dB 
~~k ~ ~ 
~ 3.0 dB 4.0 dB JS 
~;:21.0k 6.0dB~ lOdB -· 500 
ff 200;;~=~1~;~;;;~;i1~;;Pf;; 100 50 10 

500 k 

200 k 
v;-100 k 

"' s 50k 

~ 20 k 

~ 10k 

~ 5.0 k 

~ 2.0 k 

~ 1.0 k 

" 0 500 

~ 200 

F 

100 50 10 

20 30 50 70 100 200 300 500 700 10 k 
IC. COLLECTOR CURRENT (µA) 

FIGURE 7 - WIDEBAND 

s;: ""S 10 Hz to 15.7 kHz 
i-:-;: 'IS; ""S 

:r--.. b, ~ ]"-.. 

:::- -.... h 

1.0 dB 2.0 dB y- '!--
E;; E'. 3.0 dB 

5.0 dB 
""" B.O dB 

20 30 50 70 100 200 300 500 700 10 k 
IC. COLLECTOR CURRENT lµA) 

SMALL-SIGNAL DEVICES 

FIGURE 6 - NARROW BAND, 1.0 kHz 

10 M 

500 k = Bandwidth"' 1.0 H~ 

V3' 200 k 

~ 100 k 
LI.I 50 k 

2 
~ 20 k 

~ 10 k 
c::: 5.0 k 

~ 2.0k 

5.: 1.0 k 

!;f 500 

~ 
:::-,,, 

~ 

~ 

1.0 dB 

~ 

_,,,.,,C>. 

~ ~ ~ 

2.0 dB ~ 
3.0d~ 

5.0 dB 
B.O dB 200 100 10 20 30 50 70 100 200 300 500 700 LO k 

IC, COLLECTOR CURRENT (µA) 

Noise Figure is Defined as: 

~ 2 2 2) 1/2 
NF" 20 10910 n + 4 KTRS +In RS 

4KTRs 

en "'Noise Voltage of the Transistor referred to the input. (Figure 3) 

In "'Noise Current of the transistor referred to the input (Figure 4) 

K "'Boltzman's Constant (1.38 x 10-23 j/°K) 

T =Temperature of the Source Resistance {°K) 

Rs= Source Resistance (Ohms) 

MOTOROLA SEMICONDUCTORS 
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• 
MPS3903, MPS3904 

TYPICAL STATIC CHARACTER1STICS 

FIGURE 8 - DC CURRENT GAIN 
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TJ= 1~:. - c..:::!..:::I.: 

~ J.-,:P- l 40L.J.....LI._LJ.j~~;i.---'-----'-~~LI....l-l-L~-L___J---1_J_..Ll-LI...J..~'--'~-'--L..J.....L.J....LI-J.~-L-1----'---L-.J---"-J'-LI.> 
0.004 0.006 0.01 0.02 0.03 0.05 O.oJ 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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10. BASE CURRENT (mA) 

FIGURE 11 - "ON" VOLTAGES 
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FIGURE 10 - COLLECTOR CHARACTeRISTICS 
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FIGURE 12 -TEMPERATURE COEFFICIENTS 
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MPS3903, MPS3904 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 13 - TURN.ON TIME 
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FIGURE 15 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 17 - INPUT IMPEDANCE 
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FIGURE 14 - TURN·OFF TIME 
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FIGURE 16 - CAPACITANCE 
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FIGURE 18 - OUTPUT ADMITTANCE 
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• 
MPS3903, MPS3904 

FIGURE 19 - THERMAL RESPONSE 
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DESIGN NOTE: USE OF THERMAL RESPONSE DATA 

A train of periodical power pulses can be represented 
by the model as shown in Figure 19A. Using the model and 
the device thermal response the normalized effective 
transient thermal resistance of Figure 19 was calculated 
for various duty cycles. 

To find ZoJA(tl· multiply the value obtained from 
Figure 19 by the steady state value ReJA-

Example: 
The MPS3903 is dissipating 2.0 watts peak under the 
following conditions: 

t1 = 1.0 ms, t2 = 5.0 ms. (D = 0.2) 
Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 

The peak rise in junction temperature is therefore 
LH = r(t) x P(pk) x ROJA= 0.22 x 2.0 x 200 = 88°C. 

For more information, see AN-569. 
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The safe operating area curves indicate lc-VcE limits 
of the transistor that must be observed for reliable oper
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 20 is based upon T J(pk) = 150°C; 
Tc or TA is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided TJ(pk).;; 
150°C. TJ(pk) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi
tations will reduce the power than can be handled to 
values less than the limitations imposed by second break
down. (SeeAN-415A). 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage VEBO 5.0 

Base Current Is 200 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Power Dissipation @ TA = 60°C Po 450 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RoJC 83.3 

Thermal Resistance, Junction to Ambient RoJA 200 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise.noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le= 1.0 mAdc, Is = Ol 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(VCE = 30 Vdc, VBE(off) = 3.0 Vdc) 

Base Cutoff Current 
(VcE = 30 Vdc, Vsi;Joffl = 3.0 Vdc 

ON CHARACTERISTICS(1) 

DC Current Gain 
Oc = 0.1 mAdc, VcE = 1.0 Vdc) 

Oc = 1.0 mAdc, VcE = 1.0 Vdc) 

Oc = 10 mAdc, VcE = 1.0 Vdc) 

Oc = 50 mAdc, VcE = 1.0 Vdc) 

(le= 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, Is= 1.0 mAdc) 
Oc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, Is = 1.0 mAdcl 
Oc = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

SMALL-SIGNAL DEVICES 

MPS3905 
MPS3906 

MPS3905 
MPS3906 

MPS3905 
MPS3906 

MPS3905 
MPS3906 

MPS3905 
MPS3906 

MPS3905 
MPS3906 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mW 
mWf'C 

mW 

Watts 
mWf'C 

oc 

Unit 

oc;w 

oc;w 

MPS3905 
MPS3906 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

GENERAL PURPOSE TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

Isl 

hfE 

VcE(sat) 

VsE(sat) 

PNP SILICON 

Refer to 2N5086 for graphs. 

Min 

40 

40 

5.0 

-

-

30 
60 

40 
80 

50 
100 

30 
60 

15 
30 

-
-

0.65 
-

200 
250 

Max 

-

-

-

50 

50 

-
-

-
-

150 
300 

-
-
-
-

0.25 
0.4 

0.85 
0.95 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 
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MPS3905, MPS3906 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25"C unless otherwise noted.) 

~ 
I 

Che-llltlc Symbol Min Mu Unit 

Output Capacitance Cobo - 4.5 pF 
(Vee = 5.0 Vdc, IE = O, f = 100 kHz) 

Input Capacitance C;bo - 10 pF 
(VeE = 0.5 Vdc, le = o, f = 100 kHzl 

Input Impedance hie kohms 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3905 0.5 8.0 

MPS3906 2.0 12 

Voltage Feedback Ratio hre x 10-4 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3905 0.1 5.0 

MPS3906 1.0 10 

Small-Signal Current Gain hfe -
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3905 50 200 

MPS3906 100 400 

Output Admittance hoe p;mhos 
Uc= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS3905 1.0 40 

MPS3906 3.0 60 

Noise Figure NF dB 
Uc = 100 p;Adc, VcE = 5.0 Vdc, Rs = 1.0 k ohm, MPS3905 - 5.0 
f = 10 Hz to 15.7 kHz) MPS3906 - 4.0 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.0 Vdc, VeE(offl = 0.5 Vdc td - 35 ns 

Rise Time Uc= 10 mAdc, le1 = 1.0 mAdc) 
tr - 50 ns 

Storage Time MPS3905 Is - 600 ns 
(Vee = 3.0 Vdc, le = 10 mAdc, MPS3906 - 800 

Pall Time le1 = le2 = 1.0 mAdcl MPS3905 tf - 90 ns 
MPS3906 - 90 

(1) Pulse Test: Pulse Width = 300 p;s, Duty Cycle = 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

MPS4248 MPS4249 
Rating Symbol MPS4250 MPS4250A Unit 

Collector-Emitter Voltage Vern 40 60 Vdc 

Collector-Emitter Voltage Vces 40 60 Vdc 

Collector-Base Voltage Vcso 40 60 Vdc 

Emitter-Base Voltage Ve so 5.0 5.0 Vdc 

Total Device Dissipation @ TA = 25°C Po 625 625 mW 
Derate above 25°C 5.0 5.0 mW/"C 

Total Device Dissipation @ Tc = 25°C Po 1.5 1.5 mW 
Derate above 25°C 12 12 mWl°C 

Total Device Dissipation@ Tc = 100°c Po 
De rate above 100°C 

Operating and Storage Junction TJ, Tstg -55 to + 125 oc 

Temperature Range 

Junction Temperature TJ 125 oc 

Lead Temperature (10 seconds) TL 260 oc 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 10 µAl MPS4248 
Uc= 10 µAl MPS4249 
Uc= 5.0 mA) MPS4250 
Uc= 5.0 mA) MPS4250A 

Collector-Emitter Sustaining Voltage(1) 
Uc= 5.0) MPS4248, MPS4250 
Uc= 5.0) MPS4249, MPS4250A 

Collector-Base Breakdown Voltage 
Uc= 10 µA) MPS4248, MPS4250 
Uc= 10 µAl MPS4249, MPS4250A 

Emitter-Base Breakdown Voltage 
He= 10 µA) 

Collector Cutoff Current 
(Vcs = 40 Vl MPS4248, MPS4249, MPS4250A 
(Vcs = 50 Vl MPS4250 
(Vcs = 40 V, TA = 65°C) MPS4248,49,50 

Emitter Cutoff Current 
(Vse = 3.o V) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 100 µA, VcE = 5.0 V) MPS4248 
He = 100 µA, VcE = 5.0 V) MPS4249 
He = 100 µA, VcE = 5.0 V) MPS4250,A 
He = 1.0 mA, VcE = 5.0 V) MPS4248 
He = 1.0 mA. VcE = 5.0 V) MPS4249 
He = 1.0 mA, VcE = 5.0 V) MPS4250 
Uc = 10 mA, VcE = 5.0 V) MPS4248 
He= 10 mA, VcE = 5.0 V) MPS4249 
Uc = 10 mA, VcE = 5.0 V) MPS4250 

Collector-Emitter Saturation Voltage(1) 
Uc = 10 mA. IB = 0.5 mA) 

Base-Emitter Saturation Voltage(1) 
He= 10 mA, Is = 0.5 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
IVcs = 5.0 v, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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MPS4248 
MPS4249 
MPS4250 

MPS4250A 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

TRANSISTOR 

PNP SILICON 

Symbol Min Max 

V(BR)CES 
40 -
60 -
40 -
60 -

V(BR)CEO(sus) 
40 -
60 -

V(BR)CBO 
40 -
60 -

V(BR)EBO 5.0 -

icso 
- 10 
- 10 
- 3.0 

leso - 20 

hfE 
50 -
100 300 
250 700 
50 -
100 -
250 -
50 -
100 -
250 -

VcE(sat) - 0.25 

Vse(sat) - 0.9 

Cobo 6.0 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nA 

nA 

-

Vdc 

Vdc 

pf 

MOTOROLA SEMICONDUCTORS 
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MPS4248, MPS4249, MPS4250, MPS4250A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Mex Unit 

Input Capscitance Cibo - 16 pF 
!Vee = o.5 v, f = 1.0 MHz) 

Small-Signal Current Gain hte -
Uc= 1.0 mA. Vee= 5.0 v, f = 1.0 kHz) MPS4248 50 1000 
Uc= 1.0 mA. Vee = 5.o v, f = 1.0 kHz) MPS4249 100 500 
Uc= 1.0 mA. Vee = 5.o v, f = 1.0 kHz) MPS4250,A 250 BOO 
!le = o.5 mA. Vee = 5.0 v, f = 20 MHz) MPS4248,49,50 2.0 -

Noise Figure NF dB 
!le = 20 µA, Vee = 5.o v, Rs = 10 Kn, 
f = 1.0 kHz, Pew = 150 Hz) MPS4248,50,A - 2.0 
Uc = 20 µA. Vee = &.o v, Rs = 10 Kn, 
f = 1.0 kHz. Pew = 150 Hzl MPS4249 - 3.0 
Uc = 250 µA. Vee = 5.o v. Rs = 1.0 Kn. 
f = 1.0 kHz. Pew = 150 Hz) MPS4248,50.A - 2.0 
Uc = 250 µA, Vee = 5.o v, Rs = 1.0 Kn, 
f = 1.0 kHz, Pew= 150 Hz) MPS4249 - 3.0 

(1) Pulse Test: Pullle Width = 300 µ,s, Duty Cycle = 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol MPS4257 MPS4258 Unit 

Collector-Emitter Voltage VcEO 6.0 12 Vdc 

Collector-Base Voltage Vcso 6.0 12 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current - Continuous tc 80 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 12 mW'C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 ·c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 83.3 0c1W 
Thermal Resistance, Junction to Ambient ROJA 200 0 c1W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 100 µAde, VsE = O) MPS4257 

MPS4258 

Collector-Emitter Sustaining Voltage(1) 
Uc = 3.0 mAdc, ts = O) MPS4257 

MPS4258 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) MPS4257 

MPS4258 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcE = 3.0 Vdc, VsE = 0) MPS4257 
(VcE = 3.0 Vdc, VsE = 0, TA = +65°Cl MPS4257 
(VcE = 6.0 Vdc, VsE = 0) MPS4258 
(VcE = 6.0 Vdc, VsE = 0, TA = + 65°C) MPS4258 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 1.0 mAdc, VcE = 0.5 Vdc) 
Uc = 10 mAdc, VcE = 3.0 Vdc) 
Uc = 50 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, Is = 1.0 mAdc) 
Uc = 50 mAdc, ts = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= 10 mAdc, ts = 1.0 mAdc) 
(le= 50 mAdc, ta = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(le = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) MPS4257 
(le = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) MPS4258 

Input Capacitance 
(VsE = 0.5 Vdc, tc = 0, f = 1.0 MHz) 

Collector-Base Capacitance 
(Vee = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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MPS4257 
MPS4258 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
SWITCHING TRANSISTORS 

PNP SILICON 

Refer to MPS3640 for graphs. 

Symbol Min Max Unit 

V(BR)CES Vdc 
6.0 -
12 -

VcEO(sus) Vdc 
6.0 -
12 -

V(BR)CBO Vdc 
6.0 -
12 -

V(BR)EBO 4.5 - Vdc 

ICES µAde 
- 0.01 
- 5.0 
- O.Q1 
- 5.0 

hFE -
15 -
30 120 
30 -

VcE(sat) Vdc 
- 0.15 
- 0.5 

VBE(sat) Vdc 
0.75 0.95 
- 1.5 

tr MHz 
500 -
700 -

Cibo - 3.5 pf 

Ccb - 3.0 pf 

MOTOROLA SEMICONDUCTORS 
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ELECTRICAL CflARACTERISTIC:S (TA= 25°C unless otherwise noted.) 

~ 
! 

Characteristic Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vee= 1.5 Vdc, ton - 15 ns 

Delay Time VeE(off) "'. o, td - 10 ns 

Rise Time 
le = 10 mAdc, le1 = LO mAdc) 

tr - 15 ns 

Turn-Off Time MPS4257 toff - 15 ns 

(Vee= 1.5 Vdc, MPS4258 - 20 

Storage Time le= 10 mAdc, MPS4257 ts - 15 ns 
le1 = le2 = 1.0 mAdc) MPS4258 - 20 

Fall Time tf - 10 ns 

Storage Time ts ns 
Uc= 10 mAdc, le1 = 10 mAdc, le2 = 10 mAdc) MPS4257 - 15 

MPS4258 - 20 

(1) Pulse Test: Pulse Width "" 300 µs, Duty Cycle "" 2.0%. 
(2) fy is. defined as the frequency at which lhtel extrapolates to unity. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

V55 Vee 

R2 

Vin V55 Vee Rl R2 RJ IC 151 152 
O.lµF Volts Volts Volts Ohms Ohms Ohms mA mA mA V;n[f 

Zin=50n 
tr<l.Ons 50.Q 

tw"' 240 ns 

tan -5.8 GND -1.5 130 2.2k 5k 10· 1.0 -
tott +9.8 -8.0 -1.5 130 2.2 k 5k 10 1.0 1.0 

'• +9.0 -10 -3.0 270 510 390 10 10 10 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol MPS4274 MPS4275 

Collector-Emitter Voltage Vern 12 15 

Collector-Emitter Voltage VcES 30 40 

Collector-Base Voltage Vceo 30 40 

Emitter-Base Voltage VEBo 4.5 

Collector Current - Continuous le 100 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @Tc = 25°C Po 1.6 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 83.3 

Thermal Resistance, Junction to Ambient R11JA 200 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 10 mAdc, Is = O) MPS4274 

MPS4275 

Collector-Emitter Breakdown Voltage 
Uc= 10 µAde, VEB = 0) MPS4274 

MPS4275 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = o) MPS4274 

MPS4275 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 20 Vdc, IE = 0, TA = 65°C) 

Collector Cutoff Current 
(VcE = 20 Vdc, VEe = 0) 

ON CHARACTERISTICS 

DC Current Gain Uc= 10 mAdc, VcE = 1.0 Vdc) 
Uc = 30 mAdc, VcE = 0.4 Vdc) 
Uc = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage Uc= 10 mAdc, le = 1.0 mAdc) 
Uc= 10 mAdc, Is = 3.3 mAdc) 
(le = 30 mAdc, le = 3.0 mAdc) 
Uc = 100 mAdc, le = 10 mAdc) 

Base-Emitter Saturation Voltage Uc= 10 mAdc, le = 1.0 mAdc) 
Uc = 10 mAdc, le = 3.3 mAdc) 
Uc = 30 mAdc, le = 3.0 mAdc) 
Uc = 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance (Vee = 5.0 Vdc, f = 1.0 MHz) 

Small Signal Current Gain Uc = 10 mAdc, Vee = 10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Charge Storage Time (le = 101 = 102 = 10 mAdc, Vee = 10 Vdc) 

Turn-On Time Uc = 10 mAdc, 101 = 3.3 mAdc, Vee = 3.0 Vdc) 

Turn-Off Time (le = 10 mAdc, 101 = 102 = 3.3 mAdc, Vee = 3.0 Vdc) 

(1) Pulse Test: Pulse Width "" 300 µSec, Duty Cycle "" 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

Watts 
mW/°C 

·c 

Unit 

°CIW 

°C/W 

MPS4274 
MPS4275 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
SWITCHING TRANSISTOR 

NPN SILICON 

Refer to MPS2369 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
12 -
15 -

V(BR)CES Vdc 
30 -
40 -

V(BR)CBO Vdc 
30 -
40 -

V(BR)EBO 4.5 - Vdc 

lceo - 10 µAde 

ICES - 400 nAdc 

hFE 35 120 -
30 -
18 -

VCE(sat) - 0.2 Vdc 
- 0.18 
- 0.25 
- 0.50 

VeE(sat) 0.72 0.85 Vdc 
0.74 1.00 
- 1.15 
- 1.60 

Ccb 4.0 pF 

hte 4.0 

ts - 13 ns 

ton - 12 ns 

to ff - 12 ns 

MOTOROLA SEMICONDUCTORS 
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MPS5133 

CASE 29·02, STYLE 1 
T0-92 (T0-226AA) 

I 
TRANSISTOR 

NPN SILICON 

Refer to MPS3903 for graphs. 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VcEQ 

Collector-Base Voltage Vcso 

Emitter-Base Voltage VEBO 

Total Device Dissipation @ TA = 25'C Po 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C Po 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

Lead Temperature (10 seconds) TL 

ELECTRICAL CHARACTERISTICS <TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) V (BR)CEO(sus) 
Oc = 3.0 mAl 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= 100 µAl 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE= 10 µA) 

Collector Cutoff Current lcso 
!Vcs = 15 vi 
(Vcs = 15 V, TA = 65°C) 

Emitter Cutoff Current IEBQ 
(VBE = 2.0 V) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 1.0 mA, VcE = 5.0 V) 

Collector-Emitter Saturation Voltage VcE(satl 
Uc = 1.0 mA, Is = 0.1 mAI 

Base-Emitter On Voltage VBE(on) 
Oc = 100 µ,A, VcE = 5.0 VI 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance Ccb 
(Vcs = 5.0 VI 

Small-Signal Current Gain hfe 
Uc= 1.0 mA, VcE = 5.0 V, f = 1.0 kHz) 
Oc = 1.0 mA, VcE = 5.0 V, f = 20 MHz) 

(1) Pulse Test: Pulse Width,,;; 300 IL•· Duty Cycle,,;; 1.0%. 

Value Unit 

18 Vdc 

20 Vdc 

3.0 Vdc 

.625 Watts 

1.0 Watt 

-55 to + 150 'C 

260 'C 

Min Max Unit 

18 - Vdc 

20 - Vdc 

3.0 - Vdc 

- 50 nA 
- 5.0 µA 

- 50 nA 

60 1000 -

- 0.4 Vdc 

- 0.75 Vdc 

- 5.0 pF 

-
50 1100 
2.0 20 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO 30 

Collector-Base Voltage Vcso 30 

Emitter-Base Voltage VEBO 5.0 

Total Device Dissipation @ TA = 25°C Po .625 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C Po 1.0 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

Junction Temperature TJ 

Lead Temperature (10 seconds) TL 260 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
!le= 10 mA) 

Collector-Base Breakdown Voltage 
<le= 100 µA) 

Emitter-Base Breakdown Voltage 
!le= ioo µA) 

Collector Cutoff Current 
<Vcs = 20 V) 
(Vcs = 20 V, TA = 65°C) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 100 µA, Vee = 10 V) 
!le = 1.0 mA. VcE = 10 V) 
!le = 10 mA. Vee = 10 V)(1) 

Collector-Emitter Saturation Voltage(1) 
!le = 10 mA. Is = 0.5 mA) 

Base-Emitter Saturation Voltage(1) 
(le = 10 mA, Is = 0.5 mA) 

Base-Emitter On Voltage(1) 
!le = 10 mA, Vee = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(VcB = 5.0 V, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VsE = 0.5 V, f = 1.0 MHz) 

Small-Signal Current Gain 
(le = 0.5 mA, VcE = 5.0 V, f = 20 MHz) 
!le= 1.0 mA. VcE = 10 v, t = 1.0 kHz) 

(1) Pulse Test: Pulse Width.; 300 µ,s, Duty Cycle.; 1.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Watts 

Watt 

oc 

oc 

oc 

MPS5138 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

TRANSISTOR 

PNPSILICON 

Symbol Min Max 

V(BR)CEO(sus) 30 -

V(BR)CBO 30 -

V(BR)EBO 5.0 -

le Bo 
- 50 
- 3.0 

hFE 
50 800 
50 -
50 -

VcE(sat) - 0.3 

VsE(sat) - 1.0 

VsE(on) - 1.0 

Ccb - 7.0 

Ceb - 30 

hte 
1.5 -
40 1000 

Unit 

Vdc 

Vdc 

Vdc 

nA 
µA 

-

Vdc 

Vdc 

Vdc 

pF 

pF 

-

MOTOROLA SEMICONDUCTORS 
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MPSS139 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
SWITCHING TRANSISTOR 

PNPSIUCON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

TotalDevice Dissipation @ TA = 25"C 
Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

Lead Temperature (10 seconds) 

ELECTRICAL CHARACTERISTICS IT A = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
Ile= 1ooµA) 

Collector-Emitter Sustaining Voltage Vceo(sus) 
Ile= 10 mA)(1) 

Collector-Base Breakdown Voltage V(BR)CBO 
Ile= 100 µAl 

Emitter-Base Breakdown Voltage V(BR)EBO 
Ile= 100 µAl 

Collector Cutoff Current ices 
IVce = 15 Vdcl 
(Vee= 15 Vdc, TA= 65'C) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 100 µA, Vee = 10 Vdcl 
Ile = 1.0 mA, Vee = 10 Vdc) 
Uc = 10 mA. Vee = 1.0 Vdcll1l 
Ile = 50 mA. Vee = 10 Vdcll1l 

Collector-Emitter Saturation Voltage Vce(sat) 
Ile= 1.0 mA. le= 0.1 mAll1l 
Uc = 10 mA. le = 1.0 mAll1l 
Uc= 50 mA, le= 5.0 mA)(1) 

Base-Emitter Saturation Voltage Vee(satl 
Ile= 10 mA. le = 1.0 mAll1l 
Uc = 50 mA. le = 5.0 mAll1l 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance Ccb 
IVce = 10 Vdc, f = 1.0 MHz) 

Emitter-Base Capacitance 
IVee = 0.5 ildc, f = 1.0 MHz) 

Cab 

Current Gain - High Frequency lhtel 
Ile = 10 mA. Vee = 20 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Turn-OnTime Ion 
Ile - 50 mA, le1 - 5.0 mAl 

Turn-(lff Time !off 
Ile - 50 mA, le1 - 5.0 mA. le2 - -5.0 mAl 

(1) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 1.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unh 

Vceo 20 Vdc 

Vceo 20 Vdc 

Veeo 5.0 Vdc 

ic 100 mA 

Po 0.625 Watts 
mW/'C 

Po 1.0 Watts 
mW/'C 

TJ, Tstg -55 to +150 'C 

TL 260 'C 

Min Max Unit 

2(} - Vdc 

20 - Vdc 

20 - Vdc 

5.0 - Vdc 

- 50 nA 
- 25 µA 

-
30 -
40 -
40 -
15 -

Vdc 
- 0.15 
- 0.20 
- 0.5 

Vdc 
0.7 1.0 
0.75 1.25 

- 5.0 pF 

- 8.0 pF 

3.0 - -

- 50 ns 

- 200 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 25 

Collector-Base Voltage Vcso 25 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 100 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Ro.Jc 83.3 

Thermal Resistance, Junction to Ambient ReJA 200 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mAdc, Is = O) 

Collector Cutoff Current 
(Vcs = 25 Vdc, IE = 0) 
(Vcs = 25 Vdc, IE = o, TA= 100°C) 

Collector Cutoff Current 
(VCE = 25 Vdc, VsE = O) 

Emitter Cutoff Current 
(VBE = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc = 10 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, Is= 1.0 mAdc) 

Base,Emitter Saturation Voltage 
Oc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter On Voltage 
Oc = 10 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 2.0 mAdc, VcE = 5.0 Vdc) 

Collector-Base Capacitance 
(Vcs = 0, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 
Watts 
mW/°C 

oc 

Unit 

oc;w 

oc;w 

Symbol 

V(BR)CEO 

lcso 

ICES 

IEBO 

hfE 

VcE(sat) 

VsE(sat) 

VsE(on) 

tr 

Ccb 

hfe 

MPS5172 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPS3903 for graphs. 

Min Typ Max 

25 - -

- - 100 
- - 10 

- - 100 

- - 100 

100 - 500 

- - 0.25 

- 0.75 -

0.5 - 1.2 

- 120 -

1.6 - 10 

100 - 750 

Unit 

Vdc 

nAdc 
µAde 

nAdc 

nAdc 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

-

MOTOROLA SEMICONDUCTORS 

• 



-I 
MPS5179 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

MAXIMUM RATINGS I Rating Symbol Value Unit 

Collector-Emitter Voltage VcEo 12 Vdc 

Collector-Base Voltage Vcso 20 Vdc 

Emitter-Base Voltage VEBO 2.5 Vdc 

Collector Current - Continuous le 50 mAdc 

HIGH FREQUENCY TRANSISTOR 
Total Device Dissipation @ TA = 25°C Po 200 mW 

Derate above 25°C 1.14 mWi°C 

NPN SILICON 
Total Device Dissipation@ Tc = 25°C Po 300 mW 

Derate above 25°C 1.71 mWl°C 

Storage Temperature Range Ts!!l_ -55to +150 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VcEO(sus) 12 - Vdc 
Oc = 3.o mAdc, Is = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 20 - Vdc 
Oc = 0.001 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.5 - Vdc 
OE = O.Q1 mAdc, le = O) 

Collector Cutoff Current icso µAde 
(Vcs = 15 Vdc, IE = 0) - 0.02 
(Vcs = 15 Vdc, IE = 0, TA= 150°C) - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE 25 250 -
Uc = 3.0 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) - 0.4 Vdc 
(le = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) - 1.0 Vdc 
Oc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) tr 900 2000 MHz 
Oc = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 1.0 pF 
(Vcs = 10 Vdc, IE = 0, f = 0.1to1.0 MHz) 

Small Signal Current Gain hte 25 300 -
Oc = 2.0 mAdc, VcE = 6.0 Vdc, t = 1.0 ·kHz) 

Collector Base Time Constant rb'Cc 3.0 14 ps 
Ue = 2.0 mAdc, Vcs = 6.0 Vdc, f = 31.9 MHz) 

Noise Figure (See Figure 1) NF - 4.5 dB 
Uc= 1.5 mAdc, VcE = 6.0 Vdc, Rs= 50 ohms, t = 200 MHz) 

Common-Emitter Amplifier Power Gain (See Figure 1) Gpe 15 - dB 
(VcE = 6.0 Vdc, le = 5.0 mAdc, f = 200 MHz) 

(1) tr is defined as the frequency at which lhtel extrapolates to unity. 
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MPS5179 

DC 

FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 

TYPE 
1N3195 ,----.., 

.L 

COMMON-:- "]200 

FROM50n""" 
SOURCE 

L 1 1-3/4 Turns, #18 AWG, 0.5" l, 0.5" Diameter 
L2 2 Turns, #16 AWG, 0.5" l, 0.5" Diameter 
L3 2 Turns, #13 AWG. 0.25" L, 0.5" Diameter (Position 1/4" from L2) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS6507 

CASE 29-02, STYLE 2 
T0-92 IT0-226AAl 

AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

VcEO 

VcBo 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

Rruc 

ROJA(1) 

Value Unit 

20 Vdc 

30 Vdc 

3.0 Vdc 

100 mAdc 

625 mW 
5.0 mW/"C 

1.5 Watt 
12 mW/°C 

-55 to + 150 oc 

Max Unit 

83.3 oc/W 

200 oc/W 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 20 - - Vdc 
lie= 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 30 - - Vdc 
lie = 100 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
llE = 100 µ.Ade, le = O) 

Collector Cutoff Current lcBo 
IVcB = 15 Vdc, IE = O) - - 50 nAdc 
IVcB = 15 Vdc, IE = 0, TA= 60°C) - - 1.0 µ.Ade 

ON CHARACTERISTICS 

DC Current Gain(2) 25 75 
lie = 2.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 700 800 - MHz 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 1.25 2.5 pF 
IVcB = 10 Vdc, IE = 0, f = 100 kHz) 

Small-Signal Current Gain hte 20 - - -
lie = 2.0 mAdc, VcE = 10 Vdc, f = 44 MHz) 

(2) Pulse Test: Pulse Width .,; 300 µ,s, Duty Cycle .,; 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 20 Vdc 

Collector-Emitter Voltage VcES 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 100 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWf'C 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12.0 mWf'C 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55 to + 150 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Rruc 83.3 •CfW 

Thermal Resistance, Junction to Ambient R11.JA(1) 200 •CfW 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc = 0.5 mAdc, le = O) 

Collector-Emitter Breakdown Voltage(2) V(BR)CES 
Uc = 100 µAde, VEB = 0) 

Collector Cutoff Current lceo 
(Vee = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
Uc = 10 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

FUNCTIONAL TEST 

Amplifier Power Gain Gpe 
Uc = 10 mAdc, Vee = 12 Vdc, f = 45 MHz) 

(2) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle .;; 2.00A.. 

SMALL-SIGNAL DEVICES 
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MPS&Sll 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPNSIUCON 

Min Typ Max 

20 - -
30 - -

- - 50 

25 75 

1.25 2.5 

30 

Unit 

Vdc 

Vdc 

nAdc 

pF 

dB 

MOTOROLA SEMICONDUCTORS 
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• 
NPN 

MPS6512 
th111 1 MPS6515 

PNP 
M.PS6516 

th111 MPS6519 
CASE 29-02, STYLE 1 

T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

Refer to 2N4125 for graphs. 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 
MPS6512, MPS6513 
MPS6514, MPS6515 
MPS6516 thru MPS6518 
MPS6519 

Collector-Base Voltage 
MPS6512 thru MPS6515 
MPS6516 thru MPS6518 
MPS6519 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation@ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Cerate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Symbol 

Vceo 

Vceo 

Veeo 

le 

Po 

Po 

TJ, Tstg 

Symbol 

Rruc 

R8.JA 

NPN PNP Unit 

Vdc 
30 -
25 -
- 40 
- 25 

Vdc 
40 -
- 40 
- 25 

4.0 4.0 Vdc 

100 100 mAdc 

625 mW 
5.0 mW/"C 

1.5 Watts 
12 mWl°C 

-55 to +150 ··c 

Max Unit 

83.3 ·ctw 

200 •ctw 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 0.5 mAdc, le = Ol MPS6512, MPS6513 

MPS6514, MPS6515 

Uc = 0,5 mAdc, le = Ol MPS6516 thru MPS6518 
MPS6519 

Emitter-Base Breakdown Voltage Ue = 10 µAde, le = 01 
Ue = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) 
(Vee = 30 Vdc, IE = 0) MPS6516 thru MPS6518 
(Vee = 20 Vdc, IE = 0) MPS6519 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 2.0 mAdc, Vee = 10 Vdcl MPS6512 

MPS6513 
MPS6514 
MPS6515 

Uc = 100 mAdc, Vee = 10 Vdc)(1) MPS6512 
MPS6513 
MPS6514 
MPS6515 

Uc = 2.0 mAdc, Vee = 10 Vdc) MPS6516 
MPS6517 
MPS6518 
MPS6519 

Uc = 100 mAdc, Vee = 10 Vdc)(1) MPS6516 
MPS6517 
MPS6518 
MPS6519 

Collector-Emitter Saturation Voltage Uc = 50 mAdc, le = 5.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance (Vee = 10 Vdc, IE = 0, f = 100 kHz) 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

(1) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 
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V(BR)CEO 

V(BR)EBO 

lceo 

hFE 

VcE(sat) 

Cobo 

30 
25 

40 
25 

4.0 
4.0 

-
-
-

50 
90 
150 
250 

30 
60 
90 
150 

50 
90 
150 
250 

30 
60 
90 
150 

-
-

-
-
-
-
-
-

-
-
-

-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-

-"-

-
-
-
-
-
-

0.05 
0.05 
0.05 

100 
180 
300 
500 

-
-
-
-
100 
180 
300 
500 

-
-
-
-
0.5 
0.5 

3.5 
4.0 

Vdc 

Vdc 

µAde 

-

Vdc 

pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol NPN PNP 

Collector-Emitter Voltage VcEO 
MPS6520, MPS6521 25 -
MPS6522, MPS6523 - 25 

Collector-Base Voltage Vcso 
MPS6520, MPS6521 40 -
MPS6522, MPS6523 - 25 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 100 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 
(Printed Circuit Board Mounting) 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 0.5 mAdc, Is = O) 
!le = 0.5 mAdc, Is = O) 

Emitter-Base Breakdown Voltage 
!IE = 10 !<Ade, le = O) 
!IE = 10 !<Ade, le = Ol 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = 0) 
(Vea = 20 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 100 !<Ade, Vee = 10 Vdc) MPS6520 

MPS6521 

lie = 2.0 mAdc, Vee = 10 Vdc) MPS6520 
MPS6521 

!le = 100 !<Ade, Vee = 10 Vdcl MPS6522 
MPS6523 

!le = 2.0 mAdc, Vee = 10 Vdc) MPS6522 
MPS6523 

Collector-Emitter Saturation Voltage 
!le = 50 mAdc, 19 = 5.0 mAdc) 
!le = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
!Vcs = 10 Vdc, le = o, f = 100 kHz) 
<Vcs = 10 Vdc, le = o, f = 100 kHz) 

Noise Figure 
!le = 10 !<Ade, Vee = 5.0 Vdc, Rs = 10 kohms, 
Power Bandwidth = 15.7 kHz, 3.0 dB points@ 10 Hz and 10 kHz) 
!le = 10 !<Ade, Vee = 5.0 Vdc, Rs = 10 kohms, 
Power Bandwidth = 15.7 kHz, 3.0 dB points@ 10 Hz and 10 kHz) 

*Refer to 2N5086 for PNP graphs. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'CIW 

'CIW 

NPN 
MPS6520 
MPS6521 

PNP 
MPS6522 
MPS6523 

CASE 29-02, STYLE 1 
T0-92. (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 
Refer to MPS3903 for NPN graphs.• 

Symbol Min Max Unit 

V(BR)CEO Vdc 
25 -
25 -

V(BR)EBO Vdc 
4.0 -
4.0 -

icso !<Ade 
- 0.05 
- 0.05 

hfE - -
100 -
150 

400 
200 600 
300 

-
100 -
150 

400 
200 600 
300 

VcE(sat) Vdc 
- 0.5 
- 0.5 

Cobo pf 
- 3.5 
- 3.5 

NF dB 
- 3.0 

- 3.0 
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• 
MPS6530 

.thna 
MPS6532 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N4400 for graphs. 

MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage Vceo 
MPS6530, MPS6531 
MPS6532 

Collector-Base Voltage Vceo 
MPS6530, MPS6531 
MPS6532 

Emitter-Base Voltage Veeo 

Collector Current - Continuous le 

Total Device Dissipation @TA = 25°C Po 
Derate above 25°C 

Junction Temperature TJ, Ts!9_ 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Ambient RruA 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
Ue = 10 µAde, le = 01 
(le = 10 µAde, le = 01 

Collector Cutoff Current 
(Vee = 40 Vdc, IE = 0) 
(Vee = 30 Vdc, le = Ol 

(Vee= 40 Vdc, le = o, TA= 60°C) 
(Vee = 30 Vdc, IE = o. TA = 60°C) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 10 mAdc, Vee = 1.0 Vdc) 

Uc= 100 mAdc, Vee = 1.0 Vdcl 

Uc= 500 mAdc, Vee = 10 Vdcl 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, le = 10 mAdcl 

Base-Emitter Saturation Voltage 
Uc = 100 mAdc, le = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee = 10 Vdc, le = o, t = 1.0 MHz) 
(Vee = 10 Vdc, le = o, t = 1.0 MHz) 

MPS6530, MPS6531 
MPS6532 

MPS6530, MPS6531 
MPS6532 

All Types 
All Types 

MPS6530, MPS6531 
MPS6532 

MPS6530, MPS6531 
MPS6532 

MPS6530 
MPS6531 

MPS6530 
MPS6531 
MPS6532 

MPS6530 
MPS6531 

MPS6530, MPS6532 
MPS6531 

MPS6530, MPS6531 
MPS6532 

All Types 
All Types 

Symbol Min 

V(BR)CEO 
40 
30 

V(BR)CBO 
60 
50 

V(BR)EBO 
5.0 
4.0 

iceo 
-
-
-
-

hFE 
30 
60 

40 
90 
30 

25 
50 

Vce(satl 
-
-

VeE(sat) 
-
-

Cobo 

Value 

40 
30 

60 
50 

5.0 

600 

625 

150 

Max 

0.2 

Max 

-
-
-
-

-
-

0.05 
0.1 

2.0 
5.0 

-
-
120 
270 
-
-
-
0.5 
0.3 

1.0 
1.2 

5.0 
7.0 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

·c 

Unit 

•ctmw 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vdc 

pF 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEQ Vdc 
MPS6533, MPS6534 40 
MPS6535 30 

Collector-Base Voltage Vcso Vdc 
MPS6533, MPS6534 40 
MPS6535 30 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 600 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 

Junction Temperature TJ, Ts!ll_ 150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 0.2 °C/mW 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
Os = 10 µAde, le = O) 
Os = 10 µAde, le = o) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = O) 

(VCB = 30 Vdc, IE = 0, TA= 60°C) 
(VCB = 20 Vdc, IE = 0, TA = 60°C) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 10 mAdc, VcE = 1.0 Vdc) 

Uc = 100 mAdc, VcE = 1.0 Vdc) 

Uc = 500 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, Is = 10 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 

MPS6533, MPS6534 
MPS6535 

MPS6533, MPS6534 
MPS6535 

All Types 
All Types 

All Types 

MPS6533, MPS6534 
MPS6535 

MPS6533 
MPS6534 

MPS6533 
MPS6534 
MPS6535 

MPS6533 
MPS6534 

MPS6533, MPS6535 
MPS6534 

MPS6533, MPS6534 
MPS6535 

All Types 
All Types 

2-151 

MPS6533 
thru 

MPS6535 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

hFE 

VcE(sat) 

VsE(sat) 

Cobo 

PNP SILICON 

Refer to 2N4402 for graphs. 

Min 

40 
30 

40 
30 

5.0 
4.0 

-

-
-

30 
60 

40 
90 
30 

25 
50 

-
-

-
-

Max 

-
-

-
-

-
-

0.05 

2.0 
5.0 

-
-
120 
270 
-
-
-

0.5 
0.3 

1.0 
1.2 

5.0 
7.0 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vdc 

pf 

MOTOROLA SEMICONDUCTORS 

II 



MPS6543 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

VcEO 

Vcso 

Ve so 

le 

Po 

Po 

TJ, Tstg 

Symbol 

RoJC 

R6JA(1) 

Value Unit 

25 Vdc 

35 Vdc 

3.0 Vdc 

50 mAdc 

625 mW 
5.0 mW/"C 

1.5 Watt 
12 mW/"C 

-55 to + 150 oc 

Max Unit 

125 oc;w 

357 oc;w 

(1) R6JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 2s0 c unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 - - Vdc 
(le = 1.0 mAdc, Is = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 35 - - Vdc 
(le = 1 oo µ.Ade, le = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
(le = 100 µ.Ade, le = Ol 

Collector Cutoff Current lcso - - 0.1 µ.Ade 
(Vcs = 25 Vdc, IE = 0) 

Emitter Cutoff Current IEBO - - 1.0 µ.Ade 
(Vse = 2.0 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain(2) hfE 25 60 - -
(le = 4.0 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage Vce(sat) - 200 350 mVdc 
(le = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) - 750 950 mVdc 
(le= 10 mAdc, Is= 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 750 1100 - MHz 
(le = 4.0 mAdc, Vee = 12 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 0.8 1.0 pF 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Collector Base Time Constant rb'Cc - - 9.5 ps 
(IE = 4.0 mAdc, Vee = 12 Vdc, f = 31.8 MHz) 

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage Vceo 45 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage Veeo 4.0 

Total Device Dissipation @ TA = 25°C Po 350 
Derete above 25°C 2.81 

Total Device Dissipation@ TA = 60"C Po 210 

Operating and Storage Junction TJ, Tstg -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient Rll.JA 357 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 1.0 mAdc, le= O) 

Collector-Base Breakdown Voltage 
Uc= 10 µAde, le = Ol 

Emitter-Base Breakdown Voltage 
Ue = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 35 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 30 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 30 mAdc, le = 3.0 mAdc) 

SMAU-SIGNAL CHARACTERISTICS 

Common-Emitter Reverse Transfer Capacitance 
Nee = 10 Vdc, le = o, f = 100 kHz) 

Output Admittance 
Uc = 10 mAdc, Vee = 10 Vdc, f = 45 MHz) 

Output Voltage 
(Vil!{_RM!il_ = 12 mV, f = 45 MHz) 

SMALL-SIGNAL DEVICES 

2-153 

Unit 

Vdc 

Vdc 

Vdc 

mW 
mW/"C 

mW 

·c 

Unit 

•CJW 

MPS6544 

CASE 29-02, STYLE 2 
T0-92 (T0-226AAI 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSHZO for graphs. 

Symbol Min Max Unit 

V(BR)CEO 45 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 4.0 - Vdc 

lceo - 0.5 µAde 

hFE 20 - -
Vce(sat) - 0.5 Vdc 

Cre - 0.65 pF 

Yoe - 0.10 mmhos 

Vout 1.0 - Vdc 

MOTOROLA SEMICONDUCTORS 

• 



NIP5as47 
CASE 29-02, STYLE 1 

T0-92 (T0·226AA) 

I 
AMPLIFIER TRANSISTOR 

NPNSILICON 

.. 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation@ TA =.25'C 
Derate above 25'C 

Total Devi.ca Dissipation @Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Ther:mal Resistance, Junction to Ambient 

Symbol 

VcEO 

Vceo 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

Rruc 

R9JA(1) 

Value Unit 

25 Vdc 

35- Vdc 

3.0 Vdc 

50 mAdc 

625 mW 
5.0 mW re 
1.5 Watt 
12.0' mWf"C 

-55 to +150 ·c 

Max Unit 

·83.3 'C/W 

200 'C/W 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol · I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 - - Vdc 
Uc= 1.0 mAdc, le= Ol 

Collector-Base Breakdown Voltage V(BR)CBO 35 - - Vdc 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
OE = 100 µAde, le = O) 

Collector Cutoff Current iceo - - 100 nAdc 
(Vee = 25 Vdc, IE = 0) 

Emitter Cutoff Current IEBO - - 1.0 µAde 
(VeE = 2.0 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain hfE 20 60 - -
Uc = 2.0 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) - 0.1 0.35 Vdc 
Uc = 10 mAdc, le = 1.0 mAdc) 

Base-Emitter On Voltage(2) VeE(on) - 0.7 0.95 Vdc 
Uc = 10 mAde, Vee = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 600 1000 - MHz 
Uc = 2.0 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Common-Emitter Reverse Transfer Capacitance Cre - 0.3 0.35 pF 
!Vee = 10 Vdc, le = o. f = 100 kHz) 

Conversion Gain 
Uc = 4.0 mAdc, Vee = 10 Vdc, f = 100 MHz to 10.7 MHz) 

Gpe 20 25 - dB 

(2) Pulse Test: Pulse Width "" 300 µs, Duty Cycle "" 2.0o/o. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS6547 

5.6 pF 

108MH•L 
As= 50 n 

10 mV -=:- 1-30 pF 

118.7MHzT
A5 z 50 n 

15 pF 
BOOmV 

L 1 • 3 Turns #20 Wire, 
1/4" 1.0., Air Wound, 
Base Tapped 1/2 Turn 
From Ground. 

L2"" 37 Turns #28 Wire, 
Wound on 1/4" 1.0. Coil Form. 

SMALL-SIGNAL DEVICES 

' ' 

0.1µFl 

' ' ' 
' ' 

* 

-Vee 

2-155 

56 kHz 

L2 0.01 µF 

1-30 pF 

100µH 

H 10.7MHz 
AL= 50 il 

0 
F 

-=- ~ • 
r0.01 µF 

10 Vdc Bandwidth~ 500 kHz 

MOTOROLA SEMICONDUCTORS 
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MPS6560 
MPS6562 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AUDIO TRANSISTOR 

MPS6660 
NPN SILICON 

MPS6562 
PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

Vern 

Vceo 

Veeo 

le 

Po 

Po 

TJ, Tstg 

Symbol 

R9Jc 

R9JA(1) 

Value Unit 

25 Vdc 

25 Vdc 

5.0 Vdc 

500 mAdc 

625 mW 
5.0 mW/°C 

1.5 Watts 
12 mW/°C 

-55 to + 150 oc 

Max Unit 

83.3 °C/mW 

200 °C/mW 

(1) R9JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 - ' Vdc 
lie = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 25 - Vdc 
lie = 100 µAde, le = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
lie = 100 µAde, le = o) 

Collector Cutoff Current lceo - 100 nAdc 
!Vee = 25 Vdc, le = Ol 

Collector Cutoff Current iceo - 100 nAdc 
!Vee = 20 Vdc, le = o) 

Emitter Cutoff Current IEBO - 100 nAdc 
(VEB(off)_ = 4.0 Vdc, le = O) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE -
lie= 10 mAdc, Vee = 1.0 Vdc) 35 -
lie= 100 mAdc, Vee = 1.0 Vdcl 50 -
lie = 500 mAdc, Vee = 1.0 Vdc) 50 200 

Collector-Emitter Saturation Voltage Vce1satl - 0.5 Vdc 
lie = 500 mAdc, 15 = 50 mAdc) 

Base-Emitter On Voltage Vee(on) - 1.2 Vdc 
lie= 500 mAdc, Vee = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 60 - MHz 
Uc = 10 mAdc, Vee = 10 Vdc, f = 30 MHz) 

Output Capacitance Cobo - 30 pF 
!Vee = 10 Vdc, le = o, f = 100 kHz) 

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 45 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage Ve so 4.0 

Collector Current - Continuous le 200 

Total Device Dissipation @TA = 25°C Po 625 
Derate above 25'C 5.0 

Operating and Storage Junction TJ. Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RllJC 83.3 

Thermal Resistance, Junction to Ambient RllJA 200 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, le = o) 

Emitter-Base Breakdown Voltage 
Oe = 100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 30 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 10 mAdc, Vee = 10 Vdc) MPS6565 

MPS6566 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcs = 10 Vdc, le = o, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 

2-157 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

oc 

Unit 

oc;w 

oc;w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

hFE 

Vce(sat) 

Cobo 

MPS6565 
MPS6566 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3903 for graphs. 

Min Typ Max 

45 - -

60 - -

4.0 - -
- - 100 

40 - 160 
100 - 400 

- 0.1 0.4 

3.5 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

pf 

MOTOROLA SEMICONDUCTORS 
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MPS6568A 
thru 

MPS6570A 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

I 
VHF TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case(1) 

Thermal Resistance, Junction to Ambient 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

R8Jc 

RoJA 

Value Unit 

20 Vdc 

20 Vdc 

3.0 Vdc 

50 mAdc 

350 mW 
2.8 mW/'C 

1.0 Watt 
8.0 mW/'C 

-55to +150 'C 

Max Unit 

83.3 'C/W 

200 'C/W 

(1) Re.JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS IT A = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 20 - Vdc 
lie= 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 20 - Vdc 
lie = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - Vdc 
llE = 100 µAde, le = O) 

Collector Cutoff Current lcso - 50 nAdc 
IVcs = 10 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain hFE 20 200 -
lie = 4.0 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 0.1 3.0 Vdc 
lie= 10 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) - 0.96 Vdc 
lie= 10 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
lie= 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) MPS6568A 375 800 

MPS6569A, MPS6570A 300 800 

Collector-Base Capacitance Ccb - 0.65 pF 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz, emitter guarded) MPS6568A/6570A 

Noise Figure NF dB 
IVAGC = 1.4 Vdc, Rs = 50 ohms, f = 200 MHz) MPS6568A - 3.3 
(VAGC = 2.75 Vdc, Rs = 50 ohms, f = 45 MHz) MPS6569A, MPS6570A - 6.0 

FUNCTIONAL TEST 

Amplifier Power Gain Gpe dB 
IV AGC = 1.4 Vdc, Rs = 50 ohms, f = 200 MHz) MPS6568A 20 27 
(V AGC = 2.75 Vdc, Rs = 50 ohms, f = 45 MHz) MPS6569A, MPS6570A 22.5 28.5 

Forward AGC Voltage VAGC Vdc 
(Gain Reduction = 30 dB, Rs = 50 ohms, f = 200 MHz) MPS6568A 4.0 5.0 
(Gain Reduction = 30 dB, Rs = 50 ohms, f = 45 MHz) MPS6569A 4.4 5.4 

MPS6570A 5.2 6.2 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPS6568A thru MPS6507A 

30 

25 

20 
~ 
~ 15 
es 
~ IO 

-5 

500 
INPUT 

0 

FIGURE 1 - POWER GAIN 

AGC CHARACTERISTICS 
Vee = 12 Vdc, Rs= 50 OHMS, SEE FIGURES 9 ANO 10 

-f=45MHz -- f=200MHz 
FIGURE 2 - NOISE FIGURE 

f v -..... !'\. "'\j 

1 fJ I\ ~ ~ ; 
~ ~ t \ \ 

~ I \ 

~ \ ~ 
1.0 2.0 3.0 4.0 5.0 6.0 

VAGC, AUTOMATIC GAIN CONTROL VOLTAGE (VOLTS) 

FIGURE 3 - 200 MHz FUNCTIONAL TEST CIRCUIT 
(NEUTRALIZEDI 

Vee= 12V 
2700 
I> w 

I ( 1000pF1 

500 
OUTPUT 

>-----r(-© 
T, 820 pf 

12t-----Hl--l---t---t~-t---t~+--+~+-1'-1-~1+-~ 

i/ 1 

l 

_\ 

1.0 2.0 3.0 4.0 5.0 6.0 
VAGC, AUTOMATIC GAIN CONTROL VO-LTAGE (VOLTS) 

FIGURE 4 - 45 MHz FUNCTIONAL TEST CIRCUIT 
(UNNEUTRALIZEDI 

Vee= 12V 
2700 
l>W 

I ( IOOOpF 1 
500 

OUTPUT 

820pF 

IOOOpFli' IOOOpFli' 

3900 
\>W 

T1 =FERRITE CORE lNOIANAGEN. CORP. F-684 
T, = 6 TURNS #16 BUSS WIRE, ID='\>", L = %". 

3900 
\>W 

4-30 pF 

T1 = TOROID 4:1 RATIO} #22 WIRE 
8T·PRI 2T.SEC 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPS6571 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPNSILICON 

Refer to MPSA18 for graphs. 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25'C 
Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 1.0 mAdc, le = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAde, IE = O) 

Collector Cutoff Current lceo 
(Vee = 20 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VEfKof!l. = 3.0 Vdc, fc = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 100 µAde, VcE = ~.o Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 10 mAdc, le = 1 .. 0 mAdc) 

Base-Emitter On Voltage VeE(on) 
Uc = 10 mAdc, Vee = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = 500 µAde, Vee = 5.0 Vdc, t = 20 MHz) 

Output Capacitance Cobo 
(Vee = 5.0 Vdc, IE =· 0, f = 100 kHz) 

Noise Figure NF 
Uc = 100 µAde, Vee = 5.0 Vdc, Rs = 10 kohms, f = 100 Hz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 20 Vdc 

Vceo 25 Vdc 

VEBO 3.0 Vdc 

le 50 mAdc 

Po 625 mW 
5.0 mW/'C 

Po 1.5 Watts 
12 mW/'C 

TJ, Tstg -55 to +150 'C 

Symbol Max Unit 

ROJA 200 °C/W 

RBJC 83.3 'C/W 

Min Typ Max Unit 

20 - - Vdc 

25 - - Vdc 

- - 50 nAdc 

- - 50 nAdc 

250 - 1000 -

- - 0.5 Vdc 

- - 0.8 Vdc 

50 175 - MHz 

- - 4.5 pF 

- 1.2 - dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

MPS6573 MPS6575 
Rating Symbol MPS6574 MPS6576 Unit 

Collector-Emitter Voltage VcEO 35 45 Vdc 

Collector-Base Voltage Vceo 35 45 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 100 mAdc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mW/"C 

Total Device Dissipation@ Tc = 25'C Po 1.5 Watt 
Derate above 25'C 12 mW/"C 

Operating and Storage Junction TJ, Tstg -55 to + 150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 83.3 'C/W 

Thermal Resistance, Junction to Ambient R11JA(1) 200 'C/W 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Oc = 1.0 mAdc, le = O) MPS6573, MPS6574 

MPS6575, MPS6576 

Collector Cutoff Current 
(Vee = 35 Vdc, IE = O) MPS6573, MPS6574 
(Vee = 45 Vdc .• IE = 0) MPS6575, MPS6576 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 100 ~de, VcE = 5.0 Vdc) MPS6573, MPS6575 
Oc = 10 mAdc, VcE = 5.0 Vdc)(2) MPS6573, MPS6575 
Oc = 1.0 mAdc, VcE = 5.0 Vdc) MPS6574, MPS6576(2) 

Collector-Emitter Saturation Voltage 
!le = 10 mAdc, Is "" 1.0 mAdc) 

Base-Emitter On Voltage(2) 
Oc = 10 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(le = 10 mAdc, VcE = 5.0 Vdc, f = 100 kHz) 

Output Capacitance 
(Vee = 12 Vdc, IE = 0, f = 100 kHz) 

(2) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle .; 2.0%. 
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Symbol 

V(BR)CEO 

lcso 

IEBO 

hFE 

VcE(sat) 

VeE(on) 

tr 

Cobo 

MPS6573 
thru 

MPS6576 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AUDIO TRANSISTOR 

NPN SILICON 

Refer to MPS3903 for graphs. 

Min Max 

35 -
45 -

- 100 
- 100 

- 100 

100 -
200 500 
100 300 

- 0.5 

- 0.8 

100 350 

- 12 

Unit 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pf 

MOTOROLA SEMICONDUCTORS 

II 



• I 

MPS6580 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

' AMPLIFIER TRANSISTOR 

PNP SILICON 

MAXIMUM.RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

Vceo 

Vceo 

Veeo 

le 

Po 

Po 

TJ, Tstg 

Symbol 

R8JC 

R8JA(1) 

Value Unit 

25 Vdc 

30 Vdc 

3.0 Vdc 

50 mAdc 

625 mW 
5.0 mWl°C 

1.5 Watt 
12.0 mWl°C 

-55 to +150 °C 

Max Unit 

83.3 •CfW 

200 0 c1W 
(1) R8JA is measured with the device soldered into a typical printed circuit board. 

Reier to MPSH81 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 - - Vdc 
Uc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 30 - - Vdc 
Uc = 10 µAde, le = 01 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
Ue = 10 µAde, le = 01 

Collector Cutoff Current iceo - - 100 nAdc 
(Vee = 20 Vdc, le = 01 

Emitter Cutoff Current leeo - - 100 nAdc 
!Vee = 2.0 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain(2) hfE 20 80 - -
Uc = 2.0 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) - 0.2 0.5 Vdc 
Uc = 2.0 mAdc, le = 0.2 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 250 450 - MHz 
Uc = 2.0 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 0.5 1.0 pf 
!Vee = 10 Vdc, le = o, f = 100 MHzl 

(2) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo Vdc 
MPS6601/6651 25 
MPS6602/6652 40 

Collector-Base Voltage Vceo Vdc 
MPS6601/6651 25 
MPS6602/6652 30 

Emitter-Base Voltage Veeo 4.0 Vdc 

Collector Current - Continuous le 1000 mAdc 

Total Device Dissipation @TA= 25°C Po 625 mW 
Derate above 25°C 5.0 mW!°C 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mwrc 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55to +150 •c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RllJC 83.3 "CIW 

Thermal Resistance, Junction to Ambient RruA(1) 200 "C!W 

(1) RllJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 1.0 mAdc, le = o) MPS6601/6651 

MPS6602/6652 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) MPS6601/6651 

MPS6602/6652 

Emitter-aase Breakdown Voltage 
!le = 10 µAde, le = o) 

Collector Cutoff Current 
!Vee = 25 Vdc, le = O) MPS6601/6651 
!Vee = 30 Vdc, le = O) MPS6602/6652 

Collector Cutoff Current 
!Vee = 25 Vdc, le = o) MPS6601/6651 
!Vee = 30 Vdc, le = o) MPS6602/6652 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 100 mAdc, Vee = 1.0 Vdc) 
Uc = 500 mAdc, Vee = 1.0 Vdc) 
Uc = 1000 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= 1000 mAdc, le= 100 mAdc) 

Base-Emitter On Voltage 
Uc = 500 mAdc, Vee = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 50 mAdc, Vee = 10 Vdc, t = 30 MHz) 

Output Capacitance 
(Vee = 10 Vdc, le = o, t = 100 kHz) 

SWITCHING CHARACTERISTICS 

DelayTime 

Rise Time !Vee = 40 Vdc, le = 500 mAdc, 

Storage Time 
lei = 50 mAdc, 
Ip ;. 300 ns Duty Cycle) 

Fall Time 

SMALL-SIGNAL DEVICES 
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NPN 
MPS6601 
MPS6602 

PNP 
MPS6651 
MPS6652 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

Symbol Min Max Unit 

V(BR)CEO Vdc 
25 -
40 -

V(BR)CBO Vdc 
25 -
40 -

V(BR)EBO 4.0 - Vdc 

iceo µAde 
- 0.1 
- 0.1 

iceo µAde 
- 0.1 
- 0.1 

hFE -
50 -
50 -
30 -

VcE(sat) - 0.6 Vdc 

Vee( on) - 1.2 Vdc 

fr 100 - MHz 

Cobo - 30 pF 

Id - 25 ns 

Ir - 30 ns 

Is - 250 ns 

If - 50 ns 

MOTOROLA SEMICONDUCTORS 

• 



NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 

FIGURE 1 - SWITCHING TIME TEST CIRCUITS 
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FIGURE 2 - MPS6601 /6602 DC CURRENT GAIN 
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FIGURE 3 - MPS6661 /6662 DC CURRENT GAIN 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 

FIGURE 6 - ON VOLTAGES 
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FIGURE 8 - CAPACITANCE 
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FIGURE 7 - ON VOLTAGES 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 

FIGURE 12 - MPS6601 /6602 SWITCHING TIMES 
10k 

5k 
3k 

Id @ VeE(olf) ; 0.5 v= 

in' lk 

l!. 500 
!ii! 
: 200 

100 

50 

b.. b.. 

!S 
~ 

vcc-40V 
le/le; 10 
1e1; 1e2 

E TJ; 25°C 

•• 
-+-

If 

1, ....,_. Id 
20 
10 

10 20 50 100 200 500 1000 
le. COLLECTOR CURRENT (mA) 

NPN 

FIGURE 14 - BASE-EMITTER TEMPERATURE COEFFICIENT 
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FIGURE 13 - MPS8851 /8862 SWITCHING TIMES 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 

FIGURE 18 - MPS6601/6602 SATURATION REGION FIGURE 19 - MPS6651 /6652 SATURATION REGION 
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I 

• 
MPS6714 
MPS6715 

CASE 29·03, STYLE 1 
T0-92 (T0-226 AE) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSW01 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
MPS6714 
MPS6715 

Collector-Base Voltage 
MPS6714 
MPS6715 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, le = O) MPS6714 

MPS6715 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, le = O) MPS6714 

MPS6715 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 µAde, le = O) 

Collector Cutoff Current lceo 
(Vee = 40 Vdc, IE = O) MPS6714 
(Vee = 50 Vdc, IE = O) MPS6715 

Emitter Cutoff Current leeo 
(Vee = 5.o Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Uc= 100 mAdc, Vee = 1.0 Vdc) 
Uc = 1000 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 1000 mAdc, le = 100 mAdc) 

Base-Emitter On Voltage VeE(on) 
Uc= 1000 mAdc, Vee = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance Ccb 
(Vee= 10 Vdc, le = o, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
Uc= 50 mAdc, Vee = 10 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width .;; 30 µ,s, Duty Cycle"" 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vceo Vdc 
30 
40 

Vceo Vdc 
40 
50 

Veeo 5.0 Vdc 

le 1.0 Ade 

Po 1.0 Watt 
8.0 mWFC 

Po 2.5 Watts 
20 mWFC 

TJ, Tstg -55 to + 150 oc 

Symbol Max Unit 

R8JC 50 oc!W 

R8JA 125 oc!W 

Min Max Unit 

Vdc 
30 -
40 

Vdc 
40 -
50 

5.0 - Vdc 

µAde 
- 0.1 
- 0.1 

- 0.1 µAde 

-
60 -
50 250 

- 0.5 Vdc 

- 1.2 Vdc 

- 30 pF 

2.5 25 -

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol MPS6516 MPS6517 

Collector-Emitter Voltage VcEo 60 80 

Collector-Base Voltage Vceo 60 80 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 500 

Total Oevice Dissipation @ TA = 25"C Po 1.0 
Derate above 25"C 8.0 

Total Device Dissipation @ Tc = 25'C Po 2.5 
Derate above 25'C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Re.Jc 50 

Thermal Resistance, Junction to Ambient R8.JA 125 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(!) 
Uc = 1.0 mAdc, e = O) MPS6716 

MPS6717 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) MPS6716 

MPS6717 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 40 Vdc, IE = 0) MPS6716 
(Vee = 60 Vdc, IE = 0) MPS6717 

Emitter Cutoff Current 
(VEe = 5.0 Vdc, le = o) 

ON CHARACTERIST1CS(1) 

DC Current Gain 
Uc= 50 mAdc, VcE = 1.0 Vdc) 
Uc = 250 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= 250 mAdc, le= 10 mAdc) 

Base-Emitter On Voltage 
Uc = 250 mAdc, VcE = 1.0 Vdc) 

SMALL-81GNAL CHARACTERISTICS 

Collector-Base Capacitance 
Nee= 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
Uc = 200 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width <> 300 µ,s, Duty Cycle <> 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mwrc 

Watts 
mwrc 

'C 

Unit 

'CIW 

'C/W 

MPS6716 
MPS6717 

· CASE 29-03, STYLE 1 
T0-92 (T0-226 AE) 

I 
AMPLIFIER TRANSISTOR 

NPNSILICON 

Refer to MPSW05 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
60 -
80 -

V(BR)CBO Vdc 
60 -
80 -

V(BR)EBO 5.0 - Vdc 

iceo µAde 
- 0.1 
- 0.1 

IEBO - 10 µAde 

hFE -
80 -
50 250 

VcE(sat) - 0.5 Vdc 

VeE(on) - 1.2 Vdc 

Ccb - 30 pF 

hfe 2.5 25 -

MOTOROLA SEMICONDUCTORS 
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MPS6724 
MPS6725 

CASE 29-03, STYLE 1 
(T0-226 AE) 

I 
DARLINGTON TRANSISTOR 

NPN SILICON 

Refer to 2N6426 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol MPS6724 MPS6725 Unit 

VcES 40 50 Vdc 

VcBo 50 60 Vdc 

VEBO 12 Vdc 

le 1000 mAdc 

Po 1.0 Watt 
8.0 mW/°C 

Po 2.5 Watts 
20 mW/°C 

TJ, Tstg -55to +150 oc 

Symbol Max Unit 

R8JC 50 oc/W 

R8JA 125 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CES Vdc 
Oc = 1.0 mAdc, IB = 01 MPS6724 40 -

MPS6725 50 -
Collector-Base Breakdown Voltage V(BR)CBO 

lie = 1.0 µAde, IE = O) MPS6724 50 - Vdc 
MPS6725 60 - Vdc 

Emitter-Base Breakdown Voltage V(BR)EBO 12 - Vdc 
OE = 10 µAde, le = 01 

Collector Cutoff Current lcBo nAdc 
(VcB = 30 Vdc, IE = 0) MPS6724 - 100 
(VcB = 40 Vdc, IE = 0) MPS6725 - 100 

Emitter Cutoff Current IEBO - 100 nAdc 
(VEB = 10 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE -
(le = 200 mAdc, VcE = 5.0 Vdc) 25,000 -
Oc = 1000 mAdc, VcE = 5.0 Vdcl 4,000 40,000 

Collector-Emitter Saturation Voltage VcE(sat) - 1.5 Vdc 
(le = 1000 mAdc, IB = 2.0 mAdc) 

Base-Emitter On Voltage VBE(on) - 2.0 Vdc 
Oc = 1000 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 100 1000 MHz 
(le = 200 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 10 pF 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 
MPS6726 30 
MPS6727 40 

Collector-Base Voltage Vcso 
MPS6726 40 
MPS6727 50 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 1.0 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation@ Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Ro.Jc 50 

Thermal Resistance, Junction to Ambient Ro.JA 125 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mAdc, Is = O) MPS6726 

MPS6727 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = o) MPS6726 

MPS6727 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 40 Vdc, IE = 0) MPS6726 
(Vea = 50 Vdc, IE = O) MPS6727 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS{1) 

DC Current Gain 
Oc = 100 mAdc, VcE = 1.0 Vdc) 
Oc = 1000 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 1000 mAdc, Is = 100 mAdc) 

Base-Emitter On Voltage 
(le= 1000 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = o. f = 1.0 MHz) 

Small-Signal Current Gain 
(le = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width "'300 µ,s, Duty Cycle"' 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mWl°C 

Watts 
mW!°C 

oc 

Unit 

oc/W 

oc/W 

MPS6726 
MPS6727 

CASE 29-03, STYLE 1 
T0-92 (T0-226 AE) 

I 
AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to MPSW51 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
30 -
40 

V(BR)CBO Vdc 
40 -
50 

V(BR)EBO 5.0 - Vdc 

lcso µAde 
0.1 

- 0.1 

IEBO - 0.1 µAde 

hFE -
60 -
50 250 

VCE(sat) - 0.5 Vdc 

VBE(on) - 1.2 Vdc 

Ccb - 30 pF 

hte 2.5 25 -

MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 
MPS6728 
MPS6729 Rating Symbol MPS6728 MPS6729 

CASE 29-03, STYLE 1 
T0-92 (T0-226 AE) 

I 
AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to MPSW55 for graphs. 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

VcEO 

Vceo 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

Rruc 

ROJA 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(!) V(BR)CEO 
Uc= 1.0 mAdc, le= O) MPS6728 60 

MPS6729 80 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) MPS6728 60 

MPS6729 80 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 
lie = 10 µAde, le = o) 

Collector Cutoff Current IEBO -
IVEe = 5.o Vdc, le = O) 

Emitter Cutoff Current iceo 
(Vee = 40 Vdc, IE = 0) MPS6728 -
(Vee = 60 Vdc, IE = 0) MPS6729 -

ON CHARACTERISTICS(!) 

DC Current Gain hFE 
Uc = 50 mAdc, VcE = 1.0 Vdc) 80 
Uc= 250 mAdc, VcE = 1.0 Vdc) 50 

Collector-Emitter Saturation Voltage VcE(sat) -
Uc = 250 mAdc, le = 10 mAdc) 

Base-Emitter On Voltage VeE(on) -
Uc= 250 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance Ccb -
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hte 2.5 
Uc = 200 mAdc, VcE = 5.o Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle .;; 2.0%. 

60 80 

60 80 

5.0 

500 

1.0 
8.0 

2.5 
20 

-55 to +150 

Max 

50 

125 

Max 

-
-

-
-
-
10 

0.1 
0.1 

-
250 

0.5 

1.2 

30 

25 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/"C 

Watts 
mW/"C 

•c 

Unit 

"C/W 

"C!W 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-
-

Vdc 

Vdc 

pF 

-

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol MPS6735 MPS6734 MPS6733 

Collector-Emitter Voltage VcEO 300 250 200 

Collector-Base Voltage Vcso 300 250 200 

Emitter-Base Voltage VEBO 6.0 

Collector Current - le 300 
Continuous 

Total Device Dissipation Po 
@TA= 25°C 1.0 
Derate above 25°C 8.0 

Total Device Dissipation Po 
@Tc=25°C 2.5 
Derate above 25°C 20 

Operating and Storage TJ, Tstg -55to +150 
Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RBJc 50 

Thermal Resistance, Junction to Ambient RoJA 125 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
lie = 10 mAdc, Is = O) MPS6735 

MPS6734 
MPS6733 

Collector-Base Breakdown Voltage 
lie = 100 µAde, IE = O) MPS6735 

MPS6734 
MPS6733 

Emitter-Base Breakdown Voltage 
llE = 100 µAde, le= O) 

Collector Cutoff Current 
(Vee = 260 Vdc, IE = O) MPS6735 
!Vee = 200 Vdc, IE = O) MPS6734 
!Vee = 160 Vdc, IE = 0) MPS6733 

Emitter Cutoff Current 
IVEB = 6.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
lie= 1.0 mAdc, VcE = 10 Vdc) 
lie = 10 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 20 mAdc, 19 = 2.0 mAdc) 

Base-Emitter On Voltage 
lie = 20 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vee = 20 Vdc, IE = o, f = 1.0 MHz) 

11) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc!W 

oc!W 

MPS6733 
MPS6734 
MPS6735 

CASE 29-03, STYLE 1 
T0-92 (T0-226 AE) 

I 
HIGH VOLTAGE TRANSISTOR 

NPN SILICON 

Refer to MPSW42 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
300 -
250 -
200 -

V(BR)CBO Vdc 
300 -
250 -
200 -

V(BR)EBO 6.0 - Vdc 

icso µAde 
- 0.1 
- 0.1 
- 0.1 

IEBO - 0.1 µAde 

hFE -
25 -
40 200 

VcE(sat) - 2.0 Vdc 

VBE(on) - 2.0 Vdc 

fr 50 200 MHz 

Ccb - 3.0 pF 

MOTOROLA SEMICONDUCTORS 
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MPS8093 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Refer to 2N4402 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25'C 
Derate above 25'C 

Total Device Dissipation@ Tc = 60'C 

Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Oc = 10 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAdel 

Emitter-Base Breakdown Voltage V(BR)EBO 
Oe = 100 µAdel 

Collector Cutoff Current le BO 
(VcB = 20V) 

Emitter Cutoff Current IEBO 
(VBE = 3.0 V) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 50 mAdc, Vee = 2.0 Vdcl 

Collector-Emitter Saturation Voltage VcE(satl 
Oc = 50 mAdc, IB = 5.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
Oc = 50 mAdc, Vee = 2.0 Vl 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 40 Vdc 

VcBO 40 Vdc 

VEBO 5.0 Vdc 

le 200 mAdc 

Po 625 mW 
5.0 mW/'C 

Po 450 mW 

Po 1.5 Watts 
12 mW/'C 

TJ, Tstg -55to +150 'C 

Symbol Max Unit 

RllJc 83.3 'C/W 

RllJA 200 'C/W 

Min Max Unit 

40 - Vdc 

40 - Vdc 

5.0 - Vdc 

- 100 nAdc 

- 100 nAdc 

100 300 -

- 0.25 Vdc 

0.6 1.0 Vdc 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Base Voltage VcBo 60 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous ic 200 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW!°C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mW!°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RllJC 83.3 oc/W 

Thermal Resistance, Junction to Ambient RoJA(1) 200 oc/W 

ELECTRICAL CHARACTERISTICS (TA = 25°c unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(le = 10 mAdc, Is = Ol 

Collector Cutoff Current 
(Vcs = 40 Vdc, IE = 0) 
(Vcs = 60 Vdc, IE = 0) 

Emitter Cutoff Current 
(VsE = 6.0 Vdc, le = O) 

ON CHARACTERISTICS(2) 

DC Current Gain 
(le = 100 µAde, VcE = 5.0 Vdc) 

Base-Emitter On Voltage 
(le = 100 µAde, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VBE = 0.5 Vdc, le = o, f = 1.0 MHz) 

Small-Signal Current Gain 
(le = 100 µAde, VcE = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure 
(le = 100 µAde, VcE = 5.0 Vdc, Rs = kOhms, f = 10 Hz to 15.7 KHz) 

Equivalent Short Circuit Noise Voltage 
(le = 100 µAde, VcE = 5.0 Vdc, Rs = 10 kOhms, f = 100 Hz, Bw = 1.0 Hz) 

(1) RllJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width ,;; 300 µ,s, Duty Cycle ,;; 2.0%. 

SMALL-SIGNAL DEVICES 
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MPS8097 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSA 1 B for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

icso 
- 30 nAdc 
- 10 µAde 

IEBO - 20 nAdc 

hFE 250 700 -

VsE(on) 0.45 0.65 Vdc 

Cobo 1.0 4.0 pF 

Ceb - 10 pF 

hte 250 800 -

NF - 2.0 dB 

en - 32 nV/YHz 

MOTOROLA SEMICONDUCTORS 
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NPN 
MPS8098 
MPS8099 

PNP 
MPS8598 
MPS8599 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

AMPLIFIER TRANSISTOR 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc= 10 mAdc, le =OJ MPS8098, MPS8598 

MPS8099, MPS8599 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) MPS8098, MPS8598 

MPS8099, MPS8599 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) MPS8098, MPS8099 

MPS8598, MPS8599 

Collector Cutoff Current lcEO 
(VcE = 60 Vdc, le = o) 

Collector Cutoff Current lceo 
!Vee = 60 Vdc, IE = 0) MPS8098, MPS8598 
(Vee = 80 Vdc. IE = 0) MPS8099, MPS8599 

Emitter Cutoff Current IEBO 
(VEB = 6.0 Vdc, le = 0) MPS8098, MPS8099 
(VEB = 4.0 Vdc, le = 0) MPS8598, MPS8599 

ON CHARACTERISTICS(1) 

DC Current Gain Uc = 1.0 mAdc, VcE = 5.0 Vdc) hFE 
Uc = 10 mAdc, VcE = 5.0 Vdc) 
O(lc = 100 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage Uc= 100 mAdc, le = 5.0 mAdcl VcE(sat) 
Uc = 100 mAdc, 19 = 10 mAdc) 

Base-Emitter On Voltage VeE(on) 
Oc = 1.0 mAdc, VcE = 5.0 Vdcl MPS8098, MPS8598 
Uc = 10 mAdc, VcE = 5.0 Vdc) MPS8099, MPS8599 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vee = 5.0 Vdc, IE = o, f = 1.0 MHz) MPS8098, MPS8099 

MPS8598, MPS8599 

Input Capacitance Cibo 
(VeE = 0.5 Vdc, le = o. f = 1.0 MHz) MPS8098, MPS8099 

MPS8598, MPS8599 

(1) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle = 2.0%. 

MOTOROLA SEMICONDUCTORS 
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MPS8098 MPS8099 
Symbol MPS8598 MPS8599 Unit 

VcEO 60 80 Vdc 

Vceo 60 80 Vdc 

MPS8098 MPS8598 
MPS8099 MPS8599 

VEBO 6.0 5.0 Vdc 

le 500 mAdc 

Po 625 mW 
5.0 mW/'C 

Po 1.5 Watts 
12.0 mW/'C 

TJ, Tstg -55 to +150 'C 

Symbol Max Unit 

RllJC 83.3 'C/W 

RllJA 200 'C/W 

Min Max Unit 

Vdc 
60 -
80 -

Vdc 
60 -
80 -

Vdc 
6.0 -
5.0 -
- 0.1 µAde 

µAde 
- 0.1 
- 0.1 

µAde 
- 0.1 
- 0.1 

100 300 -
100 -
75 -
- 0.4 Vdc 
- 0.3 

Vdc 
0.5 0.7 
0.6 0.8 

150 - MHz 

pF 
- 6.0 
- 8.0 

pF 
- 25 
- 30 

SMALL-SIGNAL DEVICES 



NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 
FIGURE 1 - SWITCHING TIME TEST CIRCUITS 
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For PNP Test Circuits, Reverse All Voltage Polarities 

NPN FIGURE 2 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 

FIGURE 5 - THERMAL RESPONSE 
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NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 

FIGURE 8 - "ON" VOL TAG ES FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 12 - "ON" VOLTAGES 
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MAXIMUM RATINGS 

MPSA05 MPSA06 
Rating Symbol MPSA55 MPSA56 Unit 

Collector-Emitter Voltage Vern 60 80 Vdc 

Collector-Base Voltage VcBo 60 80 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mWf'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ROJc 83.3 oc;w 

Thermal Resistance, Junction to Ambient ROJA(!) 200 oc;w 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
!le= 1.0 mAdc, IB = O) MPSA05, MPSA55 

MPSA06, MPSA56 

Emitter-Base Breakdown Voltage 
(IE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcE = 60 Vdc, IB = 0) 

Collector Cutoff Current 
(VcB = 60 Vdc, IE = O) MPSA05, MPSA55 
(VcB = 80 Vdc, IE = 0) MPSA06, MPSA56 

ON CHARACTERISTICS 

DC Current Gain 
!le = 10 mAdc, VcE = 1.0 Vdcl 
!le = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le= 100 mAdc, IB = 10 mAdc) 

Base-Emitter On Voltage 
!le= 100 mAdc, VcE = 1.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(le = 10 mA, VcE = 2.0 V, f = 100 MHz) MPSA05 

MPSA06 

!le = 100 mAdc, VcE = 1.0 Vdc, f = 100 MHz) MPSA55 
MPSA56 

(1) Pulse Test: Pulse Width >< 300 µ,s, Duty Cycle >< 2.0%. 
(2) fy is defined as the frequency at which lhtel extrapolates to unity. 

SMALL-SIGNAL DEVICES 
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NPN 
MPSAOS 
MPSA06 

PNP 
MPSASS 
MPSA56 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

Symbol Min Max Unit 

V(BR)CEO Vdc 
60 -
80 -

V(BR)EBO 4.0 - Vdc 

lcEO - 0.1 µAde 

icBo µAde 
- 0.1 
- 0.1 

hFE -
50 -
50 -

VcE(satl - 0.25 Vdc 

VBE(on) - 1.2 Vdc 

ti- MHz 
100 -

50 -

MOTOROLA SEMICONDUCTORS 

• 



• 
NPN MPSAOS, MPSA06, PNP MPSA55, MPSA56 

FIGURE 1 - SWITCHING TIME TEST CIRCUITS 
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NPN MPSA05, MPSA06, PNP MPSA55, MPSA56 
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NPN MPSA05, MPSA06, PNP MPSA55, MPSA56 
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NPN MPSAOS, MPSA06, PNP MPSA55, MPSA56 
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MPSA09 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSA 18 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 1.0 mAdc, Is = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 0.1 mAdc, IE = OI 

Collector Cutoff Current icso 
(Vcs = 30 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
(VsE = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 0.1 mAdc, VcE = 5.0 Vdcl 

Collector-Emitter Saturation Voltage VcE(satl 
Uc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter On Voltage VsE(on) 
Uc = 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 0.5 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vcs = 5.0 Vdc, IE = 0, f = 100 kHz) 

Noise Figure NF 
Uc = 0.1 mAdc, VcE = 5.0 Vdc, 
Rs = 0.8 k ohms, f = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 50 Vdc 

Vcso 50 Vdc 

le 50 mAdc 

Po 625 mW 
5.0 mwrc 

Po 1.5 Watt 
12 mwrc 

TJ, Tstg -55 to + 150 oc 

Symbol Max Unit 

ROJA 200 oc/W 

R8Jc 83.3 oc/W 

Min Typ Max Unit 

50 - - Vdc 

50 - - Vdc 

- - 100 nAdc 

- - 100 nAdc 

100 - 600 -
- - 0.9 Vdc 

- - 1.0 Vdc 

30 80 - MHz 

- - 5.0 pF 

- 1.4 - dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 100 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case ReJC 83.3 

Thermal Resistance, Junction to Ambient RllJA 200 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 1.0 mAdc, IB = O) 

Emitter-Base Breakdown Voltage 
(IE = 1 oo µ.Ade, le = O) 

Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 5.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

Watt 
mW/°C 

·c 

Unit 

·c!W 
·c!W 

MPSA10 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPS3903 for graphs. 

Symbol Min Max 

V(BR)CEO 40 -

V(BR)EBO 4.0 -

lcso - 100 

40 400 

tr 125 -

Cobo - 4.0 

Unit 

Vdc 

Vdc 

nAdc 

MHz 

pF 

MOTOROLA SEMICONDUCTORS 
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MPSA12 

CASE 29-02,_STYLE 1 
T0-92 (T0-226AA) 

I 
DARLINGTON TRANSISTOR 

NPN SILICON 

Refer to 2N6426 for graphs. 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vces 

Emitter-Base Voltage Ve so 

Total Device Dissipation@ TA = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient RoJA 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 20 
Oc = 100 µAde, Is = Ol 

Collector Cutoff Current le Bo -
(VCB = 15 Vdc, IE = 0) 

Collector Cutoff Current Ices -
!Vee = 15 Vdc, VBE = Ol 

Emitter Cutoff Current le Bo -
(VEB = 10 Vdc, le= O) 

ON CHARACTERISTICS 

DC Current Gain hFE 20,000 
He = 10 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage Vce(sat) -
!le = 10 mAdc, Is = o.oi mAdc) 

Base-Emitter On Voltage Vee -
Oc = 10 mAdc, Vee = 5.0 Vdc) 

Value Unit 

20 Vdc 

10 Vdc 

625 mW 
5.0 mwrc 

-55to +150 oc 

Max Unit 

200 oc/W 

Typ Max Unit 

- - Vdc 

- 100 nAdc 

- 100 nAdc 

- 100 nAdc 

- - -

- 1.0 Vdc 

- 1.4 Vdc 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vces 30 Vdc 

Collector-Base Voltage Vceo 30 Vdc 

Emitter-Base Voltage Veeo 10 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mwrc 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mwrc 

Operating and Storage Junction TJ, Tstg - 55to +150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Rf1JC 83.3 oc/W 

Thermal Resistance, Junction to Ambient ReJA 200 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 30 Vdc, le = o) 

Emitter Cutoff Current 
!Vee= 10 Vdc, le= O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = 10 mAdc, Vee = 5.0 Vdcl MPSA13 

MPSA14 

Uc = 100 mAdc, Vee = 5.0 Vdc) MPSA13 
MPSA14 

Collector-Emitter Saturation Voltage 
Uc= 100 mAdc, le = 0.1 mAdc) 

Base-Emitter On Voltage 
lie = 100 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 10 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width"' 300 µ,s, Duty Cycle"' 2.0%. 
(2) fy = Jhtel • ftest· . 

SMALL-SIGNAL DEVICES 
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MPSA13 
MPSA14 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

DARLINGTON TRANSISTOR 

NPN SILICON 

Refer to 2N6426 for graphs. 

Symbol Min Max Unit 

V(BR)CES 30 - Vdc 

lceo - 100 nAdc 

leeo - 100 nAdc 

hFE -
5000 -

10,000 -
10,000 -
20,000 -

VcE(sat) - 1.5 Vdc 

Vee - 2.0 Vdc 

125 MHz 

MOTOROLA SEMICONDUCTORS 
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MPSA16 
MPSA17 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

I 
SWITCHING TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Coll8ctor Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc= 1.0 mAdc, le = 01 

Emitter-Base Breakdown Voltage V(BRIEBO 
lie = 0.1 mAdc, le= 01 MPS-A16 

MPS-A17 

Collector Cutoff Current lceo 
!Vee = 30 Vdc, le = 01 

Emitter Cutoff Current ieeo 
(Vee = 10 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc= 5.0 mAdc, Vee = 10 Vdcl 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 

Vce(sat) 

SMALL-81GNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 100 MHz) MPS-A16 

MPS-A17 

Output Capacitance Cobo 
(Vee = 10 Vdc, le = o, t = 100 kHzl 

MOTOROLA SEMICONDUCTORS 
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Symbol MPS-A1~MPS-A17 Unit 

Vceo 40 Vdc 

Veeo 12 l 15 Vdc 

Jc 100 mAdc 

Po 625 mW 
5.0 mWl°C 

Po 1.5 Watt 
12 mWl°C 

TJ, Tstg -55 to +150 'C 

Symbol Max Unit 

RB.JA 200 'CIW 

Rruc 83.3 'CIW 

Min Max ·1 Unit 

40 - Vdc 

Vdc 
12 -
15 -
- 100 nAdc 

- 100 nAdc 

200 600 -

- 0.25 Vdc 

MHz 
100 -
80 -
- 4.0 pF 

SMALL-SIGNAL DEVICES 



FIGURE 1 -DC CURRENT GAIN 
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FIGURE 2 -SMALL SIGNAL CURRENT GAIN 
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FIGURE 3 -SATURATION AND ON VOLTAGES 
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• MPSA18 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

/ 
LOW NOISE TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA= 25'C 
Derate above 25'C 

Total Device Dissipation @Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otheiwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
!IE= 10 µAde, le= O) 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Uc = 10 µAde, VcE = 5.0 Vdcl 
Uc= 100 µAde, VcE = 5.0 Vdcl 
Uc= 1.0 mAdc, VcE = 5.0 Vdc) 
Uc = 10 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 0.5 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdcl 

Base-Emitter On Voltage 
Uc= 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 5:0 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
!VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Noise Figure 
Uc = 100 µAde, VcE = 5.0 Vdc, Rs = 10 k!l, f = 10 Hz to 15.7 kHz) 
Uc = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 k!l, f = 100 Hz) 

Equivalent Short Circuit Noise Voltage 
Uc = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 k!l, f = 100 Hz) 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 µ,s, Duty Cycle < 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

hFE 

VcE(sat) 

VBE(on) 

fT 

Ccb 

Ceb 

NF 

VT 

Symbol . Value Unit 

VCEO 45 Vdc 

vceo 45 Vdc 

VEBO 6.5 Vdc 

le 200 mAdc 

Po ' 625 mW 
5.0 mW/'C 

Po 1.5 Watts 
12 mW/'C 

TJ, Tstg -55 to +150 'C 

Symbol Max Unit 

Rruc 83.3 'C/W 

R6.JA(1) 200 'C/W 

Min Typ Max Unit 

45 - - Vdc 

45 - - Vdc 

6.5 - - Vdc 

- 1.0 50 nAdc 

-
400 580 -
500 850 -
500 1100 -
500 1150 1500 

Vdc 
- - 0.2 
- 0.08 0.3 

- 0.6 0.7 Vdc 

100 160 - MHz 

- 1.7 3.0 pF 

- 5.6 6.5 pF 

dB 
- 0.5 1.5 
- 4.0 -
- 6.5 - nV/VHz 

SMALL-SIGNAL DEVICES 
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FIGURE 11 - CAPACITANCE FIGURE 12 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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MPSA20 

CASE 2s~o2, STYLE 1 
T0-92 (T0-226AAI 

' AMPLIFIER TRANSISTOR 

NPNSIUCON 

Refer to MPS3903 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc= 1.0 mAdc, le = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µ.Ade, le = O) 

Collector Cutoff Current 
(Vee = 30 Vdc, IE - 0) 

ON CHARACTERISTICS 

DC Current Gain(2) 
Uc= 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

(1) R(IJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CEO 

V(BR)EBO 

iceo 

hFE 

VcE(sat) 

tr 

Cobo 

Symbol Value Unit 

VcEO 40 Vdc 

Vceo 4.0 Vdc 

le 100 mAdc 

Po 625 mW 
5.0 mW!°C 

Po 1;5 Watt 
12 mW!°C 

TJ, Tstg -.55to +150 ·c 

Symbol Max Unit 

R6Jc 83.3 0 c1W 
R6JA(1) 200 •CfW 

Min Max Unit 

40 - Vdc 

4.0 - Vdc 

- 100 nAdc 

40 400 -
- 0.25 Vdc 

125 - MHz 

- 4.0 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol MPS-A2~MPS-A26]MPS-A27 
Collector-Emitter Voltage VcES 4oj5oj60 

Emitter-Base Voltage VEBO 10 

Collector Current - Continuous le 500 

Total Device Dissipation Po 625 
@TA= 25°C 5.0 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg ~ 55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 100 µAde, VsE = O) MPSA25 

MPSA26 
MPSA27 

Collector-Base Breakdown Voltage 
lie = 100 µAde, IE = O) MPSA25 

MPSA26 
MPSA27 

Collector Cutoff Current 
IVcs = 30 V, IE = O) MPSA25 
IVcs = 40 V, IE = 0) MPSA26 
(Vcs = 50 V, IE = O) MPSA27 

Collector Cutoff Current 
(VcE = 30 V, VsE = 0) MPSA25 
(VcE = 40 V, VsE = O) MPSA26 
(VcE = 50 V, VsE = 0) MPSA27 

Emitter Cutoff Current 
(VBE = 10 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = 10 mA, VcE = 5.0 V) 
lie= 100 mA, VcE = 5.0 Vl 

Collector-Emitter Saturation Voltage 
lie= 100 mA, Is = 0.1 mAdc) 

Base-Emitter On Voltage 
lie = 100 mA, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Small Signal Current Gain 
lie= 10 mA, Vee = 5.0 v, t = 100 MHz) 

(1) Pulse Test: Pulse Width "'300 µ.s, Duty Cycle"' 2.0%. 

SMALL-SIGNAL DEVICES 

2-197 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

·c 

Unit 

·c;w 

Symbol 

VIBR)CES 

VIBR)CBO 

icso 

ICES 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

hte 

MPSA25 
MPSA26 
MPSA27 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

DARLINGTON TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

Vdc 
40 - -
50 - -
60 - -

Vdc 
40 - -
50 - -
60 - -

nAdc 
- - 100 
- - 100 
- - 100 

nAdc 
- - 500 
- - 500 
- - 500 

- - 100 nAdc 

-
10,000 - -
10,000 - -

- - 1.5 Vdc 

- - 2.0 Vdc 

1.25 2.4 

MOTOROLA SEMICONDUCTORS 

• 
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FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol MPSA28 MPSA29 

Collector-Emitter Voltage VcES 80 100 

Collector-Base Voltage Vcso 80 100 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous le 500 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ. Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 83.3 

Thermal Resistance, Junction to Ambient R8JA 200 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 100 µAde, VsE = O) 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vcs = 60 Vdc, IE = 0) 
(Vcs = 80 Vdc, IE = 0) 

Collector Cutoff Current 
(VcE = 60 Vdc, VsE = O) 
(VcE = 80 Vdc, VsE = 0) 

Emitter Cutoff Current 
(Vse = 10 Vdc, le = o) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Oc = 10 mAdc, Vee = 5.0 Vdc) 
Oc = 100 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, Is = 0.01 mAdc) 
Uc = 100 mAdc, Is = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc = 100 mAdc, VcE = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 10 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vea = 10 Vdc, IE = 0, f = 100 kHz) 

(1) Pulse Test: Pulse Width "'300 µ,s, Duty Cycle"' 2.0%. 
(2) I,- = hte • ftest· 

SMALL-SIGNAL DEVICES 

MPSA28 
MPSA29 

MPSA28 
MPSA29 

Both Types 

MPSA28 
MPSA29 

MPSA28 
MPSA29 

Both Types 

Both Types 
Both Types 

Both Types 
Both Types 

Both Types 

Both Types 

Both Types 

2-199 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watts 
mW/'C 

oc 

Unit 

oc/W 

oc/W 

Symbol 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

icso 

ICES 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

t,-

Cobo 

MPSA28 
MPSA29 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

DARLINGTON TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

Vdc 
80 - -
100 - -

Vdc 
80 - -
100 - -
12 - - Vdc 

nAdc 
- - 100 
- - 100 

nAdc 
- - 500 
- - 500 

- - 100 nAdc 

-
10,000 - -
10,000 - -

Vdc 
- 0.7 1.2 
- 0.8 1.5 

- 1.4 2.0 Vdc 

125 200 - MHz 

- 5.0 8.0 pF 

MOTOROLA SEMICONDUCTORS 

• 
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FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol MPSA42 MPSA43 

Collector-Emitter Voltage vcEo 300 200 

Collector-Base Voltage Vceo 300 200 

Emitter-Base Voltage VEBO 6.0 6.0 

Collector Current - Continuous le 500 

Total Device Dissipation@ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 83.3 

Thermal Resistance, Junction to Ambient RruA 200 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 1.0 mAdc, le =OJ MPSA42 

MPSA43 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) MPSA42 

MPSA43 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde, le = OJ 

Collector Cutoff Current 
!Vee = 200 Vdc, le = OJ MPSA42 
(Vee = 160 Vdc, le = 01 MPSA43 

Emitter Cutoff Current 
!Vee = 6.0 Vdc, le = OJ MPSA42 
!Vee = 4.o Vdc, le = OJ MPSA43 

ON CHARACTERIS11CS(1) 

qt Current Gain 
Uc = 1.0 mAdc, VcE = 10 Vdc) Both Types 
!le = 10 mAdc, VcE = 10 Vdc) Both Types 

!le = 30 mAdc, VcE = 10 Vdc) MPSA42 
MPSA43 

Collector-Emitter Saturation Voltage 
Uc = 20 mAdc, le = 2.0 inAdc) MPSA42 

MPSA43 

Base-Emitter Saturation Voltage 
Uc = 20 mAdc, le = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 20 Vdc, le = o, t = 1.0 MHz) MPSA42 

MPSA43 

(1) Pulse Test: Pulse Width "" 300 µJS, Duty Cycle "" 2.0%. 

SMALL-SIGNAL DEVICES 

2-201 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

Watts 
mWl°C 

·c 

Unit 

•CfW 

•CfW 

MPSA42 
MPSA43 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
HIGH VOLTAGE TRANSISTOR 

NPNSILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
300 -
200 -

V(BRJCBO Vdc 
300 -
200 -

V(BR)EBO 6.0 - Vdc 

lceo µAde 
- 0.1 
- 0.1 

IEBO µAde 
- 0.1 
- 0.1 

hFE -
25 -
40 -
40 -
40 

Vce(satl Vdc 
- 0.5 
- 0.5 

Vee(sat) - 0.9 Vdc 

fy 50 - MHz 

Ccb pF 
- 3.0 
- 4.0 

MOTOROLA SEMICONDUCTORS 

• 
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MAXIMUM RATINGS 

Rating Symbol MPSA44 MPSA45 Unit 

Collector-Emitter Voltage VcEO 400 350 Vdc 

Collector-Base Voltage VcBo 500 400 Vdc 

Emitter-Base Voltage VEBO 6.0 6.0 Vdc 

Collector Current - Continuous le 300 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mwrc 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 83.3 oc/W 

Thermal Resistance, Junction to Ambient R8JA 200 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le= 1.0 mAdc, IB = O) MPSA44 

MPSA45 

Collector-Emitter Breakdown Voltage 
(le = 100 µAde, VBE = 0) MPSA44 

MPSA45 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) MPSA44 

MPSA45 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcB = 400 Vdc, IE = O) MPSA44 
(VcB = 320 Vdc, IE = O) MPSA45 

Collector Cutoff Current 
(VcE = 400 Vdc, VBE = O) MPSA44 
(VcE = 320 Vdc, VBE = 0) MPSA45 

Emitter Cutoff Current 
(VBE = 4.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain(1) (le= 1.0 mAdc, VcE = 10 Vdc) 
(le = 10 mAdc, VcE = 10 Vdc) 
(le = 50 mAdc, VcE = 10 Vdc) 
(le = 100 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage(1) (le= 1.0 mAdc, IB = 0.1 mAdc) 
(le= 10 mAdc, IB = 1.0 mAdc) 
(le = 50 mAdc, IB = 5.0 mAdc) 

Base-Emitter Saturation Voltage (le= 10 mAdc, IB = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance (VcB = 20 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Small-Signal Current Gain (le = 10 mAdc, VcE = 10 Vdc, f = 10 MHz) 

(1) Pulse Test: Pulse Width "'300 µ,s, Duty Cycle"' 2.0%. 

MPSASS, MPSA56 For Specifications, See MPSA05 

SMALL-SIGNAL DEVICES 

2-203 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

le BO 

ICES 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

Cobo 

Cibo 

hte 

MPSA44 
MPSA45 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

HIGH VOLTAGE 
TRANSISTOR 

NPN SILICON 

Min Max 

400 -
350 -

500 -
400 -

500 -
400 -
6.0 -

- 0.1 
- 0.1 

- 500 
- 500 

- 0.1 

40 -
50 200 
45 -
40 -
- 0.4 
- 0.5 
- 0.75 

- 0.75 

- 7.0 

- 13 

2.0 -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

nAdc 

µAde 

-

Vdc 

Vdc 

pf 

pf 

-

MOTOROLA SEMICONDUCTORS 
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MPSA44, MPSA45 

FIGURE 1 - DC CURRENT GAIN 
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MPSA44, MPSA45 

FIGURE 7 - TURN-ON SWITCHING TIMES AND TEST CIRCUIT 
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FIGURE 8 - TURN-OFF SWITCHING TIMES AND TEST CIRCUIT 
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• 
MPSA62 
MPSA63 
MPSA64 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
DARLINGTON TRANSISTOR 

PNPSILICON 

Refer to MPSA75 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 µAde, VeE = O) 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = 0) 
(Vee = 30 Vdc, IE = O) 

Emitter Cutoff Current 
(VeE = 10 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 10 mAdc, VcE = 5.0 Vdc) 

Uc = 100 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, le = O.ot mAdc) 
Uc = 100 mAdc, le = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc = 10 mAdc, VcE = 5.0 Vdc) 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 100 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

(1) Pul.se Test: Pulse Width .;; 300 µs, Duty Cycle .;; 2.0%. 
(2) tr = lhtel • ftest· 

MOTOROLA SEMICONDUCTORS 

Symbol 

MPSA62 
V(BR)CES 

MPSA63, MPSA64 

lceo 
MPSA62 
MPSA63, MPSA64 

IEBO 

hFE 
MPSA63 
MPSA64 
MPSA62 

MPSA63 
MPSA64 

VcE(sat) 
MPSA62 
MPSA63, MPSA64 

VeE(on) 
MPSA62 
MPSA63, MPSA64 

MPSA63, MPSA64 

2-206 

MPSA62 MPSA63 
Symbol MPSA64 Unit 

VCES 20 30 Vdc 

Vceo 20 30 Vdc 

VEBO 10 Vdc 

le 500 mAdc 

Po 625 mW 
5.0 mWl°C 

Po 1.5 Watts 
12 mW!°C 

TJ, Tstg -55to+150 ·c 

Symbol Max Unit 

Rruc 83.3 "C/W 

R6.JA 200 "C/W 

Min Max Unit 

Vdc 
20 -
30 -

nAdc 

- 100 
- 100 

- 100 nAdc 

-
5000 -

10,000 -
20,000 -
10,000 -
20,000 -

Vdc 
- 1.0 
- 1.5 

Vdc 
- 1.4 
- 2.0 

125 MHz 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 100 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 200 

Thermal Resistance, Junction to Case R9JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le= 1.0 mAdc, Is = O) 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
!le = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

SMALL-SIGNAL DEVICES 

2-207 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

Watts 
mW/'C 

'C 

Unit 

'C!W 

oc!W 

MPSA70 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N5086 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)EBO 4.0 - Vdc 

lcso - 100 nAdc 

hfE 40 100 -

VcE(satl - 0.25 Vdc 

fr 125 - MHz 

Cobo - 4.0 pf 

MOTOROLA SEMICONDUCTORS 

• 



MPSA75 
MPSA76 
MPSA77 

CASE 29-02 
T0-92 (T0-226AA) 

I 
DARLINGTON TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating Symbol MPSA75j MPSA76j MPSA77 

Collector-Emitter Voltage VcES 40 l 50 l 60 

Emitter-Base Voltage VEBO 10 

Collector Current - Continuous le 500 

Total Device Dissipation PD 
@TA= 25°C 625 
Derate above 25°C 5.0 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mw1°c 

·c 

Unit 

·c!W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
He = 100 µAde, Vee = O) MPSA75 40 - -

MPSA76 50 - -
MPSA77 60 - -

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
He = 100 µAde, IE = O) MPSA75 40 - -

MPSA76 50 - -
MPSA77 60 - -

Collector Cutoff Current iceo nAdc 
(Vcs = 30V, IE= O) MPSA75 - - 100 
(Vee = 40 v. IE = 0) MPSA76 - - 100 
(Vcs = 50 v. IE = 0) MPSA77 - - 100 

Collector Cutoff Current ICES nAdc 
(VcE = 30 v. VeE = 0) MPSA75 - - 500 
(VcE = 40 v. VeE = O) MPSA76 - - 500 
(VcE = 50 v. VeE = 0) MPSA77 - - 500 

Emitter Cutoff Current Imo - - 100 nAdc 
(VeE = 10 Vdc) 

ON CHARACTERISTICS 

DC Current Gain hFE -
He = 10 mA. VcE = 5.0 V) 10,000 - -
(le = 100 mA. VcE = 5.0 V) 10,000 - -

Collector-Emitter Saturation Voltage VcE(sat) - - 1.5 Vdc 
He= 100 mA, Is= 0.1 mAdc) 

Base-Emitter On Voltage VBE - - 2.0 Vdc 
He = 100 mA, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - High Frequency lhtel 1.25 2.4 
Uc = 10 mA, VcE = 5.0 v. f = 100 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPSA75, MPSA76, MPSA77 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 4 - HIGH FREQUENCY CURRENT GAIN 
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FIGURE 3 - COLLECTOR SATURATION REGION 
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• 
MPSA92 
MPSA93 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
HIGH VOLTAGE 
TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
lie = 1.0 mAdc, IB = 01 MPSA92 

MPSA93 

Collector-Base Breakdown Voltage V(BR)CBO 
lie = 100 !LAdc, IE = O) MPSA92 

MPSA93 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 100 !LAdc, le = O) 

Collector Cutoff Current ICBO 
(VcB = 200 Vdc, IE = O) MPSA92 
(VcB = 160 Vdc, le = O) MPSA93 

Emitter Cutoff Current IEBO 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(!) 

DC Current Gain hfE 
lie = 1.0 mAdc, VcE = 10 Vdc) Both Types 
lie = 10 mAdc, Vee = 10 Vdc) Both Types 

lie = 30 mAdc, Vee = 10 Vdc) MPSA92 
MPSA93 

Collector-Emitter Saturation Voltage Vce(sat) 
lie = 20 mAdc, IB = 2.0 mAdc) MPSA92 

MPSA93 

Base-Emitter Saturation Voltage VBE(sat) 
lie = 20 mAdc, IB = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
lie = 10 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(VcB = 20 Vdc, le = 0, f = 1.0 MHz) MPSA92 

MPSA93 

(1) Pulse Test: Pulse Width.;; 300 µs, Duty Cycle.;; 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol MPS-A92 MPS-A93 Unit 

VcEO 300 200 Vdc 

VcBO 300 200 Vdc 

VEBO 5.0 Vdc 

le 500 mAdc 

Po 625 mW 
5.0 mW/"C 

Po 1.5 Watts 
12 mW/"C 

TJ, Tstg -55to +150 'C 

Symbol Max Unit 

RllJC 83.3 'C/W 

ReJA 200 'C/W 

Min Max Unit 

Vdc 
300 -
200 -

Vdc 
300 -
200 -
5.0 - Vdc 

!LAdc 
- 0,25 
- 0.25 

- 0.1 !LAdc 

-
25 -
40 -

25 -
25 -

Vdc 
- 0.5 
- 0.5 

- 0.9 Vdc 

50 - MHz 

pF 
- 6.0 
- 8.0 

SMALL-SIGNAL DEVICES 



MPSA92, MPSA93 

FIGURE 1 -DC CURRENT GAIN 
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FIGURE 3 -CURRENT-GAIN-BANDWIDTH PRODUCT 
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• 
NPN 

MPSDOS 
PNP 

MPSDSS 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Collector Current - Continuous 
CASE 29-02, STYLE 1 

T0-92 (T0-226AA) 
Total Device Dissipation @TA = 25"C 

Derate above 25"C 

Total Device Dissipation@ Tc = 25"C 
Derate above 25"C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

AMPLIFIER TRANSISTOR Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to 
Ambient(1) 

Refer to 2N4400 for MPSDOS graphs.• 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = 0) 

Collector Cutoff Current 
(VcE = 20 Vdc) 

Collector Cutoff Current 
(Vcs = 20 Vdc, IE = 0) 

Emitter Cutoff Current 
(Ves = 3.o Vdc, ic = O) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Oc = 50 mAdc, Vee = 5.0 Vdc) 
Oc = 100 mAdc, VcE = 5.0 Vdc) 
Oc = 500 mAdc, VcE = s.o Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 50 mAdc, Vee = 10 Vdc, 
f = 100 MHz) 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
*Refer to 2N4402 for MPSD55 graphs. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CEO 

V(BR)CBO 

ICEO 

'cso 

IEBO 

hfE 

VcE(sat) 

Symbol Value Unit 

Vern 25 Vdc 

Vcso 25 Vdc 

'c 600 mAdc 

Po 625 mW 
5.0 mW/"C 

Po 1.5 Watts 
12 mW/"C 

TJ, Tstg ~55to +150 "C 

Symbol Max Unit 

RoJC 83.3 "C!W 

ROJA 200 "C!W 

Min Max Unit 

25 - Vdc 

25 - Vdc 

- 1.0 µAde 

- 1.0 µAde 

- 100 nAdc 

-
50 -
80 -
30 -
- 0.5 Vdc 

100 MHz 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 20 

Collector-Base Voltage vcBo 20 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous le 30 

Total Device Dissipation @J TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, T stg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RoJC 83.3 

Thermal Resistance, Junction to Ambient RoJA(1) 200 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = o) 

Collector Cutoff Current 
(VcB = 10 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 4.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure 
(VAGC = 1.4 Vdc, Rs = 50 Ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
(VAGC = 1.4 Vdc, Rs = 50 Ohms, f = 200 MHz) 

Forward AGC Voltage 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 200 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

Watts 
mwrc 

'C 

Unit 

'C/mW 

'C/mW 

MPSH02 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 20 - Vdc 

V(BR)CBO 20 - Vdc 

V(BR)EBO 3.0 - Vdc 

le Bo - 50 nAdc 

20 200 

IT 375 - MHz 

Ccb - 0.5 pF 

NF - 3.3 dB 

Gpe 20 - dB 

VAGC 4.0 5.0 Vdc 

MOTOROLA SEMICONDUCTORS 

• 



• 
MPSH02 
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MPSH02 

FIGURE 7 - DC CURRENT GAIN FIGURE 8 - COLLECTOR-BASE CAPACITANCE 
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MPSH04 
MPSHOS 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

VcEO 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

ROJC 

ReJA(1) 

Value Unit 

80 Vdc 

4.0 Vdc 

100 mAdc 

625 mW 
5.0 mW/°C 

1.5 Watt 
12 mW/°C 

-55to +150 oc 

Max Unit 

83.3 oc;w 

200 "C/W 

(1 I ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 80 - - Vdc 
(le = 1.0 mAdc, Is = o) 

Collector-Base Breakdown Voltage V(BR)CBO 80 - - Vdc 
(le = 100 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc 
OE = 100 µ.Ade, le = Ol 

Collector Cutoff Current icso - - 50 nAdc 
(Vee = 60 Vdc, IE = O) 

Emitter Cutoff Current IEBO - - 50 nAdc 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
Oc = 1.5 mAdc, VcE = 10 Vdcl MPSH04 30 - 120 

MPSH05 30 - 150 

Collector-Emitter Saturation Voltage VcE(sat) - - 0.25 Vdc 
(le= 10 mAdc, Is= 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Crrent-Gain - Bandwidth Product tr 80 - - MHz 
(le = 1.5 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - - 1.6 pF 
(Vee = 10 Vdc, f = 1.0 MHz) 

Output Admittance hoe - - 5.0 µmhos 
(le= 1.5 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF - - 2.0 dB 
(le= 1.5 mAdc, VcE = 10 Vdc, Rs = 50 ohms, f = 1.0 MHz) MPSH04 

(2) Pulse Test: Pulse Width ,,;; 300 µ.s, Duty Cycle ,,;; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VcBo 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Total Device Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 2.81 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R8Jc 357 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
UE = 100 µAde, le = Ol 

Collector Cutoff Current 
(VCB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 3.0 mAdc, VcE = 10 Vdc) 

Base-Emitter On Voltage 
Uc = 3.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 3.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Emitter Capacitance 
(VCE = 10 Vdc, IB = 0, f = 1.0 MHz, base guarded) 

Noise Figure 
Uc = 3.0 mAdc, VcB = 10 Vdc, Rs = 50 Ohms, f = 100 MHz) MPS-H07 
Uc = 3.0 mAdc, Vea = 10 Vdc, Rs = 50 Ohms, f = 200 MHz) MPS-HOS 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
Uc = 3.0 mAdc, VcB = 10 Vdc, Rs = 50 Ohms, f = 100 MHz) MPS-H07 
Uc = 3.0 mAdc, VcB = 10 Vdc, Rs = 50 Ohms, f = 200 MHz) MPS-Hoa· 

Forward AGC Current 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 100 MHz) MPS-H07 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 200 MHz) MPS-HOS 

SMALL-SIGNAL DEVICES 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

hFE 

VBE(on) 

tr 

Cce 
(Crbl 

NF 

Gpb 

IAGC 

MPSH07 
MPSHOS 

CASE 29-02, STYLE 1 
T0-92 (T0-226AAI 

I 
FMNHF TRANSISTOR 

NPN SILICON 

Min Max 

30 -
30 -

3.0 -
- 50 

20 -

- 0.9 

400 -

- 0.3 

- 3.0 
- 3.0 

18 -
14 -

6.5 8.5 
6.5 8.5 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

MHz 

pF 

dB 

dB 

mAdc 

MOTOROLA SEMICONDUCTORS 
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MPSH07, MPSH08 

AGC CHARACTERISTICS 
V cc = 10 Vdc, Rs = 50 Ohms, See Figure 9 

-f = 100 MHz ---f = 200 MHz 
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FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
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MPSH07, MPSH08 

FIGURE 7 - COLLECTOR-BASE TIME CONSTANT FIGURE 8 -CURRENT-GAIN BANDWIDTH PRODUCT 
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MPSH10 
MPSH11 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

I 
VHF/UHF TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 1.0 mAdc, Is= Ol 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
lie= 10 µAde, le= Ol 

Collector Cutoff Current lcso 
(Vcs = 25 Vdc, IE = O) 

Emitter Cutoff Current leso 
(Vse = 2.0 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc= 4.0 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage Vce(satl 
Uc = 4.0 mAdc, Is = 0.4 mAdc) 

Base-Emitter On Voltage Vse 
Uc = 4.0 mAdc, Vee = 10 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 4.0 mAdc, Vee = 10 Vdc, .1 = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Common-Base Feedback Capacitance Crb 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) MPS-H10 

MPS-H11 

Collector Base Time Constant rb'Cc 
Uc = 4.0 mAdc, Vcs = 10 Vdc, f = 31.8 MHz) 

MOTOROLA SEMICONDUCTORS 

2-220 

Symbol Value Unit 

Vceo 25 Vdc 

Vcso 30 Vdc 

Ve so 3.0 Vdc 

Po 350 mW 
2.8 mWl°C 

Po 1.0 Watt 
8.0 mWl°C 

TJ, Tstg -55to +150 ·c 

Symbol Max Unit 

RllJC 125 ·c;w 

RtiJA 357 ·ctw 

Min Max Unit 

25 - Vdc 

30 - Vdc 

3.0 - Vdc 

- 100 nAdc 

- 100 nAdc 

60 - -

- 0.5 Vdc 

- 0.95 Vdc 

650 - MHz 

- 0.7 pF 

pF 
0.35 0.65 
0.6 0.9 

- 9.0 ps 

SMALL-SIGNAL DEVICES 



MPSH10, MPSH11 

COMMON-BASE y PARAMETERS versus FREQUENCY 

(Ves = 10 Vdc, le= 4.0 mAdc, TA= 25°e) 

Yib. INPUT ADMITTANCE 

FIGURE 1 - RECTANGULAR FORM 
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(Ves = 10 Vdc, le= 4.0 mAdc, TA= 25°C) 
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MPSH10, MPSH11 

Yob. OUTPUT ADMITTANCE 

FIGURE 7 - RECTANGULAR FORM 
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FIGURE 8 - POLAR FORM 
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MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 
(Printed Circuit Board Mounting) 

Symbol Value 

Vern 15 

Vcso 20 

VEBO 3.0 

Po 625 
5.0 

TJ, Tstg -55 to + 150 

Symbol Max 

200 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 1.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 

Small-Signal Current Gain 
lie= 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure 
Oc = 5.0 mAdc, Vee = 12 Vdc, Rs = 50 ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
Uc = 5.0 mAdc, Vee = 12 Vdc, Rs = 50 ohms, f = 200 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mW 
mW/°C 

oc 

Unit 

oc;w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

hFE 

VcE(sat) 

fT 

Ccb 

hfe 

NF 

Gpe 

MPSH17 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

CA TV TRANSISTOR 

NPN SILICON 

Min Typ Max 

15 - -

20 - -
3.0 - -

- - 100 

25 - 250 

- - 0.5 

800 - -
0.3 - 0.9 

30 - -

- - 6.0 

24 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-
Vdc 

MHz 

pF 

-
dB 

dB 

MOTOROLA SEMICONDUCTORS 

II 



MPSH20 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

I 
VHF TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
lie = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
lie = 100 µAde, IE = o) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 µAde, le= O) 

Collector Cutoff Current le Bo 
IVcB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 4.0 mAdc, Vee = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
Oc = 4.0 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
IVcB = 10 Vdc, le = o, f = 1 .o MHz) 

Collector Base Time Constant rb'Cc 
Oe = 4.0 mAdc, VcB = 10 Vdc, t = 31.8 MHz) 

Conversion Gain (213 to 45 MHz) -
(le = 4.0 mAdc, Vee = 10 Vdc, Oscillator 
Injection = 200 mVdc) 

MOTOROLA SEMICONDUCTORS 

2-224 

Symbol Value Unit 

VcEO 30 Vdc 

VcBo 40 Vdc 

VEBO 4.0 Vdc 

le 100 mAdc 

Po 350 mW 
2.81 mW/°C 

Po 1.0 Watts 
8.0 mW/°C 

TJ, Tstg -55 to + 150 oc 

Symbol Max Unit 

Rruc 83.3 oc;w 

ReJA 357 oc;w 

Min Typ Max Unit 

30 - - Vdc 

40 - - Vdc 

4.0 - - Vdc 

- - 50 nAdc 

25 

400 620 - MHz 

- 0.5 0.65 pF 

- 10 - ps 

18 23 - dB 

SMALL-SIGNAL DEVICES 
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CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 9) 

FIGURE 1 - VARIATION WITH COLLECTOR CURRENT 
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FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 8 - CAPACITANCES 
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FIGURE 9 - MIXER TEST CIRCUIT 

fsig = 213 MHz 

Rs= 50 OHMS 

1.5-15 pF 

2.0 
pF 

0.001 
OSCILLATOR INJECTION · - 1.0 k 
fosc=158MHz ~ 

T"~ T0001 T µF Rs= 50 OHMS 

L1 = 3 TURNS #18 ENAMELED WIRE, 
1/4" 1.0., AIR WOUND, WINDING LENGTH 1/2"; 
BASE TAPPED 1 TURN FROM GROUND. 

L1=10 TURNS #16 INSULATED WIRE, WOUND 
ON 1/4" 1.0. COIL FORM, ARNOLD PART 
NO. Al-10 IRON POWDER CORE. 

MOTOROLA SEMICONDUCTORS 

1-ivee 

2·226 

L2 

1.0-10 
pF 

0.01 µF f1F = 45 MHz 

YRL=500HMS 

5.6 µH -::-

+10 Vdc 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 30 

Collector-Base Voltage Vceo 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 100 

Total Device Dissipation @TA = 25°C Po 350 
Derate above 25°C 2.8 

Operating and Storage Junction TJ, Tstg -55to+135 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RruA 357 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 1.0 mAdc, le = Ol 

Collector-Base Breakdown Voltage 
Uc= 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 8.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 8.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee= 10 Vdc, IE = o, f = 1.0 MHz) 

Conversion Gain 
(213 MHz to 45 MHz) 

Uc = 8.0 mAdc, Vee = 20 Vdc, Oscillator Injection = 150 mVrms) 
(60 MHz to 46 MHz) 

Uc = 8.0 mAdc, Vee = 20 Vdc, Oscillator Injection = 150 mVrms) 

SMALL-SIGNAL DEVICES 

2-227 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

·c 

Unit 

•CfW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

fy 

Ccb 

-

---~-~-----

MPSH24 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

I 
VHF TRANSISTOR 

NPN SILICON 

Min Typ Max 

30 - -

40 - -
4.0 - -

- - 50 

30 

400 620 -

- 0.25 0.36 

19 24 -

24 29 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

MHz 

pF 

dB 

: 

MOTOROLA SEMICONDUCTORS 

• 



MPSH24 

CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 7) 

(Vee= 20 Vdc, Rs= RL = 50 Ohms, fjf = 44 MHz, B.W. = 6.0 MHz) 

FIGURE 1 - CONVERSION GAIN versus COLLECTOR CURRENT 
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FIGURE 2 - CONVERSION GAIN versus INJECTION LEVEL 
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COMMON-EMITTER y PARAMETERS 
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FIGURE 3 - INPUT ADMITTANCE 
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f~ 60 MHz 213 MHz 
fosc lllWHz 258 MHz 

Cl 1.5-20 pf 1.5·20 pf 
C2 8.0·60 pf 6.0·12pf 
C3 8.0·60 pf 1.5·20 pf 
C4 3.0·35 pf -
C5 1.5·20 pf -
L1 5 Turns #26 3 Turns #l6 

Air, Tap 1 Turn Air, Tap X. Turn 
L2 10 Turns #26 10 Turns #26 

Air Arnold A 1·10 
Core 

L3 Ohmite Z235 -

SMALL-SIGNAL DEVICES 

fsig 

FIGURE 7 - VHF MIXER TEST CIRCUIT 

(1;1 = 44 MHz, B.W. = 6.0 MHz) 
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MPSH31 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

IF AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25'C 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 µAde, le = O) 

Collector Cutoff Current le Bo 
(VcB = 10 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 4.0 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 10 mAdc, IB = 5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Uc = 10 mAdc, IB = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(VcB = 10 Vdc, le = O, f = 1.0 MHz, emitter guarded) 

Noise Figure NF 
(V AGC = 2.75 Vdc, Rs = 50 ohms, f = 45 MHz) 

FUNCTIONAL TESTS 

Power Gain Gpe 
(V AGC = 2.75 Vdc, Rs = 50 ohms, f = 45 MHz) 

Forward AGC Voltage VAGC 
(Gain Reduction = 30 dB, Rs = 50 ohms, f = 45 MHz) MPS-H30 

MPS-H31 

(1) R6JA is measured with the device soldered into a typical printed circuit board. 

MOTOROLA SEMICONDUCTORS 

2-230 

Symbol Value Unit 

VcEO 20 Vdc 

VcBo 20 Vdc 

VEBO 3.0 Vdc 

le 50 mAdc 

Po 625 mW 
5.0 mW/'C 

Po 1.5 Watt 
12.0 mW/'C 

TJ, Tstg -55to +150 'C 

Symbol Max Unit 

R9JC 83.3 'C/W 

R9JA(1) 200 'C/W 

Min Max Unit 

20 - Vdc 

20 - Vdc 

3.0 - Vdc 

- 50 nAdc 

20 200 -

0.1 3.0 Vdc 

- 0.96 Vdc 

300 800 MHz 

- 0.65 pF 

- 6.0 dB 

22.5 31 dB 

Vdc 
4.4 5.4 
5.2 6.2 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 30 Vdc 

Collector-Base Voltage Vcso 40 Vdc 

Emitter-Base Voltage Ve so 4.0 Vdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Operating and Storage Junction TJ, Tstg -55to+135 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 83.3 °C!W 

Thermal Resistance, Junction to Ambient ROJA 200 °C!W 

ELECTRICAL CHARACTERISTICS !TA= 25°c unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Oc = 1.0 mAdc, Is = O) V(BRl_CEO 

Collector-Base Breakdown Voltage (le = 100 µ.Ade, IE = O) V(BR)CBO 

Emitter-Base Breakdown Voltage Oe = 100 µ.Ade, Jc = O) V(BlfilBO 

Collector Cutoff Current (Vcs = 10 Vdc, IE = O) Jcso 

ON CHARACTERISTICS 

DC Current Gain Oc = 4.0 mAdc, Vee = 5.0 Vdc) hFE 

Collector-Emitter Saturation Voltage (le = 10 mAdc, Is = 5.0 mAdc) Vci;J_sat) 

Base-Emitter Saturation Voltage Oc = 10 mAdc, Is = 5.0 mAdc) VBE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Oc = 4.0 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vcs = 10 Vdc, le = O, f = 1.0 MHz) (Emitter Guarded) 

Noise Figure Oe=4.0 mAdc, Vce=9.3 Vdc, VAGC = 2.75 Vdc, NF 
Rs = 50 Ohms, f = 45 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
Oe=4.0 mAdc, Vce=9.3 Vdc, VAGC = 2.75 Vdc, 

Gpe 

Rs = 50 Ohms, f = 45 MHz) 

Forward AGC Voltage VAGC 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 45 MHz) 

SUMMARY-COMMON EMITTER PARAMETERS (Vee = 10 Vdc, le = 4.0 mAdc, f = 45 MHz) 

Input Conductance gie 

Input Capacitance Cieo 

Forward Transfer Admittance Magnitude IYfel 

Forward Transfer Admittance Phase Angle <vte 
Feedback Capacitance Cre 

Output Conductance goe 

Output Capaticance Coe 

Maximum Unilateralized Power Gain Gum 

G - _1Yf£_ 
um - 4 9ie 9oe 

SMALL-SIGNAL DEVICES 
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MPSH32 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

VHF TRANSISTOR 

NPN SILICON 

Min Typ Max 

30 - -
40 - -
4.0 - -
- - 50 

27 35 200 

- 1.5 3.0 

- 0.9 1.2 

300 440 -

- 0.2 0.22 

- 3.3 -

22.5 25 -

- 5.5 -

- 6.0 -
- 33 -
- 110 -
- -22 -
- 0.2 -
- 20 -
- 1 .4 -
- 44 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-
Vdc 

Vdc 

MHz 

pF 

dB 

dB 

Vdc 

mm hos 

pF 

mmhos 

Degrees 

pF 

µ.mhos 

pf 

dB 

MOTOROLA SEMICONDUCTORS 

II 



• 
MPSH32 

AGC CHARACTERISTICS 
Vee= 12 Vdc, Rs= 50 Ohms, f = 45 MHz, See Figure 10 
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FIGURE 1 - POWER GAIN 
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MPSH34 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

IF TRANSISTOR 

NPN SILICON 

Refer to MPSH24 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

TotalOevice Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAde, IE = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = Ol 

Collector Cutoff Current icso 
(Vcs = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 7.0 mAdc, VcE = 15 Vdc) 
Oc = 20 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
Oc = 7.0 mAdc, VcE = 15 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(le = 15 mAdc, VcE = 15 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Current-Gain - Bandwidth Ratio fT15 
Oc = 15 mAdc to le= 20 mAdc, VcE = 15 Vdcl 

IT20 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 45 Vdc 

Vcso 45 Vdc 

VEBO 4.0 Vdc 

le 100 mAdc 

Po 350 mW 
2.8 mW/°C 

TJ. Tstg -55 to + 135 oc 

Symbol Max Unit 

ROJA 357 oc/W 

Min Typ Max Unit 

45 - - Vdc 

45 - - Vdc 

4.0 - - Vdc 

- - 50 nAdc 

-
40 - -
15 - -
- - 0.5 Vdc 

- - 0.95 Vdc 

500 720 - MHz 

- 0.25 0.32 pF 

- - 1.6 -

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 80 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 100 mAdc 

Total. Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mW/"C 

Total Device Dissipation @Tc = 25'C Po 1.5 Watt 
Derate above 25'C 12 mW/"C 

Operating and Storage Junction TJ, Tstg -55to +150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ROJc 83.3 'C/W 

Thermal Resistance, Junction to Ambient R8JA(1) 200 'C/W 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
!le = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
!le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 100 µAde, le = O) 

Collector Cutoff Current ICBO 
(VcB = 60 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(le= 1.5 mAdc, VcE =· 10 Vdc) MPSH54 

MPSH55 

Collector-Emitter Saturation Voltage VcE(sat) 
(le= 10 mAdc, IB = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
(le = 1.5 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(VcB = 10 Vdc, f = 1.0 MHz) 

Output Admittance hoe 
(le= 1.5 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF 
(le= 1.5 mAdc, VcE = 10 Vdc, Rs = 50 ohms, f = 1.0 MHz) MPSH54 

SMALL-SIGNAL DEVICES 
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MPSH54 
MPSHSS 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

I 
AMPLIFIER TRANSISTOR 

PNP SILICON 

Min Typ Max Unit 

80 - - Vdc 

80 - - Vdc 

4.0 - - Vdc 

- - 50 nAdc 

- - 50 nAdc 

-
30 - 120 
30 - 150 

- - 0.25 Vdc 

80 - - MHz 

- - 1.6 pF 

- - 15 JLmhos 

- - 2.0 dB 

MOTOROLA SEMICONDUCTORS 
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MPSH81 

CASE 29-02, STYLE 2 
T0-92 (T0-226AA) 

RF AMPLIFIER TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VcEO 

Collector-Base Voltage Vcso 

Emitter-Base Voltage VEBQ 

Total Device Dissipation @TA = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient ROJA 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 20 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 20 
(le = 10 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 
OE = 10 µ.Ade, le = o) 

Collector Cutoff Current ICBO -
(Vea = 10 Vdc, IE = 0) 

Emitter Cutoff Current IEBO -
(VsE = 2.0 Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain hfE 60 
Oc = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) -
Oc = 5.0 mAdc, Is = 0.5 mAdc) 

Base-Emitter On Voltage VsE(on) -
(le = 5.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 600 
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb -
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Collector-Emitter Capacitance Cce -
(Is = o, Vea = 10 Vdc, t = 1.0 MHz) 

Value Unit 

20 Vdc 

20 Vdc 

3.0 Vdc 

350 mW 
2.81 mWl°C 

-55 to +150 ·c 

Max Unit 

357 0 c1W 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc. 

- 100 nAdc 

- 100 nAdc 

- - -

- 0.5 Vdc 

- 0.9 Vdc 

- - MHz 

- 0.85 pF 

- 0.65 pF 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

2-236 



MPSH81 

TYPICAL COMMON-BASE y-PARAMETERS 
(Vee= 10 Vdc, TA= 25°c. Frequency Points in MHz) 

FIGURE 1 - INPUT ADMITTANCE 
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FIGURE 2 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 4 - OUTPUT ADMITTANCE 
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MPSLOl 

CASE 29·02, STYLE 1 
T0-92 (T0·226AA) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N5550 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
UE = 10 µAde, le = O) 

Collector Cutoff Current lcso 
(Vea = 75 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
!VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) hfE 
Uc = 10 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) 
Uc= 10 mAdc, Is = 1.0 mAdc) 
Uc = 50 mAdc, Is = 5.0 mAdc)(1) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) tr 
Uc = 10 mAdc, VcE = 10 Vdc, f =· 100 MHz) 

Collector-Base Capacitance Ccb 
(Vea = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
Uc= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 120 Vdc 

Vcso 140 Vdc 

VEBO 5.0 Vdc 

le 150 mAdc 

Po 625 mW 
5.0 mW/"C 

Po 1.5 Watts 
12 mW/"C 

TJ, Tstg -55 to + 150 oc 

Symbol Max Unit 

R8JC 83.3 oc/W 

R8JA 200 oc/W 

Min Max Unit 

120 - Vdc 

140 - Vdc 

5.0 - Vdc 

- 1.0 µAde 

- 100 nAdc 

50 300 -

Vdc 
- 0.20 
- 0.30 

Vdc 
- 1.2 
- 1.4 

60 - MHz 

- 8.0 pf 

30 - -

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 100 

Collector-Base Voltage VcBo 100 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 600 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 12.0 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case ReJC 83.3 

Thermal Resistance, Junction to Ambient R6JA 200 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1 I 
(le= 1.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le = 01 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = 0) 

Emitter Cutoff Current 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain(1) 
Uc = 50 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
(le= 10 mAdc, Is = 1.0 mAdc) 
!le = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
!le = 1.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) 

(1) Pulse Test: Pulse Test = 300 µ,s, Duty Cycle = 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 

oc/W 

MPSLSl 

CASE 29-02, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N5400 for graphs. 

Symbol Min Max Unit 

V(BRICEO 100 - Vdc 

V(BR)CBO 100 - Vdc 

V(BR)EBO 4.0 - Vdc 

lcso - 1.0 µAde 

IEBO - 100 nAdc 

hFE 40 250 -

VcE(satl Vdc 
- 0.25 
- 0.30 

VBE(sat) Vdc 
- 1.2 
- 1.2 

fr 60 - MHz 

Cobo - 8.0 pF 

hfe 20 - -

MOTOROLA SEMICONDUCTORS 
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MPSWOl 
MPSWOlA 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

I 
HIGH CURRENT TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
MPSW01 
MPSW01A 

Collector-Base Voltage 
MPSW01 
MPSW01A 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, Is = O) MPSW01 

MPSW01A 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 ~de, IE = 0) MPSW01 

MPSW01A 

Emitter-Base Breakdown Voltage V(BR)EBO 
UE = 100 ~de, le = Ol 

Collector Cutoff Current lcso 
(Vcs = 30 Vdc, IE = 0) MPSW01 
(Vcs = 40 Vdc, IE = O) MPSW01A 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Uc = 10 mAdc, VcE = 1.0 Vdc) 
Uc = 100 mAdc, VcE = 1.0 Vdc) 
Uc = 1000 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
He = 1000 mAdc, IB = 100 mAdc) 

Base-Emitter On Voltage VBE(on) 
Uc = 1000 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
He = 50 mAdc, VcE = 10 Vdc, f = 20 MHzl 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width.; 300 µ,s, Duty Cycle.; 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO Vdc 
30 
40 

Vcso Vdc 
40 
50 

VEBO 5.0 Vdc 

le 1000 mAdc 

Po 1.0 Watt 
8.0 mW!°C 

Po 2.5 Watts 
20 mW!°C 

TJ, Tstg -55to +150 oc 

Symbol Max Unit 

RoJC 50 oc;w 

ROJA 125 oc;w 

Min Max Unit 

Vdc 
30 -
40 -

Vdc 
40 -
50 -
5.0 - Vdc 

~de 
- 0.1 
- 0.1 

- 0.1 ~de 

-
55 -
60 -
50 -
- 0.5 Vdc 

- 1.2 Vdc 

50 - MHz 

- 20 pF 

SMALL-SIGNAL DEVICES 



MPSW01, MPSW01A 

FIGURE 1 - DC CURRENT GAIN 
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MPSW01, MPSW01A 

FIGURE 7 - ACTIVE REGION-SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol MPSWOS MPSW06 Unit 

Collector-Emitter Voltage Vern 60 80 Vdc 

Collector-Base Voltage VcBo 60 80 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mwrc 

Total Device Dissipation@ Tc = 25°C Po 2.5 Watts 
Derate above 25°C 20 mwrc 

Operating and Storage Junction TJ, Tstg -55to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 50 oc/W 

Thermal Resistance, Junction to Ambient RoJA 125 oc/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 1.0 mAdc, IB = O) MPSW05 

MPSW06 

Emitter-Base Breakdown Voltage 
(IE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcE = 40 Vdc, la = o) MPSW05 
(VcE = 60 Vdc, la = O) MPSW06 

Collector Cutoff Current 
(Vea = 40 Vdc, IE = 0) MPSW05 
(VcB = 60 Vdc, IE = 0) MPSW06 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = 50 mAdc, VcE = 1.0 Vdc) 
Oc = 250 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 250 mAdc, la = 10 mAdc) 

Base-Emitter Saturation Voltage 
(le = 250 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 200 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance . 
(Vea = 10 v, t = 1.0 MHz) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 
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MPSWOS 
MPSW06 

CASE 29-03, STYLE .1 
T0-92 (T0-226AE) 

I 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
60 -
80 -

V(BR)EBO 4.0 - Vdc 

lcEO µAde 
- 0.5 
- 0.5 

lcao µAde 
- 0.1 
- 0.1 

IEBO - 0.1 µAde 

hFE -
80 -
60 -

VcE(sat) - 0.40 Vdc 

VaE(sat) - 1.2 Vdc 

fr 50 - MHz 

Cobo - 12 pF 

MOTOROLA SEMICONDUCTORS 
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MPSWlO 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

I 
HIGH VOLTAGE TRANSISTOR 

Refer to MPSW42 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25"C 
Derate above 25"C 

Total Device Dissipation @Tc = 25"C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 1.0 mAdc, Is= O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 100 µAde, le = O) 

Collector Cutoff Current icso 
(Vea = 200 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
(VEB = 6.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
lie= 1.0 mAdc, VcE = 10 Vdc) 
Uc = 10 mAdc, VcE = 10 Vdc) 
Oc = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 30 mAdc, Is = 3.0 mAdc) 

Base-Emitter On Voltage VsE(c,>n) 
Uc = 30 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Oc = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance Ccb 
(Vea = 20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 300 Vdc 

Vcao 300 Vdc 

VEBO 6.0 Vdc 

le 500 mAdc 

Po 1.0 Watt 
8.0 mWfC 

Po 2.5 Watts 
20 mW/"C 

TJ, Tstg -55to +150 "C 

Symbol Max Unit 

R8Jc 50 "C/W 

ROJA 125 "C/W 

Min Max Unit 

300 - Vdc 

300 - Vdc 

6.0 - Vdc 

- 0.2 µAde 

- 0.1 µAde 

-
25 -
40 -
40 -
- 0.75 Vdc 

- 0.85 Vdc 

45 - MHz 

- 3.0 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcES 30 

Collector-Base Voltage VcBo 30 

Emitter-Base Voltage VEBO 10 

Collector Current - Continuous le 1.0 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RoJC 50 

Thermal Resistance, Junction to Ambient ROJA 125 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 100 µAde, VsE = O) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Oc = 10 mAdc, VcE = 5.0 Vdcl 

Oc = 100 mAdc, VcE = 5.0 Vdcl 

Collector-Emitter Saturation Voltage 
Oc = 100 mAdc, Is = 0.1 mAdc) 

Base-Emitter On Voltage 
Oc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Oc = 10 mAdc, VcE = 5.0 Vdc, I = 100 MHz) 

(1) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 
(2) IT = lhtel • ftest· 

SMALL-SIGNAL DEVICES 

MPSW13 
MPSW14 

MPSW13 
MPSW14 
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Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 

oc/W 

MPSW13 
MPSW14 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

I 
DARLINGTON TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CES 30 - Vdc 

lcso - 100 nAdc 

IEBO - 100 nAdc 

hFE -
5000 -

10,000 -

10,000 -
20,000 -

VCE(sat) - 1.5 Vdc 

VsE(on) - 2.0 Vdc 

125 MHz 

MOTOROLA SEMICONDUCTORS 
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MPSW13, MPSW14 

FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 3 - COLLECTOR-SATURATION REGION 
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FIGURE 6 - HIGH FREQUENCY CURRENT GAIN 
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• 
MPSW42 
MPSW43 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

I 
HIGH VOLTAGE 
TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 1.0 mAdc, Is = O) MPSW42 

MPSW43 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = O) MPSW42 

MPSW43 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 100 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = 200 Vdc, IE = O) MPSW42 
(Vcs = 160 Vdc, IE = O) MPSW43 

Emitter Cutoff Current IEBO 
(VEB = 6.0 Vdc, le = 0) MPSW42 
(VEB = 4.0 Vdc, le = 0) MPSW43 

ON CHARACTERISTICS 

DC Current Gain hFE 
He= 1.0 mAdc, VcE = 10 Vdc) Both Types 
Oc = 10 mAdc, VcE = 10 Vdc) Both Types 
Oc = 30 mAdc, VcE = 10 Vdcl MPSW42 

MPSW43 

Collector-Emitter Saturation Voltage VcE(sat) 
He = 20 mAdc, Is = 2.0 mAdc) MPSW42 

MPSW43 

Base-Emitter Saturation Voltage VBE(sat) 
He = 20 mAdc, Is = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(le = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Collector·.Base Capacitance Ccb 
(Vcs = 20 Vdc, IE = 0, f = 1.0 MHz) MPSW42 

MPSW43 

(1) Pulse Test: Pulse Width"' 300 ,,s, Duty Cycle"' 2.0%. 
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Symbol MPSW42 MPSW43 Unit 

VcEO 300 200 Vdc 

Vcso 300 200 Vdc 

VEBO 6.0 Vdc 

le 500 mAdc 

Po 1.0 Watt 
8.0 mWl°C 

Po 2.5 Watts 
20 mWl°C 

TJ, Tstg -55to +150 oc 

Symbol Max Unit 

R9JC 50 oc/W 

R9JA 125 oc!W 

Min Max Unit 

Vdc 
300 -
200 -

Vdc 
300 -
200 -
6.0 - Vdc 

µAde 
- 0.1 
- 0.1 

µAde 
- 0.1 
- 0.1 

-
25 -
40 -
40 -
40 -

Vdc 
- 0.5 
- 0.5 

- 0.9 Vdc 

50 - MHz 

pF 
- 3.0 
- 4.0 

SMALL-SIGNAL DEVICES 



MPSW42, MPSW43 

FIGURE 1 - D.C. CURRENT GAIN 
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MPSW42, MPSW43 

FIGURE 7 - ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vces 40 

Collector-Base Voltage Vcso 50 

Emitter-Base Voltage Ve so 12 

Collector Current - Continuous le 1.0 

. Total Device Dissipation @TA= 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ Tc = 2s0 c Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case Re.Jc 50 

Thermal Resistance, Junction to Ambient Re.JA 125 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 µAde, Vse = O) 

Collector-Base Breakdown Voltage 
Uc= 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
Oe = 10 µAde, le = O) 

Collector Cutoff Current 
(Vea = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
!Vea = 10 Vdc, le = 01 

ON CHARACTERISTICS(1) 

DC Current Gain 
Oc = 200 mAdc, Vee = 5.0 Vdc) 
Oc = 500 mAdc, Vee = 5.0 Vdc) 
Uc = 1.0 Ade, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= 1.0 Ade, Is= 2.0 mAdcl 

Base-Emitter Saturation Voltage 
Uc = 1.0 Ade, Is = 2.0 mAdc) 

Base-Emitter On Voltage 
Oc = 1.0 Ade, Vee= 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 200 mAdc, Vee = 6.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vea = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width"" 300 µ,s, Duty Cycle"" 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mWl°C 

Watts 
mWi°C 

•c 

Unit 

·crw 
·crw 

MPSW45 

CASE 29-03, STYLE 1 
T0-92 (T0-226AEI 

I 
DARLINGTON TRANSISTOR 

NPN SILICON 

Refer to 2N6426 for graphs. 

Symbol Min Max Unit 

V(BR)CES 40 - Vdc 

V(BR)CBO 50 - Vdc 

V(BR)EBO 12 - Vdc 

lcso - 100 nAdc 

leso - 100 nAdc 

hFE -
25,000 150,000 
15,000 -
4,000 -

VcE(sat) - 1.5 Vdc 

VBE(sat) - 2.0 Vdc 

VBE(on) - 2.0 Vdc 

fr 100 - MHz 

Ccb - 6.0 pF 

MOTOROLA SEMICONDUCTORS 

• 



• 
MPSW51 

MPSW51A 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

I 
HIGH CURRENT TRANSISTOR 

PNPSIUCON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 
MPSW51 
MPSW51A 

Collector-Base Voltage 
MPSW51 
MPSW51A 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Charac:teristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc= 1.0 mAdc, le = Ol MPSW51 

MPSW51A 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= 100 µAde, IE = 0) MPSW51 

MPSW51A 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 100 µAde, le = Ol 

Collector Cutoff Current iceo 
(Vee = 30 Vdc, IE = 0) MPSW51 
(Vee = 40 Vdc, IE = 0) MPSW51A 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Uc = 10 mAdc, VcE = 1.0 Vdcl 
Uc = 100 mAdc, VcE = 1.0 Vdc) 
lie = 1000 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc= 1000 mAdc, IB = 100 mAdc) 

Base-Emitter On Voltage VBE(on) 
Uc = 1000 mAdc, VcE = 1.0 Vdc) 

SMAU-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 50 mAdc, Vee = 10 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vee= 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width"" 300 µ.s, Duty Cycle"" 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO Vdc 
30 
40 

vceo Vdc 
40 
50 

VEBO 5.0 Vdc 

le 1000 mAdc 

Po 1.0 Watt 
8.0 mW!°C 

Po 2.5 Watts 
20 mW!°C 

TJ, Tstg -55to +150 •c 

Symbol Max Unit 

Rruc 50 •CfW 

RruA 125 •CfW 

Min Max Unit 

Vdc 
30 -
40 -

Vdc 
40 -
50 -
5.0 - Vdc 

µAde 
- 0.1 
- 0.1 

- 0.1 µAde 

-
55 -
60 -
50 -
- 0.7 Vdc 

- 1.2 Vdc 

50 - MHz 

- 30 pF 

SMALL-SIGNAL DEVICES 



MPSW51, MPSW51A 

FIGURE 1 - DC CURRENT GAIN 

~ 
~ 100t----+--+-+--++-+++++---+--lt---+--+-+-H~ 
... 
~ 70t----+--+-+--++-+++++--+--lt---+--+-+-H-++l 

a 
w 501---t-t- VcE = 1.0 V-+++++--+--+---J-+---jf-++!+j 

~ I---+--+- T J = 25°C --+-++++--+--+--<-+-<-+-+-++< 

201·~0-~2~0-~_._~50~~~1~00=--~2'""0""0-'--'-50..._o_._,..,.1.,._.ooo 
le. COLLECTOR CURRENT (mA) 

FIGURE 3 - ON VOLTAGES 

"' :: 
~ 0.4 

:> 

0·2 f-- +- VcE(SAT)@ le /Is=~ .f- .f-

O '-'-"-~~~U~IIIl~li--'-'--~J~U~~~~~ .............. 
1.0 2.0 5.0 10 20 50 100 200 500 1000 

le. COLLECTOR CURRENT (mA) 

FIGURE 5 - CURRENT GAIN-BANDWIDTH PRODUCT 

~ 300 
~ 

g 200 l--+--t-+-+=±-~-H"f"""'"'1r---l---+--t-++++-H 
2: ~ g: _. 

~ v 
~ 1oot--f-+-+-+--+-+-+-1--+++--+___,r---+-+-+-+-++H 
z 
;;\'i 
z 70t----+--+-+--++-+++t+---t--lt----+-+--++-t+H 
~ 1--+--t VcE = 10 V ..._,H-++<>---+-+--+--+-+-+-+-++< 

~ 50 ~ TJ;: 25°C +-iH-t+lt----+--+-+--+-+-+-1--+H = f = 20 MHz 

~ 30.__.___. _ _J_-L-'-..L-l-'-'-'---''--'---'---'--'--'-.L.L.J...J 
10 20 50 100 200 500 1000 

le. COLLECTOR CURRENT (mA) 

SMALL-SIGNAL DEVICES 

1.0 

g 
~ 0.8 
w 

"' ~ 0.6 
§; 

"" 0 

8 0.4 
::i 
8 

ff 0.2 

FIGURE 2 - COLLECTOR SATURATION REGION 

l 11 
l ~ TJ = 25°C 

l 
"' n ,:; " 

" " g 
nt- "' i;- ..., .=; r- ~"1 0 "' 3 " "' " ~ ~~ )> g- i--i i 1-1 3 3 ~-? 

illL JI: l lb 
fil b i N Ji r1 

Jill 1-t- t- ft ill_ 
0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

-0.8 

~ 
> 
!.-1.2 ... 
1!i 
13 

$-1.6 
8 

"' ~ -2.0 

ffi ... 
::;; 
~ -2.4 

"' ~ 
-2.B 

15. BASE CURRENT (mA) 

FIGURE 4 -TEMPERATURE COEFFICIENT 

.r' 
eva tor VsE v 

.... ...-

1.0 2.0 5.0 10 20 50 100 200 500 1000 
le. COLLECTOR CURRENT (mA) 

FIGURE 6 - CAPACITANCE 

~o~b~o~r--~5~.0:--~~~1~0~~~~15:--~~~2~0~~~25 
Ciba 1.0 2.0 3.0 4.0 5.0 

VR. REVERSE VOLTAGE (VOLTS) 

MOTOROLA SEMICONDUCTORS 

2-253 

II 



MPSW51, MPSW51 A 

FIGURE 7 - ACTIVE REGION-SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol MPSW55 MPSW56 

Collector-Emitter Voltage VcEO 60 80 

Collector-Base Voltage Vcso 60 80 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous tc 500 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 8.0 

Total Device Dissipation@ Tc = 25'C Po 2.5 
Derate above 25'C 20 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 50 

Thermal Resistance, Junction to Ambient R!iJA 125 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 1.0 mAdc, Is = O) MPSW55 

MPSW56 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(VCE = 40 Vdc, Is = O) MPSW55 
(VCE = 60 Vdc, Is = O) MPSW56 

Collector Cutoff Current 
(Vcs = 40 Vdc, IE = 0) MPSW55 
(Vcs = 60 Vdc, IE = 0) MPSW56 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = 50 mAdc, VcE = 1.0 Vdc) 
(le = 250 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 250 mAdc, Is = 10 mAdc) 

Base-Emitter On Voltage 
(le = 250 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 250 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, t = 1.0 MHz) 

(1) Pulse Test: Pulse Width .; 300 p,s, Duty Cycle .; 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'CIW 

'CIW 

MPSWSS 
MPSW56 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

I 
AMPLIFIER TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
60 -
80 -

V(BR)EBO 4.0 - Vdc 

lcEO µAde 
- 0.5 
- 0.5 

tcso µAde 
- 0.1 
- 0.1 

IEBO - 0.1 µAde 

hFE -
80 -
50 -

VcE(sat) - 0.5 Vdc 

VsE(on) - 1.2 Vdc 

IT 50 - MHz 

Cobo - 15 pF 

MOTOROLA SEMICONDUCTORS 
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MPSW55, MPSW56 

FIGURE 1 - O.C. CURRENT GAIN 
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MPSW55, MPSW56 

FIGURE 6 - CURRENT GAIN - BANDWIDTH PRODUCT 
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MPSW60 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

HIGH VOLTAGE 
TRANSISTOR 

PNPSILICON 

Refer to MPSW92 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE - 10.0 µAde, le = O) 

Collector Cutoff Current lceo 
(Vee = 200 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VeE = 3.o Vdc, le = 01 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Uc = 1.0 mAdc, VcE = 10 Vdc) 
Uc = 10 mAdc, VcE = 10 Vdc) 
Uc = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc= 20 mAdc, le= 2.0 mAdc) 

Base-Emitter On Vohage VeE(on) 
Uc =· 20 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance Ccb 
(Vee = 20 Vdc, IE = 0, f = 10 MHz) 

(1) Pulse Test: Pulse Width "" 300 µs, Duty Cycle "" 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vci;g_ 300 Vdc 

Vceo 300 Vdc 

VEBO 5.0 Vdc 

le 500 mAdc 

Po 1.0 Watt 
8.0 mW/"C 

Po 2.5 Watts 
20 mW/"C 

TJ, Tstg -55to+150 ·c 

Symbol Max Unh 

Rruc 50 •cfW 
R8JA 125 ·ctW 

Min Max Unh 

300 - Vdc 

300 - Vdc 

5.0 - Vdc 

- 0.2 µAde 

- 0.1 µAde 

-
25 -
30 -
25 -
- 0.75 Vdc 

- 0.9 Vdc 

60 - MHz 

- 8.0 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

MPSW63 
Rating Symbol MPSW64 

Collector-Emitter Voltage VcES 30 

Collector-Base Voltage Vceo 30 

Emitter-Base Voltage VEBO 10 

Collector Current - Continuous le 500 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 8.0 

Total Device Dissipation @Tc = 25'C Po 2.5 
Derate above 25'C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R8Jc 50 

Thermal Resistance, Junction to Ambient R8JA 125 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 µAde, VsE = 01 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(Vee = 10 Vdc, le = O) 

ON CHARACTERISTICS(t) 

DC Current Gain 
Uc = 10 mAdc, Vee = 5.0 Vdc) 

Uc = 100 mAdc, Vee = 5.0 Vdcl 

Collector-Emitter Saturation Voltage 
Uc= 100 mAdc, Is = 0.1 mAdcl 

Base-Emitter On Voltage 
Uc = 100 mAdc, Vee = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 10 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle "" 2.0%. 
(2) fr = lhtel • ftest· 

SMALL-SIGNAL DEVICES 

MPSW63 
MPSW64 

MPSW63 
MPSW64 

2-259 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mwrc 
Watts 
mwrc 

·c 

Unit 

'C/W 

'C/W 

MPSW63 
MPSW64 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

I 
DARLINGTON TRANSISTOR 

PNPSILICON 

Symbol Min Max Unit 

V(BR)CES 30 - Vdc 

tcso - 100 nAdc 

IEBO - 100 nAdc 

hFE -
5,000 -
10,000 -

10,000 -
20,000 -

VcE(satl - 1.5 Vdc 

VBE(on) - 2.0 Vdc 

125 MHz 

MOTOROLA SEMICONDUCTORS 
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• 
MPSW63, MPSW64 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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MPSW63, MPSW64 

FIGURE 6 - CAPACITANCE FIGURE 7 - ACTIVE REGION. SAFE OPERATING AREA 
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MPSW92 
MPSW93 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

I 
HIGH VOLTAGE 

TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 1.0 mAdc, Is = O) MPSW92 

MPSW93 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) MPSW92 

MPSW93 

Emitter-Base Breakdown Voltage V(BR)EBO 
Oe = 100 µAde, le = O) 

Collector Cutoff Current lcso 
(Vee = 200 Vdc, le = O) MPSW92 
(Vee = 160 Vdc, le = O) MPSW93 

Emitter Cutoff Current IEBO 
(Vee = 3.o Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Oc = 1.0 mAdc, Vee = 10 Vdc) Both Types 
Uc = 10 mAdc, Vee = 10 Vdc) Both Types 
Uc = 30 mAdc, Vee = 10 Vdc) MPSW92 

MPSW93 

Collector-Emitter Saturation Voltage Vce(sat) 
Uc = 20 mAdc, Is = 2.0 mAdc) MPSW92 

MPSW93 

Base-Emitter Saturation Voltage VBE(sat) 
Uc = 20 mAdc, IB = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 
Uc= 10 mAdc, Vee= 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance Ccb 
(Vee = 20 Vdc, le = o, f = 1.0 MHz) MPSW92 

MPSW93 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle.;; 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol MPSW92 MPSW93 Unit 

Vceo 300 200 Vdc 

VcBo 300 200 Vdc 

Veso 5.0 Vdc 

le 500 mAdc 

Po 1.0 Watt 
8.0 mWl°C 

Po 2.5 Watts 
20 mwrc 

TJ, Tstg -55to +150 oc 

Symbol Max Unit 

Rruc 50 oc/W 

ReJA 125 oc/W 

Min Max Unit 

Vdc 
300 -
200 -

Vdc 
300 -
200 -
5.0 - Vdc 

µAde 
- 0.25 
- 0.25 

- 0.1 µAde 

-
25 -
40 -
25 -
25 -

Vdc 
- 0.5 
- 0.5 

- 0.9 Vdc 

50 - MHz 

•pF 
- 6.0 
- 8.0 

SMALL-SIGNAL DEVICES 



MPSW92, MPSW93 

FIGURE 1 - O.C. CURRENT GAIN 
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MPSW92, MPSW93 

FIGURE 7 -ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 
Rating Symbol Value 

Reverse Voltage VR 100 

Recurrent Peak Forward Current IF 200 

Peak Forward Surge Current 
(Pulse Width = 10 µsec) 

IFM(surge) 500 

Power Dissipation@ TA= 25'C Po(1) 625 
Derate above 25'C 5.0 

Operating and Storage Junction TJ, Tstg(1) -55 to +135 
Temperature Range 

ELECTRICAL CHARACTERISTICS ff A= 25'C unless otherwise noted.) 

Characteristic 

Breakdown Voltage 
\!!_Bl!!_ = 100 µAde) 

Reverse Current 
(VR = 100 Vdc) 
(VR = 50Vdc) 
(VR = 50 Vdc, TA= 125'C) 

Forward Voltage 
OF= 1.0 mAdc) 
OF= 10mAdc) 
OF = 100 mAdc) 

Capacitance 
(VR = O) 

Reverse Recovery Time 
(IF = IR = 10 mAdc, YR = 5.0 Vdc, irr = 1.0 mAdc) 

Unit 

Vdc 

mA 

mA 

mW 
mW!°C 

'C 

MSD6100 

CASE 29-02, STYLE 3 
T0-92 (T0-226AA) 

I 
DUAL SWITCHING DIODE 

COMMON CATHODE 

Symbol Min Max Unit 

V(BR) 100 - Vdc 

IR µAde 
- 5.0 
- 0.1 
- 20 

Vf Vdc 
0.55 0.7 
0.67 0.82 
0.75 1.1 

c - 1.5 pf 

trr - 4.0 ns 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W@ Tc = 25°C, 
Derate above 25'C - 8.0 mW!°C, TJ = -65 to + 150'C, 6JC = 125'C/W. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MSD6102 

CASE 29-02, STYLE 3 
T0-92 (T0-226AA) 

I 
DUAL DIODE 

COMMON CATHODE 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vdc 

Recurrent Peak Forward Current IF 200 mA 

Peak Forward Surge Current IFMlsurge) 500 mA 
!Pulse Width = 10 µ,s) 

Power Dissipation @ TA = 25°C Pol1) 625 mW 
Derate above 25°C 5.0 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstgl1) -55to +135 oc 

11) Continuous package improvements have enhanced these guaranteed Maximum 
Ratings as follows: Po = 1.0 W @Tc = 25°C, Derate above 25°C - 8.0 mWl°C, 
TJ = -65 to + 150"C, IJJC = 125°C/W. 

ELECTRICAL CHARACTERISTICS ITA = 2s0 c unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Breakdown Voltage VIBR) 70 - Vdc 
O(BR) = 100 µAde) 

Reverse Current IR - 0.1 µAde 
(VR = 50 Vdc) 

Forward Voltage VF - 1.0 Vdc 
OF= 10 mAdc) 

Capacitance c - 3.0 pF 
(VR = O) 

Reverse Recovery Time Irr - 100 ns 
OF= IR = 10 mAdc, VR = 5.0 Vdc, irr = 1.0 mAdc) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vdc 

Peak Forward Recurrent Current IF 200 mA 

Peak Forward Surge Current 
(Pulse Width = 10 µs) 

IFM(surge) 500 mA 

Total Device Dissipation @ TA = 25°C Po(1) 625 mW 
Derate above 25'C 5.0 mW'C 

Operating and Storage Junction TJ, Tstgl1) -55to+135 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

Breakdown Voltage 
f.!j_BR) = 100 µAde) 

Reverse Current 
(VR = 50 Vdc) 

Forward Voltage 
flF = 10 mAdc) 

Capacitance 
(VR = 0) 

Reverse Recovery Ti me 
UF = IR = 10 mAdc, VR = 5.0 Vdc, irr = 1.0 mAdc) 

Symbol 

V(BR) 

IR 

VF 

c 

Irr 

MSD6150 

CASE 29-02, STYLE 4 
T0-92 (T0-226AA) 

Min 

70 

-

-
-

-

I 
DUAL DIODE 

COMMON ANODE 

Typ Max 

- -

- 0.1 

O.BO 1.0 

5.0 B.O 

- 100 

Unit 

Vdc 

µAde 

Vdc 

pF 

ns 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po= 1.0 W@Tc = 25'C, Derate 
above 8.0 mWf'C, Po= 10 W@ Tc= 25'C, Derate above BO mWf'C, TJ, Tstg = -55 to +150', 6JC = 12.5'C/W, 6JA = 125'C. 
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SOT·23 

CASE 318 

T0·236AA 
T0·236AB 

SOT-89 

• CASE 345·01 

A wide variety of discrete components from Motorola's rep
ertoire of reliability-proven semiconductor processes and geom
etries are available in the SOT-23 and SOT-89 packages. Prod
ucts include Bipolar and Field-Effect Transistors, Switching, 
Zener and Varactor Diodes. 

As an additional service to our customers SOT-23's are avail-
able in: 

• 8 mm tape and reel 

• reverse pinout 

• standard profile (T0-236AA) or 
low profile (T0-236AB) 

Contact your Motorola representative for ordering information. 
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BCW29,30 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

VcBo 

VEBO 

le 

Symbol 

Po 

Ts!!!_ 

RruA 

Value Unit 

20 Vdc 

30 Vdc 

5.0 Vdc 

100 mAdc 

Max Unit 

350 mW 
2.8 mWl°C 

150 ·c 

357 •cJW 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

Refer to 2N5086 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage V(BR)CEO 20 - Vdc 
!le = 2.0 mAdc, IE = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 30 - Vdc 
!le = 100 µAde, VEB = O) 

Collector·Base Breakdown Voltage V(BR)CBO 30 - Vdc 
!le = 10 µAde, le = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
!IE = 10 µAde, le = O) 

Collector Cutoff Current icso 
(Vea = 20 Vdc, IE = O) - 100 nAdc 
<Vea = 20 Vdc, IE = o, TA= 100°Cl - 10 µAde 

ON CHARACTERISTICS 

DC Current Gain hFE 
(le = 2.0 mAdc, VcE = 5.0 Vdc) BCW29 120 260 -

BCW30 215 500 -
Collector-Emitter Saturation Voltage VcE(sat) - 0.3 Vdc 

!le = 10 mAdc, Is = 0.5 mAdc) 

Base-Emitter On Voltage VsE(on) 0.6 0.75 Vdc 
!le = 2.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 7.0 pF 
OE = 0, VcE = 10 Vdc, I= 1.0 MHz) 

Noise Figure NF - 10 dB 
(le = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 2.0 kO, I = 1.0 kHz, 
BW = 200 Hz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 20 Vdc 

Collector-Base Voltage VcBo 30 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 100 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Storage Temperature T s.!9._ 150 oc 

*Thermal Resistance Junction to Ambient Ro.JA 357 oc/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 2.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
!le = 10 µAde, IB = O) 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 2.0 mAdc, VcE = 5.0 Vdc) BCW31 

BCW32 
BCW33 

Collector-Emitter Saturation Voltage 
!le = 10 mAdc, Is = 0.5 mAdc) 

Base-Emitter On Voltage 
!le = 2.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(IE = o, Vcs = 10 Vdc, f = 1.0 MHz) 

Noise Figure 
!le = 0.2 mAdc, VcE = s.o Vdc, Rs = 2.0 k!l, 
f = 1.0 kHz, BW = 200 Hz) 

SMALL-SIGNAL DEVICES 
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BCW31,32,33 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Refer to MPS3904 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 20 - Vdc 

V(BR)CBO 30 - Vdc 

V(BR)EBO 5.0 - Vdc 

hfE -
110 220 
200 450 
420 800 

VcE(sat) - 0.25 Vdc 

VsE(on) 0.55 0.70 Vdc 

Cobo - 4.0 pF 

NF - 10 dB 

MOTOROLA SEMICONDUCTORS 
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BCW60A,B,C,D 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

VcBo 

VEBO 

le 

Symbol 

Po 

Ts.!.9_ 

ROJA 

Value Unit 

32 Vdc 

32 Vdc 

5.0 Vdc 

100 mAdc 

Max Unit 

350 mW 
2.8 mW/"C 

150 oc 

357 oc/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

Refer to MPS3904 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 32 - Vdc 
(le = 2.0 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
(IE = 1.0 µAde, le = O) 

Collector Cutoff Current ICES 
(VcE = 32 Vdc) - 20 nAdc 
(VcE = 32 Vdc, TA= 150°C) - 20 µAde 

Emitter Cutoff Current IEBO - 20 nAdc 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
Oc = 10 µAde, VcE = 5.0 Vdcl BCW60A - -

BCW60B 20 -
BCW60C 40 -
BCW60D 100 -

Oc = 2.0 mAdc, VcE = 5.0 Vdc) BCW60A 120 220 
BCW60B 180 310 
BCW60C 250 460 
BCW60D 380 630 

(le = 50 mAdc, VcE = 1.0 Vdc) BCW60A 60 -
BCW60B 70 -
BCW60C 90 -
BCW60D 100 -

(le = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) BCW60A 125 250 
BCW60B 175 350 
BCW60C 250 500 
BCW60D 350 700 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
(le= 50 mAdc, IB = 1.25 mAdc) - 0.55 
Oc = 10 mAdc, IB = 0.25.mAdc) - 0.35 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(le = 50 mAdc, IB = 1.25 mAdc) 0.7 1.05 
(le = 50 mAdc, IB = 0.25 mAdc) 0.6 0.85 

Base-Emitter On Voltage VsE(on) 0.55 0.75 Vdc 
Oc = 2.0 mAdc, VcE = 5.0 Vdc) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCW60A,B,C,D 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.I 

Characteristic \ Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 125 - MHz 
(le= 10 mAdc, VcE = 5.0 Vdc, f = 1.0 MHz) 

Output Capacitance Cobo - 4.5 pF 
(VcE = 10 Vdc, le= 0, f = 1.0 MHz) 

Noise Figure NF - 6.0 dB 
Uc = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 2.0 k!l, 
f = 1.0 kHz, 8W = 200 Hz) 

SWITCHING CHARACTERISTICS • Turn-On Time ton - 150 ns 
Uc = 10 mAdc, 191 = 1.0 mAdc) 

Turn-Off Time !off - 800 ns 
(192 = 1.0 mAdc, VB8 = 3.6 Vdc, R1 = R2 = 5.0 kn, 
RL = 990 fl) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BCW61A,B,C,D 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Symbol 

Po 

Tsill_ 

ROJA 

Value Unit 

32 Vdc 

32 Vdc 

5.0 Vdc 

100 mAdc 

Max Unit 

350 mW 
2.8 mwrc 

150 oc 

357 oc/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N5086 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 32 - Vdc 
Oc = 2.0 mAdc, Is = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
(IE = 1.0 µAde, le = O) 

Collector Cutoff Current Ices 
(VcE = 32 Vdc) - 20 nAdc 
(Vee = 32 Vdc, TA= 150°C) - 20 µAde 

ON CHARACTERISTICS 

DC Current Gain hFE -
Oc = 10 µAde, Vee = 5.0 Vdcl BCW61A - -

BCW61B 20 -
BCW61C 40 -
BCW61D 100 -

(le = 2.0 mAdc, Vee = 5.0 Vdc) BCW61A 120 220 
BCW61B 140 310 
BCW61C 250 460 
BCW61D 380 630 

Oc = 50 mAdc, VcE = 1.0 Vdcl BCW61A 60 -
BCW61B 80 -
BCW61C 100 -
BCW61D 100 -

(le = 2.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) BCW61A 125 250 
BCW61B 175 350 
BCW61C 250 500 
BCW61D 350 700 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Uc = 50 mAdc, 15 = 1.25 mAdc) - 0.55 
Uc = 10 mAdc, Is = 0.25 mAdc) - 0.25 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
Uc = 50 mAdc, Is = 1.25 mAdc) 0.68 1.05 
Oc = 10 mAdc, Is = 0.25 mAdc) 0.6 0.85 

Base-Emitter On Voltage Vse(on) 0.6 0.75 Vdc 
Oc = 2.0 mAdc, VcE = 5.0 Vdc) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCW61A,B,C,D 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 6.0 pF 
!Vee = 10 Vdc, le= o, t = 1.0 MHz) 

Noise Figure NF - 6.0 dB 
Uc = 0.2 mAdc, Vee = 5.0 Vdc, Rs = 2.0 kn, t = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 150 ns 
Uc = 10 mAdc, ls1 = 1.0 mAdc) 

Turn-Off Time !off - 800 ns • !ls2 = 1.0 mAdc, Vss = 3.6 Vdc, R1 = R2 = 5.0 kn, RL = 990 fll 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BCW65A 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

Vern 32 Vdc 

Vcso 60 Vdc 

VEBO 5.0 Vdc 

le 800 mAdc 

Symbol Max Unit 

Po 350 mW 
2.8 mW/"C 

T s.!9_ 150 oc 

RliJA 357 oc/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 32 - - Vdc 
Uc = 10 mAdc, Is = Ol 

Collector-Emitter Breakdown Voltage V(BR)CES 60 - - Vdc 
(le = 10 µAde, VEB = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc 
OE = 10 µAde, le = O) 

Collector Cutoff Current ICES 
(VcE = 32 Vdc, IE = 0) - - 20 nAdc 
(VcE = 32 Vdc, IE = 0, TA = 150°C) - - 20 µAde 

Emitter Cutoff Current IEBO - - 20 nAdc 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc = 100 µAde, VcE = 10 Vdc) 35 - -
Uc = 10 mAdc, VcE = 1.0 Vdc) 75 - 220 
Uc = 100 mAdc, VcE = 1.0 Vdcl 100 - 250 
Uc = 500 mAdc, VcE = 2.0 Vdcl 35 - -

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Uc = 500 mAdc, Is = 50 mAdc) - 0.7 -
Uc = 100 mAdc, Is = 10 mAdc) - 0.3 -

Base-Emitter Saturation Voltage VBE(sat) - - 2.0 Vdc 
Uc = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 100 - - MHz 
Uc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - - 12 pF 
(Vcs = 10 Vdc, IE = o. f = 1.0 MHz) 

Input Capacitance Cibo - - 80 pF 
(VEB = 0.5 Vdc, le = o. f = 1.0 MHz) 

Noise Figure NF - - 10 dB 
Uc = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 1.0 kn, 
f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - - 100 ns 
Os1 = ls2 = 15 mAdc) 

Turn-Off Time loft - - 400 ns 
Uc= 150 mAdc, RL = 150 !1) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 45 

Collector-Base Voltage VcBo 75 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 800 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts!g_ 150 

*Thermal Resistance Junction to Ambient ROJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 10 mAdc, IB = OI 

Collector-Emitter Breakdown Voltage 
(le = 10 µAde, VEB = O) 

Emitter-Base Breakdown Voltage 
(IE= 10 µAde, le= OI 

Collector Cutoff Current 
(VcE = 45 Vdc, le = O) 
(VcE = 45 Vdc, le = o, TA = 150°C) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 100 µAde, VcE = 1.0 Vdcl 
Uc = 10 mAdc, VcE = 1.0 Vdcl 
(le= 100 mAdc, VcE = 1.0 Vdcl 
!le = 500 mAdc, VcE = 2.0 Vdcl 

Collector-Emitter Saturation Voltage 
(le = 500 mAdc, IB = 50 mAdc) 
(le = 100 mAdc, IB = 10 mAdc) 

Base-Emitter Saturation Voltage 
!le = 500 mAdc, IB = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Noise Figure 
!le = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 1.0 kn, 
f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
!IB1 = IB2 = 15 mAdc) 

Turn-Off Time 
!le = 150 mAdc, RL = 150 Ol 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

BCW66F 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 
Unit 

mW NPN SILICON 

mW!°C 

oc 

oc;w 

Symbol Min Typ Max Unit 

V(BR)CEO 45 - - Vdc 

V(BR)CES 75 - - Vdc 

V(BR)EBO 5.0 - - Vdc 

ICES 
- - 20 nAdc 
- - 20 µAde 

IEBO - - 20 nAdc 

hFE -
35 - -
75 - -
100 - 250 
35 - -

VcE(satl Vdc 
- 0.7 -
- 0.3 -

VBE(sat) - - 2.0 Vdc 

fy 100 - - MHz 

Cobo - - 12 pF 

Cibo - - 80 pF 

NF - - 10 dB 

ton - - 100 ns 

loft - - 400 ns 

MOTOROLA SEMICONDUCTORS 
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BCW67 ,A,B,C 
BCW68,F,G 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vceo 

Veeo 

le 

Symbol 

Po 

Ts!ll_ 

ROJA 

BCW67 BCW68 Unit 

32 45 Vdc 

45 60 Vdc 

5.0 Vdc 

800 mAdc 

Max Unit 

350 mW 
2.8 mwrc 

150 'C 

357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
Oc = 10 mAdc, le = O) BCW67 Series 32 - -

BCW68 Series 45 - -
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 

(le= 10 µAde, Vee = O) BCW67 Series 45 - -
BCW68 Series 60 - -

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc 
Oe = 10 µAde, ic = Ol 

Collector Cutoff Current ICES 
(Vee = 32 Vdc, le = Ol BCW67 Series - - 20 nAdc 
(Vee = 45 Vdc, le = Ol BCW68 Series - - 20 
(Vee = 32 Vdc, le = o. TA= 150'C) BCW67 Series - - 10 µAde 
(Vee = 45 Vdc, le = o. TA= 150'C) BCW68 Series - - 10 

Emitter Cutoff Current IEBO - - 20 nAdc 
(VEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(le= 10 mAdc, Vee = 1.0 Vdcl BCW67.A.68,F 75 - -

BCW67B,68G 120 - -
BCW67C 180 - -

Oc = 100 mAdc, Vee = 1.0 Vdcl BCW67 ,A,68, F 100 - 250 
BCW67B,68G 160 - 400 
BCW67C 250 - 630 

(le = 500 mAdc, Vee = 1.0 Vdcl BCW67,A,68,F 35 - -
BCW67B,68G 60 - -
BCW67C 100 - -

Collector-Emitter Saturation Voltage (le = 100 mAdc, le = 10 mAdc) VcE(satl - - 0.3 Vdc 

Base-Emitter Saturation Voltage (le = 500 mAdc, le = 50 mAdc) Ve~a.!L - - 2.0 Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 100 - - MHz 
Oc = 20 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance (Vee = 10 Vdc, le = o. f = 1.0 MHz) Cobo - - 18 pF 

Input Capacitance (VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) Cibo - - 80 pF 

Noise Figure (le = 0.2 mAdc, Vee = 5.0 Vdc, Rs = 1.0 kfi, NF - - 10 dB 
f = 1.0 kHz, BW = 200 Hz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 45 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25'C 2.8 

Storage Temperature Ts!ll 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 2.0 mAdc, le = O) 

Collector-Emitter Breakdown Voltage 
(le = 100 µAde, VEB = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 20 Vdc, IE = 0) 
(Vee = 20 Vdc, IE = 0, TA = 100'C) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 2.0 mAdc, VcE = 5.0 Vdc) BCW69 

BCW70 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 0.5 mAdc) 

Base-Emitter On Voltage 
Oc = 2.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(IE = 0, Vee = 10 Vdc, f = 1.0 MHz) 

Noise Figure 
Oc = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 2.0 k!l, 
f = 1.0 kHz, BW = 200 Hz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/'C 

'C 

'C/W 

BCW69,70 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Refer to 2N5086 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 45 - Vdc 

V(BR)CES 50 - Vdc 

V(BR)EBO 5.0 - Vdc 

lceo 
- 100 nAdc 
- 10 µAde 

hFE -
120 260 
215 500 

VcE(sat) - 0.3 Vdc 

VeE(on) 0.6 0.75 Vdc 

Cobo - 7.0 pF 

NF - 10 dB 

MOTOROLA SEMICONDUCTORS 
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BCW71,72 

CASE 318-02103, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

VcBo 

VEBO 

le 

Symbol 

Po 

Ts_!g_ 

Ro.JA 

Value Unit 

45 Vdc 

50 Vdc 

5.0 Vdc 

100 mAdc 

Max Unit 

350 mW 
2.8 mwrc 

150 oc 

357 oc;w 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPS3904 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 45 - - Vdc 
Oc = 2.0 mAdc, VEB = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 45 - - Vdc 
Oc = 2.0 mAdc, VEB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 50 - - Vdc 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc 
OE = 10 µAde, le= O) 

Collector Cutoff Current le Bo 
(VcB = 20 Vdc, IE = O) - - 100 nAdc 
(VcB = 20 Vdc, IE = o. TA= 100°C) - - 10 !'Ade 

ON CHARACTERISTICS 

DC Current Gain hFE -
Oc = 2.0 mAdc, VcE = 5.0 Vdc) BCW71 110 - 220 

BCW72 200 - 450 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Oc = 10 mAdc, IB = 0.5 mAdc) - - 0.25 
Uc = 50 mAdc, IB = 2.5 mAdc) - 0.21 -

Base-Emitter Saturation Voltage VBE(sat) - 0.85 - Vdc 
Uc = 50 mAdc, IB = 2.5 mAdc) 

Base-Emitter On Voltage VBE(on) 0.6 - 0.75 Vdc 
(le = 2.0 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 300 - MHz 
(le = 10 mAdc, VcE = 5.0 Vdc, f = 35 MHz) 

Output Capacitance Cobo - - 4.0 pF 
OE = 0, VcE = 10 Vdc, f = 1.0 MHz) 

Input Capacitance Cibo - 9.0 - pF 
Uc = 0, VEB = 0.5 Vdc, I = 1.0 MHz) 

Noise Figure NF - - 10 dB 
Uc = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 2.0 kl1, 
I = 1.0 kHz, BW = 200 Hz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Value 

Rating Symbol BCX17 BCX18 

Collector-Emitter Voltage Vceo 45 25 

Collector-Base Voltage VcBo 50 30 

Emitter-Base Voltage Ve Bo 5.0 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts.!9._ 150 

*Thermal Resistance Junction to Ambient RllJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, le = O) BCX17 

BCX18 

Collector-Emitter Breakdown Voltage 
Uc = 10 µAde, le = 01 BCX17 

BCX18 

Collector Cutoff Current 
(Vee = 20 Vdc, le = Ol 
(Vee = 20 Vdc, le= o. TA= 150-C) 

Emitter Cutoff Current 
(Vee = 5.o Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 100 mAdc, Vee = 1.0 Vdc) 
Uc= 300 mAdc, Vee = 1.0 Vdc) 
Uc= 500 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 500 mAdc, le = 50 mAdc) 

Base-Emitter On Voltage 
Uc= 500 mAdc, Vee = 1.0 Vdc) 

SMALL-SIGNAL DEVICES 

3·13 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

BCX17,18 
PNP 

BCX19,20 
NPN 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

mW 
mWl°C 

GENERAL PURPOSE TRANSISTOR 

·c 

0 c1W 

Symbol Min Typ Max Unit 

V(BR)CEO Vdc 
45 - -
25 - -

V(BR)CES Vdc 
50 - -
30 - -

lceo 
- - 100 nAdc 
- - 5.0 µAde 

leeo - - 10 µAde 

hfe -
100 - 600 
70 - -
40 - -

Vce(sat) - - 0.62 Vdc 

Vee(onl - - 1.2 Vdc 

MOTOROLA SEMICONDUCTORS 
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BCX51 
BCX52 
BCX53 

CASE 345-01, STYLE 1 
SOT-89 

GENERAL PURPOSE TRANSISTOR 

PNPSILICON 

MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage VcEO 

Collector-Emitter Voltage VcER 

Collector-Base Voltage vceo 

Emitter-Base Voltage VEBO 

Base Current le 

Collector Current - Continuous le 

Operating and Storage Junction TJ. Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

BCX51 

45 

45 

45 

5.0 

0.1 

1.0 

Symbol 

Po 

T s.ll!_ 

R8JA 

BCX52 BCX53 Unit 

60 80 v 

60 100 v 

60 100 v 

5.0 5.0 v 

0.1 0.1 A 

1.0 1.0 A 

-55 to + 150 'C 

Max Unit 

1.0 Watt 
8.0 mW!'C 

150 'C 

125 'C/W 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BRICEO v 
Oc = 10 mAI BCX51 45 -
Oc = 10 mAI BCX52 60 -
Oc = 10 mA) BCX53 80 -

Collector-Base Breakdown Voftage V(BR)CBO v 
Oc = 10 µA) BCX51 45 -
Oc = 10 µAl BCX52 60 -
Oc = 10 µAl BCX53 100 -

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - v 
HE= 10 µAl 

Collector Cutoff Current iceo 
(Vee= 30 vi - 100 nA 
(Vee = 30 V, TJ = 125°C) - 10 µA 

Emitter Cutoff Current IEBO - 100 nA 
(VEB = 3.0 V) 

ON CHARACTERISTICS 

DC Current Gain hFE -
Oc = 5.0 mA, VcE = 2.0 V) 25 -
Oc = 150 mA. VcE = 2.0 V) BCX51 40 250 
Oc = 150 mA, VCE = 2.0 V) BCX52,53 40 160 
Oc = 500 mA, VcE = 2.0 V) 25 -

Collector-Emitter Saturation Voltage VcE(sat) - 0.5 v 
Oc = 500 mA, le = so mA) 

Base-Emitter On Voltage VBE(on) - 1.0 v 
Oc = 500 mA, VcE = 2.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 50 MHz 
(VcE = 5.0 v, le = 10 mA. f = 35 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol BCX54 BCX55 BCX56 Unit 

Collector-Emitter Voltage Vceo 45 60 BO v 
Collector-Emitter Voltage VceR 45 60 100 v 
Collector-Base Voltage Vceo 45 60 100 v 
Emitter-Base Voltage Veeo 5.0 5.0 5.0 v 
Base Current le 0.1 0.1 0.1 A 

Collector Current - Continuous le 1.0 1.0 1.0 A 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mWl°C 

Storage Temperature Ts.!!!. 150 ·c 

*Thermal Resistance Junction to Ambient RllJA 125 ·c;w 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le= 10 mAI BCX54 
Uc= 10 mAI BCX55 
(le= 10 mAI BCX56 

Collector-Base Breakdown Voltage 
Uc= 10 µA BCX54 
Uc= 10µAI BCX55 
Uc= 10 µAl BCX56 

Emitter-Base Breakdown Voltage 
Ue = 500 mA. le = 50 mAI BCX54 
(le = 10 µAl BCX55 
Ue = 1oµA) BCX56 

Collector Cutoff Current 
(Vee= 30 VI 
!Vee = 30 v. TJ = 125·c1 

Emitter Cutoff Current 
!Vee= 3.0V) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 5.0 mA, Vee = 2.0 V) 
Uc= 150 mA. Vee = 2.0 V) 
Uc = 500 mA, Vee = 2.0 VI 

Collector-Emitter Saturation Voltage 
Uc = 500 mA, le = 50 mA) 

Base-Emitter On Voltage 
Uc = 500 mA. Vee = 2.0 V) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Vee = 5.0 v, le = 10 mA, f = 35 MHz) 

SMALL-SIGNAL DEVICES 

3-15 

BCX54 
BCXSS 
BCXS& 

CASE 345-01, STYLE 1 
SOT-89 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO v 
45 -
60 -
80 -

V(BR)CBO v 
45 -
60 -
100 -

V(BR)EBO v 
5.0 -
5.0 -
5.0 -

lceo 
- 100 nA 
- 10 µA 

leeo - 100 nA 

hFE -
25 -
40 250 
25 -

Vce(sat) - 0.5 v 

Vee(onl - 1.0 v 

50 MHz 

MOTOROLA SEMICONDUCTORS 
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BCX68 
CASE 345-01, STYLE 1 

SOT-89 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Base Current 

Base Current - Maximum 

Collector Current - Continuous 

Collector Current - Maximum 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

VCES 

VEBO 

Is 

IBM 

le 

ICM 

Symbol 

Po 

Ts!lL 

ROJA 

Value Unit 

20 v 
25 v 
5.0 v 
100 mA 

200 mA 

1.0 A 

2.0 A 

Max Unit 

1.0 Watt 
8.0 mWFC 

150 oc 

125 oc;w 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 20 - v 
Oc = 10 mAJ 

Collector Cutoff Current lcso - 100 nA 
!Vcs = = 25 VJ 

Emitter Cutoff Current IEBO - 10 µA 
(VEB = 5.0 V) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(VcE = 10 V, le = 5.0 mA) 50 -
(VcE = 1.0 V, le = 0.5 A) 85 375 
(VcE = 1.0 V, le = 1.0 A) 60 -

Collector-Emitter Saturation Voltage VcE(sat) - 0.5 v 
Uc = 1.0 A. Is = 100 mA) 

Base-Emitter On Voltage VsE(on) Vdc 
(VCE = 10 V, le = 5.0 mA) - 0.6 
(VcE = 1.0 V, le = 1.0 A) - 1.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 65 MHz 
(VcE = 5.0 V, le = 10 mA, f = 20 MHz) 

MOTOROLA SEMlCONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 20 

Collector-Emitter Voltage VcES 25 

Emitter-Base Voltage VEBO 5.0 

Base Current te 100 

Base Current - Maximum IBM 200 

Collector Current - Continuous tc 1.0 

Collector Current - Maximum ICM 2.0 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 1.0 
Derate above 25'C 8.0 

Storage Temperature Ts.\9_ 150 

*Thermal Resistance Junction to Ambient ROJA 125 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 10 mA) 

Collector Cutoff Current 
(Vee= 25 Vl 

Emitter Cutoff Current 
(VEB = 5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(VCE = 10 V, tc = 5.0 mA) 
(VcE = 1.0 V, tc = 0.5 A) 
(VcE = 1.0 V, tc = 1.0 A) 

Collector-Emitter Saturation Voltage 
Uc= 1.0 Ate = 100 mAl 

Base-Emitter On Voltage 
(VcE = 10 V, tc = 5.0 mA) 
(VcE = 1.0 V, tc = 1.0 A) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VcE = 5.0 V, tc = 10 mA, f = 20 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

v 
v 
v 

mA 

mA 

A 

A 

Unit 

Watt 
mW/'C 

'C 

'CIW 

BCX69 

CASE 345-01, STYLE 1 
SOT-89 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO 20 - v 

tceo - 100 nA 

IEBO - 10 µA 

hFE -
50 -
85 375 
60 -

VcE(sat) - 0.5 v 

VBE(on) v 
- 0.6 
- 1.0 

65 MHz 

MOTOROLA SEMICONDUCTORS 
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BCX70G,H,J,K 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

NPNSIUCON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25"C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

VcEO 45 Vdc 

Vceo 45 Vdc 

VEBO 5.0 Vdc 

le 100 mAdc 

Symbol Max Unit 

Po 350 mW 
2.8 mW/"C 

TS!ll_ 150 'C 

RBJA 357 "C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPS3904 for graphs. 

ELECTRICAL CHARACTERISTICS !TA= 25"C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 45 - Vdc 
Uc = 2.0 mAdc, IE = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
UE = 1.0 µAde, le = Ol 

Collector Cutoff Current ICES 
(VcE = 32 Vdc) - 20 nAdc 
(VcE = 32 Vdc, TA = 150"C) - 20 µAde 

Emitter Cutoff Current IEBO - 20 nAdc 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hfE -
Uc= 10 µAde, VcE = 5.0 Vdc) BCX70G - -

BCX70H 20 -
BCX70J 40 -
BCX70K 100 -

Uc = 2.0 mAdc, VcE = 5.o Vdc) BCX70G 120 220 
BCX70H 180 310 
BCX70J 250 460 
BCX70K 380 630 

Uc= 50 mAdc, VcE = 1.0 Vdc) BCX70G 60 -
BCX70H 70 -
BCX70J 90 -
BCX70K 100 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
Uc= 50 mAdc, le = 1.25 mAdc) - 0.55 
Uc = 10 mAdc, le = 0.25 mAdc) - 0.35 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
Uc= 50 mAdc, le= 1.25 mAdc) 0.7 1.05 
Uc = 50 mAdc, le = 0.25 mAdc) 0.6 0.85 

Base-Emitter On Voltage VeE(onl 0.55 0.75 Vdc 
Uc = 2.0 mAdc, VcE = 5.0 Vdc) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCX70G,H,J,K 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic \ Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 125 - MHz 
Oc = 10 mAdc, VcE = 5.0 Vdc, I = 100 MHz) 

Output Capacitance Cobo - 4.5 pF 
(VCE = 10 Vdc, le = 0, I = 1.0 MHz) 

Small-Signal Current Gain hfe -
Oc = 2.0 mAdc, VcE = 5.0 Vdc, I = 1.0 kHz) BCX70G 125 250 

BCX70H 175 350 
BCX70J 250 500 
BCX70K 350 700 • Noise Figure NF - 6.0 dB 

Oc = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 2.0 kn, 
I= 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 150 ns 
(le= 10 mAdc, IB1 = 1.0 mAdc) 

Turn-Off Time lo ff - 800 ns 
0B2 = 1.0 mAdc, VBB = 3.6 Vdc, R1 = R2 = 5.0 kn, 
RL = 990 0) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BCX71G,H,J,K 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Symbol 

Po 

Ts!!!. 

ROJA 

Value Unit 

45 Vdc 

45 Vdc 

5.0 Vdc 

100 mAdc 

Max Unit 

350 mW 
2.8 mwrc 
150 "C 

357 "C!W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

Refer to 2N5086 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 45 - Vdc 
Oc = 2.0 mAdc, Is = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
OE = 1.0 µAde, le = O) 

Collector Cutoff Current lcES 
(Vee = 32 Vdcl - 20 nAdc 
(VcE = 32 Vdc, TA = 150°C) - 20 µAde 

ON CHARACTERISTICS 

DC Current Gain hFe -
Oc = 10 µAde, Vee = 5.0 Vdcl BCX71G - -

BCX71H 30 -
BCX71J 40 -
BCX71K 100 -

Oc = 2.0 mAdc, VcE = 5.0 Vdc) BCX71G 120 220 
BCX71H 140 310 
BCX71J 250 460 
BCX71K 380 630 

Oc = 50 mAdc, Vee = 1.0 Vdc) BCX71G 60 -
BCX71H 80 -
BCX71J 100 -
BCX71K 110 -

Oc = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) BCX71G 125 250 
BCX71H 175 350 
BCX71J 250 500 
BCX71K 350 700 

Collector-Emitter Saturation Voltage Vce(sat) Vdc 
(le = 10 mAdc, Is = 0.25 mAdc) - 0.25 
(le = 50 mAdc, Is = 1.25 mAdc) - 0.55 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
Oc = 10 mAdc, Is = 0.25 mAdc) 0.6 0.85 
Oc = 50 mAdc, Is = 1.25 mAdc) 0.68 1.05 

Base-Emitter On Voltage Vse(on) 0.6 0.75 Vdc 
Oc = 2.0 mAdc, VcE = 5.0 Vdc) 

Output Capacitance Cobo - 6.0 pF 
(Vee = 10 Vdc, le = o. f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BCX71 G,H,J,K 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°e unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Noise Figure NF - 6.0 dB 
(le = 0.2 mAdc, VeE = 5.0 Vdc, Rs = 2.0 kn, 
f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 150 ns 
(le = 10 mAdc, ls1 = 1.0 mAdc) 

Turn-Off Time loff - 800 ns 
Os2 = 1.0 mAdc, Vss = 3.6 Vdc, RI = R2 = 5.0 k11, 
RL = 990 11) • 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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BFQ17 

CASE 345-01, STYLE 1 
SOT-89 

RF TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 
(RBE ,;; 50 11) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

VcER 

VcBo 

VEBO 

le 

TJ, Tstg 

Symbol 

Po 

Ts.!ll. 

ROJA 

Value Unit 

25 v 
40 v 

40 v 
2.0 v 
300 mA 

-55 to + 150 "C 

Max Unit 

1.0 Watt 
8.0 mW/"C 

150 "C 

125 "C!W 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 25 - v 
Oc = 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 40 - v 
Oc = 10 µ.Al 

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 - v 
(IE = 10 µ.A) 

Collector Cutoff Current le Bo nA 
!VcB = 20 vi - 100 
(VcB = 20 V, TA = 150°C) - 20 

Emitter Cutoff Current IEBO - 100 nA \ \ 

(VEB = 1.0 V) 

ON CHARACTERISTICS 

DC Current Gain hfE -
(le = 50 mA, VcE = 5.0 V) 25 -
(le = 150 mA, VcE = 5.0 V) 25 -

Collector-Emitter Saturation Voltage VcE(sat) - 0.5 v 
(le = 100 mA, IB = 10 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 1200(1) - MHz 
(VcE = 15 V, le = 150 mA, f = 500 MHz) 

Collector-Base Capacitance Ccb - 4.0 pf 
(Vea = 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance Common-Emitter Cre - 1.9 pf 
(VcE = 15 V, le = 10 mA, f = 1.0 MHz) 

(1) Typical only 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

3-22 



BFQ18A 
CASE 345-01, STYLE 1 

SOT-89 

RF TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vcso 

VEBO 

le 

TJ, Tstg 

Symbol 

Po 

Ts.!ll 

RruA 

Value Unit 

15 v 
25 v 
12 v 

150 mA 

-55to +150 "C 

Max Unit 

1.0 Watt 
8.0 mWf'C 

150 "C 

125 °C/W 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mA) 

Collector-Base Breakdown Voltage 
Oc = 1oµA) 

Emitter-Base Breakdown Voltage 
OE= 10µA) 

Collector Cutoff Current 
fVcs = 10 vi 

Emitter Cutoff Current 
fVEB = 1.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 50mA,VcE = 10V) 
(le = 100 mA, VcE = 10 V) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VcE = 10 V, le = 50 mA, f = 500 MHz) 

(1) Typical only 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

Min 

15 

25 

2.0 

-

-

25 
25 

.3200(1) 

Max Unit 

- v 

- v 

- v 

100 nA 

100 nA 

MHz 

SMALL-SIGNAL DEVICES 
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BFQ19 
CASE 345-01, STYLE 1 

SOT-89 

RF TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current Max (f > 1.0 MHz) 

Collector Current - Average 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vceo 

VEBO 

ICM 

ICAV 

TJ, Tstg 

Symbol 

Po 

Ts.!ll 

RllJA 

Value Unit 

15 v 

20 v 

3.0 v 

150 mA 

75 mA 

-55to +150 oc 

Max Unit 

1.0 Watt 
8.0 mWl°C 

150 oc 

125 "C/W 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm, 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mAl 

Collector-Base Breakdown Voltage 
Oc = 10µAl 

Emitter-Base Breakdown Voltage 
OE= 10µAl 

Collector Cutoff Current 
!Vee= 1ov1 

Emitter Cutoff Current 
IVEB = 1.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 50 mA, VcE = 10 V) 
(le= 75 mA, VcE = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 50 mA, VcE = 10 V, f = 500 MHz) 
Uc = 75 mA, VcE = 10 V, f = 500 MHz) 

Collector-Base Capacitance 
(Vee= 10 V, f = 1.0 MHz) 

Capacitance Emitter-to-Base 
(VEB = 0.5 V, f = 1.0 MHz) 

Reverse Transfer Capacitance Common Emitter 
(Vee = 10 V, lc = 10 mA, f = 1.0 MHz) 

Noise Figure 
Uc = 50 mA, VcE = 10 v, f = 500 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

IEBO 

fr 

Ccb 

Ceb 

Cre 

NF 

Min 

15 

20 

3.0 

-

-

25 
25 

4.0 
4.4 

-

-

-

-

Max Unit 

- v 

- v 

- v 

100 nA 

100 nA 

GHz 
-
-
1.6 pf 

5.0 pF 

1.3 pF 

3.3 dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Gate-Source Voltage VGS 25 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts!ll_ 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate Reverse Current 
!VGs = 10 Vdc, Vos = O) 

Gate Source Cutoff Voltage 
llo = 0.5 nAdc, Vos = 10 Vdc) 

Gate Source Voltage 
!lo= 1.0 mAdc, Vos = 10 Vdc) 

!lo = 50 µAde, Vos = 10 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain 
!Vos = 10 Vdc, VGs = o) 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
llo = 1.0 mAdc, Vos = 10 Vdc, t = 1.0 kHz) 

llo = 200 µAde, Vos = 10 Vdc, t = 1.0 kHz) 

Output Admittance 
!lo = 1.0 mAdc, Vos = 1 o Vdc, t = 1.0 kHz) 
(lo = 200 µAde, Vos = 10 Vdc) 

Input Capacitance 
llo = 1.0 mAdc, Vos = 10 Vdc, t = 1.0 MHz) 
llo = 200 µAde, Vos = 10 Vdc, t = 1.0 MHz) 

Reverse Transfer Capacitance 
llo = 1.0 mAdc, Vos = 10 Vdc, t = 1.0 MHz) 
!lo= 200 µAde, Vos= 10 Vdc, t = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Unit 

mW 
mW!°C 

oc 
oc;w 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR31 
BFR31 

BFR30,31 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/ABl 

Symbol 

IGSS 

VGS(off) 

VGS 

loss 

IYtsl 

IYosl 

Ciss 

Crss 

JFET 
AMPLIFIER 

N-CHANNEL 

Min 

-

-
-

0.7 
-

-
-

4.0 
1.0 

1.0 
1.5 

0.5 
0.75 

40 
20 

-
-
-
-

Max 

0.2 

5.0 
2.5 

3.0 
1.3 

4.0 
2.0 

10 
5.0 

4.0 
4.5 

-
-

25 
15 

5.0 
4.0 

1.5 
1.5 

Unit 

nAdc 

Vdc 

Vdc 

mAdc 

mAdc 

µAde 

pf 

pf 

MOTOROLA SEMICONDUCTORS 
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BFR92 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

RF TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VCEO 

Vcso 

VEBO 

le 

Symbol 

Po 

Ts!l!_ 

RIJJA 

Value Unit 

15 Vdc 

20 Vdc 

2.0 Vdc 

25 mAdc 

Max· Unit 

350 mW 
2.8 mW/°C 

150 oc 

357 oc/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

J Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 15 - Vdc 
(le= 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 20 - Vdc 
Uc= 100 µA) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 - Vdc 
Uc = 100 µ.A) 

Collector Cutoff Current icso - 50 nA 
(Vcs = 10 Vl 

ON CHARACTERISTICS 

DC Current Gain hFE 25 - -
Uc = 14 mA, VcE = 10 V)(1) 

Collector-Emitter Saturation Voltage(1) VcE(sat) - 0.5 Vdc 
Uc = 25 mA. Is = 5.0 mA) 

Base-Emitter Saturation Voltage(1) VsE(sat) - 1.2 Vdc 
Uc = 25 mA. Is = 5.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 5 GHz - MHz 
Uc = 14 mA. Vee = 10 v, t = 500 MHz) (Typ) 

Noise Figure NF - 3.0 dB 
(VcE = 1.5 V, le = 3.0 mA, Rs= 50 n, f = 500 MHz) (Typ) 

Capacitance-Collector to Base Ccb - 0.7 pF 
(Vcs = 10 Vdc, f = 1.0 MHz) (Typ) 

11) Pulse Width "' 300 IL•· Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 12 

Collector-Base Voltage Vcso 15 

Emitter-Base Voltage VEBO 2.0 

Collector Current - Continuous le 25 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25'C 2.8 

Storage Temperature Ts.!g_ 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mA) 

Collector-Base Breakdown Voltage 
Oc = 10 µA) 

Emitter-Base Breakdown Voltage 
OE= 100 µA) 

Collector Cutoff Current 
(VcE = 10 V) 

Collector Cutoff Current 
(Vcs = 10 V) 

Emitter Cutoff Current 
(VEB = 1.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 1.0 mA, VcE = 5.0 V) 
Oc = 30 mA, VcE = 5.0 V) 

Collector-Emitter Saturation Voltage 
Oc = 35 mA, Is = 7.0 mA) 

Base-Emitter Saturation Voltage 
Oc = 35 mA, Is = 7.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 30 mA, VcE = 5.0 V, f = 500 MHz) 

Noise Figure 
(VcE = 5.o v, le = 2.0 mA, Rs = 50 n, t = 30 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/'C 

'C 

'C/W 

BFR93 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

RF TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 12 - Vdc 

V(BR)CBO 15 - Vdc 

V(BR)EBO 2.0 - Vdc 

lcEO - 50 nA 

icso - 50 nA 

IEBO - 10 nA 

hFE -
25 -
25 -

VcE(sat) - 0.5 Vdc 

VBE(sat) - 1.2 Vdc 

tr 4.5 - GHz 

NF - 3.0 dB 

MOTOROLA SEMICONDUCTORS 
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BFS17 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

RF TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Oevice Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vceo 

Symbol 

Po 

TS!li 

RruA 

Value Unit 

15 Vdc 

25 Vdc 

Max Unit 

350 mW 
2.8 mWf'C 

150 ·c 

357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unh 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 15 - Vdc 
lie= 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 25 - Vdc 
lie= 1ooµA) 

Collector Cutoff Current ICEO - 25 nA 
(VCE = 10V) 

Collector Cutoff Current iceo - 25 nA 
!Vee= 1ov> 

Emitter Cutoff Current IEBO - 100 µA 
(VEB = 4.0V) 

ON CHARACTERISTICS 

DC Current Gain hFE -
lie= 2.0 mA, VcE = 1.0 V) 20 150 
lie= 25 mA, VcE = 1.0 V) 20 -

Collector-Emitter Saturation Voltage VcE(sat) - 0.4 v 
lie = 10 mA, le = 1.0 mA) 

Base-Emitter Saturation Voltage VeE(sat) - 1.0 v 
lie= 10 mA, le = 1.0 mA) 

SMALL-SIGNAL CHARACTERIS11CS 

Current-Gain - Bandwidth Product tr GHz 
Uc = 2.0 mA, VcE = 5.0 v. f = 500 MHz) 1.0 -
Uc = 26 mA, Vee = 5.0 v, f = 500 MHz) 1.3* -

Output Capacitance CCB - 1.0* pF 
!Vee = 10 v. t = 1.0 MHz) 

Noise Figure NF - 5.0* dB 
lie = 2.0 mA, VcE = 5.0 v, Rs = 50 n, f = 30 MHz) 

*Typ 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 100 

Collector-Emitter Voltage VcER 110 
RBE = 10 kO 

Collector Current - Continuous le 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts!ll. 150 

*Thermal Resistance Junction to Ambient RllJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
He = 100 µAdel 

Collector-Emitter Breakdown Voltage 
(le = 10 µAde, IE = 0, RBE = 10 kO) 

Collector-Base Breakdown Voltage 
(le= 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
HE = 10 µAde) 

Collector Cutoff Current 
(VcB = 90 Vdc, IE = 0) 

Collector Cutoff Current 
(VcE = 110 Vdc, RBE = 10 kO) 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
He = 10 mAdc, VcE = 1.0 Vdc) 
(le= 25 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 25 mAdc, IB = 2.5 mAdc) 

Base-Emitter Saturation Voltage 
(le = 25 mAdc, IB = 2.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 25 mAdc, VcE = 5.0 Vdc, f = 35 MHz) 

Case Capacitance 
UE = le = o, VcB = 10 Vdcl 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mWi'C 

oc 

oc;w 

Symbol 

V(BR)CEO 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

icBo 

ICER 

IEBO 

hfE 

VcE(sat) 

VBE(sat) 

tr 

Cc 

BSS63 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

HIGH VOLTAGE TRANSISTOR 

PNP SILICON 

Min Typ Max Unit 

100 - - Vdc 

110 - - Vdc 

110 - - Vdc 

6.0 - - Vdc 

- - 100 nAdc 

- - 10 µAde 

- - 200 nAdc 

-
30 - -
30 - -
- - 250 mVdc 

- - 900 mVdc 

50 95 - MHz 

- - 5.0 pF 

MOTOROLA SEMICONDUCTORS 
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BSS64 

CASE 318-03, STYLE 6 
SOT-23 (T0~236AA/AB) 

DRIVER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

VcBo 

VEBO 

le 

Symbol 

Po 

T s.!9_ 

ROJA 

Value Unit 

80 Vdc 

120 Vdc 

5.0 Vdc 

100 mA 

Max Unit 

350 mW 
2.8 mWl°C 

150 oc 

357 °CNV 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 80 - Vdc 
Oc= 4.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 120 - Vdc 
Oc = 100 µAl 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
OE= 100 µAl 

Collector Cutoff Current ICES - 20 µA 
(VcE = 80 V, TA = 70°C) 

Emitter Cutoff Current IEBO - 200 nA 
(VBE = 4.0 V) 

ON CHARACTERISTICS 

DC Current Gain hFE 20 - -
(VcE = 1.0 V, le = 10 mA) 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Oc = 4.o mA. IB = 400 µA) - 0.7 
Oc = 50 mA. IB = 15 mA) - 3.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 50 MHz 
Oc = 4.0 mA, VcE = 10 V, f = 35 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 40 Vdc 

Collector-Base Voltage Vcso 75 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 100 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mWl°C 

Storage Temperature Ts!ll_ 150 oc 

*Thermal Resistance Junction to Ambient RruA 357 oc;w 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mAdc) 

Collector-Base Breakdown Voltage 
Oc = 10 µAde) 

Emitter-Base Breakdown Voltage 
HE = 10 µAde) 

Collector Cutoff Current 
(Vea = 60 Vdc) 
(Vea = 60 Vdc, TA = 150°C) 

Emitter Cutoff Current 
(VBE = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
He = 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
He = 150 mAdc, 19 = 15 mAdc) 
He = 500 mAdc, 19 = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VcE = 20 Vdc, le = 20 mAdc, t = 100 MHz) 

Output Capacitance 
(Vea = 10 Vdc, t = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(Vee= 30 Vdc, le = 150 mAdc) 
Hs1 = 192 = 15 mAdc) 

Rise Time 
(Vee= 30 Vdc, le = 150 mAdc) 
(191 = 192 = 15 mAdc) 

Storage Time 
(Vee= 30 Vdc, le = 150 mAdc) 
(191 = 192 = 15 mAdc) 

Fall Time 
(Vee= 30 Vdc, le = 150 mAdc) 
Hs1 = 192 = 15 mAdc) 

SMALL-SIGNAL DEVICES 
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BSS79C 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)CBO 75 - Vdc 

V(BR)EBO 6.0 - Vdc 

lcso 
- 10 nAdc 
- 10 µAde 

IEBO - 10 nAdc 

hFE 100 300 -

VcE(sat) Vdc 
- 0.3 
- 1.0 

IT 250 - MHz 

Cobo - 8.0 pF 

Id - 10 ns 

tr - 10 ns 

ls - 225 ns 

If - 60 ns 

MOTOROLA SEMICONDUCTORS 

• 



BSSSOC 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Symbol 

Po 

Ts.!ll_ 

ROJA 

Value Unit 

40 Vdc 

60 Vdc 

5.0 Vdc 

800 mA 

Max Unit 

350 mW 
2.8 mwrc 

150 'C 

357 'CNV 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 40 - Vdc 
Oc = 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 60 - Vdc 
Oc = to µA) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
OE= 10 µA) 

Collector Cutoff Cu.rrent icso 
(Vcs = 50 Vdcl - 10 nA 
(Vcs = 50 Vdc, TA= 150°C) - 10 µA 

Emitter Cutoff Current IEBO - 10 nA 
(VsE = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain hFE 100 300 -
Oc = 150 mA. VcE = 10 Vdcl 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
(le = 150 mA, Is = 15 mA) - 0.4 
Oc = 500 mA, Is = 50 mA) - 1.6 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 200 - MHz 
(le = 50 mA, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 8.0 pF 
(Vcs = 10 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time Os1 = ls2 = 15 mA, td - 10 ns 

Rise Time Vee= 30 V, le = 150 mA) 
tr - 40 ns 

Storage Time Os1 = ls2 = 15 mA, ts - 80 ns 

Fall Time Vee = 30 V, le= 150 mA) tf - 30 ns 

(1) Pulse Test: Pulse Width"' 300 µ,s, Duty Cycle"' 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 60 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage Vrno 5.0 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts.!ll_ 150 

*Thermal Resistance Junction to Ambient RllJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mA) 

Collector-Base Breakdown Voltage 
Oc = 10 µAl 

Emitter-Base Breakdown Voltage 
(IE= 10 µA) 

Collector Cutoff Current 
!Vcs = 50 vi 
(Vcs = 50 V, TA= 150°C) 

Emitter Cutoff Current 
(VEB = 3.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 150 mA, VcE = 10 Vl 

Collector-Emitter Saturation Voltage 
!le = 150 mA, Is = 15 mA) 
!le = 500 mA, Is = 50 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 50 mA, VcE = 20 V, f = 200 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Unit 

mW 
mWFC 

oc 

oc;w 

BSS82C 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO 60 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcso 
- 10 nA 
- 10 µA 

IEBO - 10 nA 

hFE 100 300 -

VcE(sat) Vdc 
- 0.4 
- 1.6 

100 MHz 

MOTOROLA SEMICONDUCTORS 
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• 
BSV52 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

VcBo 

VEBO 

le 

Symbol 

Po 

Ts!!I_ 

RllJA 

Value Unit 

12 Vdc 

20 Vdc 

20 Vdc 

200 mAdc 

Max Unit 

350 mW 
2.8 mW!°C 

150 ·c 

357 0 c1W 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 12 - Vdc 
(le = 1.0 mAdc) 

Collector Cutoff Current le Bo nAdc 
(VcB = 10 Vdc, IE = O) - 100 µAde 
(VcB = 10 Vdc, IE = o, TA= 125°C) - 5.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
Oc = 1.0 mAdc, VcE = 1.0 Vdc) 25 -
(le = 10 mAdc, VcE = 1.0 Vdc) 40 120 
(le= 50 mAdc, VcE = 1.0 Vdc) 25 -

Collector-Emitter Saturation Voltage VcE(sat) mVdc 
!le = 10 mAdc, IB = 300 µAde) - 300 
Oc = 10 mAdc, IB = 1.0 mAdc) - 250 
Oc = 50 mAdc, IB = 5.0 mAdc) - 400 

Base-Emitter Saturation Voltage VBE(sat) mVdc 
(le = 10 mAdc, IB = 1.0 mAdc) 700 850 
(le = 50 mAdc, IB = 5.0 mAdc) - 1200 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 400 - MHz 
Oc = 10 mAdc, VcE = 10 Vdc) 

Output Capacitance Cobo - 4.0 pF 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 4.5 pF 
(VEB = 1.0 Vdc, le = O) 

SWITCHING CHARACTERISTICS 

Storage Time ls - 13 ns 
(le = lg = IBM = 10 mAdc) 

Turn-On Time ton - 12 ns 
(VBE = 1.5 Vdc, le= 10 mAdc, IB = 3.0 mAdc) 

Turn-Off Time lo ff - 18 ns 
(le = 10 mAdc, IB = 3.0 mAdc) 

MOTOROLA SEMICONDUCtORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 14 Vdc 

Collector Current - Continuous le 200 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Storage Temperature Ts!9_ 150 oc 

*Thermal Resistance Junction to Ambient RruA 357 oc/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le= 2.0 mAl 

Collector Cutoff Current 
(Vcs = 12 VI 

Collector Cutoff Current 
(VCE = 12 VI 
(VcE = 12 V, TJ = 125°C) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 1.0 mA, VcE = 1.0 VI 
(le = 10 mA, VcE = 1.0 V) 
(le = 50 mA, VcE = 1.0 VI 

Collector-Emitter Saturation Voltage 
(le = 10 mA, Is = 1.0 mA) 
(le = 50 mA, Is = 5.0 mA) 

Base-Emitter Saturation Voltage 
(le = 10 mA, Is = 1.0 mAl 
(le = 50 mA, Is = 5.0 mAl 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(le = 10 mA, Is = 3.0 mAl 

Turn-Off Time 
(le = 10 mA, ls1 = ls2 = 3.0 mAl 

SMALL-SIGNAL DEVICES 

3-35 

BSX39 
CASE 318-02/03, STYLE 6 

SOT-23 (T0-236AA/AB) 

SWITCHING TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 14 - Vdc 

icso - 100 nA 

ICES 
- 100 nA 
- 5.0 µA 

hFE -
25 -
40 200 
25 -

VCE(sat) mV 
- 250 
- 400 

VBE(sat) 
700 850 mV 
- 1.2 v 

ton - 12 ns 

lo ff - 18 ns 

MOTOROLA SEMICONDUCTORS 
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BZX84C 
CASE 318-02/03, STYLE 8 

SOT-23 (T0-236AA/AB) 

ZENER DIODES 

MAXIMUM RATINGS 

Rating 

Voltage Range 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25"C 
Derate above 25"C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vz(nom) 

Symbol 

Po 

Ts.!ll_ 

RllJA 

Value Unit 

4.7 to 33 Vdc 

Max Unit 

350 mW 
2.8 mW/"C 

150 "C 

357 "C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Forward Voltage VF - 0.9 Vdc 
OF= 10 mAdc) BZX84 Series 

Reverse Voltage Leakage Current IR µAde 
(VR = 2.0 Vdc) BZX84-C4V7 - 3.0 

BZX84-C5V1 - 2.0 
BZX84-C5V6 - 1.0 

(VR = 4.0 Vdc) BZX84-C6V2 - 3.0 
BZX84-C6V8 - 2.0 

(VR = 5.0 Vdc) BZX84-C7V5 - 1.0 
BZX84-C8V2 - 0.7 

(VR = 6.0 Vdc) BZX84-C9V1 - 0.5 
(VR = 7 .0 Vdc) BZX84-C10 - 0.2 
(VR = 8.0 Vdc) BZX84-C11, C12, C13 - 0.1 
(VR = 0.70 Vz) BZX84-C 15 to BZX84-C33 - 0.05 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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BZX84C 

ZENER VOLTAGE 

Vz3(V) 4Vz/4T(nV/k) 

Device Marking lz3(mAI Min Max ZzT1llll ZzT2(0) ZzT3(0) Min Max 

BZX84C4V7 Z1 20 4.4 5.1 80 500 15 -3.5 0.2 

BZX84C5V1 Z2 20 4.8 5.5 60 480 15 -2.7 1.2 

BZX84C5V6 Z3 20 5.2 6.3 40 400 10 -2.0 2.5 

BZX84C6V2 Z4 20 5.8 6.8 10 150 6 0.4 3.7 

BZX84C6V8 Z5 20 6.4 7.4 15 80 6 1.2 4.5 

BZX84C7V5 Z6 20 7.0 8.0 15 80 6 2.5 5.3 

BZX84C8V2 Z7 20 7.7 8.8 15 80 6 3.2 6.2 II 
BZX84C9V1 ZS 20 8.5 9.7 15 100 8 3.8 7.0 

BZX84C10 Z9 20 9.4 10.7 20 150 10 4.5 8.0 

BZX84C11 Y1 20 10.4 11.8 20 150 10 5.4 9.0 

BZX84C12 Y2 20 11.4 12.9 25 150 10 6.0 10 

BZX84C13 Y3 20 12.5 14.2 30 170 15 7.0 11 

BZX84C15 Y4 20 13.9 15.7 30 200 20 9.2 13 

BZX84C16 Y5 20 15.4 17.2 40 200 20 10.4 14 

BZX84C18 Y6 20 16.9 19.2 45 225 20 12.4 16 

BZX84C20 Y7 20 18.9 21.4 55 225 20 14.4 18 

BZX84C22 YB 20 20.9 23.4 55 250 25 16.4 20 

BZX84C24 Y9 20 22.9 25.7 70 250 25 18.4 22 

BZX84C27 Y10 10 25.2 29.3 80 300 45 21.4 25.3 

BZX84C30 Y11 10 28.1 32.4 80 300 50 24.4 29.4 

BZX84C33 Y12 10 31.1 35.4 80 325 55 27.4 33.4 

Vz1(V) Vzz{VI 

Device Marking lz1{mAI Min Max lz1lmAI Min Max 

BZX84C4V7 Z1 5 4.4 5.0 1 3.7 4.7 

BZX84C5V1 Z2 5 4.8 5.4 1 4.2 5.3 

BZX84C5V6 Z3 5 5.2 6.0 1 4.8 6.0 

BZX84C6V2 Z4 5 5.8 6.6 1 5.6 6.6 

BZX84C6V8 Z5 5 6.4 7.2 1 6.3 7.2 

BZX84C7V5 Z6 5 7.0 7.9 1 6.9 7.9 

BZX84C8V2 Z7 5 7.7 8.7 1 7.6 8.7 

BZX84C9V1 ZS 5 8.5 9.6 1 8.4 9.6 

BZX84C10 Z9 5 9.4 10.6 1 9.3 10.6 

BZX84C11 Y1 5 10.4 11.6 1 10.2 11.6 

BZX84C12 Y2 5 11.4 12.7 1 11.2 12.7 

BZX84C13 Y3 5 12.4 14.1 1 12.3 14 

BZX84C15 Y4 5 13.8 15.6 1 13.7 15.5 

BZX84C16 Y5 5 15.3 17.1 1 15.2 17 

BZX84C18 Y6 5 16.8 19.1 1 16.7 19 

BZX84C20 Y7 5 18.8 21.2 1 18.7 21.1 

BZX84C22 Y8 5 20.8 23.3 1 20.7 23.2 

BZX84C24 Y9 5 22.8 25.6 1 22.7 25.5 

BZX84C27 Y10 2 25.1 28.9 0.5 25 28.9 

BZX84C30 Y11 2 28 32 0.5 27.8 32 

BZX84C33 Y12 2 31 35 0.5 30.8 35 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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• 
MBAL99 

CASE 318-02/03, STYLE 18 
SOT-23 (T0-236AA/AB) 

SWITCHING DIODE 

MAXIMUM RATINGS 

Rating 

Continuous Reverse Voltage 

Peak Forward Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VR 

IF 

Symbol 

Po 

Ts!ll_ 

ROJA 

Value Unit 

70 Vdc 

100 mAdc 

Max Unit 

350 mW 
2.8 mW/'C 

150 'C 

357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Reverse Voltage Leakage Current IR µ.A 
(VR = 70 V) - 2.5 
(VR = 25 V, TJ = 150'C) - 30 
(VR = 70 V, TJ = 150'C) - 50 

Reverse Breakdown Voltage V(BR) 70 - v 
OR = 100 µ.A) 

Forward Voltage VF mV 
!IF= 1.0 mA) - 715 
(IF= 10 mA) - 855 
(IF= 50 mA) - 1100 
!IF= 100 mA) - 1300 

Diode Capacitance Co - 1.5 pF 
(VR = 0, f = 1.0 MHz) 

Reverse Recovery Time trr - 15 ns 
(IF= IR = 10 mA, Rt= 100 n, measured at IR = 1.0 mA) 

Forward Recovery Voltage VFR - 1.75 v 
(IF = 10 mA, tr = 20 ns) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol Value 

Continuous Reverse Voltage VR 75 

Peak Forward Current IF 200 

Peak Forward Surge Current IFM(su!lle) 500 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts!9_ 150 

*Thermal Resistance Junction to Ambient Re.JA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Voltage Leakage Current 
(VR = 75 V) 
(VR = 75 V, TJ = 150°C) 
(VR = 25 V, TJ = 150°C) 

Reverse Breakdown Voltage 
llBR = 100 µA) 

Forward Voltage 
!IF= 1.0 mA) 
!IF= 10 mA) 
!IF= 50 mA) 
!IF= 100 mA) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Recovery Voltage 
!IF = 10 mA. tr = 20 ns) 

Reverse Recovery Time 
!IF= IR= 10 mA, RL = 1000) 

Stored Charge 
!IF = 10 mA to VR = 5.0 V, RL = 500 (l) 

SMALL-SIGNAL DEVICES 
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Unit 

Vee 

mA 

mA 

Unit 

mW 
mwrc 

·c 
"CIW 

Symbol 

IR 

V(BR) 

VF 

Co 

VFR 

Irr 

as 

MBAS16 

CASE 318-02/03, STYLE 8 
SOT-23 (T0-236AA/AB) 

SWITCHING DIODE 

Min Max Unit 

µA 
- 1.0 
- 50 
- 30 

75 - v 

mV 
- 715 
- 855 
- 1100 
- 1300 

- 2.0 pF 

- 1.75 v 

- 15 ns 

- 45 pC 

MOTOROLA SEMICONDUCTORS 
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MBAV70 

CASE 318-02/03, STYLE 9 
SOT-23 (T0-236AA/AB) 

SWITCHING DIODE 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

Peak Forward Surge Current IFM(sume) 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

*Total Device Dissipation, TA = 25'C Po 
Derate above 25'C 

Storage Temperature Ts.!9.. 
*Thermal Resistance Junction to Ambient ReJA 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) >70 
(!J.BR) = 100 µAde) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc, T J = 150'C) -
(VR = 70 Vdc) -
(VR = 70 Vdc, T J = 150'C) -

Diode Capacitance Cr -
(VR = 0, f = 1.0 MHz) 

Forward Voltage Vf 
(If = 1.0 mAdc) -
(IF = 10 mAdc) -
(If = 50 mAdc) -
(IF = 100 mAdc) -

Reverse Recovery Time trr -
(IF = iR = 10 mAdc, VR = 5.0 Vdc, 
IR(REQ = 1.0 mAdc) (Figure 1) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

If 
t-

Value Unit 

70 Vdc 

200 mAdc 

500 mAdc 

Max Unit 

350 mW 
2.8 mW/'C 

150 'C 

357 'C/W 

Max Unit 

- Vdc 

µAde 
60 
5.0 
100 

1.5 pF 

mVdc 
715 
855 
1100 
1300 

15 ns 

OUTPUT PULSE 
(IF = IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of 1 O mA. 
2. Input pulse is adjusted so IR(peak) is equal to 1 O mA. 
3. Ip -trr 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 50 Vdc 

Forward Current IF 200 mAdc 

Peak Forward Surge Current IFM(SU!ID') 500 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Storage Temperature Ts.!9_ 150 "C 

*Thermal Resistance Junction to Ambient ReJA 357 "C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(l(BR) = 5.0 µAdel 

Reverse Voltage Leakage Current 
(VR = 50 Vdc, T J = 125°C) 
(VR = 50 Vdc) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
OF = 100 mAdc) 

Reverse Recovery Time 
(IF= IR = 10 mAdc, iR(REC) = 1.0 mAdc, measured at IR = 1.0 mA, RL = 100 !ll 

SMALL-SIGNAL DEVICES 
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Symbol 

V(BR) 

IR 

Cr 

VF 

trr 

MBAV74 

CASE 318-02/03, STYLE 9 
SOT-23 (T0-236AA/ABI 

SWITCHING DIODE 

Min Max Unit 

50 - Vdc 

µAde 
- 100 
- 0.1 

- 2.0 pF 

- 1.0 Vdc 

- 15 ns 

MOTOROLA SEMICONDUCTORS 
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MBAV99 

CASE 318-02/03, STYLE 11 
SOT-23 (T0-236AA/AB) 

DUAL SERIES 
SWITCHING DIODE 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current 

Peak Forward Surge Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VR 

IF 

IFM(SU!:illl) 

Symbol 

Po 

Ts!9_ 

ROJA 

Value Unit 

70 Vdc 

100 mAdc 

500 mAdc 

Max Unit 

350 mW 
2.8 mWl°C 

150 oc 
357 oc/W 

*Package mo·unted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BRI 
O(BR) = 100 µA) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc, T J = 150°C) 
(VR = 70 Vdc) 
(VR = 70 Vdc, T J = 150°C) 

Diode Capacitance CT 
(VR = 0, f = 1.0 MHz) 

Forward Voltage VF 
(IF= 1.0 mAdc) 
OF= 10 mAdc) 
OF= 50 mAdc) 
OF = 100 mAdc) 

Reverse Recovery Time Irr 
OF= IR= 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

820 l1 

INPUT SIGNAL 

Min Max Unit 

70 - Vdc 

µAde 
- 30 
- 2.5 
- 50 

- 1.5 pF 

mVdc 
- 715 
- 855 
- 1100 
- 1300 

- 15 ns 

OUTPUT PULSE 
OF = IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip» Irr 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(su!l!_e) 200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Tsjg_ 150 

*Thermal Resistance Junction to Ambient RruA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
U(BR) = 100 µAde) 

Reverse Voltage Leakage Current 
!VR = 25 Vdc, TJ = 1500C) 
(VR = 70 Vdc) 
(VR = 70Vdc, TJ = 1500C) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
(IF= 1.0 mAdc) 
OF= 10 mAdc) 
(IF= 50 mAdc) 
OF = 100 mAdc) 

Reverse Recovery Time 
(IF= IR = 10 mAdc, IR(REC) = 1.0 mAdc) (Figure 1) 

Unit 

Vdc 

mAdc 

mAdc 

Unit 

mW 
mwrc 

oc 
oc;w 

MBAW56 

CASE 318-02/03, STYLE 12 
SOT-23 (T0-236AA/AB) 

Symbol 

V(BR) 

IR 

CT 

VF 

Irr 

DUAL 
SWITCHING DIODE 

Min Max 

70 -

- 30 
- 2.5 
- 50 

- 2.5 

- 715 
- 855 
- 1100 
- 1300 

- 15 

Unit 

Vdc 

µAde 

pF 

mVdc 

ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 
OF = IR = 10 mA; measured 

at iR(REC) = 1,0 mA) 

Notes: 1. A 2.0 k.O variable resistor adjusted for a Forward Current (IF) of 1 o mA. 
2. Input pulse is adjusted so IR(peak) is equal to 1 O mA. 
3. Ip• Irr 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBA811CS,6,7 ,8 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

AMPLIFIER TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Charac:terlstic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vceo 

VEBO 

le 

Symbol 

Po 

Ts:!ll. 

RBJA 

Value Unit 

45 Vdc 

50 Vdc 

5.0 Vdc 

50 mAdc 

Max Unit 

350 mW 
2.8 mWl°C 

150 ·c 

357 •cJW 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

Refer to 2N5088 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 45 - Vdc 
Uc= 1.0 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 50 - Vdc 
Uc = 100 µAdel 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
Uc= 10 µAdel 

Collector Cutoff Current iceo - 50 nAdc 
!Vee = 40 Vdcl 

Emitter Cutoff Current IEBO - 50 nAdc 
(VEB = 5.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain hfE -
Uc = 0.1 mAdc, VcE = 3.0 Vdc) 150 -
Uc = o.5 mAdc, VcE = 3.0 Vdc) 135 900 
(For Reference Only) - -
Uc = 0.5 mAdc, VcE = 3.0 Vdc) MMBA811C5 135 270 

MMBA811C6 200 400 
MMBA811C7 300 600 
MMBA811C8 450 900 

Collector-Emitter Saturation Voltage VcE(sat) - 0.3 Vdc 
Uc = 20 mAdc, le = 2.0 mAdc) 

Base-Emitter On Voltage VeE(on) 0.5 0.65 Vdc 
Uc = o.5 mAdc, VcE = 3.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 75 MHz 
Uc = 1.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Base Voltage VcBo 50 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 100 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mWl°C 

Storage Temperature Tsm 150 oc 

*Thermal Resistance Junction to Ambient ROJA 357 oc!W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(VcB = 40 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
(VcE = 6.0 Vdc, le = 1.0 mAdc) MMBA812M3 

MMBA812M4 
MMBA812M5 
MMBA812M6 
MMBA812M7 

Collector-Emitter Saturation Voltage 
(le = 30 mAdc, Is = 3.0 mAdc) 

Base-Emitter On Voltage 
(VcE = 6.0 Vdc, le = 1.0 mAdc) 

SMALL-SIGNAL DEVICES 

3-45 

MMBA812M3,4,S,6, 7 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

PNPSILICON 

Refer to 2N5086 for graphs. 

Symbol Min Max Unit 

le Bo - 0.1 µAde 

IEBO - 0.1 µAde 

hFE -
60 120 
90 180 
135 270 
200 400 
300 600 

VcE(sat) - 0.5 Vdc 

VBE(on) - 0.8 Vdc 

MOTOROLA SEMICONDUCTORS 
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MMBC1009F1 

thru 
MMBC1009F5 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

AM/FM RF AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vceo 

Vceo 

Veeo 

le 

Symbol 

Po 

Ts!ll_ 

Re.JA 

Value Unit 

25 Vdc 

50 Vdc 

5.0 Vdc 

50 mAdc 

Max Unit 

350 mW 
2.8 mw1°c 
150 ·c 

357 ·c!W 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(Vee = 15 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain 

Characteristic · 

Uc = o.5 mAdc, Vee = 3.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= 10 mAdc, le= 1.0 mAdc) 

SMALL-81GNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 1.0 mAdc, Vee = 6.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 6.o Vdc, le = o, t = .1.0 MHz) 

Noise Figure 

MMBC1009F1 
MMBC1009F2 
MMBC1009F3 
MMBC1009F4 
MMBC1009F5 

Uc = o.5 mAdc, Vee = 6.0 Vdc, t = 1.0 MHz, Ra = 500 fi) 

MOTOROLA SEMICONDUCTORS 
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Symbol 

iceo 

hFE 

VcE(sat) 

fy 

Cobo 

NF 

Min Typ Max Unit 

0.1 µ.Ade 

30 - 60 
40 - 80 
60 - 120 
90 - 180 
135 - 270 

- - 0.3 Vdc 

150 - - MHz 

- 2.0 - pF 

- 2.5 - dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 25 Vdc 

Collector-Base Voltage vcso 30 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 10 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/"C 

Storage Temperature Ts!ll_ 150 "C 

*Thermal Resistance Junction to Ambient ReJA 357 "C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(Vcs = 25 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 2.0 mAdc, VcE = 6.0 Vdc) MMBC1321Q2 

MMBC1321Q3 
MMBC1321Q4 
MMBC1321Q5 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 2.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 6.0 Vdc, IE = o, f = 100 MHz) 

Noise Figure 
(VCE = 6.0 Vdc, IE = 2.0 mAdc, f = 900 MHz, RG = 50 !1) 

SMALL-SIGNAL DEVICES 
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Symbol 

icso 

IEBO 

hFE 

VcE(sat) 

fr 

Cobo 

NF 

MMBC1321Q2 
thru 

MMBC1321QS 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

VHF/RF AMPLIFIER TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

- - 0.1 µAde 

- - 0.1 µAde 

-
40 - 80 
60 - 120 
90 - 180 
135 - 270 

- - 0.6 Vdc 

600 - - MHz 

- 1.3 1.8 pf 

- 5.0 - dB 

MOTOROLA SEMICONDUCTORS 
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MMBC1621B2,3,4 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Symbol 

Po 

T s_!g_ 

RoJA 

Value Unit 

20 Vdc 

25 Vdc 

5.0 Vdc 

200 mAdc 

Max Unit 

350 mW 
2.8 mWfC 

150 oc 

357 °C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 20 - Vdc 
lie= 100 µA) 

Collector-Base Breakdown Voltage V(BR)CBO 25 - Vdc 
lie= 100 µA) 

Emitter-Base Breakdown Voltage 
llE = 10 µA) 

VIBR)EBO 5.0 - Vdc 

Collector Cutoff Current icso - 100 nA 
IVcs = 15 V) 

Emitter Cutoff Current IEBO - 100 nA 
IVEB = 4.0 V) 

ON CHARACTERISTICS 

DC Current Gain hFE -
lie= 1.0 mA, VcE = 0.5 V) MMBC1621B2 40 80 
lie= 1.0 mA, VcE = 0.5 V) MMBC1621B3 60 120 
lie= 1.0 mA, VcE = 0.5 V) MMBC1621B4 90 180 

Collector-Emitter Saturation Voltage VcE(sat) - 0.25 Vdc 
lie = 10 mA, Is = 1.0 mA) 

Base-Emitter Saturation Voltage VBElsat) - 0.85 Vdc 
lie= 10 mA, Is= 1.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 200 - MHz 
lie = 10 mA. VcE = 10 V, f = 100 MHz) 

Output Capacitance Cobo - 5.0 pF 
IVcs = 10 V, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Storage Ti me ts - 20 ns 
lie = ls1 = ls2 = 10 mA) !Figure 1) 

Turn-On Time ton - 20 ns 
lie= 10 mA, ls1 = 3.0 mA. Vos = 1.5 V) 

Turn-Off Time lo ff - 40 ns 
lie = 10 mA. ls1 = 3.0 mA, ls2 = 1.5 mA) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 35 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous Jc 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts!9._ 150 

*Thermal Resistance Junction to Ambient RnJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(Vcs = 25 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(VcE = 3.0 Vdc, le = 0.1 mAdc) All 
(VcE = 3.0 Vdc, Jc = o.5 mAdcl MMBC1622D6 

MMBC1622D7 
MMBC1622D8 

Collector-Emitter Saturation Voltage 
Oc = 100 mAdc, Is = 10 mAdc) 

Base-Emitter On Voltage 
(VcE = 3.o Vdc, le = 0.5 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VcE = 6.0 Vdc, IE = 1.0 mAdc, f = 100 Mhz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mWl°C 

oc 

oc;w 

MMBC1622D6, 7 ,8 

CASE 318-02/03, STYLE 6 
SOT-23 {T0-236AA/ABI 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPS3904 for graphs. 

Symbol Min Max Unit 

Jc so - 50 nAdc 

IEBO - 50 nAdc 

hFE -
150 -
200 400 
300 600 
450 900 

VcE(sat) - 0.3 Vdc 

VBE(on) 0.55 0.65 Vdc 

100 MHz 

MOTOROLA SEMICONDUCTORS 
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MMBC1623L3,4,5,6, 7 

CASE 318-02/03, STYLE 6 
SOT~23 (T0-236AA/ABI 

AMPLIFIER TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

VcEO 40 Vdc 

Vceo 50 Vdc 

VEBQ 5.0 Vdc 

le 100 mAdc 

Symbol Max Unit 

Po 350 mW 
2.8 mWl°C 

TS!ll 150 ·c 

R8JA 357 ·cJW 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

Refer to MPS3904 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector Cutoff Current iceo - 100 nAdc 
(Vee = 40 Vdc, IE = 0) 

Emitter Cutoff Current IEBO - 100 nAdc 
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc= 1.0 mAdc, VcE = 6.0 Vdc) MMBC1623L3 60 120 

MMBC1623L4 90 180 
MMBC1623L5 135 270 
MMBC1623L6 200 400 
MMBC1623L7 300 600 

Collector-Emitter Saturation Voltage VcE(sat) - 0.3 Vdc 
(le = 100 mAdc, le = 10 mAdc) 

Base-Emitter Saturation Voltage VeE(sat) - 1.0 Vdc 
Uc = 100 mA. le = 10 mAdc) 

Base-Emitter On Voltage 
Uc= 1.0 mAdc, VcE = 6.0 Vdi:) 

VBE(on) .60 0.7 Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 200 MHz 
(VcE = 6.0 Vdc, IE = 10 mAdc, f = 100 MHz) 

MOTOROLA SEMICONDUCTORS SMALL,SIGNAL DEVICES 

3-50 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 130 

Collector-Base Voltage Vcso 150 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 50 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25°C 2.8 

Storage Temperature Tstg 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(Vcs = 100 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(VcE = 3.0 Vdc, le = 15 mAdcl MMBC1653N2 

MMBC1653N3 
MMBC1653N4 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 1.0 mAdcl 

Base-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VCE = 10 Vdc, IF = 10 mAdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/"C 

'C 

'C/W 

Symbol 

lcso 

IEBO 

hFE 

VcE(sat) 

VsE(satl 

tr 

Cobo 

MMBC1653N2,3,4 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

HIGH VOLTAGE TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

- - 0.1 µAde 

- - 0.1 µAde 

-
50 - 130 
100 - 220 
150 - 330 

- - 0.5 Vdc 

- - 1.0 Vdc 

- 150 - MHz 

- 4.5 - pF 

MOTOROLA SEMICONDUCTORS 
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MMBC1654NS,6,7 

CASE 318~02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

HIGH VOLTAGE TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25°C 
Cerate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

VcEO 160 Vdc 

Vceo 180 Vdc 

VEBO 5.0 Vdc 

le 50 mAdc 

Symbol Max Unit 

Po 350 mW 
2.8 mWl°C 

Tsm_ 150 ·c 

RruA 357 ·c;w 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector Cutoff Current iceo - - 0.1 µAde 
(Vee = 100 v. IE = 0) 

Emitter Cutoff Current IEBO - - 0.1 µAde 
(VEe = 5.o Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(VcE = 3.0 v, le= 15 mAdc) MMBC1654N5 50 - 130 

MMBC1654N6 100 - 220 
MMBC1654N7 150 - 330 

Collector-Emitter Saturation Voltage VcE(sat) - - 0.5 Vdc 
Oc = 10 mAdc, le= 1.0 mAdc) 

Base-Emitter Saturation Voltage VeE(sat) - - 1.0 Vdc 
Uc = 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr - 150 - MHz 
(VCE = 10 Vdc, IF = 10 mAdc, f = 100 MHz) 

Output Capacitance Cobo - 4.5 - pF 
(Vee = 10 Vdc, IE = o. f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Reverse Voltage 4.0 Vdc 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mwrc 

Storage Temperature Ts:!l!_ 150 oc 

'*Thermal Resistance Junction to Ambient R8JA 357 oc/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
UR= 10 µ.Ade) 

Reverse Voltage Leakage Current 
(VR = 3.0 Vdc) 

Series Inductance 
(f = 250 MHz) 

Case Capacitance 
(f = 1.0 MHz) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
(IF = 10 mAdc) 

Noise Figure 
(f = 1.0 GHz) 

SMALL-SIGNAL DEVICES 

3-53. 

Symbol 

V(BR) 

IR 

Ls 

Cc 

CT 

VF 

NF 

MMBD101 

CASE 318-02/03, STYLE 8 
SOT-23 (T0-236AA/AB) 

HOT -CARRIER 
UHF MIXER DIODE 

Min Typ Max 

4.0 - -

Unit 

Vdc 

- - 0.25 µ.Ade 

- 6.0 - nH 

- 0.18 - pF 

- - 1.0 pF 

- - 0.60 Vdc 

- - 7.0 dB 

MOTOROLA SEMICONDUCTORS 
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MMBD352 

CASE 318-02/03 STYLE 11 
SOT-23 (T0-236AA/AB) 

DUAL HOT CARRIER 
MIXER DIODE 

MAXIMUM RATINGS 
Rating 

Continuous Reverse Voltage 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25°e 
Derate above 25°e 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Symbol 

Po 

TS!!L 

R8.JA 

Value Unit 

4 Vee 

Max Unit 

350 mW 
2.8 mW/"e 

150 oe 

357 "e/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°e unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Forward Voltage VF - 0.60 v 
OF= 10 mA) 

Reverse Voltage Leakage Current IR µA 
(VR = 3.0 V) - 0.25 
(VR = 4.0V) - 10 

Capacitance c - 1.0 pf 
(VR = 0 V, f. = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage 50 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25'C 2.8 

Storage Temperature TS!.9_ 150 

*Thermal Resistance Junction to Ambient R8JA 357 

*Package mounted on 99.5% alumina 1 O x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
UR= 10 µAde) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc) 

Diode Capacitance 
(VR = 20 Vdc, f = 1.0 MHz) 

Forward Voltage 
(If= 10 mAdc) 

SMALL-SIGNAL DEVICES 

3-55 

Unit 

Vdc 

Unit 

mW 
mwrc 

'C 

'CIW 

Symbol 

V(BR) 

IR 

Cr 

VF 

MMBDSOl 

CASE 318-02/03, STYLE 8 
SOT-23 (T0-236AA/AB) 

HOT-CARRIER DIODE 

Min Typ Max Unit 

50 - - Vdc 

- - 200 µAde 

- - 1.0 pF 

- - 1.2 Vdc 

MOTOROLA SEMICONDUCTORS 
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MMBD914X 

CASE 318-02/03, STYLE 8 
SOT-23 (T0-236AA/AB) 

HIGH-SPEED SWITCHING DIODE 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current 

Peak Forward Surge Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VR 

IF 

IFMJ!'u!ll..e) 

Symbol 

Po 

Ts_tg_ 

ROJA 

Value Unit 

70 Vdc 

200 mAdc 

500 mAdc 

Max Unit 

350 mW 
2.8 mWf'C 

150 'C 

357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 
OR = 100 µAde) 

Reverse Voltage Leakage Current IR 
(VR = 20Vdc) 
(VR = 75Vdc) 

Diode Capacitance CT 
(VR = 0 Vdc, f = 1.0 MHz) 

Forward Voltage VF 
OF= 10 mAdc) 

Reverse Recovery Time trr 
OF = IR = 10 mAdc) (Figure 1) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

Min Max Unit 

100 - Vdc 

- 25 nAdc 
- 5.0 µAde 

- 4.0 pF 

- 1.0 Vdc 

- 15 ns 

OUTPUT PULSE 
(IF= IR= 10 mA; measured 

at IR(REC) = 1.0 mA) 

Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse Is adjusted so IR(peak) is equal to 10 mA. 
3. Ip• Irr 
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MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current If 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

*Total Device Dissipation, TA = 25'C Po 
Derate above 25'C 

Storage Temperature TS!!!.. 
*Thermal Resistance Junction to Ambient Re.JA 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

Value 

70 

100 

Max 

350 
2.8 

150 

357 

Unit 

Vdc 

mAdc 

Unit 

mW 
mW/'C 

'C 

'C!W 

MMBD2835X36X 

CASE 318-02/03, STYLE 12 
SOT-23 (T0-236AA/AB) 

DUAL 
SWITCHING DIODE 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 
OR = 100 µAdel MMBD2835X 

MMBD2836X 

Reverse Voltage Leakage Current IR 
(VR = 30 Vdc) MMBD2835X 
(VR = 50 Vdc) MMBD2836X 

Diode Capacitance Cr 
(VR = 0, f = 1.0 MHz) 

Forward Voltage VF 
OF= 10 mAdc) 
OF= 50 mAdc) 
OF = 100 mAdc) 

Reverse Recovery Time Irr 
OF= IR= 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

Min Max Unit 

Vdc 
35 -
75 -

nAdc 
- 100 
- 100 

- 4.0 pF 

Vdc 
- 1.0 
- 1.0 
- 1.2 

- 15 ns 

OUTPUT PULSE 
(IF= IA= 10 mA; measured 

at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 kn variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse Is adjusted so IR(peak) is equal to 1 O mA. 
3. Ip• Irr 
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MMBD2837X 
MMBD2838X 

CASE 318-02/03, STYLE 9 
SOT-23 (T0-236AA/AB) 

DUAL 
SWITCHING DIODE 

MAXIMUM RATINGS 

Rating 

Peak Reverse Voltage 

D.C. Reverse Voltage MMBD2837 
MMBD2838 

Peak Forward Current 

Average Rectified Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VRM 

VR 

IFM 

10 

Symbol 

Po 

Ts.!9_ 

RruA 

Value Unit 

75 Vdc 

30 Vdc 
50 

450 mAdc 
300 

150 mAdc 
100 

Max Unit 

350 mW 
2.8 mW!°C 

150 oc 
357 °C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 
(l(BR) = 100 µAde) MMBD2837X 

MMBD2838X 

Reverse Voltage Leakage Current IR 
(VR = 30 Vdc) MMBD2837X 
(VR = 50 Vdc) MMBD2838X 

Diode Capacitance Cr 
(VR = 0, f = 1.0 MHz) 

Forward Voltage VF 
OF= 10 mAdc) 
OF= 50 mAdc) 
OF = 100 mAdc) 

Reverse Recovery Time Irr 
OF =IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

Min Max Unit 

Vdc 
35 -
75 -

µAde 
- 0.1 
- 0.1 

- 4.0 pf 

Vdc 
- 1.0 
- 1.0 
- 1.2 

- 15 ns 

OUTPUT PULSE 
(If = IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of 1 O mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp »Irr 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(sui-g_e) 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25'C 2.8 

Storage Temperature Ts!ll_ 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(l(BR) = 100 µAde) 

Reverse Voltage Leakage Current 
(VR = 50 Vdc) 

Forward Voltage 
OF= 1.0 mAdc) 
(IF = 100 mAdc) 

Reverse Recovery Time 
OF= IR= 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 

Capacitance 
(VR = O) 

Unit 

Vdc 

mAdc 

mAdc 

Unit 

mW 
mwrc 

'C 

'C/W 

Symbol 

V(BR) 

IR 

VF 

Irr 

c 

MMBD6050X 

CASE 318-02/03, STYLE 8 
SOT-23 (T0-236AA/ABI 

SWITCHING DIODE 

Min Max Unit 

70 - Vdc 

- 0.1 µAde 

Vdc 
0.55 0.7 
0.85 1.1 

- 15 ns 

- 2.5 pF 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

If 
t-

OUTPUT PULSE 
(IF = IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp »Irr 
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MMBD6100 

CASE 318-02/03, STYLE 9 
SOT-23 (T0-236AA/AB) 

DUAL 
SWITCHING DIODE 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current 

Peak Forward Surge Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VR 

IF 

IFM(SU!l!_e) 

Symbol 

Po 

Ts!!! 

RoJA 

Value Unit 

70 Vdc 

200 mAdc 

500 mAdc 

Max Unit 

350 mW 
2.8 mW/°C 

150 ·c 
357 •cfW 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 
!!l_BR) = 100 µAde) 

Reverse Voltage Leakage Current IR 
(VR = 50 Vdc) 

Forward Voltage VF 
OF = 1.0 mAdc) 
OF = 100 mAdc) 

Reverse Recovery Time Irr 
OF= IR = 10 mAdc, iR(RE<;l_ = 1.0 mAdc) (Figure 1) 

Capacitance c 
(VR = 0) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

820 l1 

INPUT SIGNAL 

Min Max Unit 

70 - Vdc 

- 0.1 µAde 

Vdc 
0.55 0.7 
0.85 1.1 

- 15 ns 

- 2.5 pF 

OUTPUT PULSE 
(IF = IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of 1 O mA. 
2. Input pulse is adjusted so I R(peak) is equal to 1 O mA. 
3. Ip >Irr 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 100 

Forward Current IF 200 

Peak Forward Surge Current IFM(su!lltl 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts!l!.. 150 

*Thermal Resistance Junction to Ambient RruA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
!!@f!)_ = 100 µAde) 

Reverse Voltage Leakage Current 
(VR = 50 Vdc) 
(VR = 100 Vdc) 
(VR = 50 Vdc, 125°C) 

Forward Voltage 
(IF = 1.0 mAdc) 
!IF= 10 mAdc) 
!If= 100 mAdc) 

Reverse Recovery Time 
!IF= IR= 10 mAdc) (Figure 1) 

Capacitance 
(VR = 0) 

Unit 

Vdc 

mAdc 

mAdc 

Unit 

mW 
mWf'C 

·c 
•ctw 

MMBD7000 

CASE 318-02/03, STYLE 11 
SOT-23 (T0-236AA/AB) 

Symbol 

V(BR) 

IR 
IR2 
IR3 

VF 

trr 

c 

DUAL 
SWITCHING DIODE 

Min Max 

100 -

- 0.30 
- 0.5 
- 100 

0.55 0.7 
0.67 0.82 
0.75 1.1 

- 15 

- 1.5 

Unit 

Vdc 

µAde 

Vdc 

ns 

pF 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

If 
t-

OUTPUT PULSE 
(If = IA = 10 mA; measured 

at IR(REC) = 1.0 mA) 

Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip• Irr 
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MMBF4391 
th tu 

MMBF4393 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/AB) 

JFET 
SWITCHING TRANSISTOR 

N-CHANNEL 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Forward Gate Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vos 

VoG 

VGs 

IG(I) 

Symbol 

Po 

Ts.!9_ 

RoJA 

Value Unit 

30 Vdc 

30 Vdc 

30 Vdc 

50 mAdc 

Max Unit 

350 mW 
2.8 mW!°C 

150 "C 

357 oc/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 30 - Vdc 
OG = 1.0 µ,Ade, Vos = O) 

Gate Reverse Current IGSS 
(VGs = 15 Vdc, Vos = o. TA = 25°C) - 1.0 nAdc 
(VGs = 15 Vdc, Vos = o. TA= 100°c) - 0.20 µ,Ade 

Gate Source Cutoff Voltage VGS(off) Vdc 
(Vos = 15 Vdc, lo = 10 nAdc) MMBF4391 4.0 10 

MMBF4392 2.0 5.0 
MMBF4393 0.5 3.0 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain loss mAdc 
(Vos = 15 v. VGs = o) MMBF4391 50 150 

MMBF4392 25 75 
MMBF4393 5.0 30 

Drain Current lo 
(Vos = 15 Vdc, VGs = 12 Vdc) - 1.0 nAdc 
(Vos = 15. VGs = 12 Vdc, TA= 100°C) - 1.0 µ,Ade 

Drain-Source On-Voltage Vos(on) Vdc 
(lo = 12 mAdc, VGs = O) MMBF4391 - 0.4 
Oo = 6.0 mAdc, VGs = O) MMBF4392 - 0.4 
(lo= 3.0 mAdc, VGs = O) MMBF4393 - 0.4 

Static Drain-Source On Resistance ros(on) Ohms 
Oo = 1.0 mAdc, V GS = O) MMBF4391 - 30 

MMBF4392 - 60 
MMBF4393 - 100 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance Ciss - 14 pF 
(Vos = 15 Vdc, VGs = o. f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 3.5 pF 
(Vos = o. VGS = 12 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Gate Current IG 10 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mwrc 

Storage Temperature Ts!!!.. 150 ·c 
*Thermal Resistance Junction to Ambient RBJA 357 "C!W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
HG = 1.0 µAde, Vos= O) 

Gate Reverse Current 
(VGs = 20 Vdc, Vos = O) 
(VGs = 20 Vdc, Vos = 0, TA= 150"C) 

Gate Source Cutoff Voltage 
!lo= 1.0 nAdc, Vos = 15 Vdc) 

Gate Source Voltage 
!lo= 0.5 mAdc, Vos = 15 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain 
(VGs = 15 Vdc, VGs = 0) 

Gate-Source Forward Voltage 
llG = 1.0 mAdc, Vos = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
!Vos = 15 Vdc, VGs = o, f = 1.0 kHz) 

Output Admittance 
(Vos= 15 Vdc, VGs = o. f = 1.0 kHz) 

Input Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 15 Vdc, VGS = o. f = 1.0 MHz) 

Output Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos= 15 Vdc, lo = 5.0 mAdc, Rg = 1000 n. f = 100 MHz) 
(Vos = 15 Vdc, lo = 5.0 mAdc, fig_= 1000 n. f = 400 MHz) 

Common Source Power Gain 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 100 MHz) 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 400 MHz) 

SMALL-SIGNAL DEVICES 
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MMBF4416 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/ABI 

FET 
VHF/UHF AMPLIFIER TRANSISTOR 

N-CHANNEL 

Symbol Min Max Unit 

V(BR)GSS 30 - Vdc 

IGSS 
- 1.0 nAde--
- 200 nAdc 

VGS(off) - 6.0 Vdc 

VGS 1.0 5.5 Vdc 

loss 5.0 15 mAdc 

VGS(f) - 1.0 Vdc 

IYtsl 4500 7500 µ;mhos 

IYosl - 50 µ;mhos 

Ciss - 4.0 pF 

Crss - 0.8 pf 

Coss - 2.0 pF 

NF dB 
- 2.0 
- 4.0 

Gps dB 
18 -
10 -
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MMBF4860 

CASE 318-02103, STYLE 10 
SOT-23 (T0-236AAIAB) 

FET 
SWITCHING TRANSISTOR 

N-CHANNEL 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vos 

VoG 

VGS(r) 

IG(f) 

Symbol 

Po 

Ts.19_ 

RoJA 

Value Unit 

30 Vdc 

30 Vdc 

30 Vdc 

50 mAdc 

Max Unit 

350 mW 
2.8 mW/°C 

150 oc 

357 oc/W 
*Package mounted on 99.5% alumina 10 xx 0.6 mm. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.I 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 30 - Vdc 
OG = 1.0 µAde, Vos = O) 

Gate Reverse Current IGSS 
IVGs = 15 Vdc, Vos = 01 - 0.5 nAdc 
IVGs = 15 Vdc, Vos = o, TA= 150°CI - 2.0 µAde 

Gate Source Cutoff Voltage VGS(off) 2.0 6.0 Vdc 
(Vos = 15 Vdc, lo = 0.5 nAdcl 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain(1 I loss 20 100 mAdc 
!Vos = 15 Vdc, VGS = O) 

Drain Cutoff Current lo(offl 
!Vos= 15 Vdc, VGs = 10 Vdcl - 0.25 nAdc 
!Vos= 15 Vdc, VGs = 10 Vdc, TA = 150°CI - 0.5 µAde 

Drain-Source On-Voltage Vos( on I - 0.5 Vdc 
Oo = 10 mAdc, VGS = O) 

Static Drain-Source On Resistance ros(on) - 40 Ohms 
IVGs = o, lo = o, t = 1.0 kHzl 

Input Capacitance Ciss - 18 pF 
(Vos= o. VGs = 10 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 8.0 pF 
(Vos = 0, VGs = 10 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time ld - 6.0 ns 
IVoo = 10 Vdc, lo(on) = 20 mAdc) 
IV G(on) = 0, V GS( off) = 10 Vdc) 

Rise Time tr - 4.0 ns 
(Voo = 10 Vdc, lo(on) = 10 mAdcl 
(VGfil9nl = 0, VGS(off) = 6.0 Vdc) (Figure 1 I 

Turn-Off Time loft - 50 ns 
IVoo = 10 Vdc, lo(on) = 5.0 mAdcl 
(VGS(on) = 0, VGS(off) = 4.0 Vdc) (Figure 1) 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle.; 10%. 
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MMBF4860 

INPUT 

TEST CIRCUIT 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

OUTPUT 

tr <;; 1.0 ns If <;; 1.0 ns 

0---~~ VGS(on) 

_J L200 ns--=I INPUT 
-6.0 V 1 1 -- - - VGS(off) 

: Ion ~-l !off 1--
ld(on) -i 1-T-' ~ ld(off) 

I I 1 I 
Ir --1 1- I ---1 ~If 

10% : I : ...i...-10-o/c-, ---... 
1 I OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: 1. The input waveforms are supplied by a generator with the following characteristics: 

SMALL-SIGNAL DEVICES 

Zout ~ 50 ohms, Duty Cycle = 2.0% 
2. Waveforms are monitored on an oscilloscope with the following characteristics: 

tr .; 0. 75 ns, Rin ;;, 1.0 megohm, Cin "' 2.5 pF. 
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MMBF5457 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/ABI 

FET 
GENERAL PURPOSE TRANSISTOR 

N-CHANNEL 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Gate Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

Vos 25 Vdc 

VoG 25 Vdc 

VGS(r) 25 Vdc 

IG 10 mAdc 

Symbol Max Unit 

Po 350 mW 
2.8 mW/°C 

Ts!9_ 150 oc 

RruA 357 oc/W 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 10 µAde, Vos = Ol 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = O) 
(VGs = 15 Vdc, Vos = o. TA= 100°Cl 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 10 nAdcl 

Gate Source Voltage 
(Vos = 15 Vdc, lo = 100 µAdel 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain(1) 
(Vos = 15 Vdc, VGs = Ol 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(1) 
(Vos = 15 Vdc, VGs = o. f = 1.0 kHz) 

Reverse Transfer Admittance 
(Vos = 15 Vdc, VGs = o. f = 1.0 kHz! 

Input Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

(1) Pulse test: Pulse Width"' 630 ms; Duty Cycle"' 10%. 
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Symbol 

V(BRIGSS 

IGSS 

VGS(off) 

VGS 

loss 

IYfsl 

IYrsl 

Ciss 

Crss 

Min Typ Max Unit 

25 - - Vdc 

nAdc 
- - 1.0 
- - 200 

0.5 - 6.0 Vdc 

- 2.5 - Vdc 

1.0 5.0 mAdc 

1000 - 5000 µmhos 

- 10 50 µmhos 

- 4.5 7.0 pF 

- 1.5 3.0 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VoG 25 

Reverse Gate-Source Voltage VGS(r) -25 

Gate Current IG 10 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
De rate above 25°C 2.8 

Storage Temperature Ts!ll_ 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = -10 µA, Vos= 0) 

Gate 1 Leakage Current 
IVGs = -15 V, Vos = 0) 

Gate 2 Leakage Current 
IVGs = -15 v, Vos= o, TA= 100°c1 

Gate Source Cutoff Voltage 
(Vos = 15 V, lo = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain 
(Vos = 15 V, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 V, VGs = 0, f = 1.0 kHz) 

Output Admittance 
(Vos = 15 V, VGs = 0, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
!Vos = 15 V, VGs = 0, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/°C 

oc 
oc;w 

MMBF5459 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/ABl 

Symbol 

V(BR)GSS 

IG1ss 

IG2ss 

VGS(off) 

loss 

IYtsl 

IYosl 

Ciss 

Crss 

FET 
TRANSISTOR 

N-CHANNEL 

Min Max 

25 -

- 1.0 

- 200 

2.0 8.0 

4.0 16 

2000 6000 

- 50 

- 7.0 

- 3.0 

Unit 

Vdc 

nA 

nA 

Vdc 

mA 

µmhos 

µmhos 

pF 

pF 
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• 



• 
MMBF5460 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/ABI 

FET 
GENERAL PURPOSE 

TRANSISTOR 

P-CHANNEL 

MAXIMUM RATINGS 
Rating 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VoG 

VGSR 

IGF 

Symbol 

Po 

Ts.!9._ 

RtiJA 

Value Unit 

40 Vdc 

40 Vdc 

10 mAdc 

Max Unit 

350 mW 
2.8 mWl°C 

150 oc 
357 oc!W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 10 µAde, Vos = o) 

Gate Reverse Current 
(VGs = 20 Vdc, Vos = O) 
(VGs = 20 Vdc, Vos = o, TA = 100°Cl 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 1.0 µAdel 

Gate Source Voltage 
(Vos = 15 Vdc, lo = 0.1 mAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain 
(Vos = 15 Vdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz) 

Output Admittance 
(Vos = 15 Vdc, VGs = o, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Equivalent Short-Circuit Input Noise Voltage 
(Vos = 15 Vdc, VGs = 0, RG = 1.0 M!l, 
f = 100 Hz, BW = 1.0 Hz) 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

loss 

IYfsl 

IYosl 

Ciss 

Crss 

en 

Min Typ Max Unit 

40 - - Vdc 

- - 5.0 nAdc 
- - 1.0 µAde 

0.75 - 6.0 Vdc 

0.5 - 4.0 Vdc 

1.0 5.0 mAdc 

1000 - 4000 µmhos 

- - 75 µmhos 

- 5.0 7.0 pF 

- 1.0 2.0 pF 

- 20 - nV/VHz 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VDG 25 

Reverse Gate-Source Voltage VGS(r) 25 

Forward Gate Current IG(f) 10 

Continuous Device Dissipation at or Below Po 200 
Tc= 25°C 2.80 

Linear Derating Factor 

Storage Channel Temperature Range Ts.\9_ -65 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts.!9_ 150 

*Thermal Resistance Junction to Ambient Ro.JA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = -1.0 µA, Vos= 0) 

Gate Reverse Current 
(VGs = -20 V, Vos = 0) 
(VGs = -20 v, Vos = o, TA = 100°C) 

Gate Source Cutoff Voltage 
(Vos= 15 V, ID= 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain 
(Vos = 15 V, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 v, VGs = o, f = 1.0 kHz) 

Output Admittance 
(Vos = 15 V, VGs = 0, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 V, VGs = 0, f = 1.0 MHz) 

Output Capacitance 
(Vos = 15 V, VGs = o, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 v, lo= 1.0 mA. YG' = 1.0 mmhos) 
(RG = 1.0 kn, f = 100 MHz) 
(Vos = 15 V, VGs = 0, YG' = 1.0 µmho) 
(RG = 1.0 Mn, f = 1.0 kHz) 

Common Source Power Gain 
(Vos = 15 Vdc, lo = 1.0 mAdc, f = 100 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mA 

mW 
mWl°C 

oc 

Unit 

mW 
mW!°C 

oc 

oc;w 

MMBF5484 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/AB) 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

IYfsl 

IYosl 

Ciss 

Crss 

Coss 

NF 

Gps 

FET 
TRANSISTOR 

N-CHANNEL 

Min Max 

-25 -

- -1.0 
- -0.2 

-0.3 -3.0 

1.0 5.0 

3000 6000 

- 50 

- 5.0 

- 1.0 

- 2.0 

- 3.0 

- 2.5 

16 25 

Unit 

Vdc 

nA 
µA 

Vdc 

mAdc 

µmhos 

µmhos 

pF 

pF 

pF 

dB 

dB 
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MMBF5486 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/AB) 

FET 
TRANSISTOR 

N-CHANNEL 

MAXIMUM RATINGS 

Rating 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VoG 

VGS(r) 

IG(f) 

Symbol 

Po 

Ts:tg_ 

RtJJA 

Value Unit 

25 Vdc 

25 Vdc 

10 mAdc 

Max Unit 

350 mW 
2.8 mW/'C 

150 'C 

357 'CIW 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(Vos= a, IG = -1.0 µAl 

Gate 1 Leakage Current 
(VGs = -20 V, Vos = O) 

Gate 2 Leakage Current 
(VGs = -20 V, Vos = 0, TA= 100'C) 

Gate Source Cutoff Voltage 
(Vos = 15 V, lo = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain 
(VGs = 0, Vos = 15 V) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VGs = 0, Vos = 15 V, f = 1.0 kHz) 

Input Admittance 
(VGs = 0, Vos = 15 V, f = 400 MHz) 

Output Admittance 
(VGs = o, Vos = 15 v, t = 1.0 kHz) 

Output Conductance 
(VGs = 0, Vos = 15 v, f = 400 MHz) 

Forward Transconductance 
(VGs = o, Vos = 15 V, f = 400 MHz) 

Input Capacitance 
(VGs = 0, Vos = 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VGs = 0, Vos = 15 V, f = 1.0 MHz) 

Output Capacitance 
(VGs = o, Vos= 15 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos= 15 V, lo= 4.0 mA, f = 100 MHz, VG = 1.0 µmhos) 
(Vos= 15 v, lo = 4.0 mA, RG = 1.0 k!l., f = 400 MHz, YG = 1.0 µmhos) 
(VGs = o, Vos = 15 v, RG = 1.0 mn, t = 1.0 kHz, VG = 1.0 µmhos) 

Common Source Power Gain 
(Vos = 15 v, lo = 4.0 mA, t = 100 MHz) 
(Vos = 15 v, lo = 4.0 mA, t = 400 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)GSS 

IG1ss 

IG2SS 

VGS(off) 

loss 

IYts.I 

Re(Yisl 

IYosl 

Re(Yosl 

Re(Yfsl 

Ciss 

Crss 

Coss 

NF 

Gps 

Min Max Unit 

-25 - Vdc 

- -1.0 nA 

- -0.2 µA 

-2.0 -6.0 Vdc 

8.0 20 mA 

4000 8000 µmhos 

- 1000 µmhos 

- 75 µmhos 

- 100 µmhos 

3500 - µmhos 

- 5.0 pF 

- 1.0 pF 

- 2.0 pF 

dB 
- 2.0 
- 4.0 
- 2.5 

dB 
18 30 
10 20 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Gate-Source Voltage VGs 25 

Gate Current IG 10 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25'C 2.8 

Storage Temperature Ts.!!I_ 150 

*Thermal Resistance Junction to Ambient ROJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = -1.0 µAde, Vos = 01 

Gate Reverse Current 
(VGs = -15 V) 
(VGS = -15 V, TA = 125'C) 

Gate Source Cutoff Voltage 
(Vos = 1 o Vdc, lo = 1.0 nAdcl 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain 
(Vos = 10 Vdc, VGs = 01 

Gate-Source Forward Voltage 
OG = 1.0 mAdc, Vos = 01 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 10 Vdc, lo = 10 mAdc, t = 1.0 kHz) 

Output Admittance 
(Vos = 10 Vdc, lo = 10 mAdc, t = 1.0 kHz) 

Input Capacitance 
(VGs = -10 Vdc, Vos = 0 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VGs = -10 Vdc, Vos = 0 Vdc, f = 1.0 MHz) 

Equivalent Short-Circuit Input Noise Voltage 
(Vos = 10 Vdc, lo = 10 mAdc, t = 100 Hz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/'C 

'C 

'CIW 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

VGS(f) 

IYtsl 

IYosl 

Ciss 

Crss 

On 

MMBFJ310 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/ABI 

FET 
VHF/UHF AMPLIFIER 

TRANSISTOR 

N-CHANNEL 

Min Typ Max 

-25 - -

- - -1.0 
- - -1.0 

-2.0 - -6.5 

24 - 60 

- - 1.0 

8.0 - 18 

- - 200 

- - 5.0 

- - 2.5 

- 10 -

Unit 

Vdc 

nAdc 
µAde 

Vdc 

mAdc 

Vdc 

mm hos 

JLmhos 

pF 

pF 

nV/VHz 
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MMBFU310 

CASE 318-02/03, STYLE 10 
SOT-23 (T0-236AA/AB) 

• ' 

' 

FET 
TRANSISTOR 

N-CHANNEL 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Gate-Source Voltage 

Gate Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

Vos 25 Vdc 

VGs 25 Vdc 

IG 10 mAdc 

Symbol Max Unit 

Po 350 mW 
2,8 mwrc 

Ts!9_ 150 'C 

Al<.JA 357 'C/W 

*Package mounted on 99,5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA = 25'C unless otherwise noted.I 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS -25 - Vdc 
OG = -1.0 µA, Vos= O) 

Gate 1 Leakage Current IG1SS - -150 pA 
(VGs = - 15 V, Vos = O) 

Gate 2 Leakage Current IG2ss - -150 nA 
(VGs = -15 V, Vos = 0, TA= 125'C) 

Gate Source Cutoff Voltage VGS(off) -2.5 -6.0 Vdc 
(Vos= 10 V, lo= 1.0 nAI 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain loss 24 60 mA 
(Vos = 10 V, VGs = O) 

Gate-Source Forward Voltage VGS(f) - 1.0 Vdc 
UG = 10 mA, Vos = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYtsl 10 18 mm hos 
(Vos = 10 v, lo = 10 mA. f = 1.0 kHz) 

Output Admittance lvosl - 150 µmhos 
(Vos = 10 v, lo = 10 mA, f = 1.0 kHz) 

Input Capacitance Ciss - 5.0 pf 
(VGs = -10 V, Vos= 10 V, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 2.5 pF 
(VGs = -10 V, Vos= 10 V, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Power Dissipation Po 350 
Derate Above 25°C ROJA 2.8 

DC Gate Current IG ±20 

Repetitive Peak Forward Current ITRM 
100 µs Pulse Width, 1.0 

1.0% Duty Cycle 
20 µs Pulse Width, 1.0 

1.0% Duty Cycle 

Non-Repetitive Peak Forward Current ITSM 1.0 
10 µs Pulse Width 

Gate to Cathode Forward Voltage VGKF 40 
Gate to Cathode Reverse Voltage VGKR 5.0 

Gate to Anode Reverse Voltage VGAR 40 

Anode to Cathode Voltage VAK ±40 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25'C 2.8 

Storage Temperature Ts.!9_ 150 

*Thermal Resistance Junction to Ambient ROJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS <TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Peak-Point Current 
(Vs = 10 Vdc, RG = 1.0 MO) 
(Vs = 10 Vdc, RG = 10 kn) 

On-State Voltage 
(Vs= 10 Vdc, RG = 1.0 MO) 

Luminous Intensity 
(Vs = 10 Vdc, RG = 1.0 MO) 
(Vs= 10 Vdc, RG = 10 kn) 

Anode to Cathode On-State Voltage 
(IF = 50 mA Peak) 

Output Voltage 
(Vs = 20 Vdc, Cc = 0.2 µF) 

Rise Time 
(V9 = 20 Vdc, Cc = 0.2 µF) 

SMALL-SIGNAL DEVICES 
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Unit 

mW 
mW/'C 

mA 

Amp 

Amp 

Volt 

Volt 

Volt 

Volt 

Unit 

mW 
mW/'C 

'C 

'C!W 

MMBPU131 

CASE 318-02/03, STYLE 14 
SOT-23 (T0-236AA/AB) 

UNIJUNCTION TRANSISTOR 

Symbol Min Max Unit 

Ip µA 
- 2.0 
- 5.0 

VT 0.2 1.6 Volts 

Iv µA 
- 50 
70 -

VF - 1.5 Volts 

Vo 6.0 - Volts 

Ir - 80 ns 
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MMBR901 

CASE 318-02/03, STYLE 6 
SOT-23 (T0"236AA/AB) 

RF AMPLIFIER TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector'Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vceo 

Veeo 

le 

Symbol 

Po 

Tstg 

RruA 

Value Unit 

15 Vdc 

25 Vdc 

3.0 Vdc 

30 mAdc 

Max Unit 

350 mW 
2.8 mwrc 
150 ·c 

357 'C!W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 15 - Vdc 
Uc= 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 25 - Vdc 
Uc= 0.1 mAdc, IE= 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 - Vdc 
Ue = 0.1 mAdc, le= O) 

Collector Cutoff Current lceo - 50 nAdc 
!Vee= 15 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 30 200 
Uc = 5.0 mAdc, Vee = 5.0 Vdc) 

SMALL·SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 1.0 pF 
(Vee = 10 Vdc, le = o, f = 1.0 MHz) 

Common-Emitter Amplifier Power Gain Gpe(1) 16(Typ) - dB 
(Vee= 6.0 Vdc, le= 5.o mAdc, f = 1.0 GHz) 

Noise Figure NF(1) - 1.9(Typ) dB 
Uc= 5.0 mAdc, Vee = 6.0 Vdc, f = 1.0 GHz) 

(1) Noise figure and power gain measured on the Ailtech 7380 500 system. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 15 

Collector-Base Voltage VcBo 20 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous le 35 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature T s.!9_ 150 

*Thermal Resistance Junction to Ambient ROJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie= 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
lie = 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 0.1 mAdc, le = O) 

Collector Cutoff Current 
IVcB = 10 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 14 mAdc, VcE = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie= 14 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

Collector-Base Capacitance 
IVcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure 
lie = 2.0 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 
lie= 2.0 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 

Common-Emitter Amplifier Power Gain 
lie = 2.0 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 
lie = 2.0 mAdc, VcE = 1 O Vdc, f = 1.0 GHz) 

(1) Noise figure and power gain measured on the Ailtech 7380 50 11 system. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW!°C 

oc 

oc!W 

Symbol 

Y(BR)CEO 

V(BR)CBO 

Y(BR)EBO 

le Bo 

tr 

Ccb 

NF(1) 

Gpel1) 

MMBR920 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABl 

RF AMPLIFIER/SWITCHING 
TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

15 - - Vdc 

20 - - Vdc 

2.0 - - Vdc 

- - 50 nAdc 

25 250 

- 4.5 - GHz 

- - 1.0 pf 

dB 
- 2.4 -
- 3.0 -

dB 
- 15 -
- 10 -

MOTOROLA SEMICONDUCTORS 

• 



• 
MMBR930 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

AMPLIFIER/SWITCHING 
TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 
Vcso 
VEBO 

le 

Symbol 

Po 

Tstg 

Ro.JA 

Value Unit 

12 Vdc 

15 Vdc 

3.0 Vdc 

35 mAdc 

Max Unit 

350 mW 
2.8 mW/"C 

150 'C 

357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Y(BR)CEO 12 - - Vdc 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage Y(BR)CBO 15 - - Vdc 
(le = 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage Y(BR)EBO 3.0 - - Vdc 
HE = 0.1 mAdc, le = O) 

Collector Cutoff Current lcso - - 50 nAdc 
(Yes = 5.0 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 25 250 
Oc = 30 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance Ccb - - 1.0 pf 
(Yes = 10 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure NF(1) dB 
(le = 2.0 mAdc, VcE = 5.0 Vdc, f = 0.5 GHz) - 1.9 -
(le = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 GHz) - 2.5 -

Common-Emitter Amplifier Power Gain Gpe(1) dB 
Oc = 2.0 mAdc, VcE = 5.0 Vdc, f = 0.5 GHz) - 11 -
Oc = 2.0 mAdc, VcE = 5.0 Vdc, f = 0.5 GHz) - 8.0 -

(1) Noise figure and power gain measured on the Ailtech 7380 50 n system. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 5.0 

Collector-Base Voltage Vcso 10 

Emitter-Base Voltage VEBO 2.0 

Collector Current - Continuous le 5.0 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Tsjg_ 150 

*Thermal Resistance Junction to Ambient ROJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 0.1 mAdc, Is = Ol 

Collector-Base Breakdown Voltage 
(le = O.D1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, le= O) 

Collector Cutoff Current 
(Vcs = 5.0 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 0.25 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(Vcs = 1.0 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure 
(IE = 0.25 mAdc, VcE = 1.0 Vdc, f = 1.0 GHz) 

Gate Power Dissipation 
(IE = 0.25 mAdc, VcE = 1.0 Vdc, f = 1.0 GHz) 

(1) Noise figure and power gain measured on the Ailtech 7380 50 n system. 

SMALL-SIGNAL DEVICES 

3-77 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/°C 

oc 

oc;w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

Ccb 

NF(1) 

PG(1) 

MMBR931 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

RF AMPLIFIER TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

5.0 - - Vdc 

10 - - Vdc 

2.0 - - Vdc 

- - 50 nAdc 

30 150 

- - 0.5 pF 

- 4.3 - dB 

- 10 - -

MOTOROLA SEMICONDUCTORS 

• 



MMBR2060 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

RF AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA= 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Symbol 

Po 

Ts.!9_ 

Ro.JA 

Value Unit 

30 Vdc 

14 Vdc 

4.0 Vdc 

50 mAdc 

Max Unit 

350 mW 
2.8 mW/'C 

150 'C 

357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 14 - Vdc 
Uc= 1.0 mAdc, Is = Ol 

Collector Cutoff Current lcso - 50 nAdc 
(Vcs = 10 Vdc, IE = 0) 

Emitter Cutoff Current IEBO - 100 µ.Ade 
(VEB = 4.0, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
!le = 5.0 mAdc, VcE = 5.0 Vdc) 20 -
!le = 20 mAdc, VcE = 10 Vdc, f = 500 MHz) 2.0 -

Collector-Emitter Saturation Voltage VcE(satl - 0.38 Vdc 
!le = 80 mAdc, Is = 8.0 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) - 0.98 Vdc 
!le = 40 mAdc, Is = 20 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 1.0 GHz 
!le = 20 mAdc, VcE = 1.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 1.0 pF 
(Vcs = 10 Vdc, IE = 0) 

Emitter-Base Capacitance Ceb - 3.0 pF 
(VEB = 0.5 Vdc, le = 0) 

Noise Figure NF(1) - 3.5 dB 
(VCE = 10 Vdc, IE = 1.5 mAdc, f = 450 MHz) 

Common-Emitter Amplifier Power Gain 
(VcE = 10 Vdc, IE = 1.5 mAdc, f = 450 Mhz) 

Gpe(1) 12.5 - dB 

(1) Noise figure and power gain measured on the Ailtech 7380 50 n system. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 15 

Collector-Base Voltage Vcso 30 

Emitter-Base Voltage VEBO 2.5 

Collector Current - Continuous le 40 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts!ll._ 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 3.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Oc = 1.0 µAde, IE = o) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcB = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 3.0 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
Uc = 2.0 mAdc, VcE = 6.0 Vdc, f = 1.0 kHz) 

Noise Figure 
Oc = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50 n, t = 450 MHz) 

Common-Emitter Amplifier Power Gain 
Uc = 1.5 mAdc, VcE = 6.0 Vdc, f = 450 MHz) 

SMALL-SIGNAL DEVICES 

3-79 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/'C 

'C 

'CIW 

MMBR2857 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

RF TRANSISTOR 

NPN SILICON 

Symbol Min Max 

V(BR)CEO 15 -

V(BR)CBO 30 -

V(BR)EBO 2.5 -

Unit 

Vdc 

Vdc 

Vdc 

le Bo - 0.05 µAde 

30 

fr 1000 - MHz 

Ccb - 1.0 pF 

hte 50 - -

NF - 4.5 dB 

GpE 12.5 - dB 

MOTOROLA SEMICONDUCTORS 

II 
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MMBR4957 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

• ~ 
RF AMPLIFIER TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

ColleCtor-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Symbol 

Po 

T s!l!_ 

ROJA 

Value Unit 

30 Vdc 

30 Vdc 

3.0 Vdc 

30 mAdc 

Max Unit 

350 mW 
2.8 mW!°C 

150 'C 

357 'CIW 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 30 - Vdc 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 30 - Vdc 
(le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - Vdc 
OE = 100 µAde, le = O) 

Collector Cutoff Current lcso - 0.1 µAde 
!Vcs = 10 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 20 150 
(le = 2.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 1,200 - MHz 
(IE = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 0.8 pF 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Common-Emitter Amplifier Power Gain(1) Gpe 17 (Typ) - dB 
(VcE = 10 Vdc, le = 2.0 mAdc, f = 450 MHz) 

Noise Figure(1) NF - 3.0 (Typ) dB 
Oc = 2.0 mAdc, VcE = 10 Vdc, f = 450 MHz) 

(1) Noise figure and power gain measured on the Ailtech 7380 50 n system. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 10 

Collector-Base Voltage VcBo 15 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous le 20 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts!ll_ 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le= 1.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage 
Uc = O.Q1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.01 mAdc, le = O) 

Collector Cutoff Current 
(VcB = 6.0 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 1.0 mAdc, VcE = 6.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 5.0 mAdc, VcE = 6.0 Vdc, t = 100 MHz) 

Collector-Base Capacitance 
(VCE = 6.0 Vdc, IE = 0, f = 0.1 MHz) 

Noise Figure 
Uc = 1.0 mAdc, VcE = 6.0 Vdc, f = 450 MHz) 

Common-Emitter Amplifier Power Gain 
Uc = 1.0 mAdc, VcE = 6.0 Vdc, f = 450 MHz) 

(1) Noise figure and power gain measure on Ailtech 7380 50 n system. 

SMALL-SIGNAL DEVICES 

3-81 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/°C 

oc 

oc;w 

MMBR5031 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

RF AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 10 - Vdc 

V(BR)CBO 15 - Vdc 

V(BR)EBO 3.0 - Vdc 

lcso - 10 nAdc 

25 300 

tr 1,000 - MHz 

Ccb - 1.5 pf 

NF(1) - 2.5 dB 

Gpe(1) 14 25 dB 

MOTOROLA SEMICONDUCTORS 

• 



• 
MMBR5179 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

RF AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

CoUector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

VcBo 

VEBO 

le 

Symbol 

Po 

Ts.19_ 

RoJA 

Value Unit 

12 Vdc 

20 Vdc 

2.5 Vdc 

50 mAdc 

Max Unit 

350 mW 
2.8 mW!°C 

150 oc 

357 oc!W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 12 - Vdc 
Oc = 3.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 20 - Vdc 
Uc = 0.01 mAdc, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.5 - Vdc 
OE = O.Q1 mAdc, le = 0) 

Collector Cutoff Current le Bo - 0.02 µAde 
(VcB = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 25 - -
Oc = 3.o mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) - 0.4 Vdc 
Oc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) - 1.0 Vdc 
Oc = 10 mAdc, IB = 1.0 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 900 - MHz 
Oc = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 1.0 pF 
(Vee= 10 Vdc, le = o, f = 0.1to1.0 MHz) 

Small Signal Current Gain hfe 25 - -
Oc = 2.0 mAdc, Vee = 6.0 Vdc, f = 1.0 kHz) 

Noise Figure NF(1) - 4.5 dB 
Oc = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50 fl, t = 200 Mhz) 

Common-Emitter Amplifier Power Gain Gpe(1) 15 - dB 
(VcE = 6.0 Vdc, le = 5.0 mAdc, f = 200 MHz) 

(1) Noise figure and power gain measured on the Ailtech 7380 50 fl system. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Forward Current Avg. (Tc = +67'CI IF 510 mA 

Peak Forward Gate Voltage VGFM 5.0 v 
Peak Forward Blocking Voltage; VFXM v 

RG = 1.0 k MMBS5060 30 
MMBS5061 60 
MMBS5062 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25'C Po 350 mW 
Derate above 25'C 2.8 mW/'C 

Storage Temperature T s.!!J._ 150 'C 

*Thermal Resistance Junction to Ambient RoJA 357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate Trigger Voltage MMBS5060 = 30 v 
(RL = 100 n, RGc = 1.0 kn, Anode Voltage = MMBS5061 = 60 v 
Tc = 125'C) MMBS5062 = 100 V 

Peak Forward Blocking Current MMBS5060 = 30 v 
(RGc = 1.0 kn, VFXM = MMBS5061 = 60 v 
Tc = 125'CI MMBS5062 = 100 V 

Peak Reverse Blocking Current MMBS5060 = 30 v 
(RGc = 1.0 kn, VRXM = MMBS5061 = 60 v 
Tc = 125'CI MMBS5062 = 100 V 

Forward Voltage* 
OF= 1.2 A Peak) 

Gate Trigger Current** 
(RGC = 1.0 kn, VAc = 7.0 V, RL = 100 n 

Gate Trigger Voltage 
(RGc = 1.0 kn, VAc = 7.0 V, RL = 100 n 

Holding Current 
(VAc = 7.0 v, RGc = 1.0 kn 

*PW.;; 1.0 ms, D.C . .;; 1.0%. 
**RGC current not included in measurement. 

SMALL-SIGNAL DEVICES 

3-83 

MMBS5060,61,62 

CASE 318-02/03, STYLE 14 
SOT-23 (T0-236AA/ABI 

SILICON CONTROLLED RECTIFIER 

PNPN DEVICE 

Symbol Min Max Unit 

VGNT 0.1 - v 

IFXM - 50 pA 

IRXM - 50 pA 

VF - 1.7 v 

IGT - 200 pA 

VGT - 0.8 v 

IH - 5.0 mA 

MOTOROLA SEMICONDUCTORS 

• 



MMBT404,A 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

CHOPPER TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

VcBo 

VEBO 

le 

Symbol 

Po 

T S.19. 
R8JA 

Value 

404 404A Unit 

24 35 Vdc 

25 40 Vdc 

12 25 Vdc 

150 mAdc 

Max Unit 

350 mW 
2.8 mWl°C 

150 "C 

357 "C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
lie = 10 mAdc, IB = O) MMBT404 24 - -

MMBT404A 35 - -
Collector-Base Breakdown Voltage V(BR)CBO Vdc 

lie = 10 µAde, IE = O) MMBT404 25 - -
MMBT404A 40 - -

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
llE = 10 µAde, le = O) MMBT404 12 - -

MMBT404A 25 - -
Collector Cutoff Current le Bo - - 100 nAdc 

(VcB = 10 Vdc, IE = O) 

Emitter Cutoff Current leso - - 100 nAdc 
IVBE = 10 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 30 - 400 -
lie = 12 mAdc, VcE = 0.15 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
lie = 12 mAdc, IB = 0.4 mAdc) - - 0.15 
lie = 24 mAdc, IB = 1.0 mAdc) - - 0.20 

Base-Emitter Saturation Voltage VBElsat) Vdc 
lie = 12 mAdc, IB = 0.4 mAdc) - - 0.85 
lie = 24 mAdc, IB = 1.0 mAdc) - - 1.0 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 20 pF 
(VcB = 6.0 Vdc, IE = 0) 

SWITCHING CHARACTERISTICS 

Delay Time td - 43 - ns 
(Vee= 10 Vdc, le = 10 mAdc) (Figure 1) 

Rise Time tr - 180 - ns 
llB1 = 1.0 mAdc, VBE(off) = 14 Vdc) 

Storage Time ts - 675 - ns 
(Vee = 10 Vdc, le = 10 mAdc) 

Fall Time tf - 160 - ns 
llB1 = IB2 = 1.0 mAdc) (Figure 1) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBT404,A 

SMALL-SIGNAL DEVICES 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Vee Vee= -10 v 

Ree 
1.0 k 

0.1 µF 
To Scope 

Vin~ 

151 

ton• td, tr 

t0 ff, ts and tf 

Vin 
(Volts) 

- 12 

+20.6 

Vee 
(Volts) 

+ 1.4 

-11.6 

Voltages and resistor values shown are 
for le = 10 mA, le/ls = 10 and 101 = 102 
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MMBT918 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

VHF/UHF TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vceo 

VEBO 

Jc 

Symbol 

Po 

TS!ll.. 

R9.JA 

Value Unit 

15 Vdc 

30 Vdc 

3.0 Vdc 

350 mAdc 

Max Unit 

350 mW 
2.8 mW/'C 

150 ·c 

357. 'C!W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 15 - Vdc 
Uc = 3.0 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 30 - Vdc 
Uc= 1.0 µAde, IE= 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - Vdc 
UE = 10 µAde, Jc = O) 

Collector Cutoff Current iceo - 50 nAdc 
(Vee= 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 20 - -
Uc = 3.0 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) - 0.4 Vdc 
Uc= 10 mAdc, le= 1.0 mAdc) 

Base-Emitter Saturation Voltage VeE(sat) - 1.0 Vdc 
Uc= 10 mAdc, le= 1.0 mAdc) 

SMAU-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 600 - MHz 
Uc= 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo pF 
(Vee = 0 Vdc, IE = 0, f = 1.0 MHz) - 3.0 
(Vee= 10 Vdc, IE = 0, f = 1.0 MHz) - 1.7 

Input Capacitance Cibo - 2.0 pF 
(VEB = 0.5 Vdc, Jc = 0, f = 1.0 MHz) 

Noise Figure NF - 6.0 dB 
Uc= 1.0 mAdc, VcE = 6.0 Vdc, Rs= 50 o, 
f = 60 MHz) (Figure 1) 

Power Output Pout 
Uc= 8.0 mAdc, Vee = 15 Vdc, f = 500 MHz) 

30 - m'l'f 

Common-Emitter Amplifier Power Gain Gpe 11 - dB 
Uc= 6.0 mAdc, Vee= 12 Vdc, f = 200 MHz) 
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MMBT918 

FIGURE 1 - NF, Gpe MEASUREMENT CIRCUIT 20-200 

Vss 

EXTERNAL 

100 k ......... 

)( 

Vee 

) ( 1000 pF Bypass 

c 
~·~F-+~~n3 

0.018 µF 

G 

1 O.D18 µF 

NF Test Conditions 

le= 1.0 Amp 
VcE = 6.0 Volts 
Rs= son 
f = .60 MHz 

Gpe Test Conditions 
le= 6.0 mA 
VcE = 12 Volts 
f = 200 MHz 
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MMBT930 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Symbol 

Po 

Tstg 

ReJA 

Value Unit 

45 Vdc 

45 Vdc 

5.0 Vdc 

30 mAdc 

Max Unit 

350 mW 
2.8 mW/°C 

150 oc 

357 oc;w 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPS3904 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 45 - Vdc 
Uc = 10 mAdc. Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 45 - Vdc 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
(IE = 10 µAde, le = O) 

Collector Cutoff Current lcEO - 10 nAdc 
(VcE = 5.0 Vdc, IB = 0) 

Collector Cutoff Current lcso - 10 nAdc 
(Vcs = 45 Vdc, IE = O) 

Collector Cutoff Current Ices - 10 nAdc 
(VcE = 45 Vdc, VsE = O) 

Emitter Cutoff Current IEBO - 10 nAdc 
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
Oc = 10 µAde, VcE = 5.0 Vdc) 100 300 
Oc = 500 µAde, VcE = 5.0 Vdc) 150 -
Oc = 10 mAdc, VcE = 5.0 Vdcl - 600 

Collector-Emitter Saturation Voltage VcE(sat) - 1.0 Vdc 
Oc = 10 mAdc, Is = 0.5 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 0.6 1.0 Vdc 
Oc = 10 mAdc, Is = 0.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 30 - MHz 
Uc = 500 µAde, VcE = 5.0 Vdc, f = 30 MHz) 

Output Capacitance Cobo - 8.0 pF 
(Vcs = 5.0 Vdc, le = o, t = 1.0 MHz) 

Noise Figure NF - 3.0 dB 
(le = 10 µAde, VcE = 5.0 Vdc, Rs = 10 k!l, 
f = 10 Hz to 15.7 kHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol MMBT2222 MMBT2222A Unit 

Collector-Emitter Voltage Vern 30 40 Vdc 

Collector-Base Voltage Vcso 60 75 Vdc 

Emitter-Base Voltage Vrno 5.0 6.0 Vdc 

Collector Current - Continuous le 600 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Storage Temperature Ts_tg_ 150 oc 

*Thermal Resistance Junction to Ambient ReJA 357 oc;w 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mAdc, Is = OI MMBT2222 

MMBT2222A 

Collector-Base Breakdown Voltage 
(le = 10 µAde, IE = 0) MMBT2222 

MMBT2222A 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = 01 MMBT2222 

MMBT2222A 

Collector Cutoff Current 
(VcE = 60 Vdc, Ves(off) = 3.0 Vdcl MMBT2222A 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = O) MMBT2222 
(Vcs = 60 Vdc, le = 01 MMBT2222A 
(Vcs = 50 Vdc, le = o, TA = 125°Cl MMBT2222 
(Vcs = 50 Vdc, le = o, TA= 125°C) MMBT2222A 

Emitter Cutoff Current 
(Ves = 3.0 Vdc, le = 01 MMBT2222A 

Base Cutoff Current 
(Vee = 60 Vdc, Ves(offl = 3.0 Vdcl MMBT2222A 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 0.1 mAdc, VcE = 10 Vdcl 
Oc = 1.0 mAdc, VcE = 10 Vdcl 
Oc = 10 mAdc, VcE = 10 Vdcl 
(le= 10 mAdc, VcE = 10 Vdc, TA= -55°C) MMBT2222A only 
Oc = 150 mAdc, VcE = 10 Vdc)(1) 
Oc = 150 mAdc, VcE = 1.0 Vdc)(1) 
Oc = 500 mAdc, VcE = 10 Vdc)(1) MMBT2222 

MMBT2222A 

Collector-Emitter Saturation Voltage(1) 
Oc = 150 mAdc, Is = 15 mAdc) MMBT2222 

MMBT2222A 

Oc = 500 mAdc, Is = 50 mAdc) MMBT2222 
MMBT2222A 

SMALL,SIGNAL DEVICES 
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MMBT2222,A 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

TRANSISTOR 

NPN SILICON 

Refer to MPS2222 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
30 -
40 -

V(BR)CBO Vdc 
60 -
75 -

V(BR)EBO Vdc 
5.0 -
6.0 -

ICEX - 10 nAdc 

lcso µAde 
- 0.01 
- 0.01 
- 10 
- 10 

IEBO - 10 nAdc 

ISL - 20 nAdc 

hfE -
35 -
50 -
75 -
35 -
100 300 
50 -
30 -
40 -

VcE(sat) Vdc 
- 0.4 
- 0.3 

- 1.6 
- 1.0 

MOTOROLA SEMICONDUCTORS 
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MMBT2222,A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min Max Unit 

Base-Emitter Saturation Voltage(1) VsE(sat) Vdc 
Uc = 150 mAdc, 19 = 15 mAdc) MMBT2222 - 1.3 

MMBT2222A 0.6 1.2 

Oc = 500 mAdc, 19 = 50 mAdc) MMBT2222 - 2.6 
MMBT2222A - 2.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) ti" MHz 
Oc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) MMBT2222 250 -

MMBT2222A 300 -
Output Capacitance Cobo - 8.0 pF 

(Vea = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo pF 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) MMBT2222 - 30 

MMBT2222A - 25 

Input Impedance hie kn 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 2.0 8.0 
Uc = 10 mAdc, VcE = 10 Vdc, t = 1.0 kHz) MMBT2222A 0.25 1.25 

Voltage Feedback Ratio hre x 10-4 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A - 8.0 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A - 4.0 

Small-Signal Current Gain hte -
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 50 300 
(le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 75 375 

Output Admittance hoe µ,mhos 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 5.0 35 
He = 10 mAdc, VcE = 10 Vdc, t = 1.0 kHz) MMBT2222A 25 200 

Collector Base Time Constant rb'Cc - 150 ps 
OE = 20 mAdc, Vea = 20 Vdc, f = 31 .8 MHz) MMBT2222A 

Noise Figure NF 4.0 4.0 dB 
Uc = 100 µ,Ade, VcE = 10 Vdc, Rs = 1.0 k!l, t = 1.0 kHz) MMBT2222A 

SWITCHING CHARACTERISTICS MMBT2222A only 

Delay Time !Vee = 30 Vdc, VsE(offl = 0.5 Vdc, Id - 10 ns 

Rise Time le = 150 mAdc, 191 = 15 mAdc) tr - 25 ns 

Storage Time (Vee = 30 Vdc, le = 150 mAdc, Is - 225 ns 

Fall Time 191 = 192 = 15 mAdc) If - 60 ns 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
(2) fT is defined as the frequency at which lhtel extrapolates to unity. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 15 

Collector-Emitter Voltage VcES 40 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage VEBO 4.5 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts..!l!_ 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
lie = 10 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage 
lie = 10 µAde, VsE = o) 

Collector-Base Breakdown Voltage 
lie = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 10 µAde, le = O) 

Collector Cutoff Current 
IVcs = 20 Vdc, IE = 0) 
(Vcs = 20 Vdc, IE = o, TA = 125°C) 

ON CHARACTERISTICS 

DC Current Gain(1) 
lie = 10 mAdc, VcE = 1.0 Vdc) 
(le = 10 mAdc, VcE = 1.0 Vdc, TA = -55°C) 
Oc = 100 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
lie= 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
lie = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vea = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small Signal Current Gain 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time 
lls1 = ls2 = le = 10 mAdc) 

Turn-On Time 
(Vee = 3.0 Vdc, le = 10 mAdc, ls1 = 3.0 mAdc) 

Turn-Off Time 
(Vee = 3.0 Vdc, le = 10 mAdc, ls1 = 3.0 mAdc, 
ls2 = 1.5 mAdc) 

(1) Pulse Test: Pulse Width ,,; 300 µ.s, Duty Cycle ,,; 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mWl°C 

oc 

oc;w 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

icso 

hFE 

VcE(sat) 

VsE(sat) 

Cobo 

hfe 

ts 

Ion 

lo ff 

MMBT2369 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

SWITCHING TRANSISTOR 

NPN SILICON 

Refer to MPS2369 for graphs. 

Min Typ Max Unit 

15 - - Vdc 

40 - - Vdc 

40 - - Vdc 

4.5 - - Vdc 

µAde 
- - 0.4 
- - 30 

-
40 - 120 
20 - -
20 - -
- - 0.25 Vdc 

0.70 - 0.85 Vdc 

- - 4.0 pF 

5.0 - - -

- 5.0 13 ns 

- 8.0 12 ns 

- 10 18 ns 
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MMBT2484 

CASE 318-02103, STYLE 6 
SOT-23 (T0-236AA/AB) 

LOW NOISE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

vcso 

VEBO 

le 

Symbol 

Po 

T s.!Jl 

RoJA 

Value Unit 

60 Vdc 

60 Vdc 

6.0 Vdc 

50 mAdc 

Max Unit 

350 mW 
2.8 mW/°C 

150 oc 

357 ocM/ 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPSA18 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 60 - Vdc 
Uc = 10 mAdc, Is = OI 

Collector-Base Breakdown Voltage V(BR)CBO 60 - Vdc 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BRIEBO 5.0 - Vdc 
OE = 10 µAde, le = 01 

Collector Cutoff Current lcso 
(Vcs = 45 Vdc, IE = O) - 10 nAdc 
(Vcs = 45 Vdc, IE = o, TA 150°CI - 10 µAde 

Emitter Cutoff Current IEBO - 10 nAdc 
(VsE = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hfE -
Uc = 1.0 mAdc, VcE = 5.0 Vdcl 250 -
Uc = 10 mAdc, VcE = 5.0 Vdcl - 800 

Collector-Emitter Saturation Voltage VcE(satl - 0.35 Vdc 
Uc = 1.0 mAdc, Is = 0.1 mAdc) 

Base-Emitter On Voltage VsE(onl - 0.95 Vdc 
Uc = 1.0 mAdc, VcE = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 6.0 pf 
(Vcs = 5.0 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance Cibo - 6.0 pF 
(VsE = 0.5 Vdc, le = o, f = 140 kHz) 

Noise Figure NF - 3.0 dB 
Uc= 10 µAde, VcE = 5.0 Vdc, Rs = 10 kll, f = 1.0 kHz, BW = 200 Hz) 
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MAXIMUM RATINGS 

Rating Symbol MPS2901 MPS2907A Unit 

Collector-Emitter Voltage Vern 40 l 60 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 600 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25'C Po 350 mW 
Derate above 25'C 2.8 mW/'C 

Storage Temperature Ts.!!!_ 150 'C 

*Thermal Resistance Junction to Ambient ReJA 357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 1) 
Oc = 10 mAdc, Is = O) MMBT2907 

MMBT2907A 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcE = 30 Vdc, VsE(off) = 0.5 Vdc) 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = O) MMBT2907 

MMBT2907A 

(Vcs = 50 Vdc, IE = 0, TA= 125'C) MMBT2907 
MMBT2907A 

Base Current 
(VcE = 30 Vdc, VsE(off) = 0.5 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 0.1 mAdc, VcE = 10 Vdc) MMBT2907 

MMBT2907A 

(le = 1.0 mAdc, VcE = 10 Vdc) MMBT2907 
MMBT2907A 

(le = 10 mAdc, VcE = 10 Vdc) MMBT2907 
MMBT2907A 

(le = 150 mAdc, VcE = 10 Vdc)(1) MMBT2907, MMBT2907A 

Oc = 500 mAdc, VcE = 10 Vdc)(1) MMBT2907 
MMBT2907A 

Collector-Emitter Saturation Voltage(1) 
Uc = 150 mAdc, Is = 15 mAdc) 
(le = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage(1) 
(le= 150 mAdc, Is= 15 mAdc) 
Uc = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL DEVICES 
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MMBT2907,A 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Refer to MPS2907 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
40 -
60 -

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

ICEX - 50 nAdc 

lcso µAde 
- 0.020 
- 0.010 

- 20 
- 10 

Is - 50 nAdc 

hFE -
35 -
75 -
50 -
100 -
75 -
100 -
100 300 

30 -
50 -

VcE(sat) Vdc 
- 0.4 
- 1.6 

VsE(sat) Vdc 
- 1.3 
- 2.6 
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MMBT2907,A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1),(2) tr 200 - MHz 
Uc= 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 8.0 pF 
(Vee = 10 Vdc, IE = o, f = 1.0 MHz) 

Input Capacitance Cibo - 30 pF 
(VeE = 2.0 Vdc, le = 0, f = 1.0 MHz) • SWITCHING CHARACTERISTICS 

Turn-On Time ton - 45 ns 

Delay Time 
(Vee = 30 Vdc, le = 150 mAdc, 

t(j - 10 ns le1 = 15 mAdc) 
Rise Time tr - 40 ns 

Turn-Off Time toff - 100 ns 

Storage Time 
(Vee= s.o Vdc, le = 150 mAdc, 

ts - 80 ns 
le1 = le2 = 15 mAdcl 

Fall Time tf - 30 ns 

(1) Pulse Test: Pulse Width"" 300 µ,s, Duty Cycle"" 2.0%. 
(2) tr is defined as the frequency at which lhtel extrapolates to unity. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 12 Vdc 

Collector-Base Voltage Vceo 12 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 80 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25"C Po 350 mW 
Derate above 25"C 2.8 mW/"C 

Storage Temperature Tst__g_ 150 ·c 

*Thermal Resistance Junction to Ambient R8.JA 357 ·ctw 
*Package mounted on 99.5% alumina 1 O x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Uc= 100 µAde, Vee = o> 

Collector-Emitter Sustaining Voltage(1) Oc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage Oc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage Oe = 100 µAde, le = O) 

Collector Cutoff Current (VCE = 6.0 Vdc, VeE = O) 
(Vee = 6.0 Vdc, VeE = 0, TA = 65"C) 

Base Current !VcE = 6.o Vdc, Vee = 01 

ON CHARACTERISTICS(1) 

DC Current Gain Oc = 10 mAdc, VcE = 0.3 Vdc) 
Uc = 50 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage Oc = 10 mAdc, le = 1.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 
Uc = 10 mAdc, le = 1.0 mAdc, TA= 65°C) 

Base-Emitter Saturation Voltage Oc = 10 mAdc, le = 0.5 mAdc) 
Uc = 10 mAdc, le = 1.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 

SMAU. SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance (Vee = = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (VBE = 0.5 Vdc, le = o, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 6.0 Vdc, le = 50 mAdc, VeE(off) = 1.9 Vdc, 

Rise Time le1 = 5.0 mAdc) 

Storage Time (Vee = 6.0 Vdc, le = 50 mAdc, le1 = le2 = 5.0 mAdc) 

Fall Time 

Turn-On Time 
(Vee = 6.0 Vdc, le = 50 mAdc, VeE(off) = 1.9 Vdc, le1 = 5.0 mAdc) 
(Vee = 1.5 Vdc, le = 10 mAdc, le1 = 0.5 mAdc) 

Turn-Off Time 
(Vee = 6.0 Vdc, le = 50 mAdc, VeE(off) = 1.9 v, le1 = le2 = 5.0 mAdc) 
(Vee = 1.5 Vdc, le = 10 mAdc, le1 = le2 = 0.5 mAdc) 

(1) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle .;; 2.0%. 

SMALL-SIGNAL DEVICES 
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MMBT3640 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

SWITCHING TRANSISTOR 

PNPSILICON 

Refer to MPS3640 for graphs. 

Symbol Min Max Unit 

V(BR)CES 12 - Vdc 

VcEQl.su!l, 12 - Vdc 

V(BR)CBO 12 - Vdc 

V(Bfll_EBO 4.0 - Vdc 

ICES - O.D1 µAde 
- 1.0 

le - 10 nAdc 

hFE 30 120 -
20 -

VcE(sat) - 0.2 Vdc 
- 0.6 
- 0.25 

VeE(sat) 0.75 0.95 Vdc 
0.8 1.0 
- 1.5 

fr 500 - MHz 

Cobo - 3.5 pF 

Cibo - 3.5 pF 

Id - 10 ns 

tr - 30 ns 

Is - 20 ns 

If - 12 ns 

Ion ns 
- 25 
- 60 

loft ns 
- 35 
- 75 

MOTOROLA SEMICONDUCTORS 
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MMBT3903 
MMBT3904 

CASE 318-03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltge 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

Vceo 40 Vdc 

Vceo 60 Vdc 

Veeo 6.0 Vdc 

le 200 mAdc 

Symbol Max Unit 

Po 350 mW 
2.8 mWl°C 

Ts!ll_ 150 ·c 

R9.JA 357 •ctw 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to ZN3903 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, le = 01 

Emitter-Base Breakdown Voltage 
Ue = 10 µAde, le = 01 

Base Cutoff Current 
(Vee = 30 Vdc, Vee = 3.o Vdcl 

Collector Cutoff Current 
(Vee = 30 Vdc, Vee = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc = 0.1 mAdc, Vee = 1.0 Vdc) 

Uc = 1.0 mAdc, Vee = 1.0 Vdc) 

lie = 10 mAdc, Vee = 1.0 Vdc) 

lie = 50 mAdc, Vee = 1.0 Vdc) 

Uc = 100 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
Uc= 10 mAdc, le= 1.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
Uc = 10 mAdc, le = 1.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 10 mAdc, Vee = 20 Vdc, f = 100 MHz) 

MOTOROLA SEMICONDUCTORS 

MMBT3903 
MMBT3904 

MMBT3903 
MMBT3904 

MMBT3903 
MMBT3904 

MMBT3903 
MMBT3904 

MMBT3903 
MMBT3904 

MMBT3903 
MMBT3904 

3-96 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBL 

icex 

hFE 

VcE(sat) 

VeE(sat) 

Min 

40 

60 

6.0 

-
-

20 
40 

35 
70 

50 
100 

30 
60 

15 
30 

-
-

0.65 
-

250 
300 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

50 nAdc 

50 nAdc 

-
-
-
-
-

150 
300 

-
-
-
-

Vdc 
0.2 
0.3 

Vdc 
0.85 
0.95 

MHz 

SMALL-SIGNAL DEVICES 



MMBT3903 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Capacitance Cobo - 4.0 pF 
(Vcs = 5.0 Vdc, IE = 0, I = 1.0 MHz) 

Input Capacitance Cibo - 8.0 pF 
(VsE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance hie k ohms 
Oc = 1.0 mAdc, VcE = 1 o Vdc, I = 1.0 kHz) MMBT3903 1.0 8.0 

MMBT3904 1.0 10 

Voltage Feedback Ratio hre x 10-4 
(le= 1.0 mAdc, VcE = 10 Vdc, I= 1.0 kHz) MMBT3903 0.1 5.0 • MMBT3904 0.5 8.0 

Small-Signal Current Gain hte -
lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT3903 50 200 

MMBT3904 100 400 

Output Admittance hoe 1.0 40 1<mhos 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF dB 
(le = 100 µ.Ade, VcE = 5.0 Vdc, Rs = 1.0 k ohms, MMBT3903 - 6.0 
f = 10 Hz to 15.7 kHz) MMBT3904 - 5.0 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.0 Vdc, VsE = 0.5 Vdc, ld - 35 ns 

Rise Time le = 10 mAdc, 191 = 1.0 mAdc) tr - 35 ns 

Storage Time (Vee = 3.0 Vdc, le = 10 mAdc, MMBT3903 ts - 175 ns 
191 = 192 = 1.0 mAdc) MMBT3904 - 200 

Fall Time If - 50 ns 

(1) Pulse Test: Pulse Width "' 300 I'S, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT3906 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Symbol 

Po 

Ts!ll_ 

ROJA 

Value Unit 

40 Vdc 

40 Vdc 

5.0 Vdc 

200 mAdc 

Max Unit 

350 mW 
2.8 mwrc 

150 oc 

357 oc;w 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N3905 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 - Vdc 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 40 - Vdc 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
(IE = 10 µAde, le = O) 

Base Cutoff Current IBL - 50 nAdc 
(VcE = 30 Vdc, VsE = 3.0 Vdc) 

Collector Cutoff Current lcEX - 50 nAdc 
(VcE = 30 Vdc, VsE = 3.0 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE -
Oc = 0.1 mAdc, VcE = 1.0 Vdc) 60 -
Oc = 1.0 mAdc, VcE = 1.0 Vdc) 80 -
Oc = 10 mAdc, VcE = 1.0 Vdc) 100 300 
Oc = 50 mAdc, VcE = 1.0 Vdc) 60 -
Oc = 100 mAdc, VcE = 1.0 Vdc) 30 -

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Oc = 10 mAdc, Is = 1.0 mAdc) - 0.25 
Oc = 50 mAdc, Is = 5.0 mAdc) - 0.4 

Base-Emitter Saturation Voltage VsE(sat) Vdc 
(le= 10 mAdc, Is= 1.0 mAdc) 0.65 0.85 
Uc = 50 mAdc, Is = 5.0 mAdcl - 0.95 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 250 - MHz 
Oc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 4.5 pF 
(Vcs = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo - 10.0 pF 
(VsE = o.5 Vdc, le = o, f = 1 oo kHz) 

Input Impedance hie 2.0 12 k ohms 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 0.1 10 x 10-4 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 100 400 -
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBT3906 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Admittance hoe 3.0 60 µmhos 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 4.0 dB 
Oc = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 k ohm, f = 10 10 Hz to 15.7 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.0 Vdc, VBE = 0.5 Vdc td - 35 ns 

Rise Time le = 10 mAdc, 101 = 1.0 mAdc) tr - 35 ns 

Storage Time (Vee = 3.o Vdc, le = 10 mAdc, ts - 225 ns • Fall Time 101 = 102 = 1.0 mAdc) tf - 75 ns 

(1) Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MMBT4124 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Symbol 

Po 

Ts.!l!_ 

RoJA 

2N4124 Unit 

25 Vdc 

30 Vdc 

5.0 Vdc 

200 mAdc 

Max Unit 

350 mW 
2.8 mwrc 
150 'C 

357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N4123 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 25 - Vdc 
(le = 1.0 mAdc, IE = O) 

Collector-Base Breakdown Voltage V(BR)CBO 30 - Vdc 
Oc = 10 !<Ade, le = o) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
(IE = 10 !<Ade, le = O) 

Collector Cutoff Current le Bo - 50 nAdc 
(Vcs = 20 Vdc, le = O) 

Emitter Cutoff Current. le Bo - 50 nAdc 
(VBe = 3.o Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
Oc = 2.0 mAdc, Vee = 1.0 Vdc) 120 360 
(le = 50 mAdc, VcE = 1.0 Vdc) 60 -

Collector-Emitter Saturation Voltage(1) VcE(sat) - 0.3 Vdc 
Uc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) - 0.95 Vdc 
(le = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 300 - MHz 
Uc = 10 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 4.0 pF 
(VcB = 5.o Vdc, le = o, t = 100 kHz) 

Input Capacitance Cibo - 8.0 pF 
(Vse = o.5 Vdc, le = o, t = 1 oo kHz) 

Collector-Base Capacitance Ccb - 4.0 pF 
Ue = o, Vcs = 5.0 v, t = 100 kHz) 

Small-Signal Current Gain hte 120 480 -
(le = 2.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Current Gain - High Frequency lhtel -
(le = 10 mAdc, Vee = 20 Vdc, f = 100 MHz) 3.0 -
Uc = 2.0 mAdc, Vee = 10 V, f = 1.0 kHz) 120 480 

Noise Figure NF - 5.0 dB 
Uc = 100 !<Ade, Vee = 5.0 Vdc, Rs = 1.0 kohm, 
Noise Bandwidth = 10 Hz to 15.7 kHz) 

(1) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol ZN4125 ZN4126 

Collector-Emitter Voltage Vern 30 25 

Collector-Base Voltage Vcso 30 25 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 200 

Total Device Dissipation @TA = 25°C Po 350 
Derate above 25'C 2.8 

Total Device Dissipation@ Tc = 25'C Po 1.0 
Derate above 25'C 8.0 

Operating and Storage Junction TJ, Tstg -55to+150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25'C 2.8 

Storage Temperature Tq 150 

*Thermal Resistance Junction to Ambient R8JA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 1.0 mAdc, IE = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vea = 20 Vdc, IE = O) 

Emitter Cutoff Current 
(VBE = 3.0 Vdc, le = .O) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc= 2.0 mAdc, VcE = 1.0 Vdc) 
Uc= 50 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
Uc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
Uc = 50 mAdc, 19 = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Input Capacitance 
(VBE = 0.5 Vdc, le = 0, f = 100 kHz) 

Collector-Base Capacitance 
(Vea = 5.0 Vdc, IE = 0, f = 100 kHz) 

Small-Signal Current Gain 
Uc= 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Current Gain - High Frequency 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Noise Figure 
Uc = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 kohm, 
Noise Bandwidth = 10 Hz to 15.7 kHz) 

(1) Pulse Test: Pulse Width = 300 µsec, Duty Cycle = 2.0%. 

SMALL-SIGNAL DEVICES 

3-101 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl"C 

Watt 
mW/"C 

'C 

Unit 

mW 
mW/"C 

'C 

"C/W 

MMBT4125 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABl 

GENERAL PURPOSE TRANSISTOR 

PNPSILICON 

Refer to ZN4125 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 

V(BR)CBO 30 - Vdc 

V(BR)EBO 4.0 - Vdc 

icso - 50 nAdc 

IEBO - 50 nAdc 

hFE 50 150 -
25 -

VCE(sat) - 0.4 Vdc 

VBE(sat) - 0.95 Vdc 

fT 200 - MHz 

Cibo - 10 pF 

Ccb - 4.5 pF 

hfe 50 200 -

lhtel 2.0 - -
NF - 5.0 dB 

MOTOROLA SEMICONDUCTORS 

• 
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MMBT4401 

CASE 318-02/03, STYLE 6 
SOT-23 IT0-236AA/AB) 

SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Symbol 

Po 

Ts.!.9_ 

RoJA 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N4401 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 1.0 mAdc, Is = OI V(BR)CEO 40 

Collector-Base Breakdown Voltage Oc = 0.1 mAdc, le= OI V(BR)CBO 60 

Emitter-Base Breakdown Voltage OE= 0.1 mAdc, lc = 01 V(BR)EBO 6.0 

Base Cutoff Current (VcE = 35 Vdc, VEB = 0.4 Vdc) IBEV -
Collector Cutoff Current (VcE = 35 Vdc, VEB = 0.4 Vdc) ICEX -
ON CHARACTERISTICS(1) 

DC Current Gain Oc = 0.1 mAdc, VcE = 1.0 Vdcl hFE 20 
Oc = 1.0 mAdc, VcE = 1.0 Vdcl 40 
Oc = 10 mAdc, VcE = 1.0 Vdcl 80 
Oc = 150 mAdc, VcE = 1.0 Vdcl 100 
!le = 500 mAdc, VcE = 2.0 Vdcl 40 

Collector-Emitter Saturation Voltage (le = 150 mAdc, Is = 15 mAdc) VcE(satl -
(le = 500 mAdc, Is = 50 mAdc) -

Base-Emitter Saturation Voltage (le = 150 mAdc, Is = 15 mAdcl VsE(satl 0.75 
Oc = 500 mAdc, Is = 50 mAdcl -

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 250 
Oc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb -
(Vcs = 5.0 Vdc, le = o. f = 1 oo kHzl 

Emitter-Base Capacitance Ceb -
(Vse = 0.5 Vdc, le = o. f = 1 oo kHz) 

Input Impedance hie 1.0 
Oc = 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 0.1 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hte 40 
(le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance hoe 1.0 
Uc= 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VEB = 2.0 Vdc, Id -
Rise Time le = 150 mAdc, ls1 = 15 mAdc) 

Ir -
Storage Time !Vee= 30 Vdc, le = 150 mAdc, ts -
Fall Time ls1 = ls2 = 15 mAdcl If -

(1) Pulse Test: Pulse Width "" 300 /LS. Duty Cycle "" 2.0%. 

3-102 

Value Unit 

40 Vdc 

60 Vdc 

6.0 Vdc 

600 mAdc 

Max Unit 

350 mW 
2.8 mWFC 

150 oc 

357 oc/W 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

0.1 /LAdc 

0.1 !LA de 

- -
-
-
300 
-
0.4 Vdc 
0.75 

0.95 Vdc 
1.2 

- MHz 

6.5 pF 

30 pF 

15 k ohms 

8.0 x 10-4 

500 -

30 /Lmhos 

15 ns 

20 ns 

225 ns 

30 ns 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEo 40 Vdc 

Collector-Base Voltage Vceo 40 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 600 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mWf'C 

Storage Temperature Tst_g_ 150 ·c 

*Thermal Resistance Junction to Ambient ROJA 357 •cJW 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (le= 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage (le = 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage OE = 0.1 mAdc, le= O) 

Base Cutoff Current (VcE = 35 Vdc, VeE = 0.4 Vdc) 

Collector Cutoff Current (VcE = 36 Vdc, VsE = 0.4 Vdc) 

ON CHARACTERISTICS 

DC Current Gain (le = 0.1 mAdc, VcE = 1.0 Vdc) 
(le= 1.0 mAdc, VcE = 1.0 Vdc) 
lie = 10 mAdc, VcE = 1.0 Vdc) 
(le= 150 mAdc, VcE = 2.0 Vdc)(1) 
(le = 500 mAdc, VcE = 2.0 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) (le = 150 mAdc, le = 15 mAdc) 
lie = 500 mAdc, le = 50 mAdc) 

Base-Emitter Saturation Voltage(1) Oc = 150 mAdc, le = 15 mAdc) 
lie = 500 mAdc, le = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product lie = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance (Vee = 10 Vdc, IE = 0, f = 140 kHz) 

Emitter-Base Capacitance (VeE = o.5 Vdc, le = o, f = 140 kHz) 

Input Impedance lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio (le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain lie= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance (le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VeE = 2.0 Vdc, 

Rise Time le = 150 mAdc, 101 = 15 mAdc) 

Storage Time (Vee= 30 Vdc, le = 150 mAdc, 

Fall Time 101 = 102 = 15 mAdc) 

(1) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 

SMALL-SIGNAL DEVICES 
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MMBT4403 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

SWITCHING TRANSISTOR 

PNP SILICON 

Refer to 2N4402 for graphs. 

Symbol Min Max Unit 

V(BfilCEO 40 - Vdc 

V(BR)CBO 40 - Vdc 

~Bflli:BO 5.0 - Vdc 

IBEV - 0.1 µAde 

ICEX - 0.1 µAde 

hFE 30 - -
60 -
100 -
100 300 
20 -

VcE(sat) - 0.4 Vdc 
- 0.75 

VeE(sat) 0.75 0.95 Vdc 
- 1.3 

tr 200 - MHz 

Ccb - 8.5 pF 

Ceb - 30 pF 

hie 1.5k 15k ohms 

hre 0.1 8.0 x 10-4 

hfe 60 500 -
hoe 1.0 100 µmhos 

Id - 15 ns 

tr - 20 ns 

ts - 225 ns 

tf - 30 ns 

MOTOROLA SEMICONDUCTORS 

• 



MMBT5086,87 

CASE-318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

LOW NOISE TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Cerate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vceo 

VEBO 

ic 

Symbol 

Po 

Ts.!!!. 

Ro.JA 

Value Unit 

50 Vdc 

50 Vdc 

3.0 Vdc 

50 mAdc 

Max Unit 

350 mW 
2.8 mWf'C 

150 'C 

357 'CIW 

Refer to 2N5086 for graphs. 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 50 - Vdc 
Uc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 50 - Vdc 
Uc = 100 µAde, IE = 0) 

Collector Cutoff Current lceo nAdc 
(Vee= 10 Vdc, IE = 0) - 10 
(Vee = 35 Vdc, IE = 0) - 50 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc= 100 µAde, VcE = 5.0 Vdc) MMBT5086 150 500 

MMBT5087 250 800 

Uc = 1.0 mAdc, VcE = 5.0 Vdc) MMBT5086 150 -
MMBT5087 250 -

Uc = 10 mAdc, VcE = 5.0 Vdc) MMBT5086 150 -
MMBT5087 250 -

Collector-Emitter Saturation Voltage VcE(sat) - 0.3 Vdc 
Uc = 10 mAdc, le = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= 10 mAdc, le = 1.0 mAdc) 

VeE(sat) - 0.85 Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 40 - MHz 
Uc = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance Cobo - 4.0 pF 
(Vee = 5.0 Vdc, IE = 0, f = 100 kHz) 

Small-Signal Current Gain hfe -
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) MMBT5086 150 600 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) MMBT5087 250 900 

Noise Figure NF dB 
Uc = 20 mAdc, VcE = 5.0 Vdc, Rs = 10 kO, 
f = 10 Hz to 15.7 kHz) MMBT5086 - 3.0 

MMBT5087 - 2.0 

Uc = 100 µAde, VcE = 5.0 Vdc, 
Rs= 3.0 kO, f = 1.0 kHz) MMBT5086 - 3.0 

MMBT5087 - 2.0 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Value 

Rating Symbol MMBT5088 MMBT5089 Unit 

Collector-Emitter Voltage VcEO 30 25 Vdc 

Collector-Base Voltage Vceo 35 30 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current - Continuous le 50 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mWl"C 

Storage Temperature Ts.!ll._ 150 •c 

*Thermal Resistance Junction to Ambient R9.JA 357 'C/W 

*Package mounted on 99.5% alumina 10 x Bx 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, le = O) MMBT50BB 

MMBT5089 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = 0) MMBT5088 

MMBT5089 

Collector Cutoff Current 
(Vee = 20 Vdc, IE = 0) MMBT50BB 
(Vee = 15 Vdc, IE = 0) MMBT5089 

Emitter Cutoff Current 
(VEB(off) = 3.0 Vdc, le = O) MMBT50BB 
(VEB(offL = 4.5 Vdc, le = 0) MMBT5089 

ON CHARACTERISTICS 

DC Current Gain Oc = 100 µAde, VcE = 5.0 Vdc) MMBT5088 
MMBT5089 

Oc = 1.0 mAdc, VcE = 5.0 Vdc) MMBT50BB 
MMBT5089 

Oc = 10 mAdc, VcE = 5.0 Vdc) MMBT50BB 
MMBT5089 

Collector-Emitter Saturation Voltage Oc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage Oc = 10 mAdc, le = 1.0 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vee = 5.0 Vdc, IE = 0, f = 100 kHz emitter guarded) 

Emitter-Base Capacitance 
(VBE = 0.5 Vdc, le = o, f = 100 kHz collector guarded) 

Small Signal Current Gain 
Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) MMBT50BB 

MMBT5089 

Noise Figure 
Oc = 100 µAde, VcE = 5.o Vdc, Rs = 10 kn, 
f = 10 Hz to 15.7 Hz) MMBT5088 

MMBT5089 

SMALL-SIGNAL DEVICES 
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MMBT5088,89 

CASE 318-02103, STYLE 6 
SOT-23 (T0-236AA/AB) 

LOW NOISE TRANSISTOR 

NPN SILICON 

Refer to MPSA18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
30 -
25 -

V(BR)CBO Vdc 
35 -
30 -

iceo nAdc 
- 50 
- 50 

IEBO nAdc 
- 50 
- 100 

hfE 300 900 -
400 1200 

350 -
450 -
300 -
400 -

Vclilioatl - 0.5 Vdc 

VeE(sa!l_ - 0.8 Vdc 

fr 50 - MHz 

Ccb - 4.0 pf 

Ceb - 10 pf 

hfe -
350 1400 
450 1800 

NF dB 

- 3.0 
- 2.0 

MOTOROLA SEMICONDUCTORS 

• 



MMBT5401 

CASE 318-02/03, STYLE 6 
SOT-23 (T0·236AA/AB) 

HIGH VOLTAGE TRANSISTOR 

PNPSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

VcEO 150 Vdc 

Vceo 160 Vdc 

VEBO 5.0 Vdc 

le 500 mAdc 

Symbol Max Unit 

Po 350 mW 
2.8 mWl°C 

Ts!e._ 150 ·c 

RBJA 357 °C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N5401 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 150 - Vdc 
Uc = 1.0 mAdc, le = 01 

Collector-Base Breakdown Voltage V(BR)CBO 160 - Vdc 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
OE = 10 µAde. le = OI 

Collector Cutoff Current lceo 
(Vee = 100 Vdc, IE = 0) - 50 nAdc 
(Vee = 100 Vdc, IE = 0, TA = 150°C) - 50 µAde 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc= 1.0 mAdc, VcE = 5.0 Vdc) 50 -
Uc = 10 mAdc, VcE = s.o Vdc) 60 240 
Uc = 50 mAdc, VcE = 5.0 Vdc) 50 -

Collector-Emitter Saturation Voltage Vce(satl Vdc 
(le= 10 mAdc, le= 1.0 mAdc) - 0.20 
Uc = 50 mAdc, le = 5.0 mAdc) - 0.5 

Base-Emitter Saturation Voltage VeE(sat) Vdc 
Uc= 10 mAdc, le= 1.0 mAdc) - 1.0 
Uc = 50 mAdc, le = 5.0 mAdc) - 1.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 100 300 MHz 
Uc = 10 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 6.0 pF 
(Vee = 10 Vdc, le = o, f = 1.0 MHz) 

Small Signal Current Gain hfe 40 200 -
Uc= 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 8.0 dB 
Uc = 200 µAde, Vee = 5.0 Vdc, Rs = 10 ohms. 
f = 10 Hz to 15.7 kHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES , 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 140 

Collector-Base Voltage Vcso 160 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 600 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature T s.!f!_ 150 

*Thermal Resistance Junction to Ambient RoJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie= 1.0 mAdc, Is = 01 

Collector-Base Breakdown Voltage 
!le = 10 µAde, le = 01 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le = OI 

Collector Cutoff Current 
IVcs = 100 Vdc, IE = O) 
IVcs = 100 Vdc, IE = o, TA= 100°CI 

Emitter Cutoff Current 
IVEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 1.0 mAdc, VcE = 5.0 Vdcl 
lie = 10 mAdc, VcE = 5.0 Vdc) 
lie = 50 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
!le = 10 mAdc, 19 = 1.0 mAdc) 
lie = 50 mAdc, 19 = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
lie= 10 mAdc, Is= 1.0 mAdcl 
!le = 50 mAdc, Is = 5.0 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
IVcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
IVsE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/°C 

oc 

oc/W 

MMBTSSSO 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

HIGH VOLTAGE TRANSISTOR 

NPN SILICON 

Refer to 2N5550 for graphs. 

Symbol Min Max Unit 

VIBR)CEO 140 - Vdc 

-t-----
VIBR)CBO 160 - Vdc 

VI BRIE BO 6.0 - Vdc 

icso 
- 100 nAdc 
- 100 µAde 

IEBO - 50 nAdc 

hFE -
60 -
60 250 
20 -

VcElsat) Vdc 
- 0.15 
- 0.25 

VsElsat) Vdc 
- 1.0 
- 1.2 

IT 100 300 MHz 

Cobo - 6.0 pF 

Cibo - 30 pF 

MOTOROLA SEMICONDUCTORS 
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MMBT6427 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

DARLINGTON TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Symbol 

Po 

Ts!ll 

RruA 

Value Unit 

40 Vdc 

40 Vdc 

12 Vdc 

500 mAdc 

Max Unit 

350 mW 
2.8 mW!°C 

150 oc 

357 oc/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

Refer to 2N6426 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 40 - Vdc 
Oc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 40 - Vdc 
Oc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 12 - Vdc 
Oc = 10 µAde, le = o) 

Collector Cutoff Current lcEO - 1.0 µAde 
(VcE = 25 Vdc, 19 = 0) 

Collector Cutoff Current lcso - 50 nAdc 
(Vee = 30 Vdc, IE = O) 

Emitter Cutoff Current IEBO - 50 nAdc 
(VBE = 10 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
Oc = 10 mAdc, VcE = 5.0 Vdc) 10,000 100,000 
Oc = 100 mAdc, VcE = 5.0 Vdc) 20,000 200,000 
Uc = 500 mAdc, VcE = 5.0 Vdc) 14,000 140,000 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Oc = 50 mAdc, 19 = 0.5 mAdc) - 1.2 
Uc = 500 mAdc, 19 = 0.5 mAdc) - 1.5 

Base-Emitter Saturation Voltage VsE(sat) - 2.0 Vdc 
Uc = 500 mAdc, 19 = 0.5 mAdc) 

Base-Emitter On Voltage VBE(on) - 1.75 Vdc 
Uc = 50 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 7.0 pF 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 15 pF 
(VBE = 0.5, le = o, f = 1.0 MHz) 

Current Gain - High Frequency lhtel 1.3 - Vdc 
Uc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Noise Figure NF - 10 dB 
Uc = 1.0 mAdc, VcE = 5.0 Vdc, Rs = 100 k!l., 
f = 1.0 kHz to 15.7 kHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Value 

Rating Symbol MMBT6428 MMBT6429 Unit 

Collector-Emitter Voltage VcEO 50 45 Vdc 

Collector-Base Voltage Vceo 60 55 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 200 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25"C 2.8 mwrc 

Storage Temperature Ts!!L 150 ·c 

*Thermal Resistance Junction to Ambient ROJA 357 ·c;w 

•Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 1.0 mAdc, le = O) MMBT6428 
Uc= 1.0 mAdc, le = O) MMBT6429 

Collector-Base Breakdown Voltage 
Uc= 0.1 mAdc, IE = O) MMBT6428 
Uc= 0.1 mAdc, IE = 0) MMBT6429 

Collector Cutoff Current 
(VcE = 30 Vdc) 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 0.01 mAdc, VcE = 5.0 Vdc) MMBT6428 

MMBT6429 

Uc = 0.1 mAdc, VcE = 5.0 Vdc) MMBT6428 
MMBT6429 

Uc = 1.0 mAdc, VcE = 5.0 Vdc) MMBT6428 
MMBT6429 

Uc = 10 mAdc, Vee = 5.0 Vdc) MMBT6428 
MMBT6429 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, le = 0.5 mAdc) 
Uc= 100 mAdc, le = 5.0 mAdc) 

Base-Emitter On Voltage 
Uc = 1.0 mAdc, Vee = 5.0 Vdc) 

SMAU-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 1.0 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, le = o, f = 1.0 MHz) 

Input Capacitance 
!Vee = o.s Vdc, le = o, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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MMBT6428,29 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSA18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
50 -
45 -

V(BR)CBO Vdc 
60 -
55 -

ICEO - 0.1 µAde 

iceo - O.G1 µAde 

IEBO - O.Q1 µAde 

hfE -
250 -
500 -
250 650 
500 1250 

250 -
500 -
250 -
500 -

Vce(sat) Vdc 
- 0.2 
- 0.6 

VeE(on) 0.56 0.66 Vdc 

tr 100 700 MHz 

Cobo - 3.0 pf 

Cibo - 8.0 pf 

MOTOROLA SEMICONDUCTORS 
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MMBT6517 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

HIGH VOLTAGE TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

VcEO 350 Vdc 

Vcso 350 Vdc 

VEBO 5.0 Vdc 

Is 250 mA 

le 500 mA 

Symbol Max Unit 

Po 350 mW 
2.8 mWl°C 

Ts.!.9._ 150 •c 

RruA 357 °C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N8617 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 350 - Vdc 
Uc= 1.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 350 - Vdc 
Uc= 100 µA) 

Emitter-Base Breakdown Voltage V(BR)EBO 6.0 - Vdc 
!IE= 10µA) 

Collector Cutoff Current icso - 50 nA 
!Vea= 250V) 

Emitter Cutoff Current IEBO - 50 nA 
(VEB = 5.0V) 

ON CHARACTERISTICS 

DC Current Gain hfE -
Uc = 1.0 mA, VcE = 10 V) 20 -
Uc = 10 mA, VcE = 10 V) 30 -
Uc = 30 mA, VcE = 10 V) 30 200 
Uc = 50 mA, VcE = 10 V) 20 100 
Uc = 100 mA, VcE = 10 V) 15 -

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Uc = 10 mA, Is = 1.0 mA) - 0.30 
Uc = 20 mA, Is = 2.0 mA) - 0.35 
Uc = 30 mA, Is = 3.0 mA) - 0.50 
Uc = 50 mA, la = 5.0 mA) - 1.0 

Base-Emitter Saturation Voltage VsE(sat) Vdc 
Uc= 10 mA, Is= 1.0 mA) - 0.75 
Uc = 20 mA, Is = 2.0 mA) - 0.85 
Uc = 30 mA, Is = 3.o mA) - 0.90 

Base-Emitter On Voltage VBE(on) - 2.0 Vdc 
Uc = 100 mA, VcE = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 40 200 MHz 
Uc = 10 mA, VcE = 20 v. f = 20 MHz) 

· Collector-Base Capacitance Ccb - 6.0 pf 
Nee= 20 v, t = 1.0 MHz) 

Emitter-Base Capacitance Ceb - 80 pf 
NEB = 0.5 V, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 350 

Collector-Base Voltage VcBo 350 

Emitter-Base Voltage VEBO 5.0 

Base Current IB 250 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25'C 2.8 

Storage Temperature Ts_!g_ 150 

*Thermal Resistance Junction to Ambient ROJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le= 1.0 mA) 

Collector-Base Breakdown Voltage 
Uc= 100 µA) 

Emitter-Base Breakdown Voltage 
Ue = 10 µA) 

Collector Cutoff Current 
!VcB = 250 V) 

Emitter Cutoff Current 
(VEB = 4.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 1.0 mA, Vee = 10 V) 
Uc = 10 mA, Vee = 10 V) 
Uc = 30 mA, Vee = 10 V) 
Uc = 50 mA, Vee = 10 V) 
Uc = 100 mA, Vee = 10 V) 

Collector-Emitter Saturation Voltage 
!le = 10 mA, IB = 1.0 mA) 
(le = 20 mA, IB = 2.0 mA) 
(le = 30 mA, IB = 3.0 mA) 
(le = 50 mA, IB = 5.0 mA) 

Base-Emitter Saturation Voltage 
!le = 10 mA, IB = 1.0 mA) 
!le = 20 mA, IB = 2.0 mA) 
(le = 30 mA, IB = 3.0 mA) 

Base-Emitter On Voltage 
Uc = 100 mA, Vee = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 10 mA, Vee = 20 v, t = 20 MHz) 

Collector-Base Capacitance 
(VcB = 20 V, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 V, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 

3-111 

Unit 

Vdc 

Vdc 

Vdc 

mA 

mA 

Unit 

mW 
mW/'C 

'C 

'CIW 

MMBT6520 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

HIGH VOLTAGE TRANSISTOR 

PNP SILICON 

Refer to 2N6520 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 350 - Vdc 

V(BR)CBO 350 - Vdc 

V(BR)EBO 5.0 - Vdc 

le Bo - 50 nA 

IEBO - 50 nA 

hfE -
20 -
30 -
30 200 
20 100 
15 -

VcE(sat) Vdc 
- 0.30 
- 0.35 
- 0.50 
- 1.0 

VBE(sat) Vdc 
- 0.75 
- 0.85 
- 0.90 

VBE(on) Vdc 

tr 40 200 MHz 

Ccb - 6.0 pf 

Ceb - 100 pf 

MOTOROLA SEMICONDUCTORS 
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MMBT6543 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vern 

Vcso 

VEBO 

le 

Symbol 

Po 

T s!ll_ 

RIJJA 

Value Unit 

25 Vdc 

35 Vdc 

3.0 Vdc 

50 mAdc 

Max Unit 

350 mW 
2.8 mWl°C 

150 oc 

357 oc;w 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPS6543 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 25 - - Vdc 
Uc = 1.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage V(BR)CBO 35 - - Vdc 
Oc = 100 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
OE = 100 µ.Ade, le = o) 

Collector Cutoff Current lcso - - 0.1 µ.Ade 
(Vea = 25 Vdc, IE = O) 

Emitter Cutoff Current IEBO - - 1.0 µ.Ade 
(VsE = 2.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 25 60 - -
Oc = 4.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) - 200 350 mVdc 
Oc = 10 mAdc, 19 = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) - 750 950 mVdc 
Uc= 10 mAdc, 19 = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 750 1100 - MHz 
Oc = 4.0 mAdc, VcE = 12 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 0.8 1.0 pF 
(Vea = 10 Vdc, IE = 0, f = 1.0 MHz) 

Collector Base Time Constant rb'Cc - - 9.5 ps 
OE = 4.0 mAdc, VcE = 12 Vdc, f = 31.8 MHz) 

(2) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle .; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Value 

Rating Symbol MMBTA05 MMBTA06 

Collector-Emitter Voltage Vceo 60 80 

Collector-Base Voltage Vceo 60 80 

Emitter-Base Voltage Veeo 4·.o 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Tsjg_ 150 

*Thermal Resistance Junction to Ambient RBJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 1.0 mAdc, le = O) MMBTA05 

MMBTA06 

Emitter-Base Breakdown Voltage 
Oe = 100 µAde, le = Ol 

Collector Cutoff Current 
!Vee = 60 Vdc, 19 = Ol 

Collector Cutoff Current 
(Vee = 60 Vdc, le = Ol MMBTA05 
(Vee = so Vdc, le = o) MMBTA06 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 10 mAdc, Vee = 1.0 Vdc) 
Uc = 100 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, le = 10 mAdc) 

Base-Emitter On Voltage 
Uc = 100 mAdc, Vee = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 10 mA. Vee = 2.0 v, f = 100 MHz) 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle.;; 2.0%. 
(2) tr is defined as the frequency at which lhtel extrapolates to unity. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mwrc 

"C 

°C/W 

MMBTAOS,06 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

DRIVER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
60 -
80 -

V(BR)EBO 4.0 - Vdc 

lceo - 0.1 µAde 

iceo µAde 
- 0.1 
- 0.1 

hFE -
50 -
50 -

Vce(sat) - 0.25 Vdc 

Vee(on) - 1.2 Vdc 

100 MHz 

MOTOROLA SEMICONDUCTORS 

• 
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MMBTA13,14 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

DARLINGTON AMPLIFIER 
TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vces 

Vceo 

Veeo 

le 

Symbol 

Po 

Ts!ll. 

R8JA 

Value Unit 

30 Vdc 

30 Vdc 

10 Vdc 

300 mAdc 

Max Unit 

350 mW 
2.8 mW/"C 

150 ·c 

357 0 c1W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to 2N642& for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 µAde, le = O) 

Collector Cutoff Current 
!Vee = 30 Vdc, le = O) 

Emitter Cutoff Current 
!Vee = 10 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie = 10 mAdc, Vee = 5.0 Vdc) 

lie = 100 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 100 mAdc, le = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc= 100 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
lie = 10 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle .;; 2.0%. 
(2) fT = lhtel • ftest· 

MOTOROLA SEMICONDUCTORS 

MMBTA13 
MMBTA14 

MMBTA13 
MMBTA14 
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Symbol 

V(BR)CES 

iceo 

leeo 

hFE 

Vce(sat) 

Vee 

Min Max Unit 

30 - Vdc 

- 100 nAdc 

- 100 nAdc 

-
5000 -

10,000 -

10,000 -
20,000 -
- 1.5 Vdc 

- 2.0 Vdc 

125 MHz 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Tstg_ 150 

*Thermal Resistance Junction to Ambient R8JA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le= 1.0 mAdc, Is = O) 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde, le = o) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
!le= 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

SMALL-SIGNAL DEVICES 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mWl"C 

oc 

°CIW 

MMBTA20 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

GENERAL PURPOSE AMPLIFIER 

NPN SILICON 

Refer to MPS3904 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)EBO 4.0 - Vdc 

lcso - 100 nAdc 

hFE 40 400 -

VcE(sat) - 0.25 Vdc 

tr 125 - MHz 

Cobo - 4.0 pF 

MOTOROLA SEMICONDUCTORS 

• 



MMBTA42,43 
MAXIMUM RATINGS 

Value CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) Rating Symbol MMBTA42 MMBTA43 

Collector-Emitter Voltage VcEO 300 200 

Collector-Base Voltage VcBo 300 200 

Emitter-Base Voltage VEBO 6.0 6.0 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 

HIGH VOLTAGE TRANSISTOR Characteristic Symbol Max 

NPNSILICON 
*Total Device Dissipation, TA = 25'C Po 350 

Derate above 25'C 2.8 

Storage Temperature Ts.!ll_ 150 

*Thermal Resistance Junction to Ambient R9JA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPSA42 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 1.0 mAdc, le = 01 MMBTA42 300 -

MMBTA43 200 -
Collector-Base Breakdown Voltage V(BR)CBO 

Oc = 100 µAde, IE = O) MMBTA42 300 -
MMBTA43 200 -

Emitter-Base Breakdown Voltage V(BR)EBO 6.0 -
OE = 100 µAde, le= O) 

Collector Cutoff Current lcao 
(Vee = 200 Vdc, IE = O) MMBTA42 - 0.1 
(Vee = 160 Vdc, IE = O} MMBTA43 - 0.1 

Emitter Cutoff Current IEBO 
(VeE = 6.0 Vdc, le = O) MMBTA42 - 0.1 
(VeE = 4.0 Vdc, le = O) MMBTA43 - 0.1 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Oc = 1.0 mAdc, VcE = 10 Vdcl Both Types 25 -
Oc = 10 mAdc, VcE = 10 Vdc) Both Types 40 -
Oc = 30 mAdc, VcE = 10 Vdcl MMBTA42 40 -

MMBTA43 40 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 20 mAdc, 19 = 2.0 mAdc) MMBTA42 - 0.5 

MMBTA43 - 0.5 

Base-Emitter Saturation Voltage VeE(sat) - 0.9 
Oc = 20 mAdc, 19 = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product t-r 50 -
Oc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vee = 20 Vdc, IE = 0, f = 1.0 MHz) MMBTA42 - 3.0 

MMBTA43 - 4.0 

(1) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%, 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/'C 

'C 

'C/W 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

3-116 



MAXIMUM RATINGS 

Rating Symbol MMBTA55 MMBTA56 

Collector-Emitter Voltage Vern 60 80 

Collector-Base Voltage Vcso 60 80 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts!g 150 

*Thermal Resistance Junction to Ambient ROJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 1) 
!le = 1.0 mAdc, Is = O) MMBTA55 

MMBTA56 

Emitter-Base Breakdown Voltage 
(IE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcE = 60 Vdc, Is = O) 

Collector Cutoff Current 
(Vcs = 60 Vdc, IE = 0) MMBTA55 
(Vcs = 80 Vdc, IE = 0) MMBTA56 

ON CHARACTERISTICS 

DC Current Gain 
(le = 10 mAdc, VcE = 1.0 Vdc) 
(le= 100 mAdc, VcE = 1.0 Vdc) 

Collector-Em.itter Saturation Voltage 
!le= 100 mAdc, Is= 10 mAdc) 

Base-Emitter On Voltage 
!le= 100 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
!le = 100 mAdc, VcE = 1.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
(2) tr is defined as the frequency at which lhtel extrapolates to unity. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mW/"C 

oc 

oc;w 

MMBTASS,56 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

DRIVER TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
60 -
80 -

V(BR)EBO 4.0 - Vdc 

lcEO - 0.1 µAde 

icso µAde 
- 0.1 
- 0.1 

hFE -
50 -
50 -

VcE(sat) - 0.25 Vdc 

VsE(on) - 1.2 Vdc 

50 MHz 

MOTOROLA SEMICONDUCTORS 

• 
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MMBJA63 
MMBTA64 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

DARLINGTON TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vces 

Vcso 

VEBO 

'c 

Symbol 

Po 

T st_g_ 

RtlJA 

Value Unit 

30 Vdc 

30 Vdc 

10 Vdc 

500 mAdc 

Max Unit 

350 mW 
2.8 mW!°C 

150 ·c 

357 0c1W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
Refer to MPSA75 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 30 - Vdc 
Uc = 1 oo µAdel 

Collector Cutoff Current icso - 100 nAdc 
(Vcs = 30 Vdcl 

Emitter Cutoff Current IEBO - 100 nAdc 
(VsE = 10 Vdcl 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
Uc = 10 mAdc, Vee = 5.0 Vdcl MMBTA63 5,000 -
Uc = 10 mAdc, Vee = 5.0 Vdcl MMBTA64 10,000 -
Uc = 100 mAdc, Vee = 5.0 Vdcl MMBTA63 10,000 -
Uc = 1oa mAdc, Vee = 5.0 Vdcl MMBTA64 20,000 -

Collector-Emitter Saturation Voltage Vce(satl - 1.5 Vdc 
Uc = 100 mAdc, Is = 0.1 mAdc) 

Base-Emitter On Voltage Vse(on) - 2.0 Vdc 
Uc = 100 mAdc, Vee = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 125 MHz 
Uc = 10 mAdc, Vee = 50 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width.; 300 µ,s, Duty Cycle.; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Emitter-Base Voltage VEBO 4.0 

C9llector Current - Continuous le 100 

THERMAL CHARACTERISTICS 
Char~cteristlc Symbol Max 

*Total Device Dissipation, TA = 26°C Po 350 
Derate above 25°C 2.8 

Storage Temperature TS!ll 150 

*Thermal Resistance Junction to Ambient R8JA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS CT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 1.0 mAdc, le = O) 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde, le = O) 

Collector Cutoff Current 
!Vee = 30 Vdc, lE = 01 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = o. f = 100 kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 
mwrc 

'C 

'C/W 

MMBTA70 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABI 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Refer to 2N5086 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)EBO 4.0 - Vdc 

lceo - 100 nAdc 

hFE 40 400 -

VcE(sat) - 0.25 Vdc 

fy 125 - MHz 

Cobo - 4.0 pf 

MOTOROLA SEMICONDUCTORS 

• 
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MMBTA92,93 

MAXIMUM RATINGS 
CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

Rating Symbol MMBTA92 MMBTA93 

HIGH VOLTAGE 
TRANSISTOR 

PNPSIUCON 

Refer to MPSA92 for graphs. 

Collector-Emitter Voltage VcEO 

Collector-Base Voltage Vceo 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

*Total Device Dissipation, TA = 25°C Po 
Derate above 25°C 

Storage Temperature TS!ll 

*Thermal Resistance Junction to Ambient Ro.JA 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 1.0 mAdc, le = O) MMBTA92 300 

MMBTA93 200 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) MMBTA92 300 

MMBTA93 200 

Emitter-Basa Breakdown Voltage V(BR)EBO 5.0 
!IE = 100 µAde, le = O) 

Collector Cutoff Current iceo 
(Vee = 200 Vdc, IE = 0) MMBTA92 -
(Vee = 160 Vdc, IE = 0) MMBTA93 -

Emitter Cutoff Current IEBO -
(VeE = 3.0 Vdc, le = 01 

ON CHARACTERISTICS(!) 

DC Current Gain hFE 
Uc= 1.0 mAdc, VcE = 10 Vdc) Both Types 25 
Uc= 10 mAdc, VcE = 10 Vdc) Both Types 40 

Uc = 30 mAdc, VcE = 10 Vdcl MMBTA92 25 
MMBTA93 25 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 20 mAdc, le = 2.0 mAdc) MMBTA92 -

MMBTA93 -
Base-Emitter Saturation Voltage VeE(sat) -

Uc = 20 mAdc, le = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 50 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vee = 20 Vdc, IE = 0, f = 1.0 MHz) MMBTA92 -

MMBTA93 -
(1) Pulse Test: Pulse Width"" 300 µ.s, Duty Cycle"" 2.0%. 

300 200 

300 200 

5.0 5.0 

500 

Max 

350 
2.8 

150 

357 

Max 

-
-

-
-
-

0.25 
0.25 

0.1 

-
-

-
-
0.5 
0.5 

0.9 

-

6.0 
8.0 

Unit 

Vdc 

Vdc 

Vdc 

mA<tc 

Unit 

mW 
mWl"C 

•c 

°CIW 

Unit 

Vdc· 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pf 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 25 

Collector-Base Voltage Vcso 30 

Emitter-Base Voltage VEBO 3.0 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Ts.!9_ 150 

*Thermal Resistance Junction to Ambient RllJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vea = 25 Vdc, IE = 0) 

Emitter Cutoff Current 
(VBE = 2.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 4.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 4.0 mAdc, Is = 0.4 mAdc) 

Base-Emitter On Voltage 
(le = 4.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vea = 10 Vdc, IE = 0, f = 1.0 MHz) 

Common-Base Feedback Capacitance 
(Vea = 10 Vdc, IE = o, f = 1.0 MHz) 

Collector Base Time Constant 
Oc = 4.0 mAdc, Vea = 10 Vdc, f = 31.8 MHz) 

SMALL-SIGNAL DEVICES 

3-121 

Unit 

Vdc 

Vdc 

Vdc 

Unit 

mW 
mW/"C 

oc 

oc;w 

MMBTHlO 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

VHF/UHF TRANSISTOR 

NPN SILICON 

Refer to MPSH1 O for graphs. 

Symbol Min Max Unit 

V(BR)CEO 25 - Vdc 

V(BR)CBO 30 - Vdc 

V(BR)EBO 3.0 - Vdc 

lcso - 100 nAdc 

IEBO - 100 nAdc 

hfE 60 - -

VcE(sat) - 0.5 Vdc 

VsE - 0.95 Vdc 

tr 650 - MHz 

Ccb - 0.7 pf 

Crb 0.35 0.65 pF 

rb'Cc - 9.0 ps 

MOTOROLA SEMICONDUCTORS 
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MMBTH24 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/ABl 

VHF MIXER TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Charac:teristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vceo 

vcso 

VE so 

le 

Symbol 

Po 

Ts.!!!. 

ROJA 

Value Unit 

30 Vdc 

40 Vdc 

4.0 Vdc 

100 mAdc 

Max Unit 

350 mW 
2.8 mW!°C 

150 ·c 

357 0c1W 
*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Charac:teristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 30 - - Vdc 
Uc = 1.0 mAdc, Is = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 40 - - Vdc 
(le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc 
UE = 10 µAde, le = Ol 

Collector Cutoff Current icso - - 50 nAdc 
(Vea = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 30 
Uc = 8.0 mAdc, Vee = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) tr 400 620 - MHz 
Uc = 8.0 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 0.25 0.36 pf 
(Vea = 10 Vdc, IE = 0, f = 1.0 MHz) 

Conversion Gain - dB 
(213 MHz to 45 MHz) 

Uc = 8.0 mAdc, Vee = 20 Vdc, Oscillator Injection = 150 mVrms) 
CG 

19 24 -
(60 MHz to 45 MHz) 

Uc = 8.0 mAdc, Vee = 20 Vdc, Oscillator Injection = 150 mVrms) 24 29 -
(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 20 

Collector-Base Voltage Vcso 20 

Emitter-Base Voltage VEBO 3.0 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25'C 2.8 

Storage Temperature Ts1g 150 

*Thermal Resistance Junction to Ambient ReJA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le= 1.0 mAdc, ts = O) 

Collector-Base Breakdown Voltage 
(le = 10 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µ.Ade, tc = 01 

Collector Cutoff Current 
(Vcs = 10 Vdc, IE = O) 

Emitter Cutoff Current 
(VBE = 2.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 5.0 mAdc, Is = 0.5 mAdc) 

Base-Emitter On Voltage 
Oc = 5.0 mAdc, VcE = 1 o Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vcs = 10 Vdc, IE = 0, I = 1.0 MHz) 

Collector-Emitter Capacitance 
Os= 0, Vcs = 10 Vdc, I= 1.0 MHz) 

SMALL-SIGNAL DEVICES 

3-123 

Unit 

Vdc 

Vdc 

Vdc 

Unit 

mW 
mW/'C 

'C 

'C!W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

tcso 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

t,-

Ccb 

Cce 

MMBTH81 

CASE 318-02/03, STYLE 6 
SOT-23 (T0-236AA/AB) 

UHFNHF TRANSISTOR 

PNP SILICON 

Min Typ Max Unit 

20 - - Vdc 

20 - - Vdc 

3.0 - - Vdc 

- - 100 nAdc 

- - 100 nAdc 

60 - - -
- - 0.5 Vdc 

- - 0.9 Vdc 

600 - - MHz 

- - 0.85 pF 

- - 0.65 pF 

MOTOROLA SEMICONDUCTORS 
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MMBVlOSG 

CASE 318-02/03, STYLE 8 
SOT-23 (T0~236AA/AB) 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

MAXIMUM RATINGS 
Rating 

Reverse Voltage 

Forward Current 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VR 

IF 

Symbol 

Po 

Ts!ll_ 

ReJA 

Value Unit 

30 Vdc 

200 mAdc 

Max Unit 

350 mW 
2.8 mW/'C 

150 'C 

357 'C/W 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 30 - - Vdc 
OR = 10 µAde) 

Reverse Voltage Leakage Current IR - - 50 nAdc 
(VR = 28 Vdc) 

Series Inductance Ls - 3.0 - nH 
(f = 250 MHz) 

Diode Capacitance Temperature Coefficient Tee - 280 - ppm/'C 
(VR = 3.0 Vdc, f = 1.0 MHz) 

Diode Capacitance Cr 1.8 - 2.8 pF 
(VR = 25 Vdc) 

Capacitance Ratio C3/C25 4.0 - 6.0 -
(VR1 = 3.0 Vdc, VR2 = 25 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 30 

Forward Current IF 200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 2s•c 2.8 

Storage Temperature TsJll 150 

*Thermal Resistance Junction to Ambient R8JA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
OR= 10 µAde) 

Reverse Voltage Leakage Current 
(VR = 28 Vdc) 

Series Inductance 
(f = 250 MHz) 

Case Capacitance 
(f = 1.0 MHz) 

Diode Capacitance Temperature Coefficient 
(VR = 3.0 Vdc, f = 1.0 MHz) 

Figure of Merit 
(VR = 3.0 Vdc, f = 50 MHz) 

Diode Capacitance 
(VR = 3.0 Vdc, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

mAdc 

Unit 

mW 
mwrc 

·c 

•CfW 

Symbol 

V(BR) 

IR 

Ls 

Cc 

Tee 

a 

CT 

MMBV109 

CASE 318-02/03, STYLE 8 
SOT-23 (T0-236AA/AB) 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

Min Typ Max 

30 - -

- - 0.1 

- 3.0 -

- 0.1 -

Unit 

Vdc 

µAde 

nH 

pF 

- 280 - ppmrc 

280 - - -
26 - 32 pF 

MOTOROLA SEMICONDUCTORS 
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MMBV2101 

thru 
MMBV2109 

CASE 318-02/03, STYLE 8 
SOT-23 (T0-236AA/AB) 

TUNING DIODE 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

Symbol 

VR 

If 

Symbol 

Po 

Ts1JL 

*Thermal Resistance Junction to Ambient ROJA 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 30 -
llR = 10 µAde) 

Reverse Voltage Leakage Current IR - -
IVR = 25 Vdc) 

Series Inductance Ls - 3.0 
(f = 250 MHz, Lead Length = 1/16") 

Case Capacitance Cc - 0.15 
If= 1.0 MHz, Lead Length= 1/16") 

Diode Capacitance Temperature Coefficient Tee - 280 
IVR = 4.0 Vdc, f = 1 .0 MHz) 

CT, Diode Capacitance Q, Figure of Merit TR, Tuning Ratio 

Device 
VR = 4.0 Vdc, f = 1.0 MHz VR = 4.0 Vdc Cz/C30 

pf f=50MHz 1=1.0MHz 

Min Nom Max Min Min Max 

MMBV-2101 6.1 6.8 7.5 400 2.5 3.3 
MMBV-2102 7.3 8.2 9.0 400 2.6 3.3 
MMBV-2103 9.0 10 11 350 2.6 3.3 
MMBV2104 10.8 12 13.2 350 2.6 3.3 

MMBV-2105 13.5 15 16.5 350 2.6 3.3 
MMBV-2106 16.2 18 19.8 300 2.7 3.3 
MMBV-2107 19.8 22 24.2 300 2.7 3.3 
MMBV-2108 24.3 27 29.7 250 2.7 3.3 
MMBV-2109 29.7 33 36.3 150 2.7 3.3 

Value Unit 

30 Vdc 

20 mAdc 

Max Unit 

350 mW 
2.8 mWFC 

150 oc 

357 oc/W 

Max Unit 

- Vdc 

20 nAdc 

- nH 

- pf 

400 ppm/°C 

Marking 

Top 

4G 
4S 
4H 
4T 

4U 
4V 
4W 
4X 
4J 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol Value 

Reverse Voltage VR 30 

Forward Current IF 200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 350 
Derate above 25'C 2.8 

Storage Temperature Ts!ll_ 150 

*Thermal Resistance Junction to Ambient R8JA 357 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
OR= 10 µAde) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc) 

Series Inductance 
(f = 250 MHz) 

Case Capacitance 
(f = 1.0 MHz) 

Diode Capacitance Temperature Coefficient 
(VR = 3.0 Vdc, f = 1.0 MHz) 

Figure of Merit 
(VR = 3.0 Vdc, f = 50 MHz) 

Diode Capacitance 
(VR = 3.0 Vdc, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

mAdc 

Unit 

mW 
mWf'C 

·c 

'C/W 

Symbol 

V(BR) 

IR 

Ls 

Cc 

Tee 

a 

Cr 

MMBV3102 

CASE 318-02/Q3, STYLE 8 
SOT-23 (T0-236AA/AB) 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

Min Typ Max 

30 - -

- - 0.1 

- 3.0 -

- 0.1 -

- 280 -
300 - -
20 - 25 

Unit 

Vdc 

µAde 

nH 

pf 

ppmf'C 

-
pf 

MOTOROLA SEMICONDUCTORS 
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MMBV3401 

CASE 318-02/03, STYLE 8 
SOT-23 (T0-236AA/AB) 

SILICON PIN 
SWITCHING DIODE 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25'C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Symbol 

Po 

T s:!!l._ 

ROJA 

Value Unit 

35 Vdc 

Max Unit 

350 mW 
2.8 mWl°C 

150 'C 

357 'CIW 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 35 - - Vdc 
!IR = 10 µAdel 

Reverse Voltage Leakage Current IR - - 0.1 µAde 
(VR = 25 Vdc) 

Series Inductance Ls - 3.0 - nH 
(f = 250 MHz) 

Series Resistance Rs - - 0.7 Ohms 
!IF= 10 mAdc) 

Case Capacitance Cc - 0.1 - pF 
(f = 1.0 MHz) 

Diode Capacitance CT - - 1.0 pF 
(VR = 20 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MMBZ5226 
thru 

MMBZ5257 

CASE 318-02/03, STYLE 8 
SOT-23 (T0-236AA/ABI 

THERMAL CHARACTERISTICS 

~ Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mWl°C 

• 
Storage Temperature Ts.!9._ 150 oc 
*Thermal Resistance Junction to Ambient ROJA 357 oc!W ZENER DIODES 

*Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

Vf = 0.9 V Max @ If = 10 mA for all types. 

Test Zener Voltage Max Zener 
Current Vz Impedance Max @ 

lzT @lzT IR VR 
MMBZ Marking mA Min Nominal Max 0 µA v 
5226 BA 5.0 3.1 3.3 3.5 175 25 .95 

5227 BB 5.0 3.4 3.6 3.8 145 15 .95 

5228 BC 5.0 3.7 3.9 4.1 120 10 .95 

5229 80 5.0 4.0 4.3 4.6 100 5 .95 

5230 BE 5.0 4.4 4.7 5.0 80 3 2.0 

5231 BF 5.0 4.8 5.1 5.4 60 2 2.0 

5232 BG 5.0 5.2 5.6 6.0 40 1 2.0 

5233 SH 5.0 5.6 6.0 6.4 25 5 3.3 

5234 BJ 5.0 5.8 6.2 6.6 10 3 4.0 

5235 BK 5.0 6.4 6.8 7.2 15 2 4.0 

5236 BL 5.0 7.0 7.5 7.9 15 1 5.0 

5237 BM 5.0 7.7 8.2 8.7 15 0.7 5.0 

5238 SN 5.0 8.2 8.7 9.2 15 0.6 5.5 

5239 SP 5.0 8.5 9.1 9.6 15 0.5 6.0 

5240 80 5.0 9.4 10 10.6 20 0.2 7.0 

5241 BR 5.0 10.4 11 11.6 20 0.1 8.0 

5242 as 5.0 11.4 12 12.7 25 0.1 8.0 

5243 BT 5.0 12.4 13 14.1 30 0.1 8.0 

5244 au 5.0 13.2 14 14.8 30 0.1 9.5 

5245 av 5.0 13.8 15 15.6 30 0.05 10.5 

5246 aw 5.0 15.3 16 17.1 40 0.05 11.2 

5247 ax 5.0 16.0 17 18.0 45 0.05 11.9 

5248 SY 5.0 16.8 18 19.1 45 0.05 12.6 

5249 az 5.0 17.9 19 20.1 50 0.05 13.3 

5250 81A 5.0 18.8 20 21.2 55 0.05 14.0 

5251 818 5.0 20.8 22 23.3 55 0.05 15.4 

5252 81C 5.0 22.8 24 25.6 70 0.05 16.8 

5253 810 5.0 23.3 25 26.7 75 0.05 17.5 

5254 81E 2.0 25.1 27 28.9 80 0.05 18.9 

5255 81F 2.0 26.1 28 29.9 80 0.05 19.6 

5256 81G 2.0 28.0 30 32.0 80 0.05 21.0 

5257 81H 2.0 30.8 33 35.0 80 0.05 23.1 
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MXR3866 

CASE 345-01, StvLE 1 
SOT-89 

RF TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

VcEO 30 v 

VcBo 55 v 

Ve Bo 3.5 v 

le 0.4 A 

TJ, Tstg -55to +150 ·c 

Symbol Max Unit 

Po 1.0 Watt 
8.0 mWFC 

Ts.!ll. 150 ·c 

RruA 125 0 c1W 
*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 55 - v 
Uc = 5.0 mA, RBE = 10 .n) 

Collector-Emitter Sustaining Voltage VcEO(sus) 30 - v 
Uc= 5.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 55 - v 
Uc= 0.1 mA) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.5 - v 
Ue = 0.1 mA) 

Collector Cutoff Current lceo - 20 µA 
!Vee= 2sv> 

Collector Cutoff Current lcex - 100 µA 
!Vee = 55 v, Vee = 1.5 V) 

ON CHARACTERISTICS 

DC Current Gain hfE -
Uc = 0.36 A, Vee = 5.0 V) 5.0 -
Uc = 0.05 A, Vee = 5.0 V) 10 200 

Collector-Emitter Saturation Voltage Vce(sat) - 1.0 v 
Uc = 100 mA, le = 20 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 500 - MHz 
Uc = 50 mA, Vee = 15 v, t = 200 MHz) 

Output Capacitance Cobo - 3.0 pf 
(Vee = 30 V, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage VcBo 60 

Emitter-Base Voltage VEBQ 4.0 

Collector Current - Continuous le 0.4 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Storage Temperature Tsjg_ 150 

*Thermal Resistance Junction to Ambient RllJA 125 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
Oc = 5.0 mA) 

Emitter-Base Breakdown Voltage 
OE= 0.1 mA) 

Collector Cutoff Current 
(VcB = 28 Vl 

Collector Cutoff Current 
(Vee = 60 Vl 

Emitter Cutoff Current 
(Vee = 28 Vl 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 50 mA, VcE = 5.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 50 mA, Vee = 15 V, f = 200 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

v 
v 
v 
A 

"C 

Unit 

Watt 
mwrc 

"C 

"C/W 

Symbol 

VcEO(sus) 

V(BR)EBO 

icBo 

Ices 

ICEO 

llfE 

MXR5160 

CASE 345-01, STYLE 1 
SOT-89 

RF TRANSISTOR 

PNP SILICON 

Min Max 

40 -

4.0 -
- 1.0 

- 0.1 

- 20 

10 

500 

Unit 

v 

v 

µA 

mA 

µA 

MHz 
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MXR5583 

CASE 345-01, STYLE 1 
SOT-89 

HIGH FREQUENCY RF TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol Value Unit 

VcEO 30 v 
VcBo 30 v 
VEBO 3.0 v 

le 500 mA 

TJ, Tstg -55 to + 150 oc 

Symbol Max Unit 

Po 1.0 Watt 
8.0 mW!°C 

Ts!ll_ 150 oc 

RoJA 125 oc/W 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mA) 

Collector-Base Breakdown Voltage(1) 
oc = 10 ,,Al 

Emitter-Base Breakdown Voltage 
(IE= 100 p.A) 

Collector Cutoff Current 
(VcB = 20 Vl 

Emitter Cutoff Current 
(VEB = 2.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 40 mA, VcE = 2.0 V) 
Oc = 100 mA. VcE = 2.0 V) 
(le = 300 mA, VCE = 5.0 V) 

Collector-Emitter Saturation Voltage 
Oc = 100 mA. IB = 10 mA) 

Base-Emitter On Voltage 
Uc = 100 mA. VcE = 2.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 40 mA, VcE = 10 v. f = 100 MHz) 
Oc = 100 mA. VcE = 10 v. t = 100 MHz) 

(1) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icBo 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

Min 

30 

30 

3.0 

-

-

20 
25 
15 

-

-

1000 
1300 

Max 

-

-

-

50 

0.5 

-
100 
-
0.8 

1.8 

Unit 

v 

v 

v 

nA 

pA 

-

v 

v 

MHz 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 30 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage VEBO 3.5 

Collector Current - Continuous le 400 

Operating and Storage Junction TJ, T stg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Storage Temperature Ts.!9.. 150 

*Thermal Resistance Junction to Ambient R(IJA 125 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 5.0 mAI 

Collector-Base Breakdown Voltage 
Oc = 100 µ.Al 

Emitter-Base Breakdown Voltage 
OE = 100 µ.A) 

Collector Cutoff Current 
(VcE = 20 VI 

Collector Cutoff Current 
!Vea = 15 Vl 

ON CHARACTERISTICS 

DC Current Gain 
(le = 50 mA, VcE = 15 VI 

Collector-Emitter Saturation Voltage 
Oc = 100 mA IB = 10 mA) 

Base-Emitter Saturation Voltage 
Uc = 100 mA Is = 10 mA) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 25 mA, VcE = 15 V, f = 200 MHz) 
Oc = 50 mA, VcE = 15 V, f = 200 MHz) 
Oc = 100 mA VcE = 15 V, f = 200 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

v 
v 
v 

mA 

oc 

Unit 

Watt 
mW/°C 

oc 

oc!W 

MXR5943 

CASE 345-01, STYLE 1 
SOT-89 

RF TRANSISTOR 

NPN SILICON 

Symbol Min Max 

V(BR)CEO 30 -

V(BR)CBO 40 -

V(BR)EBO 3.5 -

ICEO - 50 

le Bo - 10 

hfE 25 300 

VcE(sat) - 0.2 

VBE(sat) - 1.0 

t,. 
1000 -
1200 -
1000 -

Unit 

v 

v 

v 

µ.A 

µ.A 

-

v 

v 

MHz 
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MXT3904 

CASE 345-01, STYLE 1 
SOT-89 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltge 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 
, Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

Vceo 

Vceo 

Veeo 

le 

Symbol 

Po 

Ts.!ll 

R9JA 

Value Unit 

40 Vdc 

60 ·Vdc 

6.0 Vdc 

200 mAdc 

Max Unit 

1.0 Watt' 
8.0 mWl°C 

150 ·c 

125 •ctw 
*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

Refer to 2N3904 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristi.c Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 - Vdc 
Uc= 1.0mAdc,1e·= O) 

Collector-Base Breakdown Voltage V(BR)CBO 60 - Vdc 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 6.0 - Vdc 
Ue = 10 µAde, le = o) 

Base Cutoff Current IBL - 50 nAdc 
(Vee = 30 Vdc, Vee = 3.o Vdc) 

Collector Cutoff Current icex - 50 nAdc 
(Vee = 30 Vdc, Vee = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
Uc= 0.1 mAdc, Vee = 1.0 Vdc) 40 -
Uc= 1.0 mAdc, Vee = 1.0 Vdc) 70 -
Uc= 10 mAdc, Vee= 1.0 Vdc) 100 300 
Uc= 50 mAdc, Vee= 1.0 Vdc) 60 -
Uc= 100 mAdc, Vee = 1.0 Vdc) 30 -

Collector-Emitter .Saturation Voltage(1) VcE(sat) Vdc 
Uc = 10 mAdc, le = 1.0 mAdc) - 0.2 
Uc = 50 mAdc, le = 5.0 mAdc) - 0.3 

Base-Emitter Saturation Voltage(1) VeE(sat) Vdc 
Uc= 10 mAdc, le= 1.0 mAdc) 0.65 0.85 
Uc = 50 mAdc, le = 5.0 mAdc) - 0.95 

SMALL-51GNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 300 - MHz 
Uc = 10 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 4.0 pF 
(Vee = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 8.0 pF 
IVBE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance hie 1.0 10 kohms 
Uc= 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 0.5 8.0 x 10-4 
Uc = 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

. Small-Signal Current Gain hfe 100 400 -
Uc= 1.0 mAdc, Vee= 10 Vdc, f = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MXT3904 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Admittance hoe 1.0 40 µmhos 
!le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 5.0 dB 
!le= 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 k ohms, f = 10 Hz.to 15.7 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time !Vee = 3.0 Vdc, VsE = o.5 Vdc, Id - 35 ns 

Rise Time le = 10 mAdc, 151 = 1.0 mAdc) tr - 35 ns 

Storage Time !Vee = 3.0 Vdc, le = 10 mAdc, Is - 200 ns 
151 = 152 = 1.0 mAdc) • Fall Time If - 50 ns 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXT3906 

CASE 345-01, STYLE 1 
SOT-89 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Symbol 

Po 

Ts.!.9._ 

ROJA 

Value Unit 

40 Vdc 

40 Vdc 

5.0 Vdc 

200 mAdc 

Max Unit 

1.0 Watt 
8.0 mwrc 

150 oc 

125 oc!W 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

Refer to 2N3905 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 - Vdc 
Uc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 40 - Vdc 
Uc = 10 JLAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
OE = 10 JLAdc, le = O) 

Base Cutoff Current IBL - 50 nAdc 
(VcE = 30 Vdc, VsE = 3.0 Vdc) 

Collector Cutoff Current ICEX - 50 nAdc 
(VcE = 30 Vdc, Vse = 3.0 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE -
Uc = 0.1 mAdc, Vee = 1.0 Vdc) 60 -
Uc= 1.0 mAdc, Vee = 1.0 Vdc) 80 -
Uc = 10 mAdc, Vee = 1.0 Vdc) 100 300 
Uc = so mAdc, Vee = 1.0 Vdc) 60 -
(le= 100 mAdc, Vee = 1.0 Vdc) 30 -

Collector-Emitter Saturation Voltage Vce(sat) Vdc 
(le= 10 mAdc, Is= 1.0 mAdc) - 0.25 
Uc = 50 mAdc, Is = 5.0 mAdc) - 0.4 

Base-Emitter Saturation Voltage Vse(sat) Vdc 
(le= 10 mAdc, Is= 1.0 mAdc) 0.65 0.85 
(le = 50 mAdc, Is = 5.0 mAdc) - 0.95 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 250 - MHz 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Caba - 4.5 pF 
(Vcs = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Ciba - 10.0 pF 
<Vse = o.5 Vdc, le = o. t = 1 oo kHz) 

Input Impedance hie 2.0 12 k ohms 
Uc= 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 0.1 10 x 10-4 
Uc= 1.0mAdc,VcE = 10Vdc,f = 1.0kHz) 

Small Signal Current Gain hte 100 400 -
Uc = 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MXT3906 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Admittance hoe 3.0 60 µmhos 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 4.0 dB 
Oc = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 k ohm, f = 10 Hz to 15.7 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.0 Vdc, VsE = 0.5 Vdc td - 35 ns 

Rise Time le= 10 mAdc, 191 = 1.0 mAdc) 
lr - 35 ns 

Storage Time (Vee = 3.0 Vdc, le = 10 mAdc, ls - 225 ns • Fall Time 191 = 192 = 1.0 mAdc) lf - 75 ns 

(1) Pulse Width ,,;; 300 µs, Duty Cycle ,,;; 2.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MXTA14 

CASE 345-01, STYLE 1 
SOT-89 

DARLINGTON TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

•Total Device Dissipation, TA = 25°C 
Derate above 26°C 

Storage Temperature 

•Thermal Resistance Junction to Ambient 

Symbol 

Vceo 

Vces 

Veeo. 

le 

Symbol 

Po 

Ts!!!. 

R9JA 

Value Unit . 

30 v 
30 v 
10 v 

300 mV 

Max Unit 

1.0 Watt 
8.0 mW!°C 

150 ·c 

125 "CIW 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 
Refar to 2N6428 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 30 - v 
Uc= IOOµA) 

Collector Cutoff Current iceo - 100 nA 
!Vee= 30l 

Emitter Cutoff Current leeo - 100 nA 
!Vee= 10 vi 

ON.CHARACTERISTICS 

DC Current Gain(!) hFE -
Uc = 10 mA. Vee = 5.0 Vl 10 K -
Uc = 100 mA. Vee = 5.o Vl 20 K -

Collector-Emitter Saturation Voltage( I) Vce(satl - 1.5 v 
Uc = 100 mA. le = 0.1 mAl 

Base-Emitter On Voltage Vee{ on) - 2.0 v 
Uc.= 100 mA. Vee = 5.0 V) 

SMAU-&IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 125 MHz 
(Vee = 5.0 v, le = 10 mA. t = 100 MHz) 

(1) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle .;; 2.0 %. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcES 60 v 
Emitter-Base Voltage VEBQ 10 v 
Collector Current - Continuous le 500 mA 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Total Device Dissipation, TA = 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mWl°C 

Storage Temperature Tstg 150 "C 

*Thermal Resistance Junction to Ambient ReJA 125 "C/W 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
Oc = 100 µA) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µA) 

Collector Cutoff Current lcso 
!Vcs = 50 Vl 

Collector Cutoff Current lcES 
(VcE = 50 V) 

Emitter Cutoff Current IEBO 
(VsE = 10 V) 

ON CHARACTERISTICS 

DC Current-Gain hFE 
!le = 10 mA, VcE = 5.0 V) 
Oc = 100 mA, VcE = 5.0 V) 

Collector-Emitter Breakdown Voltage VcES 
!le = 100 mA, 19 = 0.1 A) 

Base-Emitter On Voltage VsE(on) 
!le = 100 mA. VcE = 5.0 Vl 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - High Frequency lhtel 
(le = 10 mA, VcE = 5.0 V, I= 100 MHz) 

SMALL-SIGNAL DEVICES 
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MXTA27 

CASE 345-01, STYLE 1 
SOT-89 

DARLINGTON TRANSISTOR 

NPN SILICON 

Refer to MPSA25 for graphs. 

Min Max Unit 

60 - v 

60 - v 

- 100 nA 

- 500 nA 

- 100 nA 

-
10 K -
10 K -
- 1.5 v 

- 2.0 v 

1.25 

MOTOROLA SEMICONDUCTORS 
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MXTA42 
MXTA43 

MAXIMUM RATINGS 
CASE 345-01, STYLE 1 

SOT-89 
Rating Symbol MPSA42 MPSA43 

Collector-Emitter Voltage Vern 300 200 

Collector-Base Voltage VcBo 300 200 

Emitter-Base Voltage VEBO 6.0 6.0 

Collector Current - Continuous tc 500 

THERMAL CHARACTERISTICS 

HIGH VOLTAGE TRANSISTOR Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 1.0 
NPN SILICON Derate above 25°C 8.0 

Storage Temperature Ts!9_ 150 

*Thermal Resistance Junction to Ambient ReJA 125 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 
Refer to MPSA42 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 1.0 mAdc, IB = 01 MXTA42 300 -

MXTA43 200 -
Collector-Base Breakdown Voltage V(BR)CBO 

(le = 100 µAde, IE = O) MXTA42 300 -
MXTA43 200 -

Emitter-Base Breakdown Voltage V(BR)EBO 6.0 -
OE = 100 µAde, tc = 01 

Collector Cutoff Current 'cBo 
(Vcs = 200 Vdc, IE = 01 MXTA42 - 0.1 
(VcB = 160 Vdc, IE = O) MXTA43 - 0.1 

Emitter Cutoff Current IEBO 
(VBE = 6.0 Vdc, le = 0) MXTA42 - 0.1 
(VBE = 4.0 Vdc, le = 0) MXTA43 - 0.1 

ON CHARACTERISTICS(1) 

DC Current Gain hfE 
Oc = 1.0 mAdc, VcE = 10 Vdc) Both Types 25 -
(le = 10 mAdc, VcE = 10 Vdcl Both Types 40 -

Oc = 30 mAdc, VcE = 10 Vdcl MXTA42 40 -
MXTA43 40 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 20 mAdc, IB = 2.0 mAdc) MXTA42 - 0.5 

MXTA43 - 0.5 

Base-Emitter Saturation Voltage VBE(sat) - 0.9 
(le = 20 mAdc, IB = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 50 -
(le= 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(VcB = 20 Vdc, IE = o, f = 1 .0 MHz) MXTA42 - 3.0 

MXTA43 - 4.0 

(1) Pulse Test: Pulse Width"' 300 µ,s, Duty Cycle"' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

Watt 
mWl"C 

oc 

°CIW 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

3-140 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 400 

Collector-Base Voltage Vceo 500 

Emitter-Base Voltage Veeo 6.0 

Collector Current - Continuous le 300 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Storage Temperature Tsjg 150 

*Thermal Resistance Junction to Ambient R(IJA 125 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
lie = 1.0 mA, le = Ol 

Collector-Emitter Breakdown Voltage 
lie = 100 µA, Vee = Ol 

Collector-Base Breakdown Voltage 
lie = 100 µA, 18 = Ol 

Emitter-Base Breakdown Voltage 
lie = 10 µA, le = 01 

ON CHARACTERISTICS 

DC Current Gain(1) 
lie = 1.0 mA, Vee = 10) 
!le = 10 mA, Vee = 10) 
!le= 50 mA, Vee = 101 
!le = 100 mA. Vee = 101 

Collector-Emitter Saturation Voltage(1) 
!le = 1.0 mA. le = 0.1 mAl 
!le= 10 mA, le= 1.0 mAl 
!le = 50 mA. le = 5.0 mA) 

Base-Emitter Saturation Voltage 
!le = 10 mA. le = 1.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee = 20 v. le = o, f = 1.0 MHz) 

Input Capacitance 
(Vee = 0.5 v, le = o. f = 1.0 MHz) 

Current Gain - High Frequency 
!le= 10 mA. Vee = 10 v, f = 10 MHz) 

(1) Pulse Test: Pulse Width.;; 300 µs, Duty Cycle"' 2.0 %. 

SMALL-SIGNAL DEVICES 
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Unit 

v 
v 
v 

mA 

Unit 

Watt 
mwrc 

"C 

"C/W 

MXTA44 

CASE 345-01, STYLE 1 
SOT-89 

HIGH VOLTAGE TRANSISTOR 

NPN SILICON 

Refer to MPSA44 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 400 - v 

V(BR)CES 500 - v 

V(BR)CBO 500 - v 

V(BR)EBO 6.0 - v 

hFE -
40 -
50 200 
45 -
40 -

VcE(sat) v 
- 0.4 
- 0.5 
- 0.75 

VeE(sat) - 0.75 v 

Cobo - 6.0 pF 

Cibo - 110 pF 

lhtel 2.0 - -

MOTOROLA SEMICONDUCTORS 
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MXTA64 

CASE 345-01, STYLE 1 
SOT-89 

DARLINGTON TRANSISTOR 

PNPSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 
Characteristic 

*Total Device Dissipation, TA = 25'C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance Junction to Ambient 

Symbol 

VcES 

Vce0 

VEBO 

le 

Symbol 

Po 

Ts.!ll. 

RllJA 

Value Unit 

30 Vdc 

30 Vdc 

10 Vdc 

300 mA 

Mex Unit 

1.0 Watt 
8.0 mW/'C 

150 'C 

125 'C/W 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 30 - Vdc 
Uc= 100 µAl 

Collector Cutoff Current lceo - 100 nA 
(Vee = 30 Vdc) 

Emitter Cutoff Current IEBO - 100 nAc 
(VeE = 10 Vdc) 

ON CHARACTERISTICS 

DC Current Gain hfE -
Uc= 10 mA, VcE = 5.0 Vdc)(1) 10000 -
Uc = 100 mA, VcE = 5.0 Vdc)(1) 20000 -

Collector-Emitter Saturation Voltage VcE(sat) - 1.5 Vdc 
Uc= 100 mA. le= 0.1 mA)(1) 

Base-Emitter On Voltage VeE(onl - 2.0 Vdc 
Uc= 100 mA. VcE = 5.o Vdc)(11 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 125 MHz 
(VcE = 5.0 Vdc, le = 100 mA, f = 100 MHz) 

(1) Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcES 60 

Emitter-Base Voltage VEBO 10 

Collector Current - Continuous le 300 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Total Device Dissipation, TA = 25'C Po 1.0 
Derate above 25°C 8.0 

Storage Temperature Tst.JI. 150 

*Thermal Resistance Junction to Ambient R8JA 125 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 100 µAl 

Collector-Base Breakdown Voltage 
Uc= 100µA) 

Collector Cutoff Current 
!Vea= so Vl 

Collector Cutoff Current 
(VCE = 50V) 

Emitter Cutoff Current 
(VBE = 10V) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 10 mA. VcE = s.o Vl 
(le = 100 mA, VcE = 5.0 V) 

Collector-Emitter Saturation Voltage 
Oc = 100 mA, la= 0.1 mA) 

Base-Emitter On Voltage 
(le = 100 mA, VcE = 5.0 V) 

Current Gain - High Frequency 
(le = 10 mA, VcE = 5.0 v. f = 100 MHz) 

.SMALL-SIGNAL DEVICES 
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Unit 

v 
v 

mA 

Unit 

Watt 
mW/'C 

·c 

'C/W 

MXTA77 

CASE 345-01, STYLE 1 
SOT-89 

• DARLINGTON TRANSISTOR 

PNPSIUCON 

Refer to MPSA75 for graphs. 

Symbol Min Max Unit 

V(BR)CES 60 - v 

V(BR)CBO 60 - v 

lcao - 100 nA 

ICES - 500 nA 

IEBO - 100 nA 

hFE -
10 K ·-
10 K -

VcE(sat) - 1.5 v 

VBE(on) - 2.0 v 

lhtel 1.25 - -

MOTOROLA SEMICONDUCTORS 
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MXTA92 
MXTA93 

CASE 345-01, STYLE 1 
SOT-89 

HIGH VOLTAGE 
TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

THERMAL CHARACTERISTICS 

Characteristic 

*Total Device Dissipation, TA = 25°C 
Derate above 25°C 

Storage Temperature 

*Thermal Resistance. Junction to Ambient 

Symbol 

Vceo 

Vceo 

Veeo 

ic 

Symbol 

Po 

TS!!!. 

R9JA 

MPS-A92 MPS-A93 Unit 

300 200 Vdc 

300 200 Vdc 

5.0 Vdc 

500 mAdc 

Max Unit 

1.0 Watt 
8.0 mW/"C 

150 ·c 

125 "C!W 

*Package mounted on 99.5% alumina 10 x 12 x 0.6 mm. 
Refer to MPSA92 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
Oc = 1.0 mAdc, le = O) MXTA92 300 -

MXTA93 200 -
Collector-Base Breakdown Voltage V(BR)CBO Vdc 

Oc = 100 µAde, le = Ol MXTA92 300 -
MXTA93 200 -

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
Ue = 100 µAde, le = Ol 

Collector Cutoff Current iceo µAde 
(Vee = 200 Vdc, le = Ol MXTA92 - 0.25 
(Vee = 160 Vdc, le = Ol MXTA93 - 0.25 

Emitter Cutoff Current leeo - 0.1 µAde 
(Vee = 3.0 Vdc, le = Ol 

ON CHARACTERISTICS(!) 

DC Current Gain hFE -
Uc= 1.0 mAdc, Vee ".' 10 Vdc) Both Types 25 -
Uc = 10 mAdc, Vee = 10 Vdc) Both Types 40 -
Oc = 30 mAdc, Vee = 10 Vdc) MXTA92 26 -

MXTA93 25 150 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Uc = 20 mAdc, le = 2.0 mAdc) MXTA92 - 0.5 

MXTA93 - 0.5 

Base-Emitter Saturation Voltage Vee(sat) - 0.9 Vdc 
Uc = 20 mAdc, le = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 50 - MHz 
Oc = 10 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb pF 
IVce = 20 Vdc, le = o, f = 1.0 MHz) MXTA92 - 6.0 

MXTA93 - 8.0 

(1) Pulse Test: Pulse Width < 300 µ.s, Duty Cycle < 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAE DEVICES 
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CASE 20-03 
T0-72 

CASE 27-02 
T0-52 

~ASE79-02 I/! c T0-39 

Motorola's metal-can transistor product offering includes: 
general purpose, switching, high voltage, choppers, Darlingtons, 
low noise amplifiers and RF amplifiers. 

A variety of package options are available: T0-18, T0-46, T0-
52, T0-72, and T0-39. 

Many devices contained in this section are also available with 
high reliability MIL-S-19500 processing. JAN, JANTX, JANTXV, 
and JANS qualified devices are so noted on the following data 
sheets. 

4-1 
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2N656 
2N657 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

NPNSIUCON 

Refer to 2N3498 for graphs. 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
2N656 
2N657 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 250 µAde, le = Ol 2N656 

2N657 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = O) 2N656 

2N657 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 250 µAde, le = Ol 

Collector Cutoff Current iceo 
(Vee = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 200 mAdc, Vee = 10 Vdcl 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
lie = 200 mAdc, le = 40 mAdc) 

SMALL.SIGNAL CHARACTERISTICS 

Input lmpedance(1) 
lie = 8.0 mAdc, VcE = 10 Vdc) 

(1) Pulse Test: Pulse Length = 300 p,s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol 2N656 2N657 Unit 

. Vceo 60 100 Vdc 

Vceo 60 100 .. Vdc 

Veeo 8.0 Vdc 

le Ade 
1.0 
0.5 

Po LO Watt 
5.7 mWl"C 

Po 4.0 Watts 
22.8 mWl"C 

TJ, Tstg -65 to +200 ·c 

Min Max Unit 

Vdc 
60 -
100 -

- Vdc 
60 -
100 

8.0 - Vdc 

- 10 µAde 

30 90 -

- 4.0 Vdc 

0.5 kohm 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcER 40 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage Vrno 5.0 

Total Device Dissipation @ TA = 25°C Po 0.6 
Derate above 25°C 4.0 

Total Device Dissipation @ Tc = 25°C Po 2.0 
Derate above 25°C 13.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 100 mAdc, RsE = 10 ohms) 

Collector-Base Breakdown Voltage 
(le = 100 µ.Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 µ.Ade, le = O) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = O) 
(Vcs = 30 Vdc, IE = o, TA = 150°C) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc = 150 mAdc, VcE = 1 o Vdc) 

Collector-Emitter Saturation Voltage(1) 
Uc= 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage(1) 
Uc = 150 mAdc, Is = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0) 

Small-Signal Current Gain 
(le = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Length"' 12 ms, Duty Cycle"' 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Watt 
mW!°C 

Watts 
mW!°C 

oc 

Symbol 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

lcso 

hFE 

VcE(sat) 

VBE(sat) 

Cobo 

hte 

2N697 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Refer to 2N2218 for graphs. 

Min Max 

40 -
60 -

5.0 -

- 1.0 
- 100 

40 120 

- 1.5 

- 1.3 

- 35 

2.5 -

Unit 

Vdc 

Vdc 

Vdc 

µ.Ade 

-
Vdc 

Vdc 

pF 

MHz 

MOTOROLA SEMICONDUCTORS 
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2N699 

CASE 79, STYLE 1 
T0~39 (T0-205AD) 

GENERAL PURPOSE TRANSISTOR 

NPNSILICON 

Refer to 2N3019 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc= 25°C 
Derate above 25°C 

Operating and Storage Temperature 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) V(BR)CER 
Oc = 100 mAdc, Ree;;; 10 ohms) 

Collector Cutoff Current iceo 
(Vee = 60 Vdc, IE = 0) 
(Vee = 60 Vdc, IE = 0, TA = 150°C) 

Emitter Cutoff Current IEBO 
(Vee = 2.0 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain (1) hfE 
Oc = 150 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage (1) VcE(sat) 
Oc = 150 mAdc, le = 15 mAdc) 

Base-Emitter Saturation Voltage (1) VeE(sat) 
Oc = 150 mAdc, le = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
Oc = 50 mAdc, Vee = 10 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

Input Impedance hib 
Oc = 1.0 mAdc, Vee= 5.0 Vdc, f = 1.0 kHz) 
Oc = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hrb 
Oc = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 
Oc = s.o mAdc, Vee = 10 Vdc, t = 1.0 khZ) 

Small Signal Current Gain hfe 
Oc = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance hob 
Oc = 1.0 mAdc, Vee= 5.0 Vdc, f = 1.0 kHz) 
Oc = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width <0 300 1£6, Duty Cycle <0 2.0"/o. 

MOTOROLA SEMICONDUCTORS 

4-4 

Symbol Value Unit 

VcER 80 Vdc 

Vceo 120 Vdc 

VEeo 5.0 Vdc 

Po 0.6 Watt 
4',0 mWi°C 

Po 2.0 Watts 
13.3 mWi°C 

TJ, Tstg -65 to +200 ·c 

Symbol Max Unit 

Rruc 75 OCfW 

R6JA 250 0 c1W 

Min Max Unit 

80 - Vdc 

µAde 
- 2.0 
- 200 

- 100 µAde 

40 120 -

- 5.0 Vdc 

- 1.3 Vdc 

50 - MHz 

- 20 pf 

Ohms 
20 30 
- 10 

x 10-4 
- 2.5 
- 3.0 

-
35 100 
45 -

1£mhos 
0.05 0.5 
- 1.0 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEQ 25 

Collector-Base Voltage vcBo 25 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 50 

Total Device Dissipation @ TA = 25'C Po 300 
De rate above 25'C 2.0 

Total Device Dissipation@ Tc = 25'C Po 600 
Derate above 25'C 4.0 

Operating and Storage Junction TJ, Tstg -65 to + 175 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 2.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Uc = 5.0 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcE = 20 Vdc, IB = 0) 

Collector Cutoff Current 
(VcB = 10 Vdc, IE = 0) 
(VcB = 10 Vdc, IE = o, TA = +150'C) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc = 10 mAdc, VcE = 5.0 Vdc) 
(le = 10 mAdc, VcE = 5.0 Vdc, TA= -55'C) 

Collector-Emitter Saturation Voltage(1) 
Uc = 10 mAdc, IB = 0.5 mAdc) 

Base-Emitter On Voltage(1) 
Uc = 10 mAdc, VcE = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IE = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle = 2.0% 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

mW 
mW/'C 

'C 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcEO 

le Bo 

hFE 

VcE(sat) 

VBE(on) 

tr 

Cobo 

2N703 

JAN AVAILABLE 
CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! 
SWITCHING TRANSISTOR 

NPN SILICON 

Refer to 2N2368 for graphs. 

Min Typ Max Unit 

25 - - Vdc 

25 - - Vdc 

5.0 - - Vdc 

- - 10 µAde 

µAde 
- - 0.5 
- - 50 

-
40 - 100 
20 - -
- - 0.5 Vdc 

0.7 - 0.95 Vdc 

70 150 - MHz 

- 3.0 6.0 pF 

MOTOROLA SEMICONDUCTORS 

a 



2N706,A,B 

(2N706 JAN AVAILABLE) 
CASE 22, STYLE 1 
T0-18 (T0-206AA) 

SWITCHING TRANSISTOR 

NPN SILICON 

Refer to 2N2368 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 2N706A,B 

Collector-Emitter Voltage(1) 

Collector-Base Voltage 

Emitter-Base Voltage 2N706 
2N706A 
2N706B 

Collector Current 2N706,A,B 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 100°C 
De rate above 1 OO"C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 
2N706A,B 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BRICEO 
Oc = 10 mAdc, Is = 01 

Collector-Emitter Breakdown Voltage(2) V(BR)CER 
(R = 10 ohms, le = 10 mAdc) 

Collector Cutoff Current icBo 
(Vcs = 15 Vdc, IE = 0) 
(VcB = 15 Vdc, IE = 0, TA= 150°C) 
(Vcs = 25 Vdc, IE = 0) 2N706A, 2N706B 

Collector Cutoff Current ICER 
(VcE = 20 Vdc, RBE = 100k) 2N706A, 2N706B 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = 0) 2N706 
(VEB = 5.0 Vdc, le = 0) 2N706A, 2N706B 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
Oc = 10 mAdc, VcE = 1.0 Vdc) 2N706 

2N706A,2N706B 

Collector-Emitter Saturation Voltage(2) VcE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) 2N706, 2N706A 

2N706B 

Base-Emitter Saturation Voltage(2) VsE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) 2N706 

2N706A,2N706B 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(VcE = 15 Vdc, IE = 10 mAdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 5.0 Vdc, IE = 0) 2N706A, 2N706B 
(Vcs = 10 Vdc, IE = 0) 2N706 

Magnitude of Forward Current Transfer Ratio, Common-Emitter lhfel 
(VcE = 15 Vdc, IE = 10 mAdc, f = 100 Mhz) 2N706 
(VCE = 10 Vdc, IE = 10 mAdc, f = 100 MHz) 2N706A,B 

MOTOROLA SEMICONDUCTORS 

4-6 

Symbol Value Unit 

Vern 15 Vdc 

VcER 20 Volts 

VcBo 25 Volts 

VEBO 3.0 Volts 
5.0 
5.0 

le 50 mA 

Po 0.3 Watt 
2.0 mWl°C 

Po 1.0 Watts 
6.67 mWl°C 

Po 0.5 Watt 

TJ, Tstg -65 to +200 "C 

Symbol Max Unit 

R(IJC 150 "C/W 

R(IJA 500 "C/W 

Min Max Unit 

15 - Vdc 

20 - Vdc 

µAde 
- 0.5 
- 30 
- 10 

- 10 µAde 

µAde 
- 10 
- 10 

-
20 -
20 60 

Vdc 
- 0.6 
- 0.4 

Vdc 
- 0.9 
0.7 0.9 

200 - MHz 

pF 
- 5.0 
- 6.0 

-
2.0 -
2.0 -

SMALL-SIGNAL DEVICES 



2N706,A,B 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min ·Max Unit 

Collector Base Time Constant 
(Vee = 15 Vdc, IE = 10 mAdc, f = 300 MHz) 

Storage Time 2N706B 

Turn-On Time 
Oe1 = 3.0 mA, le2 = 1.0 mA) 

Turn-Off Time 
Oe1 = 3.0 mA, le2 = 1.0 mA) 

Charge Storage Time Constant(2) 
2N706 
2N706A,B 

(1) Refers to collector breakdown voltage in the high current region when Rbe = 10 O 
(2) Pulse Test: Pulse Width "' 12 µ,s, Duty Cycle "' 2.0%. 
(3) Switching Times Measured with Tektronix Type R Plug-In (50 0 Internal Impedance). 

SWITCHING TIME TEST CIRCUIT 

Type RSamphngRes1stor 
20ll 

SMALL-SIGNAL DEVICES 

STORAGE TIME TEST CIRCUIT 

4-7 

rb ohms 
- 50 

Is - 25 ns 

Ion - 40 ns 

to ff - 75 ns 

Ts ns 
- 60 
- 25 

MEASUREMENT CIRCUIT 

MOTOROLA SEMICONDUCTORS 

• 
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2N708 

JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
T0-18 (T0-206AA) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

! 
Total Device Dissipation @ TA = 25°C 

Derate above 25'C 

Total Device Dissipation@ Tc = 25'C 
Tc= 100°c 

Derate above 25'C 
Derate above 1 OO'C 

Operating and Storage Junction 

SWITCHING TRANSISTOR 
Temperature Range 

NPN SILICON THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
Refer to 2N2368 for graphs. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le = 30 mAdc, RsE "' 1 O ohms) VcEfilsus) 

Collector-Emitter Sustaining Voltage Uc = 30 mAdc, Is = O) VcEO(su& 

Collector-Base Breakdown Voltage (le = 1.0 µAde, IE = O) ~R)CBO 
Emitter-Base Breakdown Voltage OE = 10 µAde, le = o) V(BR)EBO 

Collector Cutoff Current (VcE = 20 Vdc, VsE = 0.25 Vdc, TA = + 125°C) ICEX 

Collector Cutoff Current (Vcs = 20 Vdc, IE = O) icso 
(Vcs = 20 Vdc, le = o, TA= 150°C) 

Emitter Cutoff Current (VsE = 4.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 0.5 mAdc, VcE = 1.0 Vdc) 
Uc = 10 mAdc, VcE = 1.0 Vdc)(1) 
Uc= 10 mAdc, VcE = 1.0 Vdc, TA= -55'C)(1) 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 10 mAdc, Is= 1.0 mAdc) 
Uc= 7.0 mAdc, Is = 0.7 mAdc, TA= - 55'C to + 125'C) 

Base-Emitter Saturation Voltage VsE(sat) 
(le= 10 mAdc, Is= 1.0 mAdc) 
Uc = 7.0 mAdc, Is = 0.7 mAdc, TA = -55'C) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = 10 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, le = o, 100 kHz"' t"' 1.0 MHz) 

Extrinsic Base Resistance rb' 
Oc = 10 mAdc, Vee = 10 Vdc, t = 300 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time Is 
Uc = 151 = 152 = 10 mAdc) 

Turn-On Time Ion 
Turn-Off Time !off 

MOTOROLA SEMICONDUCTORS 

4-8 

Symbol Value Unit 

VcEQ 15 Vdc 

VcER 20 Vdc 

Vcso 40 Vdc 

VEBO 5.0 Vdc 

le limited by Po only 

Po 360 mW 
2.1 mW/'C 

Po 1.2 Watts 
680 mW 
6.9 mW/'C 
6.9 mW/°C 

TJ, Tstg -65to +200 'C 

Symbol Max Unit 

145 

Min Max Unit 

20 - Vdc 

15 - Vdc 

40 - Vdc 

5.0 - Vdc 

- 10 µAde 

- 0.025 µAde 
- 15 

- 0.08 µAde 

-
15 -
30 120 
15 -

Vdc 
- 0.4 
- 0.4 

Vdc 
0.72 0.80 
- 0.90 

300 - MHz 

- 6.0 pF 

- 50 ohms 

- 25 ns 

- 40 ns 

- 70 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-E.mitter Voltage( 1) VcER 40 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 500 

Total Device Dissipation @ TA = 25°C Po 0.4 
Derate above 25°C 2.66 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 10 

Total Device Dissipation @Tc = 100°C Po 0.75 

Operating and Storage Junction TJ, Tstg -65 to + 175 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 100 mAdc, pulsed; Rs"' 10 Ohms) 

Collector-Base Breakdown Voltage 
(le = 100 µAde, le = Ol 

Emitter-Base Breakdown Voltage 
(le = 1.0 mA, le= O) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = 0) 
(Vcs = 30 Vdc, IE = o, TA= 150°C) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 150 mAdc, 19 = 15 mAdc) 

Base-Emitter Saturation Voltage 
Uc= 150 mAdc, 19 = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcs = 10 Vdc, f = 100 kHz, IE = O) 

Input Capacitance 
(VBE = 0.5 V, f = 100 kHz, le = 0) 

Small-Signal Current Gain 
(le= 50 mAdc, VcE = 10 Vdc, t = 20 MHz) 

(1) Pulse Test: PW"' 300 µ.s, Outy Cycle"' 2.0%. 

SMALL-SIGNAL DEVICES 

4-9 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Watt 
mWfC 

Watts 
mWfC 

Watt 

oc 

Symbol 

VcER(sus) 

V(BR)CBO 

V(BR)eBO 

lcso 

hFe 

VcE(sat) 

VBE(sat) 

Cobo 

Cibo 

hte 

2N718 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! 
GENERAL PURPOSE 

TRANSISTOR 

NPN SILICON 

Refer to 2N2218 for graphs. 

Min Max 

40 -

60 -
5 -

- 1.0 
- 100 

40 120 

- 1.5 

- 1.3 

- 35 

- 80 

2.5 -

Unit 

· Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vdc 

pF 

pF 

-

MOTOROLA SEMICONDUCTORS 

II 
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2N718A 
2N956,2N1711 

2N718A JAN, JTX, 
JTXV AVAILABLE 
CASE 22, STYLE 1 
T0-18 (T0-206AA) 

/I 
GENERAL PURPOSE 

TRANSISTOR 

NPN SILICON 

2N718A: See 2N3019 for graphs.* 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 100 mAdc, pulsed; RsE"' 10 ohms) 

Collector-Base Breakdown Voltage 
!le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 60 Vdc, IE = 0) 
(Vcs = 60 Vdc, IE = o, TA= 150°C) 

Emitter Cutoff Current 
(VBE = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 0.01 mAdc, VcE = 10 Vdc) 

!le= 0.1 mAdc, VcE = 10 Vdc) 

!le = 10 mAdc, VcE = 10 Vdc) 

!le= 10 mAdc, VcE = 10 Vdc, TA= -55°C) 

!le = 150 mAdc, VcE = 10 Vdc) 

!le = 500 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage(1) 
!le = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage( I) 
!le = 150 mAdc, IB = 15 mAdc) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
*2N956 and 2N1711: See 2N301~ for graphs. 

MOTOROLA SEMICONDUCTORS 

Symbol 

VcER(sus) 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 
2N718A, 
2N956, 2N1711 

hfE 
2N956, 2N1711 

2N718A, 
2N956, 2N1711 

2N718A, 
2N956, 2N1711 

2N718A, 
2N956, 2N1711 

2N718A, 
2N956, 2N1711 

2N718A, 
2N956, 2N1711 

VcE(sat) 

VBE(sat) 

4-10 

2N71BA 
Symbol 2N956 2N1711 Unit 

VCER 50 Vdc 

VcBo 75 Vdc 

Vrno 7.0 Vdc 

Po 500 800 mW 
2.86 4.57 mW!°C 

Po 1.8 3.0 Watts 
10.3 17.15 mW!°C 

TJ. Tstg -65 to +200 oc 

Min Typ Max Unit 

50 - - Vdc 

75 - - Vdc 

7.0 - - Vdc 

µAde 
- 0.001 O.Q1 
- - 10 

µAde 
- - 0.010 
- - 0.005 

-
20 - -

20 - -
35 - -
35 - -
75 - -

20 - -
35 - -

40 - 120 
100 - 300 

20 - -
40 - -
- 0.24 1.5 Vdc 

- 1.0 1.3 Vdc 

SMALL-SIGNAL DEVICES 



2N718A,2N956,2N1711 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product .. fy MHz 
Oc = 50 mAdc, VcE =' 10 Vdc, f = 20 MHz) 2N718A, 60 300 -

2N956, 2N1711 70 300 

Output Capacitance Cobo - 4.0 25 pF 
(Vcs = 10 Vdc, IE = o. f = 100 kHz) 

Input Capacitance Cibo - 20' 80 pF 
(VBE = 0.5 Vdc, le = 0, f = 100 kHz) 

Input Impedance hib ohms 
Oc = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 24 - 34 
Oc = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz) 4.0 - 8.0 

Voltage Feedback Ratio hrb x 10-4 
Oc = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 2N718A. - - 3.0 

2N956, 2N1711 - - 5.0 • Oc = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz) 2N718A. - - 3.0 
2N956, 2N1711 - - 5.0 

Small-Signal Current Gain hfe -
Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N718A, 30 - 100 

2N956, 2N1711 50 - 200 

Oc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N718A, 35 - 150 
2N956, 2N1711 70 - 300 

Output Admittance hob µmhos 
Oc = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 0.05 - 0.5 
Oc = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz) 0.05 - 0.5 

Noise Figure NF dB 
Oc = 300 µAde, VcE = 10 Vdc, f = 1.0 kHz) 2N718A. - - 12 

2N956, 2N1711 - - 8.0 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 

4-11 
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2N720A 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

Symbol 

Vern 

VcER 

Vcso 

VEBO 

Po 

Po 

TJ, Tstg 

Symbol 

Value Unit 

80 Vdc 

100 Vdc 

120 Vdc 

7.0 Vdc 

0.5 Watt 
2.86 mwrc 
1.8 Watts 

10.3 mwrc 
-65 to +200 oc 

Max Unit 

97 oc;w 

·1 ~~~~~~~~~~~~~-C_h_a_r_act~e_rist~i•~~~~~~~~~~~~~~S_y_m_b_o_l~~~M_i_n~~~-M_a_x~_,__~_u_n_it~~ 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 100 mAdc, RsE"' 10 ohms) VCEf1{sus) 100 - Vdc 

Collector-Emitter Sustaining Voltage(1) (le = 30 mAdc, Is = O) VcEO(sus) 80 - Vdc 

Collector-Base Breakdown Voltage Oc = 100 µAde, IE = O) ~R)CBO 120 - Vdc 

Emitter-Base Breakdown Voltage OE = 100 µAde, le = O) V(BfilEBO 7.0 - Vdc 

Collector Cutoff Current (Vcs = 90 Vdc, IE = 0) lcso - .010 µAde 
IVcs = 90 Vdc, IE = 0, TA= 150°C) - 15 

Emitter Cutoff Current IVsE = 5.0 Vdc, le = O) IEBO - .Q10 µAde 

ON CHARACTERISTICS 

DC Current Gain Oc = 0.1 mAdc, VcE = 10 Vdc) hFE 20 - -
lie= 10 mAdc, VcE = 10 Vdc)(1) 35 -
Oc = 10 mAdc, VcE = 10 Vdc, TA= -55°C) 20 -
Oc = 150 mAdc, VcE = 10 Vdc)(1) 40 120 

Collector-Emitter Saturation Voltage( 1) Oc = 50 mAdc, Is = 5.0 mAdc) VcE(sat) - 1.2 Vdc 
Oc = 150 mAdc, Is = 15 mAdc) - 5.0 

Base-Emitter Saturation Voltage(1) Oc = 50 mAdc, Is = 5.0 mAdc) VsE(sat) - 0.9 Vdc 
(le = 150 mAdc, Is = 15 mAdc) - 1.3 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Uc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) fy 50 - MHz 

Output Capacitance (Vcs = 10 Vdc, IE = 0, f = 100 kHz) Cobo - 15 pF 

Input Capacitance (VsE = 0.5 Vdc, le = o, f = 1 oo kHz) Cibo - 85 pF 

Input Impedance Uc = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) hib 20 30 Ohms 
Oc = 5.0 mAdc, Vcs = 10 Vdc, t = 1.0 kHz) 4.0 8.0 

Voltage Feedback Ratio (le = 1.0 mAdc, Vcs = 5.0 Vdc, t = 1.0 kHz) hrb - 1.25 x 10-4 
Oc = 5.0 mAdc, Vcs = 10 Vdc, t = 1.0 kHz) - 1.50 

Small-Signal Current Gain Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hfe 30 100 -
Uc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 45 -

Output Admittance Uc= 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) hob - 0.5 µ.mhos 
Oc = 5.0 mAdc, Vcs = 10 Vdc, f = 1.0 kHz) - 0.5 

(1) Pulse Test: Pulse Width"' 300 µ.s, Duty Cycle"' 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 20 Vdc 

Collector-Emitter Voltage VcES 30 Vdc 

Collector-Base Voltage Vcso 40 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous Peak le 200 mAdc 

Total Device Dissipation @ TA = 25°C Po 0.3 Watt 
Derate above 25"C 2.0 mwrc 

Total Device Dissipation @Tc = 25°C Po 1.0 Watts 
Derate above 25°C 6.67 mwrc 

Total Device Dissipation @ Tc = 1 OO"C Po 0.5 Watt 
Derate above 100°C 6.67 mwrc 

Operating and Storage Junction TJ, Tstg -65to +175 "C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
Uc = 100 µ.Ade, IE = 01 

Emitter-Base Breakdown Voltage 
(IE = 1 oo µ.Ade, le = OI 

Collector Cutoff Current 
(Vcs = 20 Vdc, IE = 0) 
(Vcs = 20 Vdc, IE = 0, TA = 150°C) 

Collector Cutoff Current 
(VcE = 30 Vdc, VsE = O) 

ON CHARACTERISTICS 

DC Current Gain(1 I 
(le= 10 mAdc, VcE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage 
Uc= 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1 I 
Uc= 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 15 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(le = 10 mAdc, VcE = 15 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Charge-Storage Time Constant (Figure 2) 
Uc = 10 mAdc, 191 = 192 = 10 mAdc) 

Turn-On Time (Figure 1 I 
Uc = 10 mAdc, ls1 = 3.0 mAdc, ls2 = 1.0 mAdc) 

Turn-Off Time (Figure 1 I 
Uc= 10 mAdc, 191 = 3.0 mAdc, ls2 = 1.0 mAdcl 

(1) Pulse Test: Pulse Width.;; 12 ms, Duty Cycle.;; 2.0%. 

SMALL-SIGNAL DEVICES 
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2N834 
2N835 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! 
SWITCHING TRANSISTOR 

NPN SILICON 

Refer to 2N2368 for graphs. 

Symbol Min Max Unit 

V(BR)CBO 40 - Vdc 

V(BR)EBO 5.0 - Vdc 

icso µ.Ade 
- 0.5 
- 30 

ICES - 10 µ.Ade 

hFE 25 - -

VcE(sat) Vdc 
- 0.25 
- 0.4 

VBE(sat) - 0.9 Vdc 

fr 350 - MHz 

Cobo - 4.0 pF 

lhtel 3.5 - -

ts - 25 ns 

Ion - 35 ns 

lo ff - 75 ns 

MOTOROLA SEMICONDUCTORS 
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2N869A 
2N4453 

JAN, JTX, JTXV 
AVAILABLE 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

2N4453 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @Tc = 25'C 
TC = 100'C 

Derate atfove 25°C 

Symbol 

VcEO 

VcES 

VcBo 

VEBO 

le 

Po 

Po 

2N869A 2N4453 Unit 

18 18 Vdc 

25 Vdc 

25 25 Vdc 

5.0 Vdc 

200 mAdc 

360 400 mW 
2.06 2.29 mW/'C 

1.2 2.0 Watts 
0.686 1.03 Watts 
6.86 11.3 mW/'C CASE 26-03, STYLE 1 

T0-46 (T0-206AB) 
JAN,JANTX 
AVAILABLE 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Rarfge 

THERMAL CHARACTERISTICS 

SWITCHING TRANSISTOR Characteristic Symbol 2N869A 2N4453 Unit 

PNP SILICON Thermal Resistance, Junction to Case RBJC 146 97.5 'C/W 

Thermal Resistance, Junction to Ambient RBJA 486 585 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 18 - Vdc 
lie = 10 mAdc, IB = O) 2N4453 

Collector-Emitter Breakdown Voltage V(BR)CES 25 - Vdc 
lie = 10 µAde, VBE = O) 2N869A, 2N4453 

Collector-Emitter Sustaining Voltage(1) VcEO(sus) 18 - Vdc 
lie = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 25 - Vdc 
(le = 10 µAde, IE = O) 2N869A, 2N4453 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vdc 
OE = 10 µ.Ade, le = O) 

Collector Cutoff Current le Bo - 25 µ.Ade 
(VcB = 15 Vdc, IE = o, TA= 150'C) 2N869A 

Collector Cutoff Current ICES - 10 nAdc 
(VcE = 15 Vdc, VBE = 0) 

Emitter Cutoff Current IEBO - 10 nAdc 
(VEB = 4.5 Vdc, le = 0) 2N4453 

Base Current 2N869A IB - 10 nAdc 
(VcE = 15 Vdc, VBE = O) 

ON CHARACTERISTICS(1) 

DC Current Gain hfE -
He = 10 mAdc, VcE = 0.3 Vdc) 2N869A 30 -
lie = 10 mAdc, VcE = 5.0 Vdc) 2N869A 40 120 

lie = 30 mAdc, VcE = 0.5 Vdc) 2N869A, 2N4453 40 120 

lie = 30 mAdc, VcE = 0.5 Vdc, TA= -55'C) 2N869A, 2N4453 17 -
He = 100 mAdc, VcE = 1.0 Vdc) 2N869A, 2N4453 25 -

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
(le = 10 mAdc, IB = 1.0 mAdc) 2N869A - 0.15 
lie= 30 mAdc, IB = 1.5 mAdc) 2N4453 - 0.25 
He = 30 mAdc, IB = 3.0 mAdc) 2N869A - 0.2 
lie = 100 mAdc, IB = 10 mAdc) 2N869A, 2N4453 - 0.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
lie = 10 mAdc, IB = 1.0 mAdc) 2N869A 0.78 0.98 
He= 30 mAdc, IB = 1.5 mAdc) 2N4453 0.8 1.1 
He = 30 mAdc, IB = 3.0 mAdc) 2N869A 0.85 1.2 
(le = 100 mAdc, IB = 10 mAdc) 2N869A, 2N4453 - 1.7 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N869A, 2N4453 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1 )(2) tr 400 - MHz 
Uc= 10 mAdc, VcE = 15 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 6.0 pF 
(VcB = 5.0 Vdc, IE = 0, f = 140 kHz) 2N869A 

Input Capacitance Cibo - 6.0 pF 
(VBE = 0.5 Vdc, le = o, f = 150 kHz) 2N869A 

Collector-Base Capacitance Ccb - 6.0 pF 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 2N4453 

Emitter-Base Capacitance Ceb - 6.0 pF 
(VsE = 0.5 Vdc, le = 0, f = 1.0 MHz) 2N4453 

SWITCHING CHARACTERISTICS 

Turn-On Time Vee = 2.0 Vdc, 2N869A ton - 50 ns 

Delay Time le= 30 mAdc, 
Vee = 3.0 Vdc 

2N4453 
Id - 35 ns 

IB1 = 1.5 mAdc 2N4453 
Rise Time Ir - 20 ns 

Turn-Off Time le= 30 mAdc, Vee = 2.0 Vdc 2N869A loft - 80 ns 

Storage Time IB1 = IB2 = Vee = 3.0 Vdc 
2N4453 

Is - 65 ns 
1.5 mAdc 2N4453 

Fall Time If - 20 ns 

(1) Pulse Test: Pulse Width .; 300 µs, Duty Cycle = 1.0%. 
(2) fr is defined as the frequency at which lhtel extrapolates to unity. 

TYPICAL SWITCHING CHARACTERISTICS 

FIGURE 1 - CAPACITANCE 
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1.2 

o; 1.0 I I 
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2N869A, 2N4453 

FIGURE 4 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 6 - TURN-OFF TIME 

10§~~§§gm~r---..~b.§l~§li 7,0 
5.0 

t---+-1---t-+-+-i-++++--t---t--+--+--+-+-t-+-H 
3·~"'".o--'--1"'".o--'3.o_..__s.._.0~1.._.o~_.10,--~-:10=---3"=0--'-:5'='0~10,......~100 

le, COLLECTOR CURRENT lmA) 
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FIGURE 7 - SWITCHING TIME 
TEST CIRCUIT 

Vin 

Zin= 50 fl 
tr< 1.0 ns 
Pulse Width""' 200 ns 

Duty Cycle.; 1.0%. 

0.1 µF 

Vee 

100 

2.0 k To Sampling Scope 
Zjn~100kS1 
tr< 1.0 ns 

FIGURE 8 - SWITCHING TEST CIRCUIT VALUES 

ton• tr. td 

toff, ts, tf 

Vin Vea Vee AL ic ta1141 
Volts Volts Volts Ohms mA mA 

2NB69A 
-7.0 3.0 2.0 62 30 1.5 

2N4453 -7.0 3.0 3.0 91 30 1.5 

2N869A +6.0 -4.0 2.0 62 30 1.5 

2N4453 +6.0 -4.0 3.0 91 30 1.5 

131 le/ls= 10. Switching isshown to reflect current industry practices. 
Compare the values shown in Figures 1 and 2@ 1(:"" 30 mA to the 
typical values in the Electrical Characteristics table@ I ell B"" 20. 

(4) 191=192 = 3.0 mA@ le/19 = 10 

ls2141 

mA 

-
-

1.5 

1.5 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 60 Vdc 

Collector-Emitter Voltage VCER 80 Vdc 
(RBE = 10 Ohms) 

Collector-Base Voltage VcBo 100 Vdc 

Emitter-Base Voltage VEBO 7.0 Vdc 

Collector Current - Continuous le 1.0 Amp 

Total Device Dissipation @ TA = 25'C Po 0.5 Watt 
Derate above 25'C 2.86 mW/'C 

Total Oevice Dissipation @ Tc = 25'C Po 1.8 Watt 
Tc = 100'C 1.0 

Derate above 25'C 10.3 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJc 97.4 'CIW 

Thermal Resistance, Junction to Ambient R8JA 350 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage !le = 100 mAdc, RBE"' 10 ohms)(1) 

Collector-Emitter Sustaining Voltage (le= 30 mAdc, Is= 0)(1) 

Collector-Base Breakdown Voltage !le = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 100 µAde, le = 0) 

Collector Cutoff Current (Vcs = 75 Vdc, IE = 0) 
(Vcs = 75 Vdc, IE = 0, TA = 150'C) 

Emitter Cutoff Current (VBE = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain !le= 0.1 mAdc, VcE = 10 Vdc) 
!le= 10 mAdc, VcE = 10 Vdc) 
(le = 10 mAdc, VcE = 10 Vdc, TA= -55'C) 

Collector-Emitter Saturation Voltage !le= 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, 19 = 5.0 mAdc) 

Base-Emitter Saturation Voltage !le = 10 mAdc, IB = 1.0 mAdc) 
!le = 50 mAdc, IB = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product !le = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance (Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance !VsE = 0.5 Vdc, le = o, f = 100 kHz) 

Input Impedance !le = 5.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Input Impedance !le = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 
!le = 5.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio Oc = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain !le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance !le = 5.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance Oc = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 
!le = 5.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure !le = 0.3 mAdc, Vcs = 10 Vdc, RG = 510 ohms, 
f = 1.0kHz, BW = 200 Hz) 

(1) Pulse Test: Pulse Width ,;; 300 µs, Duty Cycle = 2.0%. 

SMALL-SIGNAL DEVICES 
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Symbol 

VcER(sus) 

VcEO(sus) 

V(BR)CBO 

~(BR)EBO 

le Bo 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

fr 
Cobo 

Cibo 

hie 

hib 

hrb 

hfe 

hoe 

hob 

NF 

2N910 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

I 
GENERAL PURPOSE 

TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

Min Max 

80 -
60 -
100 -
7.0 -

- 0.025 
- 15 

- 0.025 

35 -
75 -
30 -
- 0.4 
- 1.2 

0.6 0.8 
- 0.9 

60 -
- 15 

- 85 

- 1800 

20 30 
4.0 8.0 

- 3.0 

76 200 

- 100 

- 0.5 
- 1.0 

- 12 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

pF 

Ohms 

Ohms 

x 10-4 

-
µmhos 

µmho 

dB 
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2N914 

JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
T0-18 (T0-206AAI 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 
(RsE "' 10 ohms) 

Collector-Base Voltage 

Emitter-Base Voltage ! Collector Current - Continuous(l) 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

SWITCHING TRANSISTOR Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

NPN SILICON Total Device Dissipation @ Tc = 100°C 
Derate above 100°C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N2368 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) (le = 30 mAdc, RsE"' 10 ohms) 

Collector-Emitter Sustaining Voltage(2) Oc = 30 mAdc, Is = O) 

Collector-Base Breakdown Voltage Oc = 1.0 µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = OI 

Collector Cutoff Current (VCE = 20 Vdc, VsE = 0.25 Vdc, TA= 125°C) 

Collector Cutoff Current (Vcs = 20 Vdc, IE = 0) 
(Vcs = 20 Vdc, IE = o, TA = 150°C) 

Emitter Cutoff Current (VBE = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(2) 
Oc = 10 mAdc, VcE = 1.0 Vdc) 
Oc = 10 mAdc, VcE = 1.0 Vdc, TA = -55°C) 
Uc = 500 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage(2) 
Oc = 200 mAdc, 19 = 20 mAdc) 
Oc = 10 mAdc, Is = 1.0 thru 20 mAdc, TA= -55 to + 125°C) 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, 19 = 1.0 mAdc) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VBE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time(3) 
!le = ls1 = ls2 = 20 mAdc) 

Turn-On Time(3) 
Oc = 200 mAdc, 191 = 40 mAdc, 192 = 20 mAdc) 

Turn-Off Time(3) 
(le = 200 mAdc, 191 = 40 mAdc, 192 = 20 mAdc) 

(1) Limited by Power Dissipation. 
(2) Pulse Test: Pulse Width = 300 µs, Duty Cycle"' 1.0%. 
(3) Measured on Sampling Scope: Pulse Width ;;. 200 ns. 
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Symbol 

VcER(susl 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

le Ex 

lcso 

IEBO 

hfE 

VcE(sat) 

VsE(sat) 

tr 

Cobo 

Cibo 

ts 

Ion 

to ff 

Symbol Value Unit 

Vern 15 Vdc 

VcER 20 Vdc 

Vcso 40 Vdc 

VEBO 5.0 Vdc 

le 150 mAdc 

Po 360 mW 
2.06 mwrc 

Po 1.2 Watts 
6.8 mwrc 

Po 0.68 Watt 

TJ, Tstg -65to +200 oc 

Min Max Unit 

20 - Vdc 

15 - Vdc 

40 - Vdc 

5.0 - Vdc 

- 10 µAde 

- 0.025 µAde 
- 15 

- 0.1 µAde 

-
30 120 
12 -
10 -

Vdc 
- 0.70 
- 0.25 

0.70 0.80 Vdc 

300 - MHz 

- 6.0 pf 

- 9.0 pf 

- 20 ns 

- 40 ns 

- 40 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 50 Vdc 

Collector-Base Voltage Vcso 70 Vdc 

Emitter-Base Voltage Ve so 5.0 Vdc 

Total Device Dissipation @ TA = 25°C Po 0.36 Watts 
Derate above 25°C 2.05 mWl°C 

Total Device Dissipation @ Tc = 25°C Po 1.2 Watts 
Derate above 25°C 6.81 mWl°C 

Total Power Dissipation @ + 100°C Case Po 0.68 w 
Operating and Storage Temperature 

Temperature Range 
TJ, Tstg -65 to +200 ·c 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
Uc = 10 mA Is = O) 

Collector-Base Breakdown Voltage 
Uc = 100,,, A ie = o) 

Emitter-Base Breakdown Voltage 
Ue = 1 o µ,A, ic = Ol 

Collector Cutoff Current 
(Vee = 60 V, IE = 0) 

Collector Cutoff Current 
!Vee = 60 v, le = oJ 
(Vee= 60 v, le= o, TA= +150°Cl 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 1omAVce = 5.0VJ 

Collector-Emitter Saturation Voltage 
Uc= 10mAls = 1.0mA 

Base-Emitter Saturation Voltage 
Uc= 10 mA Is = 1.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
Ue = o Vee = 10 v, f = 100 kHz) 

Emitter Transition Capacitance 
Uc = o Vee = o.5 v, f. = 100 kHzl 

Input Impedance 
Uc= 1.0 mA Vee = 5.0 V) 
Uc = 5.0 mA Vee = 5.Ci V) 

High Frequency Current Gain f = 100 MHz 
Uc = 10 mA Vee = 15 V) 

Small-Signal Current Gain f = 1 kHz 
Uc= 1.0 mA Vee = 5.o Vl 
Uc = 5.o mA Vee = 5.o V) 

Output Admittance 
Uc= 1.0 mA Vee = 5.0 V) 
Uc = 5.0 mA Vee = 5.0 V) 

Collector Base Time Constant 
Uc= 10 mA, Vee = 10 v, t = 40 mHz) 

(1) Pulse Test: PW~ 300 µ,s, Duty Cycle~ 1.0%. 

SMALL-SIGNAL DEVICES 
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2N915 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Refer to 2N3946 for graphs. 

Symbol Min Max Unit 

VcEO(sus) 50 - Vdc 

V(BR)CBO 70 - Vdc 

V(BR)EBO 5.0 - Vdc 

icso - 0.010 µ,A 

lcso µ,A 
- 0.010 
- 30 

hFE 50 200 -
VcE(sat) - 1.0 Vdc 

VBE(sat) - 0.9 Vdc 

Cobo - 3.5 pF 

cTE - 10 pF 

hie ohms 
- 6000 
- 2000 

hfe 2.5 - -

hte -
40 200 
50 250 

hoe 
- 75 µ,mhos 
- 125 µ,mho 

rb'Cc 300 ps 

MOTOROLA SEMICONDUCTORS 
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2N916 

JAN AVAILABLE 
CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 
GENERAL PURPOSE 

TRANSISTOR 
Total Device Dissipation @ TA = 25'C 

Derate above 25'C 

NPN SILICON Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N3946 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 
'--~~~~~~~~~~~-

Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) Oc = 30 mA, Is = 01 VcEO(sus) 

Collector-Base Breakdown Voltage Oc = 10 µA, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 µA, le = O) V(BR)EBO 

Collector Cutoff Current (Vcs = 30 V, IE = O) lcso 

Collector Cutoff Current@ 150'C (Vcs = 30 V, IE = 0) lcso 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Oc = 10 mA, VcE = 1.0 V) 
Oc = 10 mA, VcE = 1.0 V, -55'C) 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 10 mA, Is = 1.0 mAl 

Base-Emitter Saturation Voltage VsE(sat) 
Oc = 10 mA, Is = 1.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
(Vcs = 5.0 V, IE = O) 

Input Capacitance Cibo 
(VEB = 0.5 V, le = O) 

Input Impedance, f = 1.0 kHz hie 
Oc = 1.0 mA, VcE = 5.0 V) 
Oc = 5.0 mA, VcE = 5.0 V) 

Small-Signal Current Gain, f = 1.0 kHz hfe 
Oc = 1.0 mA, VcE = 5.0 V) 
Oc = 5.0 mA, VcE = 5.0 V) 

Magnitude of Forward Circuit Transfer Ratio, Common-Emitter ihtel 
Oc = 10 mA, VcE = 15 V) 

Output Admittance, f = 1.0 kHz hoe 
Oc = 1.0 mA, VcE = 5.0 VI 
Oc = 5.0 mA, VcE = 5.0 V) 

Collector Base Time Constant rb'Cc 
Oc = 10 mA. Vcs = 10 V, f = 40 MHz) 

(1) Pulse Test: Pulse Width ,,,; 300 l's, Duty Cycle ,,,; 1.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 25 Vdc 

vcso 45 Vdc 

VEBO 5 Vdc 

Po 0.36 Watts 
2.06 mW/'C 

Po 1.2 Watts 
6.9 mW/'C 

TJ, Tstg -65to +200 'C 

Min Max Unit 

25 - Vdc 

45 - Vdc 

5.0 - Vdc 

- 10 nAdc 

- 10 µAde 

-
50 200 
15 -
- 0.5 Vdc 

- 0.9 Vdc 

- 6.0 pF 

- 10 pF 

- 6000 ohms 
- 2000 ohms 

-
40 200 
50 250 

3.0 - -

- 75 I'm ho 
- 125 I'm ho 

- 300 ps 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 15 Vdc 

Collector-Base Voltage Vceo 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25°C Po 200 mW 
Derate above 25°C 1.14 mW/'C 

Total Device Dissipation@ Tc = 25°C Po 300 mW 
Derate above 25°C 1.71 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
Uc = 3.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc= 1.0 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = O) 
(Vee = 15 Vdc, IE = o, TA= 150'C) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 3.0 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = o, f = 140 kHz) 
(Vee = o, IE = 0, f = 140 kHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 140 kHz) 

Noise Figure 
Uc = 1.0 mAdc, VcE = 6.0 Vdc, Ra = 400 Ohms, f = 60 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
(Vee = 12 Vdc, le= 6.0 mAdc, f = 200 MHz) 

Power Output 
(Vee= 15 Vdc, le= 8.0 mAdc, f = 500 MHz) 

Collector Efficiency 
(Vee= 15 Vdc, le= 8.0 mAdc, t = 500 MHz) 

(1) fT is defined as the frequency at which lhtel extrapolates to unity. 

SMALL-SIGNAL DEVICES 
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2N918 
JAN, JTX, JTXV AVAILABLE 

CASE 20-03, STYLE 10 

TO· 72 (T0-206AF) 

! 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

VcEO(sus) 15 - Vdc 

V(BR)CBO 30 - Vdc 

V(BR)EBO 3.0 - Vdc 

lceo .Q10 µAde 
- 1.0 µAde 
-

hfE 20 - -

VcE(satl - 0.4 Vdc 

VeE(sat) - 1.0 Vdc 

fT 600 - MHz 

Cobo pf 

- 1.7 

- 3.0 

Cibo - 2.0 pf 

NF - 6.0 dB 

Gpe 15 - dB 

Po 30 - mW 

'1 25 - % 

MOTOROLA SEMICONDUCTORS 
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2N930,A 

JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
T0-18 (T0-206AAI 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N2481 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @Tc = 25'C 
Derate above 25'C 

Operating and Storage Temperature 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ( 1) V(BR)CEO 
Oc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = 10 µAde, IE = O) 2N930A 

Emitter-Base Breakdown Voltage V(BR)EBO 
HE = 10 µAde, le = O) 2N930 

2N930A 

Collector Cutoff Current lcEO 
(VcE = 5.0 Vdc, Is = 0) 

Collector Cutoff Current tcso 
(Vee = 45 Vdc, IE = 0) 2N930 

2N930A 

Collector Cutoff Current ICES 
(VcE = 45 Vdc, VsE = 0) 2N930 

2N930A 

(VcE = 45 Vdc, VsE = 0, TA= 170'C) 2N930 
2N930A 

Emitter Cutoff Current IEBO 
(VBE = 5.0 Vdc, le = 0) 2N930 

2N930A 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 1.0 µAde, VcE = 5.0 Vdc) 2N930A 

Uc = 10 µAde, VcE = 5.0 Vdc) 2N930 
2N930A 

Uc= 10 µAde, VcE = 5.0 Vdc, TA = -55'C) 2N930 
2N930A 

Uc = soo µAde, VcE = 5.0 Vdc) 2N930 
2N930A 

Oc = 10 mAdc, VcE = 5.0 Vdc) (1) 2N930 
2N930A 

MOTOROLA SEMICONDUCTORS 
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Symbol 2N930 2N930A Unit 

VcEO 45 60 Vdc 

Vcso 45 60 Vdc 

VEBO 5.0 6.0 Vdc 

le 30 mAdc 

Po 0.5 w 
3.33 mW/'C 

Po 1.8 Watt 
12 mW/'C 

TJ, Tstg -65 to + 175 'C 

Min Max Unit 

45 - Vdc 

80 - Vdc 

Vdc 
5.0 -
6.0 -
- 2.0 nAdc 

nAdc 
- 10 
- 2.0 

- 10 nAdc 
- 2.0 

- 10 µAde 
- 2.0 

nAdc 
- 10 
- 2.0 

-
60 -

100 300 

20 -
30 -

150 -
- -

- 600 
- 600 

SMALL-SIGNAL DEVICES 



2N930,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voltage (1) VcE(satl Vdc 
(le = 10 mAdc, Is = 0.5 mAdc) 2N930 - 1.0 

2N930A - 0.5 

Base-Emitter Saturation Voltage (1) VsE(sat) Vdc 
Oc = 10 mAdc, Is = 0.5 mAdc) 2N930 0.7 0.9 

2N930A 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
(le = 500 µ.Ade, VcE = 5.0 Vdc, f = 30 MHz) 2N930 30 -

2N930A 45 -
Output Capacitance Cobo pf 

(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 2N930 - 8.0 
2N930A - 6.0 

Input Impedance hib 25 32 ohms 
(IE = 1.0 mAdc, Vcs = 5.0 Vdc, t = 1.0 kHz) II 

Voltage Feedback Ratio hrb - 600 x 10-6 
(IE = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe -
Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N930 150 600 

2N930A 

Output Admittance hob - 1.0 µ.mhos 
(IE = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure NF - 3.0 dB 
Oc = 10 µ.Ade, VcE = 5.0 Vdc, 2N930, 
Rs = 10 k ohms, f = 10 Hz to 15.7 kHz) 2N930A 

(1) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 

2N956 For Specifications, See 2N718A Data. 
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2N1132,A 

JAN AVAILABLE 
CASE 79-02, STYLE 1 

T0-39 (T0-205AD) 

SWITCHING TRANSISTOR 

PNP SILICON 

Refer to 2N2904 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 
(RBE"' 10 Ohms) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation@ TA= 25°C 
Cerate above 25°C 

Total Device Dissipation @Tc = 25°C 
Cerate above 25°C 

Total Device Dissipation @Tc = 100°C 
2N1132A 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 2N1132A V(BR)CEO 
Oc = 10 mA) 2N1132 

Collector-Base Breakdown Voltage V(BR)CBO 
!le = 100 µAde, IE = O) 2N1132, 

2N1132A 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 100 µAde, le = O) 2N1132, 
!IE = 1.0 mA, le = O) 2N1132A 

Collector Cutoff Current lcso 
(Vcs = 30 Vdc, IE = 0) 2N1132 
(Vcs = 50 Vdc, IE = 0) 2N1132 
(Vcs = 30 Vdc, IE = o, TA= 150°C) 2N1132 
(Vcs = 45 Vdc, IE = 0) 2N1132A 
(Vcs = 45 Vdc, IE = o, TA= 150°C) 2N1132A 

Collector Cutoff Current 2N1132 le ER 
(VcE = 50 V, RBE = "' 10 Ohms) 2N1132A 

Emitter Cutoff Current IEBO 
(VsE = 5.0 Vdc, le = O) 2N1132A 
(VsE = 2.0 Vdc, le = O) 2N1132 

ON CHARACTERISTICS(1) 

DC Current Gain hfE 
!le = 5.0 mAdc, VcE = 10 Vdc) 
!le = 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
!le = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
lie= 150 mAdc, Is = 15 mAdcl 

MOTOROLA SEMICONDUCTORS 
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Symbol 2N1132_EN1132A Unit 

VcEO 35 l 40 Vdc 

VcER ~so--. Vdc 

Vcso 50 l 60 Vdc 

VEBO +----- 5.0-----+ Vdc 

le <-- 600 -----> mA 

Po <--600---> mW 
+----- 3.43-----+ mW/"C 

Po +----- 2.0-----+ Watts 
<-- 11.43 ----> mW/"C 

Po ~1.0----+ Watts 

TJ, Tstg -65 to +200 oc 

Symbol Max Unit 

RoJc 87.49 oc/W 

ReJA 291.55 oc/W 

Min Max Unit 

40 - Vdc 
35 

Vdc 
50 -
60 -

- Vdc 
5.0 -
5.0 

µAde 
- 1.0 
- 100 
- 100 
- 0.5 
- 50 

- 10 mA 
- 10 mA 

µAde 
- 100 
- 100 

-
25 -
30 90 

- 1.5 Vdc 

- 1.3 Vdc 

SMALL-SIGNAL DEVICES 



2N1132,A 

ELECTRICAL CHARACTERISTICS (continued) <TA= 25°C unless otheiwise noted.) 

Characteristic I Symbol 
SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
(le= 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 2N1132, 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 2N1132A 

Input Capacitance C;bo 
(VeE = o.5 Vdc, le = o. t = 1.0 kHz) 2N1132, 
(VeE = 0.5 Vdc, le = 0, f = 1.0 MHz) 2N1132A 

Input Impedance hib 
Uc = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz 
(le = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz 

Voltage Feedback Ratio hrb 
Uc = 5.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 
Uc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N1132, 

2N1132A 

Uc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N1132, 
2N1132A 

Output Admittance hob 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 
Uc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 2N1132A 

Turn-Off Time 2N1132A 

(1) Pulse Test: Pulse Width"" 300 µs, Duty Cycle"" 2.0%. 

FIGURE 1 SWITCHING TIMES TEST CIRCUIT 

PW= 150 ns 
tr ~2.0 ns 

Duty Cycle ~2.0% 

120 pF 

50 

Vss Vee 
-+ 1.5 v -15 v 

1.0 k 150 

Min Max Unit 

60 - MHz 

pF 
- 45 
- 30 

pF 
- 80 
- 80 

Ohms 
25 35 
- 10 

x 10-4 
- 8.0 
- 8.0 

-
25 100 
25 75 

30 -
30 

µmhos 
- 1.0 
- 5.0 

45 ns 

35 ns 

Scope 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N1613 

JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 

T0-39 (T0·205AD) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
(Ree "" 10 Ohms) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @Tc = 25'C 
Derate above 25'C 

GENERAL PURPOSE 
TRANSISTOR 

Operating and Storage Junction 
Temperature Range 

NPNSIUCON THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Refer to 2N3019 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc = 100 mAdc, Ree"" 10 Ohms) VCE!lliiufil. 
Collector-Base Breakdown Voltage Uc = 100 µAde, le = 01 '1Blll_CBO 
Emitter-Base Breakdown Voltage Ue = 100 µAde, le = Ol ~R)EBO 
Collector Cutoff Current (Vee = 60 Vdc, le = Ol lceo 

(Vee = 60 Vdc, le = 0, TA= 150'C) 

Emitter Cutoff Current (Vee = 5.o Vdc, le = 01 ieeo 

ON CHARACTERISTICS(1) 

DC Current Gain Uc = 100 µAde, Vee = 10 Vdcl hFE 
Uc = 10 mAdc, Vee = 10 Vdcl 
Uc = 10 mAdc, Vee = 10 Vdc, TA = -55'C) 
Uc= 150 mAdc, Vee = 10 Vdcl 
Uc = 500 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage Uc= 150 mAdc, le = 15 mAdc) Vci;isat) 

Base-Emitter Saturation Voltage Uc= 150 mAdc, le = 15 mAdc) Vee1satl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) IT 
Uc = 50 mAdc, Vee = 10 Vdc, f = 20 MHz) 

Output Capacitance (Vee = 10 Vdc, le = o, f = 100 kHz) Cobo 

Input Capacitance (Vee = o.5 Vdc, le = o. f = 100 kHz) Cibo 

Input Impedance Uc= 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) hib 
Uc= 5.0 mAdc, Vee= 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio Uc= 1.0 mAdc, Vee= 5.0 Vdc, f = 1.0 kHz) hrb 
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain Uc= 1.0 mAdc, Vee= 5.0 Vdc, f = 1.0 kHz) hfe 
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Output Admittance Uc= 1.0 mAdc, Vee= 5.0 Vdc, f = 1.0 kHz) hob 
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Noise Figure Uc= 0.3 mAdc, Vee = 10 Vdc, Rs = 510 Ohms, f = 1.0 kHz, NF 
Bandwidth = 1.0 Hz) 

SWITCHING CHARACTERISTICS 

I Switching Time (d+tr+tf 

(1) Pulse T!>st: Pulse Width "" 300 µ.s, Duty Cycle "" 2.0%. 

MOTOROLA SEMICONDUCTORS 

4-26 

Symbol Value Unit 

VceR 50 Vdc 

Vceo 75 Vdc 

Veeo 7.0 Vdc 

le 500 mAdc 

Po 0.8 Watt 
4.57 mWf'C 

Po 3.0 Watts 
17.15 mWf'C 

TJ, Tstg -65 to +200 'C 

Symbol Max Unit 

RB.Jc 58.3 'C/W 

Min Typ Max Unit 

50 - - Vdc 

75 - - Vdc 

7.0 - - Vdc 

- - 10 nAdc 
- - 10 µAde 

- - 10 nAdc 

20 35 - -
35 50 -
20 - -
40 80 120 
20 30 -
- 0.3 1.5 Vdc 

- 0.78 1.3 Vdc 

60 - - MHz· 

- 10 25 pF 

- 50 80 pF 

24 - 34 Ohms 
4.0 - 8.0 

- - 3.0 x 10-4 
- - 3.0 

30 - 100 -
35 - 150 

0.05 - 0.5 µ.mhos 
0.05 - 0.5 

- - 12 dB 

30 ns 

SMALL-SIGNAL DEVICES 



2N1711 For Specifications, See 2N718A Data. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 80 Vdc 

Collector-Emitter Voltage VcER 100 Vdc 

Collector-Base Voltage Vcso 120 Vdc 

Emitter-Base Voltage VEBO 7.0 Vdc 

Collector Current - Continuous le 0.5 Ade 

Total Device Dissipation @ TA = 25°C Po 0.8 Watt 
Derate above 25°C 4.57 mWi°C 

Total Device Dissipation @Tc = 25°C Po 3.0 Watts 
Derate above 25°C 17.2 mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 58.3 oc;w 

Thermal Resistance, Junction to Ambient RoJA 219 oc;w 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Oc = 100 mAdc, RsE = 10 ohms) 

Collector-Emitter Sustaining Voltage(1) (le = 30 mAdc, Is = O) 

Collector-Base Breakdown Voltage (le = 1 oo µAde, IE = o) 

Emitter-Base Breakdown Voltage (IE = 100 µAde. le = O) 

Collector Cutoff Current (Vcs = 90 Vdc, IE = 0) 
(Vcs = 90 Vdc, IE = o, TA = 150°C) 

Emitter Cutoff Current (VsE = 5.0 Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain(1) Oc = 0.1 mAdc, VcE = 10 Vdc) 
(le = 10 mAdc, VcE = 10 Vdc) 
(le = 10 mAdc, VcE = 10 Vdc, TA= -55°C) 
Oc = 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage (le = 50 mAdc, lg = 5.0 mAdc) 
(le = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage (le = 50 mAdc, Is = 5.0 mAdc) 
Oc = 150 mAdc, lg = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (le = 50 mAdc, VcE = 1 o Vdc, f = 20 MHz) 

Output Capacitance (Vcs = 10 Vdc, IE = 0, 100 kHz"' f"' 1.0 MHz) 

Input Capacitance (VsE = 0.5 Vdc, le = 0, 100 kHz"' f"' 1.0 MHz) 

Input Impedance Oc = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 
Oc = 5.0 mAdc, Vcs = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio (le = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 
(le = s.o mAdc, Vcs = 1 o Vdc, f = 1.0 kHz) 

Small-Signal Current Gain Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance (le = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 
(le = 5.0 mAdc, Vcs = 10 Vdc, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
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2N1893 

CASE 79, STYLE 1 
T0·39 (T0-205AD) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

Symbol Min Max Unit 

VcER(sus) 100 - Vdc 

VcEO(sus) 80 - Vdc 

V(BR)CBO 120 - Vdc 

V(BR)EBO 7.0 - Vdc 

lcso - 0.01 µAde 
- 15 

IEBO - 0.01 µAde 

hFE 20 - -
35 -
20 -
40 120 

VcE(sat) - 1.2 Vdc 
- 5.0 

VsE(sat) - 0.9 Vdc 
- 1.3 

fr 50 - MHz 

Cobo - 15 pF 

Cibo - 85 pF 

hib 20 30 Ohms 
4.0 8.0 

hrb - 1.25 x 10-4 
- 1.5 

hfe 30 100 -
45 -

hob - 0.5 µmho 
- 0.5 

MOTOROLA SEMICONDUCTORS 
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2N2102 MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

CASE 79-02, STYLE 1 
T0•39 (T0-205AD) 

Collector-Emitter Voltage, ReE ,,.· 10 Ohms 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = ,25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

AMPLIFIER TRANSISTOR 
THERMAL CHARACTERISTICS 

NPN SILICON Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 
Refer to 2N3019 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 2s0 c unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Uc = 1QO mAdc, ReE ,,. 10 ohms) VCE!llius) 

Collector-Emitter Sustaining Voltage(2) Uc = 100 mAdc, la = O) VcEQJJ'us) 

Collector-Emitter Breakdown Voltage Uc = 100 µ.Ade, VES = 1.5 Vdc) V(BR)CEX 

Collector-Base Breakdown Voltage (le = 100 µ.Ade, IE = O) V(8Rl_CBO 

Emitter-Base Breakdown Voltage OE = 100 µ.Ade, le = o) V(BR)EBO 

Collector Cutoff Current (Vee = 60 Vdc, IE = O) lceo 
(Vee = 60 Vdc, IE = o, TA= 15o•c1 

Emitter Cutoff Current (VBE = 5.0 Vdc, le = 0) IEBO 

ON CHARACTERISTICS 

DC Current Gain Uc = 0.1 mAdc, VcE = 10 Vdc) hFE 
Uc = 10 mAdc, VcE = 10 Vdc) 
Uc= 10 mAdc, VcE = 10 Vdc, TA= -55°Cl 
Uc = 150 mAdc, VcE = 10 Vdc)(2) 
Uc = 500 mAdc, VcE = 10 Vdc)(2) 
Uc = 1.0 Ade, VcE = 10 Vdc)(2) 

Collector-Emitter Saturation Voltage Uc= 150 mAdc, le = 15 mAdc) VcE(sa!L 

Base-Emitter Saturation Voltage Uc = 150 mAdc, le = 15 mAdc) Ve~sat) 
SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Uc = 50 mAdc, VcE = 10 Vdc, fr 
f = 20 MHz) 

Output Capacitance (Vee = 10 Vdc, IE = 0, f = 100 kHz) Cobo 

Input Capacitance (VBE = 0.5 Vdc, le = 0, f = 100 kHz) Cibo 

Input Impedance Uc = 1.0 mAdc, VcE = 5.0 Ydc, f = 1.0 kHz) hib 
Uc= 5.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio Uc = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) hrb 
Uc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hte 
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Output Admittance Uc = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) hob 
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Noise Figure Uc = 300 µ.Ade, Vee = 1 o Vdc, Rs = 1.0 k Ohm, NF 
f = 1.0 kHz, Bandwidth = 1.0 Hz) 

SWITCHING CHARACTERISTICS 

I Switching Time 

Symbol Value Unit 

VcEO 65 Vdc 

VcER 80 Vdc 

Vcao 120 Vdc 

VEBO 7.0 Vdc 

le 1.0 Ade 

Po 1.0 Watt 
5.71 mW/'C 

Po 5.0 Watts 
28.6 mWl'C 

TJ, Tstg -65 to +200 ·c 

Symbol Max Unit 

R8JC 36 •ctw 
R8JA(1) 175 ·ctw 

Min Typ Max Unit 

80 - - Vdc 

65 - - Vdc 

120 - - Vdc 

120 - - Vdc 

7.0 - - Vdc 

- - 2.0 nAdc 
- - 2.0 µ.Ade 

- - 2.0 nAdc 

20 - - -
35 - -
20 - -
40 - 120 
25 - -
10 - -
- 0.15 0.5 Vdc 

- 0.88 1.1 Vdc 

60 - - MHz 

- 6.0 15 pF 

- 50 80 pF 

24 - 34 Ohms 
4.0 - 8.0 

- - 3.0 x 10-4 
- - 3.0 

30 - 100 -
35 - 150 

O.Q1 - 0.5 µmho 
O.Q1 - 1.0 

- 4.0 6.0 dB 

30 ns 

(1) ReJA is measured with the device soldered into a typical printed circuit board. (2) Pulse Test: Pulse Width~ 300 µ.s, Duty Cycle =so 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 50 Vdc 

Collector-Base Voltage VcBo 80 Vdc 

Emitter-Base Voltage VEBO 8.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 0.8 Watt 
Derate above 25°C 4.6 mWt'C 

Total Device Dissipation @ Tc = 25°C Po 2.8 Watts 
Derate above 25°C 16 mWt'C 

Total Device Dissipation Po mWt'C 
@ 100°C Case 1.6 

Derate above 100°C 16 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65to +200 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
Uc = 25 mA. IB = O) 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcB = 60 Vdc, IE = O) 
(VcB = 60 Vdc, IE = o, TA= 150°C) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 0.1 mAdc, VcE = 10 Vdc) 
Oc = 10 mAdc, VcE = 10 Vdc) 
(le= 10 mAdc, VcE = 10 Vdc, TA = -55°C) 
Oc = 150 mAdc, VcE = 10 Vdc)(1) 
Oc = 150 mAdc, VcE = 1.0 Vdc)(1) 
Oc = 500 mAdc, VcE = 10 Vdc)(1) 
Uc = 1.0 Ade, VcE = 10 Vdc)(1) 

Collector-Emitter Saturation Voltage 
(le= 150 mAdc, IB = 15 mAdc) 

Base-Emitter Saturation Voltage 
Oc = 150 mAdc, IB = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(le = 50 mA, VcE = 10 V, f = 20 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time 

Storage Time 

Fall Time 

(1) Pulse Test: Pulse Width ,,; 300 µ,s, Duty Cycle,,; 2.0%. 
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2N2193A 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

Symbol Min Max Unit 

VcEO(sus) 50 - Vdc 

V(BR)CBO 80 - Vdc 

V(BR)EBO 8.0 - Vdc 

icso µAde 
- 0.010 
- 25 

IEBO - 0.050 µAde 

hFE -
15 -
30 -
20 -
40 120 
30 -
20 -
15 -

VcE(sat) - 0.25 Vdc 

VBE(sat) - 1.3 Vdc 

Cobo - 20 pF 

hfe 2.5 - -

tr - 70 ns 

ts - 150 ns 

If - 50 ns 

MOTOROLA SEMICONDUCTORS 
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2N2218,A/2N2219,A 
2N2221,A/2N2222,A 

2N5581/82 
JAN, JTX, JTXV AVAILABLE 

2N2218,A 
2N2219,A 

CASE 79-02 
T0-39 (T0-205AD) STYLE 1 

2N2221,A 
2N2222,A 

CASE 22-03 
T0-18 (T0-206AA) STYLE 1 

2N5581 
2N5582 

CASE 26-03 
T0-46 (T0-206AB) STYLE 1 

~ 
l 

GENERAL PURPOSE TRANSISTOR 
NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA"' 25°C 
De'rate a'bove 25°C 

Total Device Dissipation 
@Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 10 mAdc, Is = O) Non-A Suffix 

A-Suffix, 2N5581, 2N5582 

Collector-Base Breakdown Voltage 
lie = 10 µAde, IE = 01 Non-A Suffix 

A-Suffix, 2N5581, 2N5582 

Emitter-Base Breakdown Voltage 
llE = 10 µ,Ade, le = Ol Non-A Suffix 

A-Suffix, 2N5581, 2N5582 

Collector Cutoff Current 
IVcE = 60 Vdc, VEB(off) = 3.0 Vdc) A-Suffix, 2N5581, 2N5582 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = 0) Non-A Suffix 
(Vcs = 60 Vdc, IE = 0) A-Suffix, 2N5581, 2N5582 
IVcs = 50 Vdc, IE = o, TA= 150°CI Non-A Suffix 
IVcs = 60 Vdc, IE = o, TA= 150°Cl A-Suffix, 2N5581, 2N5582 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = O) A-Suffix, 2N5581, 2N5582 

Base Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) A-Suffix 

ON CHARACTERISTICS 

DC Current Gain 
lie = 0.1 rnAdc, VcE = 1 o Vdcl 2N2218.A, 2N2221.A, 2N5581(1) 

2N2219.A, 2N2222.A, 2N5582(1) 

lie = 1.0 mAdc, VcE = 10 Vdc) 2N2218.A, 2N2221.A. 2N5581 
2N2219.A. 2N2222.A, 2N5582 

lie = 10 rnAdc, VcE = 10 Vdcl 2N2218.A. 2N2221.A, 2N5581(1) 
2N2219.A. 2N2222.A, 2N5582(1) 

lie = 10 mAdc, VcE = 10 Vdc, TA= -55°C) 2N2218A, 2N2221A, 2N5581 
2N2219A, 2N2222A, 2N5582 

lie= 150 rnAdc, VcE = 10 Vdc)(1) 2N2218.A, 2N2221,A, 2N5581 
2N2219,A 2N2222.A. 2N5582 
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Symbol 

Vern 

Vcso 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

lcso 

IEBO 

ISL 

hFE 

2N2218 2N2218A 
2N2219 2N2219A 
2N2221 2N2221A 2N5581 
2N2222 2N2222A 2N5582 Unit 

30 40 40 Vdc 

60 75 75 Vdc 

5.0 6.0 6.0 Vdc 

800 800 800 mAdc 

2N2218,A 2N2221,A 2N5581 
2N2219,A 2N2222,A 2N5582 

0.8 0.4 0.6 Watt 
4.57 2.28 3.33 mW!°C 

3.0 1.2 2.0 Watts 
17.1 6.85 11.43 mW!°C 

-65to +200 oc 

Min Max Unit 

Vdc 
30 -
40 -

Vdc 
60 -
75 -

Vdc 
5.0 -
6.0 -
- 10 nAdc 

µAde 
- 0.01 
- O.Q1 
- 10 
- 10 

- 10 nAdc 

- 20 nAdc 

-
20 -
35 -

25 -
50 -

35 -
75 -

15 -
35 -

40 120 
100 300 

SMALL-SIGNAL DEVICES 



2N2218/19/21/22, A SERIES, 2N5581/82 

ELECTRICAL CHARACTERISTICS (continued) IT A = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

(le = 150 mAdc, Vee = 1.0 Vdc)(1) 2N2218,A, 2N2221,A, 2N5581 20 -
2N2219,A, 2N2222,A, 2N5582 50 -

(le = 500 mAdc, Vee = 10 Vdc)(1) 2N2218, 2N2221 20 -
2N2219, 2N2222 30 -
2N2218A, 2N2221A, 2N5581 25 -
2N2219A, 2N2222A, 2N5582 40 -

Collector-Emitter Saturation Voltage(1) VcE(sat) Vdc 
Oc = 150 mAdc, Is = 15 mAdc) Non-A Suffix - 0.4 

A-Suffix, 2N5581, 2N5582 - 0.3 

Oc = 500 mAdc, Is = 50 mAdcl Non-A Suffix - 1.6 
A-Suffix, 2N5581, 2N5582 - 1.0 

Base-Emitter Saturation Voltage(1) VsE(sat) Vdc 
(le = 150 mAdc, Is = 15 mAdcl Non-A Suffix 0.6 1.3 II 

A-Suffix, 2N5581, 2N5582 0.6 1.2 

Oc = 500 mAdc, Is = 50 mAdc) Non-A Suffix - 2.6 
A-Suffix, 2N5581, 2N5582 - 2.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fr MHz 
(le = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) All Types, Except 250 -

2N2219A, 2N2222A, 2N5582 300 -
Output Capacitance(3) Cobo - 8.0 pF 

(VcB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance(3) Cibo pF 
(VEB = 0.5 Vdc, le = 0, f = 100 kHz) Non-A Suffix - 30 

A-Suffix, 2N5581, 2N5582 - 25 

Input Impedance hie kohms 
(le = 1.0 mAdc, Vee = 1 o Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 1.0 3.5 

2N2219A, 2N2222A 2.0 8.0 

(le = 10 mAdc, Vee = 10 Vdc, t = 1.0 kHz) 2N2218A, 2N2221A 0.2 1.0 
2N2219A, 2N2222A 0.25 1.25 

Voltage Feedback Ratio hre x 10-4 
Oc = 1.0 mAdc, Vee = 10 Vdc, t = 1.0 kHz) 2N2218A, 2N2221A - 5.0 

2N2219A, 2N2222A - 8.0 

Oc = 10 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A - 2.5 
2N2219A, 2N2222A - 4.0 

Small-Signal Current Gain hfe -
(le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 30 150 

2N2219A, 2N2222A 50 300 

(le= 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 50 300 
2N2219A, 2N2222A 75 375 

Output Admittance hoe µmhos 
(le = 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 3.0 15 

2N2219A, 2N2222A 5.0 35 

(le = 10 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 10 100 
2N2219A, 2N2222A 25 200 

Collector Base Time Constant rb'Cc - 150 ps 
Oe = .20 mAdc, Vcs = 20 Vdc, f = 31.8 MHz) A-Suffix 

Noise Figure NF - 4.0 dB 
Oc = 100 µAde, Vee = 10 Vdc, 
Rs = 1.0 kohm, f = 1.0 kHz) 2N2219A, 2N2222A 

Real Part of Common-Emitter Re(hiel - 60 Ohms 
High Frequency Input Impedance 

(le = 20 mAdc, Vee = 20 Vdc, f = 300 MHz) 2N2218A, 2N2219A 
2N2221A, 2N2222A 

(1) Pulse Test: Pulse Width .; 300 µs, Duty Cycle .; 2.0%. 
(2) fr is defined as the frequency at which ihfel extrapolates to unity. 
(3) 2N5581 and 2N5582 are Listed Ccb and Ceb for these conditions and values. 
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581 /82 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°e unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 
SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VBE(off) = 0.5 Vdc, Id - 10 ns 

Rise Time le = 150 mAdc, ls1 = 15 mAdc) 
Ir - 25 ns 

(Figure 14) 

Storage Time (Vee = 30 Vdc, le = 150 mAdc, Is - 225 ns 

Fall Time ls1 = ls2 = 15 mAdc) 
If - 60 ns 

(Figure15) 

Active Region Time Constant TA - 2.5 ns 

z 
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"' .... 
al 
"' "' :0 
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u 
0 
0 
w 

:l 
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"' 0 
z 
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Uc = 150 mAdc, VcE = 30 Vdc) (See Figure 14 for 2N2218A. 2N2219A, 
2N2221A, 2N2222A) 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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FIGURE 2 - COLLECTOR CHARACTERISTICS IN SATURATION REGION 
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This graph shows the effect of base current on collector current. Po 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt, and p, (forced gain) is the ratio of le/I .. in a circuit. 

EXAMPLE: For type 2N2219, estimate a base current (I,.) to insure 
saturation at a temperature of 25°e and a collector current of 
150 mA. 

Observe that at le= 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure 1, it is seen that h,.@ 1 volt is approximately 0.62 of h,.@ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, Po = 62 and substituting values in the overdrive equation, 
we find: 

~-h"@ 1.0V 
p, - le/I,. 

62 
2·5 = 150/1,, 1,.:::::6.0 mA 
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581 /82 

FIGURE 3 - "ON" VOLTAGES 
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FIGURE 4 - TEMPERATURE COEFFICIENTS 
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h PARAMETERS 
VcE = 10 Vde, f = 1.0 kHz, TA= 25°C 

This group of graphs illustrates the relationship between hfe and other "h" parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 
on each graph. 

FIGURE 5 - INPUT IMPEDANCE 
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FIGURE 7 - CURRENT GAIN 
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FIGURE 6 - VOLTAGE FEEDBACK RATIO 
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FIGURE 8 - OUTPUT ADMITTANCE 
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2N2218,Al2N2219,A/2N2221,A/2N2222,A/2N5581 /82 

j ... 
~ 
::l 
::1: 
§! ... ... 
!!! 
~ 
.=-
.J 

SWITCHING TIME CHARACTERISTICS 

FIGURE 9 - TURN-ON TIME 

'r... r" 
10 L.-J'-'-..J....1.-'-'-''--...._.L....J~~N~.LN.Lb~.__-'--~'-' 

3.0 5.0 10 20 30 50 100 200 300 

le, COLLECTOR CURRENT tmAI 

FIGURE 10 - CHARGE DATA 

lO.OOO~~*~~~~~Etmii1~~~~ Oj:-+ T, = 25°C 
500 ~ lella-10 ~ 

I-+' Yep = 5 V WNLESS NOTED! -+-+--i~l-t::Pot''Ft---f ....... ---:li-.-t 
2000 l-H+H-1+---t--t-+--b."'9-++-t>o~F--+--l 

z .d-"l 

lOOO~illl~E~~~~~Qr~.~TO~T~AL~C~ON~T~RO~~m§i '.j CHARG~ 
~ 500 !!.. HIGH GAIN TYPES ~ 
~ L.. LIOW GAIN TYPES IO' 

2001-"" 1-t" ~ 

i~~~~Ve~e~=~30~V~~~~~~~~~J..£~~~~ 100 
~QA.ACTIVE REGIO~I:; ALL TYPES 

50 CHARGE -
I .I 

20.,_ ...... ~~~__..__.._...._..._ ................. ......__.__...__, 
3.0 5.0 7.0 10 20 30 50 70 100 200 300 

le. COLLECTOR CURRENT tmAI 

FIGURE 11 -TURN-OFF BEHAVIOR 

3oot~~~::x~~~~~~=! L;-;~;~~~::l!!.r~l"'$~~==f~~f=~ 200f ~ le/111-IO r-t. ~ ---- -...,.-1 

~lOOLSt ~ ~ 
;:::: ~ ~ le/111 20 -+-+--+-l 
~ 70 ~ 
~ 50 N ""'h. 

! 30 le/111~ ~N 
.=- I"-. 

300~ 

200 ...... 

~ 
~le/111=10 cs: 100 

70 

50 

30 

20 
HIGH GAIN TYPES 100 T, l 25l +--+--+--+-~-+-+----+----+--+-! 

50 70 100 200 300 10 20 30 50 70 100 200 300 

le, COLLECTOR CURRENT tmAI le. COLLECTOR CURRENT lmAI 
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581 /82 

FIGURE 12 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

GENERATOR RISE TIME< 2.0 ns 
f¥J ~ 200 ns 
OUTY CYCLE= 2.llYo 

O-n05V 

SMALL-SIGNAL DEVICES 

+30 v 

OSCILLOSCOPE 
-=- Ain > 100 k ohms 

Gin.,;;;; 12 pF 
RISE TIME< 5.0 ns 

OUTY CYCLE= 2.11% 

FIGURE 13 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 

+30 v 

1--rrl~ ~o:::. 
+16 2 v 

0-'Vl.IV--....+--1 

~ 500µs-1 
-3.0V 

SCOPE 
Rin > 100 k ohms 
C;n< 12pF 
RISE TIME< 5.0 ns 
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2N2270 

CASE 79-02, STYLE 1 

T0-39 (T0-205AD) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage, RBE ,,;; 10 Ohms 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) !le= 100 mAdc, RsE"' 10 Ohms) V(BR)CER 

Collector-Emitter Sustaining Voltage(2) (le = 100 mAdc, Is = 01 VcEO(sus) 

Collector-Base Breakdown Voltage !le = o.05 µAde, IE = O) V(BR)CBO 

Emitter-Base Breakdown Voltage OE= 0.1 mAdc, le= O) V(BRIEBO 

Collector Cutoff Current (Vee = 60 Vdc, IE = 0, Tc = 25'C) lcso 
(Vee = 60 Vdc, IE = 0, Tc = 150'C) 

Emitter Cutoff Current (VBE = 5.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain hFE 
!le= 1.0 mAdc, VcE = 10 Vdc) 
!le = 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
!le= 150 mAdc, 19 = 15 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) 
!le = 150 mAdc, 19 = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
!le = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VsE = 0.5 Vdc, le = o, t = 100 kHz) 

Small-Signal Current Gain hte 
!le= 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF 
!le = 0.3 mAdc, VcE = 10 Vdc, Rs = 1.0 k Ohm, 
f = 1.0 kHz, B.W. = 1.0 Hz) 

SWITCHING CHARACTERISTICS 

I Total Switching Time I ton + loft 

(1 I ReJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width ,,;; 300 µs, Duty Cycle ,,;; 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 45 Vdc 

VcER 60 Vdc 

Vcso 60 Vdc 

VEBO 7.0 Vdc 

le 1,0 Ade 

Po 1.0 Watt 
5.71 mW/'C 

Po 5.0 Watts 
28.6 mWl'C 

TJ, Tstg -65 to +200 'C 

Symbol Max Unit 

ReJC 35 'C/W 

ReJA(1) 175 'C/W 

Min Typ Max Unit 

60 - - Vdc 

45 - - Vdc 

60 - - Vdc 

7.0 - - Vdc 

- - 0.05 µAde 
- - 100 

- - 100 nAdc 

-
30 90 -
50 135 200 

- 0.15 0.9 Vdc 

- 0.88 1.2 Vdc 

100 250 - MHz 

- 10 15 pF 

- 60 80 pF 

50 - 275 -

- 7.0 10 dB 

30 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 35 Vdc 

Collector-Base Voltage Vcso 80 Vdc 

Emitter-Base Voltage VEBO 7.0 Vdc 

Collector Current - Continuous ic 1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 800 mW 
Derate above 25°C 4.56 mWl°C 

Total Device Dissipation@ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 35 oc;w 

Thermal Resistance, Junction to Ambient RoJA(1) 219 oc;w 

Lead Temperature, 1/16" from Case TL 300 oc 
for 10 seconds 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(2) VcEO(sus) 
!le = 30 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
!le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 100 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = 60 Vdc, IE = 0) 
!Vcs = 60 Vdc, IE = o, TA = + 150°C) 

Emitter Cutoff Current IEBO 
(VEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
!le = 10 mAdc, VcE = 10 Vdc) 
!le = 150 mAdc, Vee = 10 Vdc) 
!le = 1.0 Ade, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
!le = 150 mAdc, Is = 15 mAdc) 
!le= 1.0 Ade, Is = 100 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) 
!le= 1.0 Ade, Is = 100 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
!le = 50 mAdc, Vee = 10 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, le = o, t = 100 kHz) 

Input Capacitance Cibo 
!Ves = o.s Vdc, le = o, t = 100 kHz) 

Collector Base Time Constant rb'Cc 
!le = 10 mAdc, Vcs = 10 Vdc, I = 4.0 MHz) 

(1) RoJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 

4-37 

2N2297 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

Min Typ Max 

35 - -

80 - -

7.0 - -

- - 10 
- - 10 

- - 10 

30 60 -
40 80 120 
15 40 -

- 0.1 0.2 
- 0.6 1.0 

- 0.8 1.6 

60 100 -

- 8.0 12 

- 60 80 

- - 800 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
µAde 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ps 

MOTOROLA SEMICONDUCTORS 
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2N2368 
2N2369,A 
2N3227 

2N2369A JAN, JTX, 
JTXV AVAILABLE 
CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! 
SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
2N2368,9,A 
2N3227 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 
2N2368,9,A 
2N3227 

Collector Current 
(10 µsec pulse) 

Collector Current - Continuous 
2N2369A, 
2N3227 

Total Device Dissipation 
@TA= 25'C 
Derate above 25'C 

Total Device Dissipation 
@Tc = 25'C 
Derate above 25'C 2N3227 

Total Device Dissipation 
@Tc= 100'C 
Derate above 1 OO'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 10 mAdc, VBE = O) 2N3227 

Collector-Emitter Breakdown Voltage V(BR)CES 
Oc = 10 µA, VBE = 0) 

Collector-Emitter Sustaining Voltage(1) VcEO(sus) 
Oc = 10 mAdc, IB = O) 2N2368,2N2369,2N2369A 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µA, Is = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, IE = 0) 2N2368,2N2369,2N2369A 

2N3227 

Collector Cutoff Current ICEX 
(VcE = 20 Vdc, VBE = 3.0 Vdc) 2N3227 

Collector Cutoff Current le Bo 
(VcB = 20 Vdc, IE = 0) 2N2368, 2N2369 

2N3227 

(VCB = 20 Vdc, IE = 0, TA = 150'C) 2N2368,2N2369,2N2369A 
2N3227 

Collector Cutoff Current ICES 
(VCE = 20 Vdc, VBE = 0) 2N2369A 

Base Current IB 
(VcE = 20 Vdc, VBE = O) 2N2369A 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Oc = 10 mAdc, VcE = 1.0 Vdc) 2N2368 

2N2369 
2N2369A 
2N3227 

(le = 10 mAdc, VcE = 1.0 Vdc, TA= -55'C) 2N2368 
2N2369 
2N3227 

Oc = 10 mAdc, VcE = 0.35 Vdc, TA= -55'C) 2N2369A 
Oc = 30 mAdc, VcE = 0.4 Vdc) 2N2369A 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern Vdc 
15 
20 

VcES 40 Vdc 

Vcso 40 Vdc 

VEBO Vdc 
4.5 
6.0 

le( Peak) 500 mA 

le 200. mA 

Po 
0.36 Watt 
2.06 mW/'C 

Po 
1.2 Watts 

6.85 mW/'C 

Po 
.68 Watts 

6.85 mWl'C 

TJ, Tstg -65 to +200 'C 

Min Max Unit 

20 - Vdc 

40 - Vdc 

15 - Vdc 

40 - Vdc 

Vdc 
4.5 -
6.0 -
- 0.2 µAde 

µAde 
- 0.4 
- 0.2 

- 30 
- 50 

- 0.4 µAde 

- 0.4 µAde 

-
20 60 
40 120 
- 120 
100 300 

10 -
20 -
40 -

20 -
30 -

SMALL-SIGNAL DEVICES 



2N2368, 2N2369,A, 2N3227 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.I 

Characteristic Symbol Min Max Unit 

Uc = 100 mAdc, VcE = 1.0 Vdcl 2N2369A 20 -
2N3227 30 -

Uc = 100 mAdc, VcE = 2.0 Vdcl 2N2368 10 -
2N2369 20 -

Collector-Emitter Saturation Voltage(!) VcE(satl Vdc 
Uc= 10 mAdc, Is= 1.0 mAdcl 2N2368, 2N2369, 2N3227 - 0.25 

2N2369A - 0.20 

Uc= 10 mAdc, ls= 1.0 mAdc, TA= +125°CI 2N2369A - 0.30 
Uc = 30 mAdc, Is = 3.0 mAdcl 2N2369A - 0.25 

Uc = 100 mAdc, IB = 10 mAdc) 2N2369A - 0.50 
2N3227 - .45 

Base-Emitter Saturation Voltage(!) VBE(satl Vdc 
Uc = 10 mAdc, Is = 1.0 mAdcl All Types 0.70 0.85 • Uc= 10 mAdc, ls= 1.0 mAdc, TA= +125°CI 2N2369A 0.59 -
Uc= 10 mAdc, Is= 1.0 mAdc, TA= -55°CI 2N2369A - 1.02 
Uc = 30 mAdc, Is = 3.0 mAdcl 2N2369A - 1.15 

Uc = 100 mAdc, Is = 10 mAdcl 2N2369A - 1.60 
2N3227 0.8 1.4 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT MHz 
Uc = 10 mAdc, VcE = 10 Vdc, f = 100 MHzl 2N2368 400 -

2N2369, 2N2369A, 2N3227 500 -
Output Capacitance Cobo - 4.0 pF 

(Vcs = 5.0 Vdc, IE = 0, f = 140 kHz) All Types 

Input Capacitance Cibo - 4.0 pF 
(VBE = 1.0 Vdc, le = o. f = 140 kHz) 2N3227 

SWITCHING CHARACTERISTICS 

Delay Time J (Vee= 10 v. VEB = 2.0 Vdc, Id - 5.0 ns 
2N3227 

Rise Time l 100 mA, ls1 = 10 mAI tr - 18 ns 

Storage Time ts ns 
Uc = ls1 = 10 mAdc, ls2 = -10 mAdcl 2N2368 - 10 
Uc = 100 mAdc, ls1 = ls2 = 10 mAdc, Vee = 10 VI 2N2369A - 13 

2N3227 - 13 

Fall Time If - 15 ns 
!Vee = 10 v. le = 100 mA, ls1 = ls2 = 10 mAI 2N3227 

Turn-On Time ton - 12 ns 
Uc = 10 mAdc, ls1 = 3.0 mA. ls2 = -1.5 mA. Vee = 3.0 Vdcl All Types 

Turn-Off Time loff ns 
Uc = 10 mAdc, ls1 = 3.0 mA. ls2 = -1.5 mA. Vee = 3.0 Vdcl 2N2368 - -

2N2369, - -
2N2369A, - 15 
2N3227 - 18 

Total Control Charge a... - 50 pC 
(le = 10 mA, Is = 1.0 mA, Vee = 3.0 VI 2N3227 

(11 Pulse Test: Pulse Width .; 300 µs, Duty Cycle .; 2.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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SWITCHING TIME EQUIVALENT TEST CIRCUITS FOR 2N2369, 2N3227 

FIGURE 1 - t... CIRCUIT - 10 mA 

PULSE WIDTH(\,) = 300 ns 
•DUTY CYCLE = 2% 

FIGURE 2 - t.., CIRCUIT - 100 mA 

+10.svft 

- 2 V -J l< Ins 

PULSE WIDTH (\,) = 300 ns 
OUTY CYCLE = 2% 

I _..._ 
'T'. 

_..JCs<4pf 

_.L_ 
'T' _Jes<: 12pf 

FIGURE 3 - t.11 CIRCUIT - 10 mA 

+10.1sv -..j 1' ~ 3 v 

_,,:?±-:.: 
PULSE WIDTH(\,)= 300 ns 

DUTY CYCLE= 2% 

_ ... _ 
...-r, 
_J cs•< 4pf 

FIGURE 4- t0 " CIRCUIT - 100 mA 

+11.4:ff_ -
-8.6:-~ .. 

PULSE WIDTH (\,) BETWEEN 10 AND 500 µs 
DUTY CYCLE= 2% 

' _..._ ,, .. , . 
_ _!Cs< 12pf 

*Total shunt capacitaRce of test jig and connectors. 

FIGURE 5 - TURN-ON AND TURN-OFF TIME 
TEST CIRCUIT 

TURN·ON WAVEFORMS 

ov,, : f ) + 10% 

v •••• 90% 

+lo"• 

PULSE GENERATOR 
V,, RISE TIME < I ns 
SOURCE IMPEDANCE ~ SOil 
PW"> 300 ns 
DUTY CYCLE< 2% 

FIGURE 6 - JUNCTION CAPACITANCE VARIATIONS 

-LIM11T 
1--t--i - -TYPICAL 
l---+-'F,,._,~~---+-+-Hf-H+----+-f--r,=25°c-I 

REVERSE BIAS (VOLTS) 

MOTOROLA SEMICONDUCTORS 
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2201l O.lµF 
V001 TO OSCILLOSCOPE 

INPUT IMPEDANCE~ SOil 
RISE TIME ~ 1 ns 

TURN-OFF WAVEFORMS 

FIGURE 7 - TYPICAL SWITCHING TIMES 

1---+-'IJ-'l.~--"<~-+l\.._,.,rl"<\+-1-+H+--+--+-- vv~. ~ 120 vv 
50 1---1--+_,,,~c-l_'\..,'<--1'<1 \..,,,.~.+-t-1-++---+--t--c--.,....-y-.,....,-++i 

~I~~ 

le, COLLECTOR CURRENT (mA) 

SMALL-SIGNAL DEVICES 



2N2368, 2N2369,A, 2N3227 

FIGURE 8 - MAXIMUM CHARGE DATA 

20f----+-+~~+--l--:l=i--l""FH+---t~i---+--l--l-t-++H 

le, COLLECTOR CURRENT (mA) 

FIGURE 10 - TURN-OFF WAVE FORM 

c-..coPr ~· 
TIME____,.. 

FIGURE 9 - Or TEST CIRCUIT 

+ 5 v -.j ,, f.- 3 v 270 

o~!Opfmax 
<lnsec1 F 

PULSE WIDTH (t1). = 5 µ:sec 
DUTY CYCLE:;:: 2% ":' 

VALUES REFER TO 
le= 10 mA TEST POINT 

_,__ 
,..,.., 

I • 
_ ..J c~ < 4pf 

FIGURE 11 - STORAGE TIME EQUIVALENT TEST CIRCUIT 

+:~Bl:_~-~ f--

-4 V 
< 1 nsec 

PULSE WIDTH (t1) = 300 nsec 
DUTY CYCLE= 2% 

980 

500 

' _,.._ 
'T' . _ _.c,<Jpf 

FIGURE 12 - MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 

le= 100 mA 

~ 

I,, BASE CURRENT (mA) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N2368, 2N2369,A, 2N3227 

FIGURE 13 - MINIMUM CURRENT GAIN CHARACTERISTICS 

a 
I 

l v 
v-r 

201.----' 
1 10 20 50 100 

le, COLLECTOR CURRENT (mA) 

FIGURE 14- SATURATION VOLTAGE LIMITS FIGURE 15 - TYPICAL TEMPERATURE COEFFICIENTS 

1.4 

~ 1.2 
~ 
~ 

"' 1.0 « 
:::; 
; 
z: 0.8 

" 

.__ T~'==2~~c .I-" 

MAX~"'V 
V1 

...., ~ .. ,.~., 
~ 
" 0.6 
~ 
l 0.4 > MAX VcEt .. tl ....r..-

0.2 
1 10 20 50 100 30 40 50 60 70 80 90 100 

le, COLLECTOR CURRENT (mA) le COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 15 Vdc 

Collector-Base Voltage Vcso 40 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Total Oevice Dissipation @ TA = 25°C Po 0.36 Watt 
Derate above 25°C 2.06 mWl°C 

Total Device Dissipation @Tc = 25°C Po 1.2 Watts 
Derate above 25°C 6.9 

Operating and Storage Junction TJ, Tstg -65 to +200 "C 
Temperature Range 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 30 mAdc, Is = OI 

Collector-Emitter Breakdown Voltage 
lie = 1.0 ,,Ade, VsE = 01 

Collector-Base Breakdown Voltage 
lie = 10 ,,Ade, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 100 ,,Ade, le = OI 

Collector Cutoff Current 
IVcE = 20 Vdc, VsE = 3.0 Vdc) 
IVcE = 20 Vdc, VsE = 3.0 Vdc, TA = 150°C) 

Emitter Cutoff Current 
IVEB = 4.0 Vdc, le = O) 

Base Cutoff Current 
IVcE = 20 Vdc, VsE = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 1.0 mAdc, VcE = 1.0 Vdcl 
lie = 10 mAdc, VcE = 1.0 Vdcl 
lie = 10 mAdc, VcE = 1.0 Vdc, TA= -55°C)(1) 
lie= 150 mAdc, VcE = 1.0 Vdc)(1) 

Collector-Emitter Saturation Voltage 
lie= 10 mAdc, Is= 1.0 mAdc) 
lie = 100 mAdc, Is = 10 mAdcll11 

Base-Emitter Saturation Voltage 
lie= 10 mAdc, Is = 1.0 mAdc) 
lie = 100 mAdc, Is = 10 mAdc)(1) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
IVcs = 5.0 V, le= 0, f = 1.0 MHz) 

Input Capacitance 
IVEB = 0.5 V, f = 1.0 MHz) 

Small-Signal Current Gain 
IVcE = 10 V, le = 10 mA, f = 100 MHz) 

Real Part of Input Impedance 
lie = 10 mA, VcE = 10 V, f = 250 MHz) 

SMALL-SIGNAL DEVICES 
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2N2481 

JAN, JTX AVAILABLE 
CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! 
SWITCHING TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 15 - Vdc 

V(BR)CES 30 - Vdc 

V(BR)CBO 40 - Vdc 

V(BR)EBO 5.0 - Vdc 

ICEX ,,Ade 
- 0.05 
- 15 

IEBO - 100 nAdc 

IBL - 50 nAdc 

hfE -
25 -
40 120 
20 -
20 -

VcE(satl Vdc 
- 0.25 
- 0.40 

VBE(sat) Vdc 
0.7 0.82 
- 1.25 

Cobo - 5.0 pF 

Cibo - 7.0 pF 

hte 3.0 - -

Relhiel - 60 Ohms 

MOTOROLA SEMICONDUCTORS 
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2N2481 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25"C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 
SWITCHING CHARACTERISTICS 

Storage Time Is - 20 ns 
Uc = 10 mA. 151 = 10 niA, 152 = 10 mA) 

Turn-On Time Ion ns 
Uc = 100 mA. 151 = 10 mA, V8E(off) = 2.0 V) - 40 
Uc= 10 mA, 151 = 1.0 mA, V51;J_0 ffl_ = 2.0 V) - 75 

Turn-Off Time lo ff ns 
Uc = 100 mA, 151 = 10 mA, 152 = 5.0 mA) - 55 
Uc = 10 mA. 151 = 1.0 mA, 152 = 0.5 mA) - 45 

(1) Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 

COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
l.Or---.-.----.--rr--r-.-.-.-,-----,,.---,.---~--r--~-.--.--.-,--.----~,--, 
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MINIMUM CURRENT GAIN CHARACltRISTICS 
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LIMITS OF SATURATION VOLTAGES 
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TYPICAL SWITCHING CHARACTERISTICS 

TURN-ON TIME VARIATIONS WITH VOLTAGE 
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JUNCTION CAPACITANCE VARIATIONS 
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MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 60 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25'C Po 360 mW 
Derate above 25'C 2.06 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 1.2 Watts 
Derate above 25'C 6.85 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 146 'C/W 

Thermal Resistance, Junction to Ambient RoJA(l) 485 'C/W 

Lead Temperature TL 300 'C 
1/16" from Case for 10 Seconds 

ELECTRICAL CHARACTERISTICS !TA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) (le = 10 mAdc, Is = O) V(BR)CEO 

Collector-Base Breakdown Voltage Oc = 10 µAde, IE = O) ':l_BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 µAde, le = O) V(BR)EBO 

Collector Cutoff Current (Vcs = 45 Vdc, IE = 0) icso 
(Vcs = 45 Vdc, IE = 0, TA= 150'C) 

Emitter Cutoff Current (VsE = 5.0 Vdc, le = o) IEBO 

ON CHARACTERISTICS 

DC Current Gain Oc = 1.0 µAde, VcE = 5.0 Vdc) hFE 
Oc = 10 µAde, VcE = 5.0 Vdc) 
Oc = 10 µAde, VcE = 5.0 Vdc, TA= 55'C) 
(le = 100 µAde, VcE = 5.0 Vdc) 
Oc = 500 µAde, VcE = 5.0 Vdc) 
Oc = 1.0 mAdc, VcE = 5.0 Vdc) 
Oc = 10 mAdc, VcE = 5.0 Vdc)(l) 

Collector-Emitter Saturation Voltage (le= 1.0 mAdc, Is= 0.1 mAdc) Vce(sa!)_ 

Base-Emitter On Voltage Oc = 0.1 mAdc, VcE = 5.0 Vdc) VBE(on) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 0.05 mAdc, Vee = 5.0 Vdc, I = fr 
5.0 MHz) 
Oc = 0.5 mAdc, VcE = 5.0 Vdc, I = 30 
MHz) 

Output Capacitance (Vcs = 5.0 Vdc, le = o, I = 140 kHz) 

Input Capacitance (VBE = 0.5 Vdc, le = 0, I = 140 kHz) 

Input Impedance Oc = 1.0 mAdc, VcE = 5.0 Vdc, I = 1.0 kHz) 

Voltage Feedback Ratio (le = 1.0 mAdc, VcE = 5.0 Vdc. I = 1.0 kHz) 

Small-Signal Current Gain Oc = 1.0 mAdc, VcE = 5.0 Vdc, I = 1.0 kHz 

Output Admittance Oe = 1.0 mAdc, VeE = 5.0 Vdc, I = 1.0 kHz) 

Noise Figure Oe = 10 µAde, Vee = 5.0 Vdc, Rs = 10 kll, 
f = 100 Hz, BW = 20 Hz) 
(le = 10 µAde, Vee = 5.0 Vdc, Rs = 10 kll, 
I= 1.0 kHz, BW = 200 Hz) 
!le = 10 µ.Ade, Vee = 5.o Vdc, Rs = 10 kn, 
I = 10 kHz, BW = 2.0 kHz) 
Oc = 10 µAde, VeE = 5.o Vdc, Rs = 10 kn, 
I= 10 Hz to 15.7 kHz, BW = 15.7 kHz) 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 
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Cobo 

Cibo 

hie 

hre 

hfe 

hoe 

NF 

2N2484 

JAN, JTX, JTXV AVAILABLE 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

J 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N2481 for graphs. 

Min Typ Max Unit 

60 - - Vdc 

60 - - Vdc 

6.0 - - Vdc 

- - 10 nAdc 
- - 10 µAde 

- - 10 nAdc 

30 190 - -
100 250 500 
20 40 -
175 275 -
200 300 -
250 350 -
- 400 800 

- 0.25 0.35 Vdc 

0.5 0.65 0.7 Vdc 

15 50 - MHz 
60 100 -

- 3.0 6.0 pF 

- 4.0 6.0 pF 

3.5 - 24 kll 

- - 800 x 10~6 
150 - 900 -
- - 40 µ.mhos 

dB 
- 8.0 10 

- - 3.0 

- - 2.0 

- - 3.0 

MOTOROLA SEMICONDUCTORS 
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2N2501 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

JI 
SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TA = 25°C 
Cerate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(le = 30 mAdc, Is = o, Pulsed) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current ICEX 
(VcE = 20 Vdc, VsE = 3.0 Vdc) 

Base Cutoff Current Isl 
(VcE = 20 Vdc, VsE = 3.0 Vdc) 
(VcE = 20 Vdc, VsE = 3.o Vdc, TA= 150°C) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 100 µAde, VcE = 1.0 Vdc) 
Oc = 1.0 mAdc, VcE = 1.0 Vdc) 
Oc = 10 mAdc, VcE = 1.0 Vdc) 
Oc = 10 mAdc, VcE = 1.0 Vdc, TA= -55°C) 
Oc = 50 mAdc, VcE = 1.0 Vdc) 
Oc = 100 mAdc, VcE = 1.0 Vdc) 
Oc = 500 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
Oc = 50 mAdc, Is = 5.0 mAdc) 
Oc = 100 mAdc, Is = 10 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(le= 10 mAdc, 19 = 1.0 mAdc) 
Oc = 50 mAdc, 19 = 5.0 mAdc) 
Oc = 100 mAdc, 19 = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
(VcE = 20 Vdc, le = 10 mAdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VEB = 0.5 Vdc, le = 0, f = 100 kHz) 

Small-Signal Current Gain hte 
(VcE = 20 Vdc, le = 10 mAdc, f = 100 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 20 Vdc 

Vcso 40 Vdc 

VEBO 6.0 Vdc 

Po 0.36 Watt 
2.1 mWl°C 

Po 1.2 Watts 
6.9 mWl°C 

TJ, Tstg -65 to +200 oc 

Min Max Unit 

20 - Vdc 

40 - Vdc 

6.0 - Vdc 

- 25 nAdc 

nAdc 
- 0.025 
- 50 

-
20 -
30 -
50 150 
20 -
40 -
30 -
10 -

Vdc 
- 0.2 
- 0.3 
- 0.4 

Vdc 
- 0.85 
- 1.0 
- 1.2 

350 - MHz 

- 4.0 pF 

- 7.0 pF 

3.5 - -

SMALL-SIGNAL DEVICES 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Charge Storage Time Constant 7$ - 15 ns 
Oc = 101 = 102 = 10 mAdc) 

Total Control Charge 07 - 60 pC 
Oc = 10 mAdc, Is = 1.0 mAdc) 

Active Region Time Constant TA - 2.5 ns 
(le= 10 mAdc) 

(1) Pulse Test: Pulse Width ,,;; 300 µ,s, Duty Cycle ,,;; 2.0%. 

COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 
0.7 

le /11 =10 
T, = 25°c 
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"" 0 .... 
"' 

le= lOOmA 

lli--1 
f'i--~r--+1•_=-45-0mJ.AJ 

t---t---t--t-t-+'l'.,.~ ......... ;::-+---+---t-le=lOmA1--+--+--+-+---+---+--<l--l-+----+--+--+--+-i 

~ 0.3 
0 

"' j 
0.2 

0.1 
0.01 0.1 10 100 

I,, BASE CURRENT (mAdc) 

BASE·EMITTER VOLTAGE 
versus COLLECTOR CURRENT 

~ '.:> 1.6 t---+---1--1-t-++++ ,,+-,--+--t--t--t-i-+t+t 
r, =·2s0 c 

~ le/le= 10 
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SMALL-SIGNAL DEVICES 

TEMPERATURE COEFFICIENTS 
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ACTIVE REGION TIME CONSTANT 
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MOTOROLA SEMICONDUCTORS 

COMMON EMITTER DC 
LEAKAGE CHARACTERISTICS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 30 Vdc 

Collector-Emitter Voltage VcER 40 Vdc 

Collector-Base Voltage VcBo 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Total Device Dissipation @ TA = 25'C Po 0.5 Watt 
Derate above 25'C 2.86 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 1.8 Watts 
Derate above 25'C 10.3 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Oc = 100 mAdc, pulsed, IB = O) 

Collector-Emitter Breakdown Voltage !le = 100 mAdc, pulsed, RBE "' 10 .n) 

Collector-Base Breakdown Voltage !le = 10 µAde, IE = 01 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) 

Collector Cutoff Current (VBE = 0.2 Vdc, VcE = 20 Vdc) 

Collector Cutoff Current (VcB = 40 Vdc, IE = 0) 
(VcB = 40 Vdc, IE = 0, TA = 150'C) 

Emitter Cutoff Current (VEB = 3.0 Vdc, le = O) 

Base Cutoff Current (VBE = 0.2 Vdc, VcE = 20 Vdc) 
(VBE = 0.2 Vdc, VcE = 20 Vdc, TA= 150'C) 

ON CHARACTERISTICS(1) 

DC Forward Current Gain !le = 1.0 mAdc, VcE = 10 Vdcl 2N2539 
!le = 10 mAdc, VcE = 1 o Vdc) 2N2539 
!le = 150 mAdc, VcE = 10 Vdc)(1) 2N2539 
!le = 500 mAdc, VcE = 10 Vdc)(1 I 2N2539 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance (VcB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance (VEB = 0.5 Vdc, le = 0, f ~ 100 kHz) 

Small-Signal Current Gain (VcE = 20 Vdc, le = 20 mAdc, t = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time (le = IB1 = IB2 = 20 mAdc, Vee = 5.0 V) 

Active Region Time Constant 

Turn-On Time !IB1 = IB2 = 15 mAdc, le = 150 mAdc, 
Vee = 7.0 Vdc, RL = 40 .n) 

Turn-Off Ti me !IB1 = IB2 = 15 mAdc, le = 150 mAdc, 
Vee = 7.0 Vdc, RL = 40 !1) 

Total Control Charge 

(1) Pulse Test: Pulse Width ,,;; 300 I'S, Duty Cycle ,,;; 2.0%. 

SMALL-SIGNAL DEVICES 
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2N2539 

CASE 22, STYLE 1 
T0-18 

! 
SWITCHING TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 

V(BR)CER 40 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

ICEX - 0.250 µAde 

icBo - 0.250 µAde 
- 200 

IEBO - 0.05 µAde 

IBL - 0.250 1tAdc 
- 200 

hFE 20 - -
30 -
50 150 
20 -

Cobo - 8.0 pF 

Cibo - 25 pF 

hfe 2.5 - -

TS - 20 ns 

TA - 2.0 ns 

Ion - 40 ns 

I off - 40 ns 

a, - 750 pC 

MOTOROLA SEMICONDUCTORS 
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JAN, JTX AVAILABLE 
CASE 26-03, STYLE 1 

T0-46 (T0-206AB) 

AMPLIFIER TRANSISTOR 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
PNP SILICON Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N3962 for graphs. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) le = 10 mA (Pulse) V(BR)CEO 

Collector-Base Breakdown Voltage lie= 10 µAl V(BR)CBO 

Emitter-Base Breakdown Voltage llE = 10 µA) V(BR)EBO 

Collector Cutoff Current IVcB = 45 Vl le Bo 

Base-Emitter Short Circuit Current IVcE = 45 V) ICES 
IVcE = 45 v, TA= 170°C) 

Emitter Cutoff Current IVBE = 5.0 V) IEBO 

ON CHARACTERISTICS 

DC Current Gain(1) IVcE = 5.0 V, le = 10 µA) hFE 
IVcE = 5.0 V, le = 500 µA) 
(VCE = 5.0 V, IC = 10 mA) 
IVcE = 5.0 v, le = 10 µA, TA= -55°C) 

Collector-Emitter Saturation Voltage lie = 10 mA, IB = 500 µA) VcE(sat) 

Base-Emitter Saturation Voltage lie = 10 mA, Is = 500 µA) VBE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance IVcB = 5.0 V, IE = 0, f = 1.0 MHz) Cobo 

Input Impedance (VcE = 5.0 V, le = 1.0 mA. f = 100 MHz) hie 

Input Impedance (VcB = 5.0 V, IE = 1.0 mA, f = 1.0 kHz) hib 

Voltage Feedback Ratio (VcB = 5.0 V, IE = 1.0 mA, f = 1.0 kHz) hrb 

Small-Signal Current Gain (VcB = 5.0 V, IE = 1.0 mA, I = 1.0 kHz) hfe 
IVcB = 5.0 V, le = 500 µA, I = 30 MHz) 

Output Admittance IVcB = 5.0 V, IE = 1.0 mA, I= 1.0 kHz) hob 

Noise Figure(2) IVcB = 5.0 V, le = 10 µA,~= 10 k fl, BW = 15.7 kHz) NF 

(1) Pulse Width < 300 /LSeC, Duty Cycle "' 2.0%. 
(2) Measured in amplifier with response down 3 db at 10 Hz. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEQ 45 v 
VcBo 60 v 

VEBO 6 v 
le 30 mA 

Po 400 mW 
2.28 mW/°C 

TJ. Tstg -65 to +200 oc 

Min Max Unit 

45 - v 
60 - v 
6 - v 
- 10 nA 

- 10 nA 
- 10 µA 

- 2 nA 

100 300 -
150 - -
- 600 -
20 - -
- 0.5 v 
0.7 0.9 v 

- 6 pF 

- 200 fl 

25 35 fl 

- 10 10-4 

150 600 -
1.0 - -
- 1 /Lmho 

- 3 dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 35 Vdc 

Collector-Base Voltage Vcso 50 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 800 mAdc 

Total Device Dissipation @ TA = 25°C Po 0.8 Watt 
Derate above 25°C 4.57 mW/°C 

Total Device Dissipation @Tc = 25°C Po 3.0 Watts 
Derate above 25°C 17.14 mWl°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 100 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
lie = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 100 µAde, le = O) 

Collector Cutoff Current 
IVcE = 25 Vdc, VsE = 0.5 Vdc Off) 

Base Cutoff Current 
IVcE = 25 Vdc, VsE = 0.5 Vdc Off) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 0.1 mAdc, VcE = 10 Vdc) 
lie= 150 mAdc, VcE = 10 Vdc)(1) 
lie= 150 mAdc, VcE = 1.0 Vdc)(1) 
lie= 500 mAdc, VcE = 10 Vdc)(1) 

Collector-Emitter Saturation Voltage 
lie= 150 mAdc, Is = 15 mAdc) 
lie = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage 
lie = 150 mAdc, Is = 15 mAdc) 
lie = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
IVcs = 10 Vdc, t = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 
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2N2800 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

SWITCHING TRANSISTOR 

PNPSILICON 

Refer to 2N2904 for graphs. 

Symbol Min Max Unit 

VcEO(sus) 35 - Vdc 

V(BR)CBO 50 - Vdc 

V(BR)EBO 5.0 - Vdc 

ICEX - 100 nAdc 

IBL - 100 nAdc 

hFE -
20 -
30 90 
15 -
25 -

VcE(sat) Vdc 
- 0.4 
- 1.2 

VsE(sat) Vdc 
- 1.3 
- 1.8 

fr 120 - MHz 

Cobo - 25 pF 

Id 9 25 ns 

Ir 25 45 ns 

Is 100 225 ns 

If 30 45 ns 

MOTOROLA SEMICONDUCTORS 
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2N2894 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! 
MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage( I) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

SWITCHING TRANSISTOR Total Device Dissipation@ TA = 25°C 
Derate above 25°C 

PNPSILICON Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N869A for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Uc= 10 µAde, VeE = 01 V(BR)CES 

Collector-Emitter Sustaining Voltage(2) Uc= 10 mAdc, le = O) VcEQ{_su'!)_ 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = 0) ~Bl!)_CeO 
Emitter-Base Breakdown Voltage UE = 100 µAde, le = O) V(BR)EBO 

Collector Cutoff Current (Vee= 6.0 Vdc, IE = 0, TA= 125°C) lceo 

Collector Cutoff Current (VcE = 6.0 Vdc, VeE = O) ICES 

Base Current (VcE = 6.0 Vdc, VeE = 0) le 

ON CHARACTERISTICS 

DC Current Gain(2) hfE 
Uc = 10 mAdc, VcE = 0.3 Vdc) 
Uc = 30 mAdc, VcE = 0.5 Vdc) 
Uc= 30 mAdc, VcE = 0.5 Vdc, TA= -55°C) 
Uc= 100 mAdc, VcE = 1.0 Vdc)(2) 

Collector-Emitter Saturation Voltage(2) VcE(sat) 
Uc= 10 mAdc, le= 1.0 mAdc) 
Uc = 30 mAdc, le = 3.0 mAdc) 
Uc = 100 mAdc, le = 10 mAdc) 

Base-Emitter Saturation Voltage(2) VeE(satl 
Uc = 10 mAdc, le = 1.0 mAdc) 
Uc = 30 mAdc, le = 3.0 mAdc) 
Uc = 100 mAdc, le = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(le= 30 mAdc, VcE = 10 Vdc, t = 100 MHz) 

Output Capacitance Cobo 
(Vee = 5.0 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance Cibo 
(VeE = -0.5 Vdc, le = o, t = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(Vee = 2.0 Vdc, VeE = 3.0 Vdc, le = 30 mAdc, le1 = 1.5 mAdc) 

Turn-Off Time !off 
(Vee = 2.0 Vdc, le = 30 mAdc, le1 = le2 = 1.5 mAdc) 

(1) Applicable from O.Q1to10 mAdc. 
(2) Pulse Test: Pulse Width = 300 µs, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 12 Vdc 

Vceo 12 Vdc 

VEBO 4.0 Vdc 

le 200 mAdc 

Po 360 mW 
2.06 mW!°C 

Po 1200 mW 
6.85 mW!°C 

TJ, Tstg -65 to +200 oc 

Min Max Unit 

12 - Vdc 

12 - Vdc 

12 - Vdc 

4.0 - Vdc 

- 10 µAde 

- 80 nAdc 

- 80 nAdc 

-
30 -
40 150 
17 -
25 -

Vdc 
- 0.15 
- 0.2 
- 0.5 

Vdc 
0.78 0.98 
0.85 1.2 
- 1.7 

400 - MHz 

- 6.0 pF 

- 6.0 pF 

- 60 ns 

- 90 ns 

SMALL-SIGNAL DEVICES 



2N2895 
2N2896 
2N2897 

MAXIMUM RATINGS 
Rating Symbol 2N2B95 2N2B98 2N2897 Unit 

Collector-Emitter Voltage Vern 65 90 45 Vdc 
CASE 22, STYLE 1 
T0-18 (T0-206AA) 

Collector-Emitter Voltage VcER 80 140 60 Vdc 

Collector-Base Voltage Vceo 120 140 60 Vdc 

Emitter-Base Voltage VEBO 7.0 Vdc 

Collector Current - Continuous ic 1.0 Ade 

Total Device Dissipation Po 
@TA= 25'C 0.5 Watt 
Derate above 25'C 2.86 mW/'C 

Total Device Dissipation Po 
! II 

@Tc= 25'C 1.8 Watts GENERAL PURPOSE 
Derate above 25'C 10.3 mW/'C TRANSISTOR 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range NPNSILICON 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CER Vdc 
!le = 100 mAdc, ReE = 10 ohms) 2N2895 80 -

2N2896 140 -
2N2897 60 -

Collector-Emitter Sustaining Voltage(1) VcEO(sus) Vdc 
Uc = 100 mAdc, le = O) 2N2895 65 -

2N2896 90 -
2N2897 45 -

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
Uc= 0.1 mAdc, IE = 0) 2N2895 120 -

2N2896 140 -
2N2897 60 -

Emitter-Base Breakdown Voltage V(BR)EBO 7.0 - Vdc 
!IE= 0.1 mAdc, le= O) 

Collector Cutoff Current iceo µAde 
!Vee = 60 Vdc, le = O) 2N2895 - 0.002 

2N2896 - 0,01 
2N2897 - 0.05 

(Vee = 60 Vdc, IE = 0, TA= +150'C) 2N2895 - 2.0 
2N2897 - 50 

(Vee = 90 Vdc, IE = O) 2N2896 - 0,01 
(Vee= 90Vdc, IE= o. TA= +150'C) 2N2896 - 10 

Emitter Cutoff Current IEBO µAde 
!VeE = 5.o Vdc, le = o) 2N2895 - 0.005 

2N2896 - 0,01 
2N2897 - 0.05 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc = 10 µAde, VcE = 10 Vdc) 2N2895 10 -
Uc = 100 µAde, VcE = 10 Vdc) 2N2895 20 -
Uc = 1.0 mAdc, VcE = 10 Vdc) 2N2896, 2N2897 35 -
Uc = 10 mAdc, VcE = 10 Vdc) 2N2895 35 -
Uc = 10 mAdc, VcE = 10 Vdc, TA = -55'C) 2N2895, 2N2896 20 -
Uc= 150 mAdc, VcE = 10 Vdc)(1) 2N2895 40 120 

2N2896 60 200 
2N2897 50 200 

Uc= 500 mAdc, VcE = 10 Vdc)(1) 2N2895 25 -

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N2895,2N2896,2N2897 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voltage(1) VcE(sat) Vdc 
!le= 150 mAdc, Is = 15 mAdc) 2N2895, 2N2896 - 0.6 

2N2897 - 1.0 

Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
!le= 150 mAdc, Is = 15 mAdc) 2N2895, 2N2896 - 1.2 

2N2897 - 1.3 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr MHz 
!le = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 2N2895, 2N2896 120 -

2N2897 100 -
Output Capacitance Cobo - 15 pF 

a (Vcs = 10 Vdc, IE= 0, I= 100 kHz) 

Input Capacitance Cibo - 80 pF 
(VsE = 0.5 Vdc, le = 0, I = 100 kHz) 

Small-Signal Current Gain hfe -
!le = 5.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N2895 50 200 

2N2896, 2N2897 50 275 

Noise Figure NF dB 
(le = 0.3 mAdc, VcE = 10 Vdc, Rs = 500 ohms, 2N2895 
I = 1.0 kHz, BW = 15 kHz) - 8.0 

(1) Pulse Test: Pulse Width ,;; 300 µs, Duty Cycle ,;; 1.8%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

4-56 



MAXIMUM RATINGS 

Rating Symbol Non-A Suffix I A-Suffix 

Collector-Emitter Voltage Vern 40 l 60 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage Veeo 5.0 

Collector Current - Continuous le 600 

2N2904,A 2N2906,A 2N3485,A 
2N2905,A 2N2907,A 2N3486,A 

Total Device Dissipation Po 
@TA= 25°c 600 400 400 
Derate above 25°C 3.43 2.28 2.28 

Total Device Dissipation Po 
@Tc=25°c 3.0 1.8 2.0 
Oerate above 25°C 17.2 10.3 11.43 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, le = 0) Non-A Suffix 

A-Suffix 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, le = O) 

Emitter-Base Breakdown Voltage 
!le = 10 µAde, le = O) 

Collector Cutoff Curr..,nt 
(Vee = 30 Vdc, Vee = 0.5 Vdc) 

Collector Cutoff Current 
(Vee = 50 Vdc, le = o> Non-A Suffix 

A-Suffix 

!Vee= 50 Vdc, le = o. TA= 150°C) Non-A Suffix 
A-Suffix 

Base Current 
!Vee = 30 Vdc, Vee = 0.5 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 0.1 mAdc, Vee = 10 Vdc) 2N2904, 2N2906, 2N3485 

2N2905, 2N2907, 2N3486 
2N2904A,2N2906A,2N3485A 
2N2905A, 2N2907 A, 2N3486A 

Uc= 1.0 mAdc, Vee = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907 A, 2N3486A 

Uc = 10 mAdc, Vee = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907 A, 2N3486A 

Uc = 150 mAdc, Vee = 10 Vdc)(1) 2N2904A, 2N2906A, 2N3485,A 
2N2905A, 2N2907 A, 2N3486A 

*ALSO AVAILABLE 2N2905AWANS AND 2N2907AJANS 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

Watts 
mwrc 

·c 

2N2904,A, 2N2905,A, 
2N2906,A, 2N2907,A, 
2N3485,A, 2N3486,A 

JAN, JTX, JTXV AVAILABLE* 

CASE 79-02, STYLE 1 
2N2904/2905 T0·39 (T0-205AO) 

CASE 22-03, STYLE 1 
2N2906/2907 T0·18 (T0-206AA) 

CASE 26-03, STYLE 1 
2N3485/3486 T0-46 (T0-206AB) 

GENERAL PURPOSE TRANSISTOR 
PNP SILICON 

Symbol Min Typ Max Unit 

V(BR)CEO Vdc 
40 - -
60 - -

V(BR)CBO 60 - - Vdc 

V(BR)EBO 5.0 - - Vdc 

icex - - 50 nAdc 

lceo µAde 
- - 0.020 
- - 0.010 

- - 20 
- - 10 

le - - 50 nAdc 

hFE -
20 - -
35 - -
40 - -
75 - -

25 - -
50 - -
40 - -
100 - -

35 - -
75 - -
40 - -
100 - -

40 - 120 
100 - 300 

MOTOROLA SEMICONDUCTORS 
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2N2904,A, 2N2905,A, 2N2906,A, 2N2907,A, 2N3485,A, 2N3486,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic 

Uc= 500 mAdc, VcE = 10 Vdc)(1) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2904A, 2N2906A, 2N3485A 
2N2905A, 2N2907 A. 2N3486A 

Collector-Emitter Saturation Voltage(1 I 
(le = 150 mAdc, IB = 15 mAdc) 
Uc = 500 mAdc, IB = 50 mAdc) 

Base-Emitter Saturation Voltage 
Uc= 150 mAdc, IB = 15 mAdc)(1) 
Uc = 500 mAdc, IB = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Oc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
!Vee = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VBE = 2.0 Vdc, le = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Delay Time 
(Vee = 30 Vdc, le = 150 mAdc, 
101 = 15 mAdc) 

Rise Time 

Turn-Off Time 

Storage Ti me (Vee = 6.0 Vdc, le = 150 mAdc, 
191 = 102 = 15 mAdc) 

Fall Time 

(1) Pulse Test: Pulse Width"' 300 µ,s, Duty Cycle"' 2.0.% 
(2) IT is defined as the frequency at which lhtel extrapolates to unity. 
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VcE(sat) 

VBE(sat) 

IT 
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Cibo 
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Id 

tr 
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If 

Min Typ Max Unit 

20 - -
30 - -
40 - -
50 - -

Vdc 
- - 0.4 
- - 1.6 

Vdc 
- - 1.3 
- - 2.6 

200 - - MHz 

- - 8.0 pF 

- - 30 pF 

- 26 45 ns 

- 6.0 10 ns 

- 20 40 ns 

- 70 100 ns 

- 50 80 ns 

- 20 30 ns 
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2N2904,A, 2N2905,A, 2N2906,A, 2N2907,A, 2N3485,A, 2N3486,A 
CURRENT GAIN - BANDWIDTH PRODUCT 

45 

200 

~ 150 
:; 
>= 

~ 100 
0 
z 

"" w 

"' 40 ;!2 
0 
!;; 
-;. 

20 
.0 

INPUT 
Z0 = 50 n 
PRF = 150 PPS 
RISE TIME.;; 2.0 ns 

o_i_j 
_J200nsL 

~ 
~ 
G 
=> 
0 

HcE ~ 2d v1++-t-ttt---+--+-+-+H+K----+---+-+--r+++H 
t-t = 100 MHz++++++--+-+-+-+-+++-++--+-+-+-++-H+j 

f 500 C------1-----1--+-++++++------1-----1--+-++++++---t--!--+-++++H 

~ 400 +---l--l--+-++++++-·---j--J--+-++++++---l--l--+-++++H 
~ 
~ 300 f----1--t--+-+++tt+---t--t--+-++++++---t--t--+-+ 

~ 200 f----1---1-+-++illl-"'"'_=-J,....---1-+-+++++f----1---1-+-++++H 

I 100 P"~ 
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25 50 

25 50 

10 20 

le. COLLECTOR CURRENT (mA) 

TURN ON BEHAVIOR 

75 
le. COLLECTOR CURRENT (mA) 

TURN OFF BEHAVIOR 

75 
le. COLLECTOR CURRENT (mA) 

30 

100 

100 

ts 

tt 

DELAY AND RISE 
TIME TEST CIRCUIT 

STORAGE AND FALL 
TIME TEST CIRCUIT 

-30 

50 

200 

TO OSCILLOSCOPE 
RISE TIME.;; 5.0 ns 

INPUT 
Zo = 50 n 
PRF = 150 PPS 
RISE TIME.;; 2.0 µs 

+15 v -6.0 

1.0 k 

50 1N916 

125 150 

125 150 

TO OSCILLOSCOPE 
RISE TIME.;; 5.0 ns 
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MAXIMUM RATINGS 

2N2944 
thru 

2N2946 
Rating Symbol 2N2944 2N2945 2N2946 

CASE 26-03, STYLE 1 
T0-46 (T0-206AB) 

Emitter-Collector Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25'C 

Derate above 25'C 

Total Device Dissipation 
@Tc= 25'C 

Derate above 25'C 

VECO 10 

VcBo 15 

VEBO 15 

le 

Po 

Po 

Operating a.nd Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

TRANSISTOR Characteristic Symbol 

PNP SILICON 
Thermal Resistance, Junction to Case ROJC 

Thermal Resistance, Junction to Ambient ROJA 
Refer to 2N2944A for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector Cutoff Current (VcB = 15 Vdc, IE = O) 2N2944 icso -
(VcB = 25 Vdc, IE = 0) 2N2945 -
(VcB = 40 Vdc, IE = 0) 2N2946 -

Emitter Cutoff Current (VEB = 15 Vdc, le = O) 2N2944 IEBO -
(VEB = 25 Vdc, le = O) 2N2945 -
(VEB = 40 Vdc, le = O) 2N2946 -

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 1.0 mAdc, VcE = 0.5 Vdc) 2N2944 80 

2N2945 40 
2N2946 30 

*DC Current Gain (inverted connection) hFE(inv) 
Os = 200 µAde, VEc = 0.5 Vdc) 2N2944 6.0 

2N2945 4.0 
2N2946 3.0 

Offset Voltage VEC(ofs) 
(19 = 200 µAde, IE = 0) 2N2944 -

2N2945 -
2N2946 -

(19 = 1.0 mAdc, IE = 0) 2N2944 -
2N2945 -
2N2946 -

(19 = 2.0 mAdc, IE = O) 2N2944 -
2N2945 -
2N2946 -

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Oc = 1.0 mAdc, VcE = 6.0 Vdc, f = 1.0 MHz) 2N2944 10 

2N2945 5.0 
2N2946 3.0 

Output Capacitance (Vcs = 6.0 Vdc, IE = 0, f = 500 kHz) Cobo -
Input Capacitance (VEB = 6.0 Vdc, le = 0, f = 500 kHz) Cibo -
"ON" Series Resistance rec 

OB = 1.0 mAdc, IE = 0, le= 100 µArms, f = 1.0 kHz) 2N2944 -
2N2945 -
2N2946 -

*Indicates Data in addition to JEDEC Requirements. 

20 35 

25 40 

25 40 

100 

400 

2.3 

2.0 

11.43 

-65 to +200 

Max 

87.5 

435 

Typ Max 

- 0.1 
- 0.2 
- 0.5 

- 0.1 
- 0.2 
- 0.5 

180 -
160 -
130 -

20 -
17 -
15 -

0.18 0.3 
0.23 0.5 
0.27 0.8 

0.4 0.6 
0.5 1.0 
0.6 2.0 

0.8 1.0 
0.9 1.6 
1.0 2.5 

15 -
13 -
12 -
3.2 10 

1.9 6.0 

4.0 20 
4.5 35 
5.0 45 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/'C 

Watts 

mW/'C 

'C 

Unit 

'CIW 

'CIW 

Unit 

nAdc 

nAdc 

-

-

mVdc 

MHz 

pF 

pF 

Ohms 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol 2N2944A 2N2945A 2N2946A 

Emitter-Collector Voltage Ve co 10 20 35 

Collector-Base Voltage Vceo 15 25 40 

Emitter-Base Voltage Veeo 15 25 40 

Collector Current - Continuous ic 100 

Total Device Dissipation Po 
@TA= 25"C 400 
Derate above 25°C 2.3 

Total Device Dissipation Po 
@Tc=25"C 2.0 
Derate above 25"C 11.43 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

Lead Temperature TL 240 
1116" from Case for 10 seconds 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 435 

Thermal Resistance, Junction to Ambient RruA 87.5 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Emitter-Collector Breakdown Voltage 
(IE = 10 l<Adc, le = O) 2N2944A 

2N2945A 
2N2946A 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = O) 2N2944A 
(Vee = 25 Vdc, IE = O) 2N2945A 

(Vee = 40 Vdc, IE = O) 2N2946A 

(Vee= 15 Vdc, IE = o, TA= 100'C) 2N2944A 
(Vee= 25 Vdc, IE = o, TA= 100"C) 2N2945A 

(Vee= 40 Vdc, IE = o, TA= 100"C) 2N2946A 

Emitter Cutoff Current 
(Vee = 25 Vdc, le = Ol 2N2944A 

2N2945A 

(Vee = 40 Vdc, le = Ol 2N2946A 

(VEB = 25 Vdc, le= 0, TA= 100"C) 2N2944A 
2N2945A 

(Vee= 40 Vdc, le= o, TA= 100"C) 2N2946A 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 1.0 mAdc, VcE = 0.5 Vdc) 2N2944A 

2N2945A 
2N2946A 

DC Current Gain (Inverted Connection) 
!le = 200 l<Adc, Vee = o.5 Vdcl 2N2944A 

2N2945A 
2N2946A 

Offset Voltage 
Os = 200 l<Adc, IE = 0) 2N2944A 

2N2945A 
2N2946A 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWfC 

Watts 
mW/"C 

·c 

•c 

Unit 

"C/W 

'C/W 

Symbol 

V(BR)ECO 

lcso 

IEBO 

hFE 

hFE(inv) 

VEC(ofs) 

2N2944A 
2N2945A 
2N2946A 

JAN, JTX, JTXV AVAILABLE 
CASE 26-03, STYLE 1 

T0-46 (T0-205ABI 

I 
CHOPPER TRANSISTOR 

PNP SILICON 

Min Typ Max Unit 

Vdc 
10 - -
20 - -
35 - -

nAdc 
- - 0.1 
- - 0.2 

- - 0.5 

- - 10 
- - 20 

- - 25 

nAdc 
- - 0.1 
- - 0.2 

- - 0.5 

- - 10 
- - 15 

- - 20 

-
100 - -
70 200 -
50 200 -

-
50 - -
30 32 -
20 25 -

mVdc 
- 0.23 0.3 
- 0.4 0.5 
- 0.7 0.8 

MOTOROLA SEMICONDUCTORS 

• 



2N2944A, 2N2945A, 2N2946A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 2s°C unless otherwise noted.) 

Characteristic 

Ue = 1.0 mAdc, IE= 0) 

Ue = 2.0 mAdc, IE = O) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= 1.0 mAdc, Vee = 6.0 Vdc, f = 1.0 MHz) 

Output Capacitance 
(Vee= 6.0 Vdc, IE = 0, f = 0.1 MHz to 1.0 MHz) 

Input Capacitance 
(Vee= 6.0 Vdc, le= o, f = 0.1 MHz to 1.0 MHz) 

"ON" Series Resistance 
(le = 1.0 mAdc, IE = 0, le = 100 µArms, f = 1.0 kHz) 

650 

0 600 
~ 
"' 550 i 500 

:= 450 

~ 400 

"' 0 350 
c 
~ 300 

~ 250 

i 200 

TA= 25°C 

~ 

FIGURE 1 - VEC(on) 

1.0 k 

' hFe versus le 

* 
~ 

V'. 1'.I 
Vc~=lOV j.1 ~ 
~ y 

~ ..... 
~G~.= 1.0 v t-.. 
~V!;L=0.5V N 

1500 0.1 1.0 10.0 
~ llil1 liilJ[ 

·NoT~ le. COUECTOR CURRENT (mA) 
PULSE WIDTH = 300 µs, 
DUTY CYCLE .;;; 2% 

MOTOROLA SEMICONDUCTORS 

2N2944A 
2N2945A 
2N2946A 

2N2944A 
2N2945A 
2N2946A 

2N2944A 
2N2945A 
2N2946A 

2N2944A 
2N2945A 
2N2946A 

100.0 

1.0 Vac 
1.0 kHz 

Symbol Min Typ Max 

- - 0.6 
- 0.5 1.0 
- 0.6 2.0 

- - 1.0 
- 0.9 1.6 
- 1.0 2.5 

tr 
- - -
10 15 -
5.0 8.0 -

Cobo - 3.2 10 

Cibo - 1.9 6.0 

rec(on) 
- - 4.0 
- 5.0 6.0 
- 7.0 8.0 

FIGURE 2 - VEcloffset) 

mA + + + + + - - - - - 9.1 k 2% 1.0 Vac 

10 k 2% Output Figure 1 - rec(on) rec(on) 'ec(onl 

mA 1.0k 2% v 
Output measured with H.P. 4000 
Ac VTVM or equivalent. 
1.0 mV = 1.0 !l rec(on) 

lceo versus TA 

100 

~ 
~10.0 
!!!· 
"' ~ 1.0 

§ 
~ 0.1 

g 
": 0.01 

~ 
0.001 

r-4oytf 
l-25 v:z: 
f==115V 

I 

AP" 
L6?' 

~ -
Aa 

Unit 

MHz 

pF 

pF 

Ohms 

0 20 40 60 80 100 120 140 160 180 200 
TA - AMBIENT TEMPERATURE (°C) 

SMALL-SIGNAL DEVICES 
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2N2944A,2N2945A,2N2946A 

100 

1 lD 

i a 1.0 
~ 
~ 

§ 
~ 
::;; 

0.1 

";, 0.01 
,:; 

1.0 

1-40V~ 
25 v 

~ 
t::::::f: 

20 40 

l"""'I 

lebo versus TA 

r...4 
.A 

~ ~ 

~ 
~ 

60 80 100 120 140 160 

TA - AMBIENT TEMPERATURE (°C) 

VeE(on) versus le 

-IToc 
~ 

f-1 

180 200 

J;JoJ 
tft v 

H 

0 
0.01 

20 

18 

~ 16 
"'-
; ~14 
0.. .. 

~ ~ 12 

~ ~ lD 

~ 58.0 
::;; 
B s.o 
j 4.0 

2.0 

I--

0 
-0.1 

+125°C +-1 

H 

0.1 1.0 10.0 
le - COLLECTOR CURRENT (mA) 

Cobo versus Vee 

II'-
1' 

.,..... 

-0.5 -1.0 -5.0 -10.0 -50.0 
Vee. COLLECTOR-BASE VOLTAGE (V) 

SMALL-SIGNAL DEVICES 

100.0 

200 

180 

ffi ~160 
~ ;;:;140 

~ ~120 
~ ~ 100 
::I !2 
8 ti 80 

~~ 60 
~"' 

40 

20 

0 

le= 10 
lb 
NOTE 

0.01 0.1 
NOTE: 
PULSE WIDTH = 300 µs, 
DUTY CYCLE <;; 2% 

VcE(s) versus le 

+12~.~c 

~ 
I11II 

1.0 10.0 

le. COLLECTOR CURRENT (mA) 

Cibo versus Vee 

lD 

9.0 

~ 8.0 

~ 7.0 
5 a:
:2 .9: 6.0 

~ i 5.0 
w c: 
~ ~ 4.0 

l!3 5 3.0 
::;; 

~ 2.0 

1.0 

0 
-0.1 

~ 

40 
w 36 [\ 

N 

I\ 
~ 

hi 

~ 
!" 

-0.5 -1.0 -5.0 -10 -50 
VEe. EMITTER-BASE VOLTAGE (V) 

rec(on) versus le 

~ 32 

~ 28 :sa 
t;-24 
~~ 
8~ 20 
cC S2 

ts 
~~ 16 

~ 12 

0 
-0.01 

1. 
)'-, 

1'-.. 

-0.1 -1.0 -10.0 
le. BASE CURRENT (mA) 

ITT 
-55°C 

v w 
~]I 

~jj]_ 
100.0 

le= 100 µA 
IE= 0 
f = 1.0 kHz 

-100.0 
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2N2944A,2N2945A,2N2946A 

IE= 0 
TA= 25°C 

1 

0 
-0.01 

VEC(ofs) versus Is 

JL 

tl' 
J/ 

-0.1 -1.0 -10.0 

le. BASE CURRENT (mA) 

IT 

-100.0 

hFE versus TA 

BOO 

O'--~--'~~-'-~-'-~~ ....... ~"""*~~::-~~ 
-55 -25 0 25 50 75 100 125 

TA. AMBIENT TEMPERATURE (°C) 

hFE(inv)· versus le 

01.....1._,_,_._.....,...._,_._..._......_.......__.__.__._..__....._......_._....._.~~ 

0.01 0.1 1.0 10.0 100.0 
NOTE: IC, COLLECTOR CURRENT (mA) 
PULSE WIDTH = 300 µs, 
DUTY CYCLE <;:; 2% 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 20 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 600 

Total Device Dissipation@ TA = 25°C Po 3.0 
Derate above 25°C 20 

Total Device Dissipation@ Tc = 25°C Po 0.6 
Derate above 25°C 4.00 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 10 mAdc, pulsed, le = O) 

Collector-Base Breakdown Voltage 
Uc= 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
llE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcE = 30 Vdc, VeE = 0.5 Vdc) 

Collector Cutoff Current 
(Vee = 50 Vdc, IE = 0) 
(Vee= 50 Vdc, IE = 0, TA= 150°C) 

Base Cutoff Current 
(VcE = 30 Vdc, VeE = 0.5 Vdc) 

ON CHARACTERISTICS 

DC Current Gain lie = 150 mAdc, VcE = 10 Vdcl 

Collector-Emitter Saturation Voltage(1) Uc = 150 mAdc, le = 15 mAdc) 

Base-Emitter Saturation Voltage(1) (le = 150 mAdc, le = 15 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 20 mA, VcE = 20 V, f = 100 MHz) 

Output Capacitance 
(Vee = 10 V, IE = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(Vee = 30 v, lcs = 150 mA. 101 = 15 mAI 

Rise Time 
(Vee = 30 V, lcs = 150 mA, 101 = 15 mA) 

Storage Time 
(Vee = 6.0 v, lcs = 150 mA, 101 = 15 mA, 
102 = 15 mAI 

Fall Time 
(Vee= 6.0 v, lcs = 150 mA, 101 = 15 mA, 
102 = 15 mAI 

(1) Pulse Test: Pulse Width"" 300 µ,s, Duty Cycle"" 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mWl°C 

Watt 
mwrc 

•c 

2N2959 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

SWITCHING TRANSISTORS 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 20 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

ICEX - .050 µAde 

lceo µAde 
- 0.025 
- 15 

leL - .050 µAde 

hFE 100 300 -
Vc§.sa:!l. - 0.5 Vdc 

VB§.sa:!l. - 1.3 Vdc 

tr 250 - MHz 

Cobo - 8.0 pf 

Id - 20 ns 

tr - 75 ns 

Is - 300 ns 

If - 200 ns 

MOTOROLA SEMICONDUCTORS 
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2N3011 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! 
MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage(1) 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
Peak (10 µ,s Pulse) 

Total Device Dissipation @ TA = 25°C 

SWITCHING TRANSISTOR Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 

NPN SILICON Tc = 100°c 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N2368 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Oc = 10 mAdc, IB = O) V(BR)CEO 

Collector-Emitter Breakdown Voltage Oc = 10 µ,Ade, VBE = Ol V(BR)CES 

Collector-Base Breakdown Voltage Oc = 10 µ,Ade, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage OE = 100 µ,Ade, le = O) V(Bfil_EBO 

Collector Cutoff Current (VcE = 20 Vdc VBE = 0) lcES 
IVcE = 20 Vdc, VBE = 0, TA= +85°C) 

Base Cutoff Current (VcE = 20 Vdc, VBE = 0) IBL 

ON CHARACTERISTICS (2) 

DC Current Gain Oc = 10 mAdc, VcE = 0.35 Vdcl hFE 
Oc = 30 mAdc, VcE = 0.4 Vdcl 
Oc = 100 mAdc, VcE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage Oc = 10 mAdc, IB = 1.0 mAdc) VcE(sat) 
lie = 30 mAdc, IB = 3.0 mAdc) 
Oc = 100 mAdc, IB = 10 mAdc) 
lie= 10 mAdc, IB = 1.0 mAdc, TA= +85°C) 

Base-Emitter Saturation Voltage Oc = 10 mAdc, IB = 1.0 mAdc) VBE(sat) 
Oc = 30 mAdc, IB = 3.0 mAdc) 
Oc = 100 mAdc, IB = 10 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) fT 

Output Capacitance (VcB = 5.0 Vdc, IE = 0, f = 140 kHz) Cobo 

SWITCHING CHARACTERISTICS 

Storage Time Is 
Oc = IB1 = -IB2 = 10 mAdc) 

Turn-On Time Ion 
(Vee = 2.0 Vdc, VEB(offl = o, le = 30 mAdc, IB1 = 3.0 mAdc) 

Turn-Off Time loff 
(Vee = 2.0 Vdc, le = 30 mAdc, IB1 = - IB2 = 3.0 mAdcl 

(1) Applicable from O.Q1 mA to 10 mA (Pulsed). 
(2) Pulse Test: Pulse Length = 30 µ,s, Duty Cycle " 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 12 Vdc 

VcES 30 Vdc 

VcBo 30 Vdc 

VEBO 5.0 Vdc 

le 200 mAdc 
500 

Po 0.36 Watt 
2.06 mWi°C 

Po 1.20 Watts 
0.68 mwrc 
6.85 

TJ, Tstg -65 to +200 oc 

Min Max Unit 

12 - Vdc 

30 - Vdc 

30 - Vdc 

5.0 - Vdc 

- 0.4 µ,Ade 
- 10 

- 0.4 µ,Ade 

30 120 -
25 -
12 -
- 0.20 Vdc 
- 0.25 
- 0.50 
- 0.30 

0.72 0.87 Vdc 
- 1.15 
- 1.60 

400 MHz 

4.0 pF 

- 13 ns 

- 15 ns 

- 20 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 12 Vdc 

Collector-Base Voltage Vcso 12 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA = 25'C Po 0.36 Watts 
Derate above 25'C 2.06 mW/'C 

Total Device Dissipation @Tc = 25'C Po 1.2 Watts 
Derate above 25'C 6.85 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'C 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Uc = 10 µ.Ade, VsE = O) 

Collector-Emitter Sustaining Voltage(1) Uc = 10 mAdc, Is = O) 
(Emitter-Base Termination - Open Base) 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = 100 µAde, le = O) 

Collector Cutoff Current (VcE = 6.0 Vdc, VsE = O) 
(VcE = 6.0 Vdc, VsE = o, TA= +85'C) 

Base Current (VcE = 6.0 Vdc, VsE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
lie= 10 mAdc, VcE = 0.3 Vdc) 
(le = 30 mAdc, VcE = 0.5 Vdc) 
Uc= 100 mAdc, VcE = 1.0 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) 
Uc = 10 mAdc, Is = 1.0 mAdc) 
(le = 30 mAdc, Is = 3.0 mAdc) 
Uc= 30 mAdc, Is= 3.0 mAdc, TA= +85'C) 
(le = 100 mAdc, Is = 10 mAdc) 

Base-Emitter Saturation Voltage(1) 
(le = 10 mAdc, Is = 1.0 mAdc) 
lie = 30 mAdc, le = 3.0 mAdc) 
(le = 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = o, f = 140 kHz) 

Input Capacitance 
(VEe = o.5 Vdc, le = o, f = 140 kHz) 

Small-Signal Current Gain 
(le = 30 mAdc, VcE = 10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vee = 2.0 Vdc, lc=30 mAdc, ls1 =1.5 mAdc) 

Turn-Off Time !Vee= 2.0 Vdc, lc=30 mAdc, ls1 = ls2=1.5 mAdc) 

(1) Pulse Test: Pulse Width = 300 µ.s, Duty Cycle = 1.0%. 

SMALL-SIGNAL DEVICES 
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2N3012 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

II 
SWITCHING TRANSISTOR 

PNP SILICON 

Refer to 2N869A for graphs. 

Symbol Min Max Unit 

lf(Blll_CES 12 - Vdc 

VcEO(sus) 12 - Vdc 

V(BR)CBO 12 - Vdc 

'{LBF!l_EBO 4.0 - Vdc 

ICES - 80 µ.Ade 
- 5.0 

Is - 30 µ.Ade 

hFE -
25 -
30 120 
20 -

VcE(sat) Vdc 
- 0.15 
- 0.2 
- 0.4 
- 0.5 

VsE(sat) Vdc 
0.78 0.98 
0.85 1.2 
- 1.7 

Cobo - 6.0 pF 

Cibo - 6.0 pF 

hfe 4.0 - -

Ion 60 ns 

75 ns 

MOTOROLA SEMICONDUCTORS 
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2N3013 
2N3014 

2N3013 JAN, JTX AVAILABLE 
CASE 27, STYLE 1 
T0-52 (T0-206AC) 

SWITCHING TRANSISTOR 

NPN SILICON 

Refer to 2N3510 for graphs. 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage(1) 
2N3013 
2N3014 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
(10 µ,s pulse) Peak 

Total Device Dissipation @ TA = 25°C 
Cerate above 25°C 

Total Device Dissipation@ Tc = 25°C 
@Tc= 1oo·c 

Cerate above 25°C 

Operating and Storage Junction 
Temperature Range 

(1) Applicable from 0.01 mA to 10 mA (Pulsed) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
Uc = 100 µAde, VsE = O) 

Collector-Emitter Sustaining Voltage(2) VcEO(sus) 
(le = 10 mAdc, Is = Ol 2N3013 

2N3014 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 µAde, le= 01 

Collector Cutoff Current ICES 
(VcE = 20 Vdc, VsE = 0) 
(VcE = 20 Vdc, VaE = o. TA= +125°c1 

Base Current Is 
(VcE = 20 Vdc, VaE = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
Uc = 30 mAdc, VcE = 0.4 Vdcl 
Uc = 100 mAdc, VcE = 0.5 Vdcl 2N3013 
Uc = 10 mAdc, VcE = 0.4 Vdc) 2N3014 
Uc = 300 mAdc, VcE = 1.0 Vdc) 2N3013 
Uc = 100 mAdc, VcE = 1.0 Vdc) 2N3014 
Uc= 30 mAdc, VcE = 0.4 Vdc, TA= -55°Cl 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 30 mAdc, Is = 3.0 mAdcl 
Uc = 100 mAdc, Is = 10 mAdcl 2N3013 
Uc = 100 mAdc, la = 10 mAdcl 2N3014 
Uc = 300 mAdc, Is = 30 mAdcl 2N3013 
Uc = 10 mAdc, Is = 1.0 mAdcl 2N3014 
Uc= 30 mAdc, ls= 3.0 mAdc, TA= +125°CI 

Base-Emitter Saturation Voltage VsE(sat) 
Uc = 30 mAdc, la = 3.0 mAdc) 
Uc = 100 mAdc, Is = 10 mAdcl 
Uc= 300 mAdc, Is= 30 mAdc) 2N3013 
Uc= 10 mAdc, la = 1.0 mAdc) 2N3014 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern Vdc 
15 
20 

VcES 40 Vdc 

Vcso 40 Vdc 

VEBO 5.0 Vdc 

le 200 mAdc 
500 

Po 0.36 Watt 
2.06 mW/"C 

Po 1.20 Watts 
0.68 Watt 
6.85 mW/°C 

TJ. Tstg -65 to +200 ·c 

Min Max Unit 

40 - Vdc 

Vdc 
15 -
20 -
40 - Vdc 

5.0 - Vdc 
-

µAde 
- 0.3 
- 40 

- 0.3 µAde 

-
30 120 
25 -
25 -
15 -
25 -
12 -

Vdc 
- 0.18 
- 0.28 
- 0.35 
- 0.50 
- 0.18 
- 0.25 

Vdc 
0.75 0.95 
- 1.20 
- 1.70 

0.70 0.80 

SMALL-SIGNAL DEVICES 



ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 350 - MHz 
Uc = 30 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 5.0 pF 
(Vee = 5.0 Vdc, IE = o, f = 140 kHz) 

Input Capacitance Cibo - 8.0 pF 
(VBE = 0.5 Vdc, le = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Storage Time Is - 18 ns 
Uc = le1 = le2 = 10 mAdc) 

Turn-On Time ton ns 
(VEB(off) = 5.0 v, Vee= 15 v, le = 300 mAdc, le1 = 30 mAdc) 

2N3013 - 15 
(VEB(off) = o, Vee = 2.0 v, le = 30 mAdc, le1 = 3.0 mAdc) 

2N3014 - 16 • Turn-Off Time !off ns 
(Vee = 15 v, le = 300 mAdc, le1 = le2 = 30 mAdc) 2N3013 - 25 
<Vee = 2.0 V, le = 30 mAdc, le1 = le2 = 3.0 mAdc) 2N3014 - 25 

(2) Pulse Test: Pulse Width = 300 µs, Duty Cycle "" 2.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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I 

II 

2N3019 
2N3020 
2N3700 

JAN, JTX, JTXV AVAILABLE 
2N3019, 2N3020 

CASE 22 STYLE 1 
T0-18 (T0-206AA) 

GENERAL TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characterisiic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
!le = 30 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
!le = 100 !'Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 100 ~de, le = O) 

Collector Cutoff Current le Bo 
(VcB = 90 Vdc, IE = 0) 
(VcB = 90 Vdc, IE = 0, TA= + 150°C) 

Emitter Cutoff Current IEBQ 
!VBE = 5.0 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
!le= 0.1 mAdc, VcE = 10 Vdc) 2N3700, 2N3019 

2N3020 

!le= 10 mAdc, VcE = 10 Vdc) 2N3700, 2N3019 
2N3020 

Oc = 150 mAdc, VcE = 10 Vdc) 2N3700, 2N3019 
2N3020 

Oc = 150 mAdc, VcE = 10 Vdc, Tc = -55°C) 2N3700, 2N3019 

!le = 500 mAdc, VcE = 10 Vdc) 2N3700, 2N3019 
2N3020 

Oc = 1.0 Ade, VcE = 10 Vdc) All Types 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 150 mAdc, IB = 15 mAdc) 
!le = 500 mAdc, IB = 50 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Oc = 150 mAdc, IB = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 2N3020 

2N3019, 2N3700 

MOTOROLA SEMICONDUCTORS 

4-70 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

RoJC 

RoJA 

Min 

80 

140 

7.0 

-
-
-

50 
30 

90 
40 

100 
40 

40 

50 
30 

15 

-
-
-

80 
100 

2N3019 
2N3020 2N3700 Unit 

80 80 Vdc 

140 140 Vdc 

7.0 7.0 Vdc 

1.0 1.0 Ade 

0.8 0.5 Watts 
4.6 2.85 mW/°C 

5.0 1.8 Watts 
28.6 10.6 mWl°C 

-65 to +200 oc 

2N3019 
2N3020 2N3700 Unit 

16.5 70 oc/W 

89.5 245 oc/W 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

~de 
0.01 
10 

0.010 l'Adc 

-
-
100 

-
120 

300 
120 

-

-
100 

-
Vdc 

0.2 
0.5 

1.1 Vdc 

MHz 

400 

SMALL-SIGNAL DEVICES 



2N3019,2N3020,2N3700 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic 

Output Capacitance 
(Vea= 10 Vdc, IE = o. f = 1.0 MHz) 

Input Capacitance 
(VBE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(le = 1.0 mAdc, VcE = 5.0 Vdc, t = 1.0 kHz) 

Collector Base Time Constant 
OE = 10 mAdc, Vea = 10 Vdc, f = 4.0 MHz) 

Noise Figure 
Oc = 100 µAde, VcE = 10 Vdc, 
Rs = 1.0 k ohms, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle .; 1.0%. 

TJ - 150°C 
I I Jllll 

01== TJ - 25°C 

51---TJ 55°C 

0. 1 

10 0 

50 

~10. 0 
:z 

6 5. 
~ 
5 
u 

0 

1. 0 

0.5 1.0 

DC CURRENT GAIN 
2N3019, 2N3700 

b,,. 

10 100 
Jc. COLLECTOR CURRENT (mA) 

CAPACITANCE 

~ 

0.1 1.0 
VR, REVERSE VOLTAGE (V) 

SMALL-SIGNAL DEVICES 

Symbol Min Max Unit 

Cobo - 12 pF 

Ciba - 60 pF 

hte -
2N3700, 2N3019 80 400 
2N3020 30 200 

rb'Cc ps 
2N3019, 2N3020 - - 400 
2N3700 

2N3019, 
2N3700 

1000 

Dl 
C;b 

Cob 

10 

4-71 

:z 
~ 

i 
C'l 
'-' 

"' 1. 
"' w 

~ 0. 
~ 

o~ 

5~ 
§; 

~ 

0. 1~ 

NF 

TJ = 150°C 
TJ - 25°C 

TJ - -55°C 

15 

-

DC CURRENT GAIN 
2N3020 

400 

4 

0.5 1.0 10 100 
Jc, COLLECTOR CURRENT (mA) 

"ON" VOLTAGES 

dB 

1000 

~ 1.0 i---r---H--tct-tttt--1c-.--t-HH-tttt-----r-r--r-H-tttt--i~--r~-r,l.'"tt'ttt 
~ 0.8J---t--- VBE(sat) IB - 10 
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~ 0 4 t--+--+-t-+t+ttt------+--++++tttt--1 11111111 
Jc '" VCE(sat) Ii!= 10 K" 

o.2 i-------t--T-t-rttttt---t---t-tii+Ht---,---,--,rn'l I lll~vHtttH 
oL-.L.l.l...l:±tttt:::±:±±::l:±±±±e=::±::j::O:::trt!IL__Wll_J-LLJllill 
0.1 1.0 10 100 1000 

Jc, COLLECTOR CURRENT (mA) 

MOTOROLA SEMICONDUCTORS 
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2N3019,2N3020, 2N3700 

~ 1.6 

1 
~ 0.8 
u 

i 
t:! 
:::> 

TEMPERATURE COEFFICIENTS 

+25°d¥o +150°C 

I III 
~oh1q 

~~-c FOR VCE(sat) 

Ill 

~ 
~ -0.8 
~ 

-55°C TO +21~~h OVBB FOR VBE 

;> 

"' -1.6 

14.0 

12.0 

I\ 
~ 10.0 

1\ "' :::> 

"' u:: 

!!l 
0 z 
u: z 

8.0 
[\ 

6.0 

4.0 

2.0 
l'-N 

¥ 
;§. 
..= 

0 
0.1 

1000 

200 

40 

10 

+25°C TO +150°C 

±I 
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SOURCE RESISTANCE EFFECTS 

11\IW 
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1.0 10.0 100.0 1000.0 
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VcE-20V 

0.1 1.0 10 100 
IC. COLLECTOR CURRENT (M.A.O.C.) 

MOTOROLA SEMICONDUCTORS 
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"' 0 
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FREQUENCY EFFECTS 

Rs= 4.3 kn 
b,J IC= 10 l'A 

Lb IJ:1 
Re=1.0~ <-! 

t- +-- IC= 100 µA 

0.1 1.0 10 
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1.0 10 
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_L 1111 
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.:--,; 
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MAXIMUM RATINGS 

Rating Symbol 2N3053 2N3053A Unit 

Collector-Emitter Voltage(1 I VcEO 40 60 Vdc 

Collector-Base Voltage VcBo 60 80 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 700 mAdc 

Total Device Dissipation@ Tc = 25'C Po 5.0 Watts 
Derate above 25'C 28.6 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

Lead Temperature 1/16", ± 1/32" From TL +235 'C 
Case for 10 s 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 35 'C/W 

(1) Applicable 0 to 100 mA (Pulsed): 
Pulse Width ,,;; 300 µ.sec., Duty Cycle ,,;; 2.0%. 
0 to 700 mA; Pulse Width ,,;; 10 µ.sec., Duty Cycle,,;; 2.0%. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
lie = 100 µ.Ade, IB = OI 2N3053 

2N3053A 

Collector-Emitter Breakdown Voltage(2) 
lie = 100 mAdc, RBE = 10 ohms) 2N3053 

2N3053A 

Collector-Base Breakdown Voltage 
lie = 100 µ.Ade, IE = 01 2N3053 

2N3053A 

Emitter-Base Breakdown Voltage llE = 100 µ.Ade, le = 01 

Collector Cutoff Current 
IVcE = 30 Vdc, VsE(off) = 1.5 Vdc) 2N3053 
IVcE = 60 Vdc, VsE(off) = 1.5 Vdc) 2N3053A 

Emitter Cutoff Current 
IVBE = 4.0 Vdc, le = 0) 2N3053 

Base Cutoff Current 
IVcE = 60 Vdc, VBE(off) = 1.5 Vdc) 2N3053A 

ON CHARACTERISTICS(1) 

DC Current Gain Uc = 150 mAdc, VcE = 2.5 Vdcl 
Uc = 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 150 mAdc, IB = 15 mAdcl 2N3053 

2N3053A 

Base-Emitter Saturation Voltage 
(le = 150 mAdc, Is = 15 mAdc) 2N3053 

2N3053A 

Base-Emitter On Voltage 
Uc = 150 mAdc, VcE = 2.5 Vdcl 2N3053 

2N3053A 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product lie = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance IVcs = 10 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance IVBE = 0.5 Vdc, le = 0, f = 140 kHz) 

(2) Pulse Test: Pulse Width ,,;; 300 µ.s, Duty Cycle ,,;; 2.0%. 

SMALL-SIGNAL DEVICES 

4-73 

2N3053,A 

CASE 79-02, STYLE 1 
T0-39 (T0-205AO) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
40 -
60 -

V(BR)CER Vdc 
50 -
70 -

V(BR)CBO Vdc 
60 -
80 -

V(BR)EBO 5.0 - Vdc 

ICEX - 0.25 µ.Ade 

IEBO - 0.25 µ.Ade 

IBL - 0.25 µ.Ade 

hFE 25 - -
50 250 

VcE(sat) Vdc 
- 1.4 
- 0.3 

VBE(sat) Vdc 
- 1.7 
0.6 1.0 

VBE(on) Vdc 
- 1.7 
- 1.0 

fT 100 - MHz 

Cobo - 15 pF 

Cibo - 80 pF 

MOTOROLA SEMICONDUCTORS 

• 
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2N3073 

2N3073 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

! 
MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 

SWITCHING TRANSISTOR Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
PNP SILICON Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N2904 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 30 mAdc, Is = O) V(BR)CEO 

Collector-Base Breakdown Voltage Oc = 100 µAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage OE = 100 µAde, le = o) "t!!R)EBO 

Collector Cutoff Current (VcE = 30 Vdc, VsE = 0) lcES 
(VcE = 30 Vdc, VsE = 0, TA= 125°C) 

Emitter Cutoff Current (VEB = 4.0 Vdc, le = 0) IEBO 

Base Current (VcE = 30 Vdc, VsE = 0) Is 

ON CHARACTERISTICS 

DC Current Gain(1) Oc = 50 mAdc, VcE = 1 .o Vdc) hFE 
Oc = 50 mAdc, VcE = 1.0 Vdc, TA= -55°C) 
Oc = 300 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage Oc = 50 mAdc, Is = 2.5 mAdc) VcE(sat) 
Oc = 300 mAdc, Is = 30 mAdc) 

Base-Emitter Saturation Voltage Oc = 50 mAdc, Is = 2.5 mAdc) VsE(sat) 
Uc = 300 mAdc, Is = 30 mAdc) 

Base-Emitter On Voltage Oc = 50 mAdc, VcE = 1.0 Vdc) VsE(on) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) tr 
Oc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vea = 10 Vdc, IE = o, f = 140 kHz) 

Input Impedance hie 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 
Uc= 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small Signal Current Gain hte 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance hoe 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS 

4-74 

Symbol Value Unit 

VcEO 60 Vdc 

Vcso 60 Vdc 

VEBO 4.0 Vdc 

le 500 mAdc 

Po 360 mW 
2.06 mWl°C 

Po 1.2 Watts 
6.85 mW/°C 

TJ, Tstg -65 to +200 oc 

Min Max Unit 

60 - Vdc 

60 - Vdc 

4.0 - Vdc 

- 10 nAdc 
- 10 µAde 

- 100 µAde 

- 10 nAdc 

-
30 130 
12 -
15 -

Vdc 
- 0.25 
- 1.0 

Vdc 
- 1.2 
- 2.0 

- 1.2 Vdc 

130 - MHz 

- 10 pF 

- 1.5 kohms 

- 26 x 10-4 

25 180 -

- 1200 µmhos 

SMALL-SIGNAL DEVICES 



2N3073 

~LECTFUCAl CHA::lACT::;fUST;CS {continuedi (TA = 25"C uniess otherwise noted.j 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 40 ns 
Oc=300 mAdc, 191=30 mAdc) 

Turn-Off Time lo ff - 100 ns 
Oc=300 mAdc, 191=192=30 mAdc) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 1.0%. 
(2) fr is defined as the frequency at which lhtel extrapolates to unity. 

FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TEST Cl RCUIT 

PULSE GENERATOR 0.1 µF 

,":LJ 1 

SMALL-SIGNAL DEVICES 

tr. tf,,;: 6.0 ns 
PW" 0.5 µs 

Zj 0 =50~! 

>4.0 v 

330 

500 pF 

4-75 

-30 v 

tr< 1.0 ns 
Zin> 0.1 Megohm 

MOTOROLA SEMICONDUCTORS 

II 



2N3114 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3498 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage(1) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = = 30 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µ,Ade, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 µAde, le = O) 

Collector Cutoff Current tcso 
(Vcs = 100 Vdc, IE = 0) 
(Vcs = 100 Vdc, IE = o, TA = 150°C) 

Emitter Cutoff Current IEBO 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
(le = o. 1 mAdc, VcE = 10 Vdc) 
Oc = 30 mAdc, VcE = 10 Vdc) 
Oc = 30 mAdc, VcE = 10 Vdc, TA= -55°C) 

Collector-Emitter Saturation Voltage(2) VcE(sat) 
Oc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage(2) 
(le = 50 mAdc, Is = 5.0 mAdc) 

VBE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
(Vcs = 20 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance Cibo 
(VEB = 0.5 Vdc, le = o, f = 140 kHz) 

Small-Signal Current Gain hte 
Oc = 1.0 mA, VcE = 5.0 V, f = 1 kHz) 

Current Gain - High Frequency lhtel 
(VCE = 10 Vdc, le = 30 mAdc, f = 20 MHz) 

Real Part of Input Impedance Re(hiel 
(le = 10 mA, VcE = 10 v, f = 100 MHz) 

(1) Between O and 30 mA. 
(2) Pulse Test: Pulse Width ,;; 300 µ,s, Duty Cycle ,;; 1 .0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 15!J Vdc 

Vcso 150 Vdc 

VEBO 5.0 Vdc 

tc 200 mAdc 

Po 0.8 Watt 
4.57 mwrc 

Po 5.0 Watts 
28.6 mwrc 

TJ, Tstg -65 to +200 oc 

Min Max Unit 

150 - Vdc 

150 - Vdc 

5.0 - Vdc 

µAde 
- 0.010 
- 10 

- 0.10 µAde 

-
15 -
30 120 
12 -
- 1.0 Vdc 

- 0.9 Vdc 

- 9.0 pF 

- 80 pF 

25 - -

2.0 - -

- 30 Ohms 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol 2N3133 2N3135 

Collector-Emitter Voltage VcEO 35 35 

Collector-Base Voltage VcBo 50 50 

Emitter-Base Voltage VEBO 4.0 4.0 

Collector Current - Continuous le 600 600 

Total Device Dissipation @ TA = 25'C Po 0.6 0.4 
Derate above 25'C 3.43 2.28 

Total Device Dissipation @Tc = 25'C Po 3 1.8 
Derate above 25'C 17.14 10.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcE = 30 V, VBE = 0.5 V) 

Collector Cutoff Current 
(VcB = 30 Vdc, IE = O) 
(VcB = 30 Vdc, IE = 0, TA = 150'C) 

Base Cutoff Current 
(VcE = 30 V, VBE = 0.5 V) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 1.0 mAdc, VcE = 10 Vdc) 
Oc = 150 mAdc, VcE = 10 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) 
Oc = 150 mAdc, IB = 15 mAdc) 

Base-Emitter Saturation Voltage(1) 
(le = 150 mAdc, IB = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(VcB = 10 Vdc, IE = o, f = 100 kHz) 

Input Capacitance 
(VBE = 2 Vdc, le= 0, I= 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vee = 30 V, le = 150 mA, IB1 = 15 mA) 

Turn-Off Time 
(Vee= 6.0 V, le = 150 mA, IB1 = IB2 = 15 mAI 

(1) Pulse Test: Pulse Width ,c; 300 µs, Duty Cycle ,c; 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mA 

Watt 
mW/"C 

Watts 
mW/"C 

'C 

2N3133 
CASE 79, STYLE 1 
T0-39 (T0-205AD) 

!I 
2N3135 

CASE 22, STYLE 1 
T0-18 (T0-206AAI 

/ 
SWITCHING TRANSISTOR 

PNP SILICON 

Refer to 2N2904 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 35 - Vdc 

V(BR)CBO 50 - Vdc 

V(BR)EBO 4.0 - Vdc 

ICEX - 0.1 µAde 

le Bo µAde 
- 0.05 
- 30 

IBL - 0.1 µAde 

hFE -
25 -
40 120 

VcE(sat) - 0.6 Vdc 

_l 

VBE(sat) - 1.5 Vdc 

fr 200 - MHz 

Cobo - 10 pF 

Ciba - 40 pF 

Ion 26 75 ns 

lo ff 70 150 ns 

MOTOROLA SEMICONDUCTORS 

• 
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2N3227 For Specifications, See 2N2368 Data. 

2N3244 
2N3245 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 10 mAdc, lg = O) 2N3244 

2N3245 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µAde, IE = O) 2N3244 

2N3245 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 µAde, le = O) 

Base Cutoff Current IBEV 
(VcE = 30 Vdc, VsE = 3.0 Vdc) 

Collector Cutoff Current ICEX 
(VcE = 30 Vdc, VsE = 3.0 Vdc) 

Collector Cutoff Current icso 
(Vcs = 30 Vdc, IE = 0) 
(Vcs = 30 Vdc, IE = o, TA= 100°C) 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = O) 2N3245 
(VEB = 4.0 Vdc, le = O) 2N3244 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Oc = 150 mAdc, VcE = 1.0 Vdc) 2N3244 

2N3245 

Oc = 500 mAdc, VcE = 1.0 Vdc) 2N3244 
2N3245 

Uc = 1.0 Ade, VcE = 5.0 Vdc) 2N3244 
2N3245 

Collector-Emitter Saturation Voltage(!) VcE(sat) 
Oc = 150 mAdc, IB = 15 mAdc) 2N3244 

2N3245 

Oc = 500 mAdc, Is = 50 mAdc) 2N3244 
2N3245 

Oc = 1.0 Ade, lg = 100 mAdc) 2N3244 
2N3245 

MOTOROLA SEMICONDUCTORS 
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Symbol 2N3244 2N3245 Unit 

VcEO 40 50 Vdc 

VcBo 40 50 Vdc 

VEBO 5.0 Vdc 

le 1.0 Ade 

Po 1.0 Watt 
5.71 mW/°C 

Po 5.0 Watts 
28.6 mW/°C 

TJ, Tstg -65 to +200 oc 

Symbol Max Unit 

ROJC 35 oc/W 

ReJA 0.175 °C/mW 

Min Max Unit 

Vdc 
40 -
50 -

Vdc 
40 -
50 -
5.0 - Vdc 

- 80 nAdc 

- 50 nAdc 

µAde 
- 0.050 
- 10 

nAdc 
- 30 
- 30 

-
60 -
35 -

50 150 
30 90 

25 -
20 -

Vdc 
- 0.3 
- 0.35 

- 0.5 
- 0.6 

- 1.0 
- 1.2 

SMALL-SIGNAL DEVICES 



2N3244,2N3245 

ELECTRICAL CHARACTERISTICS (continued) !TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
Uc= 150 mAdc, Is = 15 mAdc) - 1.1 
Uc = 500 mAdc, Is = 50 mAdc) 0.75 1.5 
Uc = 1.0 Ade, Is = 100 mAdc) - 2.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
Uc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N3244 175 -

2N3245 150 -
Output Capacitance Caba - 25 pF 

(Vcs = 10 Vdc, IE = o. f = 100 kHz) 

Input Capacitance Ciba - 100 pF 
(VEB = 0.5 Vdc, le = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time td - 15 ns 
Uc = 500 mA, ls1 = 50 mA 2N3244 

Rise Time VEB = 2.0 v. Vee = 30 V) 2N3245 tr - 35 ns 
- 40 

Storage Time ts - 140 ns 
Uc = 500 mA, Vee = 30 V 2N3244 120 
ls1 = ls2 = 50 mA) 2N3245 

Fall Time If - 45 ns 

Total Control Charge QT pC 
Uc = 500 mA, Is = 50 mA. Vee = 30 V) 2N3244 - 14 

2N3245 - 12 

(1) Pulse Test: PW"' 300 µ,s, Duty Cycle"' 2.0%. 

FIGURE 1 - MINIMUM CURRENT GAIN CHARACTERISTICS 
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FIGURE 2- COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 
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FIGURE 3 - MAXIMUM SATURATION VOLTAGES 

2.0 ..-,-,-,--,-.---,-~.---,--,.-,-,-,--,-r70171 

:r r I I I I 
1.6 1-t- fl, = 10 

1-t- T, = 25°C 

-+--+---+- v,.,,?I 

JO 20 50 100 200 
11, BASE CURRENT (mA) 

FIGURE 4 - TYPICAL TEMPERATURE COEFFICIENTS 

u 
0 ~ ___ v 

~ 1.2 1-H-+--t-.l--t--+......--=*..::::.-+-+--+-+-+--t-t-JI/ ~ -0.5 l--+-+-+--+--i=-+---F=i.....t--4---l 

~ - t7P 
~ 0.8 2N3245 ~ 

1-+-t.+++--l--+-~~--+-~.fLH-H 

0.4 t-+- VCEIHI) 2N3244 

... 
15 
~ -1.0 

8 

0 ..................... ..._ _ _.__.___...___._ .............. ..._ ....... 

50 JOO 200 500 1000 200 400 600 800 1000 

le, COLLECTOR CURRENT (mA) le, COLLECTOR CURRENT l(mA) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

4-80 



2N3244,2N3245 

0 

FIGURE 5 - JUNCTION CAPACITANCE 
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FIGURE 7 - CHARGE DATA 
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2N3249 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! 
SWITCHING TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, Is = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
UE = 10 µAde, le = 0) 

Base Cutoff Current IBEV 
(VcE = 10 Vdc, VsE = 1.0 Vdc) 

Collector Cutoff Current ICEX 
(VcE = 10 Vdc, VsE = 1.0 Vdc) 
(VcE = 10 Vdc, VsE = 1.0 Vdc, TA= 100'C) 

ON CHARACTERISTICS 

DC Current Gain(1) hfE 
Uc= 0.1 mAdc, VcE = 1.0 Vdc) 
Uc = 1.0 mAdc, VcE = 1.0 Vdc) 
Uc = 10 mAdc, VcE = 1.0 Vdc) 
Uc = 50 mAdc, VcE = 1.0 Vdc) 
Uc= 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage( 1) VcE(sat) 
(le = 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 5.0 mAdc) 
(le = 100 mAdc, Is = 10 mAdc) 

Base-Emitter Saturation Voltage(1) VsE(sat) 
Uc= 10 mAdc, Is = 1.0 mAdc) 
Uc = 50 mAdc, Is = 5.0 mAdc) 
Uc = 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
(le = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VeE = 1.0 Vdc, le = o, f = 100 kHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 12 Vdc 

Vcso 15 Vdc 

VEBO 5.0 Vdc 

le 200 mA 

Po 0.36 Watt 
2.06 mW/°C 

Po 1.2 Watts 
6.9 mW/°C 

TJ, Tstg -65 to +200 'C 

Min Max Unit 

12 - Vdc 

15 - Vdc 

5.0 - Vdc 

- 50 nAdc 

µAde 
- 0.05 
- 5.0 

-
100 300 
100 -
100 -
75 -
35 -

Vdc 
- 0.125 
- 0.25 
- 0.45 

Vdc 
0.6 0.9 
0.7 1.1 
- 1.3 

300 - MHz 

- 8.0 pF 

- 8.0 pf 

SMALL-SIGNAL DEVICES 



2N3249 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic \ Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Delay Time le = 100 mA, Is = 10 mA, 

Rise Time VsE = 0.5 V, Vee = 10 v 
Storage Time le = 100 mA, 191 = 192 = 10 mA, 

Fall Time Vee= 10 v 
Turn-On Time le = 10 mA, 191 = 1.0 mA, 

VsE = 0.5 V, Vee = 3.0 v 
Turn-Off Time le = 10 mA, 191 = 192 = 1.0 mA, 

Vee= 3.o v 
Total Control Charge 

Oc = 10 mA, Is = 0.25 mA, Vee = 3.0 V) 

(1) Pulse Test: Pulse Width = 300 µ.s, Duty Cycle "' 2.0%. 

FIGURE 1 - t~ CIRCUIT 

Voo :!t~:-o 
v,_]_} 
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FIGURE 2 - t." CIRCUIT 
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I --· 
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FIGURE 3 - TYPICAL SWITCHING TIMES 
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FIGURE 4 - MINIMUM CURRENT GAIN CHARACTERISTICS 
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FIGURE 9 - TYPICAL TEMPERATURE COEFFICIENTS 
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2N3250,A 
2N3251,A 

2N3250A,2N3251A 
JAN, JTX, JTXV AVAILABLE 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

! 
GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Temperature 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 2N3250, 2N3251 V(BR)CEO 
!le= 10 mAdc) 2N3250A, 2N3251A 

Collector-Base Breakdown Voltage 2N3250, 2N3251 V(BR)CBO 
!le = 10 µ.Adel 2N3250A, 2N3251A 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 10 µ.Ade) 

Collector Cutoff Current ICEX 
(VCE = 40 Vdc, VsE = 3.0 Vdc) 

Base Cutoff Current IBL 
(VcE = 40 Vdc, VsE = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Forward Current Transfer Radio (1) hfE 
!le = 0.1 mAdc, VcE = 1.0 Vdc) 2N3250, 2N3250A 

2N3251, 2N3251A 

!le= 1.0 mAdc, VcE = 1.0 Vdc) 2N3250, 2N3250A 
2N3251, 2N3251A 

!le = 10 mAdc, VcE = 1.0 Vdc) 2N3250, 2N3250A 
2N3251, 2N3251A 

!le = 50 mAdc, VcE = 1.0 Vdc) 2N3250, 2N3250A 
2N3251, 2N3251A 

Collector-Emitter Saturation Voltage (1) VcE(sat) 
!le= 10 mAdc, Is = 1.0 mAdc) 
!le = 50 mAdc, Is = 5.0 mAdcl 

Base-Emitter Saturation Voltage (1) VBE(sat) 
!le = 10 mAdc, Is = 1.0 mAdc) 
!le = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 2N3250, 2N3250A fy 
!le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N3251, 2N3251A 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = o, f = 100 kHz) 

Input Capacitance Cibo 
!Vcs = 1.0 Vdc, le = o, t = 100 kHz) 

MOTOROLA SEMICONDUCTORS 
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2N3250 2N3250A 
Symbol 2N3251 2N3251A Unit 

VcEO 40 60 Vdc 

Vcso 50 60 Vdc 

VEBO 5.0 Vdc 

le 200 mAdc 

Po 0.36 Watt 
2.06 mW/'C 

Po 1.2 Watts 
6.9 mW/'C 

TJ, Tstg -65 to +200 'C 

Symbol Max Unit 

RoJC 0.15 mW/'C 

ROJA 0.49 mW/'C 

Min Max Unit 

40 - Vdc 
60 

50 - Vdc 
60 

5.0 - Vdc 

- 20 Ade 

- 50 nAdc 

-
40 -
80 -

45 -
90 -

50 150 
100 300 

15 -
30 -

Vdc 
- 0.25 
- 0.5 

Vdc 
0.6 0.9 
- 1.2 

250 - MHz 
300 -
- 6.0 pF 

- 8.0 pF 

SMALL-SIGNAL DEVICES 



2N3250,A, 2N3251,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Input Impedance 2N3250, 2N3250A hie 1.0 6.0 kohms 
(le = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 2.0 12 

Voltage Feedback Ratio 2N3250, 2N3250A hre - 10 x 10-4 
(le = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 2N3251, 2N3251A - 20 

Small-Signal Current Gain 2N3250,2N3250A hte 50 200 -
(le= 1.0 mA, VcE = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 100 400 

Output Admittance 2N3250, 2N3250A hoe 4.0 40 µmhos 
(le = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 2N3251, 2N3251A 10 60 

Collector Base Time Constant rb'Cc - 250 ps 
(le = 10 mA, VcE = 20 V) 

Noise Figure NF - 6.0 dB 
(le= 100 µA, VcE = 5.o v, Rs = 1.0 kn. t = 100 Hz) 

SWITCHING CHARACTERISTICS 

Characteristic Symbol Max Unit 

Delay Time (Vee = 3.0 Vdc, VBE = 0.5 Vdc Id 35 ns 

Rise Time le = 10 mAdc, 191 = 1.0 mA) 
Ir 35 ns 

Storage Time (le = 10 mAdc, 191 = 192 = 1.0 mAdc 2N3250, 2N3250A ts 175 ns 
Vee= 3.o V) 2N3251, 2N3251A 200 

Fall Time If 50 ns 

(1) Pulse Test: PW = 300 µs, Duty Cycle = 2.0%. 

SWITCHING TIME CHARACTERISTICS 

FIGURE 1 - DELAY AND RISE TIME 
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le, COLLECTOR CURRENT lmAI 
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FIGURE 2 - STORAGE AND FALL TIME 
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2N3250,A, 2N3251,A 

AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 

(Ve,= 6V, TA= 25°C) 

FIGURE 3 - FREQUENCY 
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FIGURE 4 - SOURCE RESISTANCE 

v I/, 
lc=l.Om~ g 

't--... V ~le =lOOpA 

~ P' -
lK 2K 4K !OK 20K 40K lOOK 

R,. SOURCE RESISTANCE IOHMSI 

h PARAMETERS 
Ve£= lOV, f = 1 kc, TA= 25°C 

FIGURE 5 - CURRENT GAIN 

200 1--+-+--+-+-b.~H+~-2N3251, 2N3251A 
J X JAN 2N3251A ..l ....r . ..l __[_ __[_ __[_ 

vV 
100 l=+=:J:=::t:::t;;;~:++f:l~= 2N3250, 2N3~0~ H 
so 1---f:::;..f-'"'_...:+--t-+-t-+-t-t+- JAN 2N3250A t

i" 
P" 

60 l---+--+---1---t-+-+-l-+++---+--+--t-t--+-+-r+-H 

501---+--+---+---t-+-+-l-+++---+--+--t-t--+-+-r+-H 

40'---'--'--'--'-'-_._. ....... ..__.__.__....._. .......................... 
0.1 0.2 0.5 1.0 2.0 5.0 10 

le, COLLECTOR CURRENT (mA) 

FIGURE 7 -VOLTAGE FEEDBACK RATIO 

~ "{.. 
201--'~-+----t-"<l-+-+-l-+++---+--+--t-t--+-+-ir+t1 

~ ['-., 2N3251, 2N3251A f--t-+---1-+++1 

;
0 

~ ~JAN 2N3251A 

lOl==::::f::::::j::=:4s;:j:::j:::::)::j:p~~;::::::j::::j::::::j::::j::::::j::jr:J:j::j:j 

0.1 0.2 0.5 1.0 2.0 5.0 10 
le, COLLECTOR CURRENT (mA) 

MOTOROLA SEMICONDUCTORS 

4-88 

FIGURE 6 - OUTPUT ADMITTANCE 
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2N3250,A, 2N3251,A 
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This graph shows the effect of base current on collector current (Jo is the 
current gain of the transistor at l volt, and (:JF (forced gain) is the ratio of le/I BF 

in a circuit. EXAMPLE: For type 2N3251, estimate a base current ilsFl to insure 
saturation at a temperature of 2scc and a collector current of 10 mA. 
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2N3250,A, 2N3251,A 

FIGURE 13 - fr AND r.'Cc versus le 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Base Voltage vcso 

Emitter-Base Voltage VEBO 

Total Device Dissipation Po 
@TA= 25°C 

Derate above 25°C 

Total Device Dissipation Po 
@Tc= 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

2N3252 2N3253 2N3444 

30 40 50 

60 75 80 

5.0 

1.0 
5.71 

5.0 
28.6 

-65 to + 200 

Symbol 

ReJC 
ReJA 

Max 

35 
0.175 

Unit 

Vdc 

Vdc 

Vdc 

Watts 
mWi°C 

Watts 
mWi°C 

oc 

Unit 

oc/W 
°C/mW 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 10 mAdc, pulsed, Is = O) 2N3252 

2N3253 
2N3444 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = O) 2N3252 

2N3253 
2N3444 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcE = 40 Vdc, VEB(off) = 4.0 Vdc) 2N3252 
(VcE = 60 Vdc, VEB(off) = 4.0 Vdc) 2N3253, 2N3444 

Collector Cutoff Current 
(Vcs = 40 Vdc, IE = 0) 2N3252 
(VcB = 40 Vdc, IE = 0, TA = 100°C) 2N3252 
(Vcs = 60 Vdc, IE = O) 2N3253, 2N3444 
(VcB .= 60 Vdc, IE = 0, TA = 100°C) 2N3253, 2N3444 

Emitter Cutoff Current 
(VBE = 4.0 Vdc, le = 0) 

Base Cutoff Current 
(VCE = 40 Vdc, VEB(off) = 4.0 Vdc) 2N3252 
(VcE = 60 Vdc, VEB(off) = 4.0 Vdc) 2N3253, 2N3444 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 150 mAdc, VcE = 1.0 Vdc) 2N3252 

2N3253 
2N3444 

(le = 500 mAdc, VcE = 1.0 Vdc) 2N3252 
2N3253 
2N3444 

Oc = 1.0 Ade, VcE = 5.0 Vdc) 2N3252 
2N3253 
2N3444 

SMALL-SIGNAL DEVICES 
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Symbol 

2N3252 
2N3253 
2N3444 

JAN, JTX AVAILABLE 
2N3253, 2N3444 

CASE 79, STYLE 1 
T0-39 (T0-205ADI 

SWITCHING 

NPN SILICON 

Min Max 

V(BR)CEO 
30 -
40 -
50 -

V(BR)CBO 
60 -
75 -
80 -

V(BR)EBO 5.0 -

ICEX 
- 0.5 
- 0.5 

lcso 
- 0.50 

75.0 
0.50 
75.0 

IEBO - 0.05 

IBL 
- 0.50 
- 0.50 

hfE 
30 -
25 -
20 -

30 90 
25 75 
20 60 

25 -
20 -
15 -

Unit 

Vdc 

Vdc 

Vdc 

µ.Ade 

µ.Ade 

µ.Ade 

µ.Ade 

-
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2N3252, 2N3253,2N3444 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voltage(1) VcE(sat) Vdc 
Oc = 150 mAdc, Is = 15 mAdc) 2N3252 - 0.3 

2N3253, 2N3444 - 0.35 

Oc = 500 mAdc, Is = 500 mAdc) 2N3252 - 0.5 
2N3253, 2N3444 - 0.60 

Oc = 1.0 Ade, Is = 100 mAdc) 2N3252 - 1.0 
2N3253, 2N3444 - 1.2 

Base-Emitter Saturation Voltage(1) VsE(sat) Vdc 
Oc = 150 mAdc, Is = 15 mAdc) - 1.0 
Oc = 500 mAdc, Is = 50 mAdc) 0.7 1.3 
Oc = 1.0 Ade, Is = 100 mAdc) - 1.8 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
(le = 50 mAdc, VcE = 10 Vdc, I = 100 MHz) 2N3252 200 -

2N3253, 2N3444 175 -
Output Capacitance Cobo - 12 pF 

(Vcs = 10 Vdc, IE = 0, I= 100 kHz) 

Input Capacitance Cibo - 80 pF 
(VEs = 0.5 Vdc, le = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time le = 500 mAdc, ls1 = 50 mAdc ld - 15 ns 

Rise Time Vee = 30 V, VsE = 2.0 v 2N3252 
tr - 30 ns 

2N3253, 2N3444 - 35 

Storage Time le = 500 mAdc, ls1 = ls2 = 50 mAdc ts - 40 ns 

Fall Time Vee= 30 v lf - 30 ns 

Total Control Charge Or - 5.0 nC 
Oc = 500 mAdc, ls1 = 50 mAdc, Vee = 30 V) 

(1) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 

COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
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2N3252,2N3253, 2N3444 
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2N3252,2N3253, 2N3444 
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2N3252,2N3253,2N3444 

TYPICAL TURN·ON TIME VARIATIONS WITH VOLTAGE 
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SMALL-SIGNAL DEVICES 

le, COLLECTOR CURRENT (mA) 
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2N3299 
2N3300 

CASE 79, STYLE 1 
T0-39 (T0-205ADI 

GENERAL PURPOSE 
TRANSISTOR 

2N3301 
2N3302 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
(Applicable O to 1 O mAdc) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

CASE 22, STYLE 1 
T0-18 (T0-206AAI ! Total Device Dissipation @ TA = 25°C 

Derate above 25°C 
GENERAL PURPOSE 

TRANSISTOR 
Total Device Dissipation @Tc = 25°C 

Derate above 25°C 

NPN SILICON Operating and Storage Junction 
Temperature Range 

Refer to 2N2218 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) Oc = 10 mAdc, IB = O) VcEO(suo;J 

Collector-Base Breakdown Voltage (le = 10 µAde, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 µAde, le = O) V(BR)EBO 

Collector Cutoff Current (VcE = 50 Vdc, VBE = 0) ICES 
(VcE = 50 Vdc, VsE = o, TA = 150°C) 

Emitter Cutoff Current (VBE = 3.0 Vdc, le = O) IEBO 

Base Current (VcE = 50 Vdc, VBE = O) IB 

ON CHARACTERISTICS 

DC Current Gain 2N3299, 2N3301 hFE 
(le = 0.1 mAdc, VcE = 10 Vdc) 2N3300, 2N3302 
Oc = 1.0 mAdc, VcE = 10 Vdc) 2N3299, 2N3301 

2N3300, 2N3302 
Oc = 10 mAdc, VcE = 10 Vdc)(1 l 2N3299, 2N3301 

2N3300, 2N3302 
(le = 150 mAdc, VcE = 1.0 Vdc)(1) 2N3299, 2N3301 

2N3300, 2N3302 
(le= 150 mAdc, VcE = 10 Vdc)(1) 2N3299, 2N3301 

2N3300, 2N3302 
Oc = 500 mAdc, VcE = 10 Vdc)(1) 2N3299, 2N3301 

2N3300, 2N3302 

Collector-Emitter Saturation Voltage Oc = 150 mAdc, IB = 15 mAdc) VcE(sat) 
Oc = 300 mAdc, IB = 30 mAdc) 
lie = 500 mAdc, IB = 50 mAdc) 

Base-Emitter Saturation Voltage (le = 150 mAdc, IB = 15 mAdc) VBE(sat) 
Oc = 300 mAdc, IB = 30 mAdc) 
Oc = 500 mAdc, IB = 50 mAdc) 

Base Emitter Voltage (le = 150 mA, VcE = 10 V) VBE(on) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) fr 

Output Capacitance (VcB = 10 Vdc, IE = o, f = 140 kHz) Cobo 

Input Capacitance (VBE = 2.0 Vdc, le = 0, f = 140 kHz) Cibo 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vee = 25 Vdc, le = 300 mAdc, IB1 = 30 mAdc) Ion 

Turn-Off Time (Vee = 25 Vdc, le = 300 mAdc, IB1 = IB2 = 30 mAdc) lo ff 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 30 Vdc 

VcBo 60 Vdc 

VEBO 5,0 Vdc 

le 500 mAdc 

2N3299 2N3301 
2N3300 2N3302 

Po 0.8 0.36 Watt 
4.56 2.06 mWl°C 

Po 3.0 1.8 Watts 
17.2 10.3 mWl°C 

TJ, Tstg -65 to +200 oc 

Min Max Unit 

30 - Vdc 

60 - Vdc 

5.0 - Vdc 

- 0.01 µAde 
- 10 

- 10 nAdc 

- 10 nAdc 

20 - -
35 -
25 -
50 -
35 -
75 -
20 -
50 -
40 120 
100 300 
20 -
50 -
- 0.22 Vdc 
- 0.45 
- 0.6 

- 1.1 Vdc 
- 1.3 
- 1.5 

- 1.1 v Max 

250 - MHz 

- 8.0 pF 

- 20 pF 

60 ns 

150 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol 2N3307 2N3308 Unit 

Collector-Emitter Voltage VcEQ 35 25 Vdc 

Collector-Emitter Voltage VcES 40 30 Vdc 

Collector-Base Voltage Vcso 40 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25'C Po 200 mW 
Derate above 25'C 1.14 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 300 mW 
Derate above 25'C 1.71 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 2.0 mAdc, Is = OI 2N3307 

2N3308 

Collector-Emitter Breakdown Voltage 
Oc = 10 µAde, VsE = 01 2N3307 

2N3308 

Collector-Base Breakdown Voltage(1 I 
Oc = 10 µAde, IE = 01 2N3307 

2N3308 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = 01 

Collector Cutoff Current 
(Vcs = 15 Vdcl 
(Vcs = 15 Vdc, T = 150'C) 2N3307 

ON CHARACTERISTICS 

DC Current Gain 
(VcE = 10 Vdc, le = 2.0 mAdc) 2N3307 

2N3308 

Collector-Emitter Saturation Voltage 
(le = 3.0 mAdc, Is = 0.6 mAdcl 

Base-Emitter Saturation Voltage 
Oc = 3.0 mAdc, Is = 0.6 mAdc 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VcE = 10 Vdc, le = 2.0 mAdc, I = 100 MHz 

Maximum Frequency of Operation 
(VcE = 10 Vdc, le = 2.0 mAdcl 

Output Capacitance 
(Vcs = 10 Vdc, IE = o, I= 0.1 MHz 2N3307 

2N3308 

Small-Signal Current Gain 
(VcE = 10 Vdc, le = 2.0 mAdc, I = 1 kHz) 2N3307 

2N3308 

Collector Base Time Constant 
(Vcs = 10 Vdc, le= 2.0 mAde, I= 31.8 MHz) 2N3307 

2N3308 

SMALL-SIGNAL DEVICES 
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Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

icso 

hFE 

VcE(satl 

VsE(satl 

t-r 

fmax 

Cobo 

hte 

rb'Cc 

2N3307 
2N3308 

CASE 20, STYLE 10 
T0-72 (T0-206AF) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Min Max 

35 -
25 -

40 -
30 -

40 -
30 -
3.0 -

- 0.010 
- 3.0 

40 250 
25 250 

- 0.4 

- 1.0 

300 1200 

Typical 
2000 

- 1.3 
- 1.6 

40 250 
25 250 

2.0 15 
2.0 20 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vde 

MHz 

MHz 

pF 

-

ps 

MOTOROLA SEMICONDUCTORS 
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2N3307,2N3308 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Noise Figure NF dB 
(VcE = 10 Vdc, le = 2.0 mAdc, f = 200 MHz) 2N3307 - 4.5 

2N3308 - 6.0 

SWITCHING CHARACTERISTICS 

Power Gain(2) Ge 17 - dB 
(VcE = 10 Vdc, le = 2.0 mAdc, f = 200 MHz) 

Power Gain (AGC)(2) Ge dB 
(VcE = 5.0 Vdc, le = 20 mAdc, f = 200 MHz) 2N3307 - 0 

2N3308 - -
(1) Cobo is measured in guarded circuit such that the can capacitance is not included. 
(2) AGC is obtained by increasing le. The circuit remains adjusted for VcE = -10 Vdc, le = -2 mAdc operation. 

COMMON EMITTER AVERAGE SMALL POWER GAIN 

& NOISE FIGURE versus COLLECTOR CURRENT 

VcE=-10 Vdc 
f =200 MHz 

-- TUNED AT le;- -2 mAdc ONLY. 
- - TUNED AT EACH TEST CURRENT 

251---+--+---J--+-,.--r---+---+--+<--I--~ 

-16 -18 -20 

le. COLLECTOR CURRENT lmAdcl 

MOTOROLA SEMICONDUCTORS 
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NOISE FIGURE versus FREQUENCY 

~ I I 
1-rl""-~t-::i:r-::+-~=l:!:=:=:E=J' ve,= -15vdc -

\lei;= -SVdc 

le= -2mAdc 
RG =50 ohms 

~~0-~30,.--~~5~0-+-~7~0~-10~0-~-~20~0--30~0-"'-~500 

f. FREQUENCY IMH'I 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

PNP NPN 

Rating Symbol 2N5415 2N5416 2N3439 2N3440 Unit 

Collector-Emitter Voltage VcEO 200 300 350 250 Vdc 

Collector-Base Voltage VcBo 200 350 450 300 Vdc 

Emitter-Base Voltage VEBO 4.0 6.0 7.0 7.0 Vdc 

Base Current IB 0.5 Ade 

Collector Current - 'c 1.0 Ade 
Continuous 

Total Device Dissipation Po 
@TA= 25°C - 1.0 Watts 
Derate above 25°C - 5.7 mWf'C 

Total Device Dissipation Po 
@Tc= 25°C 10 5.0 Watts 
Derate above 25°C 57 28.6 mWf'C 

Total Device Dissipation Po 
@TA= 50°C 1.0 - Watts 
Derate above 50°C 6.7 - mWf'C 

Operating and Storage TJ, Tstg -65 to +200 oc 
Junction Temperature 
Range 

THERMAL CHARACTERISTICS 

2N5415 2N3439 
Characteristic Symbol 2N5416 2N3440 Unit 

Thermal Resistance, Junction to Case Rruc 17.5 35 oc;w 

Thermal Resistance, Junction to Ambient ROJA 150 175 oc;w 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(!) 
Uc = 50 mAdc, IB = O) 2N5415 

2N5416 
2N3439 
2N3440 

*Collector Cutoff Current 
(VcE = 300 Vdc, IB = 0) 2N3439 
(VCE = 200 Vdc, IB = 0) 2N3440 

*Collector Cutoff Current 
(VcE = 450 Vdc, VBE = 1.5 Vdc) 2N3439 
(VCE = 300 Vdc, VBE = 1.5 Vdc) 2N3440 

Collector Cutoff Current 
(VcB = 175 Vdc, IE = 0) 2N5415 
(VcB = 280 Vdc, IE = O) 2N5416 
(VcB = 360 Vdc, IE = 0) 2N3439 
(VcB = 250 Vdc, IE = 0) 2N3440 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = O) 2N5415 
(VEB = 6.0 Vdc, le = O) 2N5416, 2N3439, 2N3440 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= 2.0 mAdc, VcE = 10 Vdc) 2N3439 

*(le = 20 mAdc, VcE = 10 Vdc) 2N3439, 2N3440 

*(le= 50 mAdc, VcE = 10 Vdc) 2N5415 
2N5416 

Collector-Emitter Saturation Voltage 
Uc = 50 mAdc, IB = 4.0 mAdc) 2N3439, 2N3440 

Base-Emitter Saturation Voltage 
Uc = 50 mAdc, IB = 4.0 mAdc) 2N3439, 2N3440 

*Indicates Data in Addition to JEDEC Requirements. 

SMALL-SIGNAL DEVICES 
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2N3439, 2N3440 NPN 
2N5415, 2N5416 PNP 

JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 

T0-39 (T0-205AD) 

Symbol Min Max Unit 

VcEO(sus) Vdc 
200 -
300 -
350 -
250 -

ICEO µAde 
- 20 
- 50 

ICEX µAde 
- 500 
- 500 

le Bo µAde 
- 50 
- 50 
- 20 
- 20 

IEBO µAde 
- 20 
- 20 

hFE -
30 -
40 160 

30 150 
30 120 

VcE(sat) - 0.5 Vdc 

VBE(sat) - 1.3 Vdc 

MOTOROLA SEMICONDUCTORS 

II 



2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 15 - MHz 
(le = 10 mAdc, VcE = 10 Vdc, f = 5.0 MHz) 2N3439, 2N3440 

Output Capacitance Cobo pF 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 2N5415, 2N5416, - 15 

2N3439, 2N3440 - 10 

Input Capacitance Gibo - 75 pF 
(VEB = 5.0 Vdc, le = 0, f = 1.0 MHz) 

Small-Signal Current Gain hte 25 - -
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
Oc = 10.0 mAdc, VcE = 10 Vdc, f = 5.0 MHz) 2N5415, 2N5416 

Real Part of Input Impedance Re(hiel - 300 Ohms 
(VcE = 10 Vdc, le = 5.0 mAdc, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width.; 300 µ.s, Duty Cycle.; 2.0%. 
CAUTION: The sustaining voltage must not be measured on a curve tracer. (See Fig. 15.) 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

NOTE: Vee and Ac adjusted for VcE(off) = 150 V and le 

PNP 
2N5415, 2N5416 

as desired, R 9 chosen for desired ls 1•V1~10 V, V2 ~ 8.0 V 

For td and tr, 01 is disconnected 

and V2 = 2.0 V 

For PNP test circuit, 

reverse all polarities. 

NPN 
2N3439, 2N3440 

FIGURE 2 - TURN-ON TIME 

10L-~-'--~.J.-~-'--~-'---'----'--'--.........,-'--~--'~---__. 
10 20 30 50 70 100 200 

1001= 

le, COLLECTOR CURRENT (mA) 

1c11e - 5.0 
1c11e 10 101= ----

501- 1e1=1s2 --+-----1-+-t--ir-+-+---+----1 

30....__ _ _...._~~D~=-2_5°_c _ _,__..._-'--'-.1-I-'----'-__, 
10 20 30 50 70 100 200 

le. COLLECTOR CURRENT (mA) 
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10'---l..--'----'--'----'--'--'--'--'-'----'---' 
10 20 30 50 70 100 200 

IC, COLLECTOR CURRENT (mA) 

20 30 50 70 100 200 
le. COLLECTOR CURRENT (mA) 
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2N3439, 2N3440 NPN I 2N5415, 2N5416 PNP 

FIGURE 4 - CURRENT-GAIN - BANDWIDTH PRODUCT 

~ 100~~-.-.-,-~~-~~-~~~~~-~__, 

! ~ Vee= 10 V t--+---1--+--+--+--+-t-+-1-+-----1--< 
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z 20 -,. 
< i,.
~ 

I 10~=-------~~-=~ ....................... _..__.____.'--"'""--''-L-'--'...U.~'--~~ ...... 
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IC, COLLECTOR CURRENT (mAI 

FIGURE 5 - CAPACITANCE 

1001--t-+-

70 - '!';; 
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VR, REVERSE VOLTAGE (VOL TSI 

FIGURE 6-'- THERMAL RESPONSE 
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FIGURE 7 - ACTIVE-REGION SAFE OPERATING AREA 

PNP - 2N5415, 2N5416 

l.O ~~~~§~~is~E~~~~~~8~ 0.7 :s: 00 µs~ 50 µs ::BJ.! µs 

0: 0.5 ::-:; :x 
"' 1-++-1++-+-~i::..._,.,.-1---+~,.1..-i~~"---1~1°'\,~1~~µ51--f--l 
~ 0.3 "'-' ~ 
~ 0.2 '\..J J::i l '\.' .0 m.s'\. 
"' TJ=200°c de ~ 5.0m~~ ~ 
~ O.l -H-1-H BONDINGWIRELIMITEO ~"'\._ 
- 1-14" """ THERMALLY LIMITED l~ii~mm 0 0 07 t- @Tc= 25°C (SINGLE PULSEI 
t; . J-+- t+ SECOND BREAKDOWN LIMITEO 
j 0.05 t- CURVES APPLY BELOW ~ 
8 0.03 t- RATED VCEO ~ 
~0.02 11 l 111 2N5415--+-~ 

J. J. ~ TIII 
2N5416 -+ __ .. 

5.0 7.0 10 20 30 50 70 100 200 300 500 
VcE. COLLECTOR·EMITTER VOLTAGE (V(LTS) 
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NPN - 2N3439, 2N3440 

1.0 

o. 7 
10 

"- 0. 5H "' ~ ,_ 0.3 ;:;; 

= 30: = 500µs 
d~5.0~ 1.o::;~ 

"' 0.2 
"' :::> 
'-' ' " ~, 
~ 0· 1~t~~~~~E~'~tE!m~~f~~t§ ~~E ~ 
C: 0.05 -·-·- !b~~~GCWIRE LIMITED ' '-' 
~0.03 ---THERMALLYLIMITEO 

@Tc= 25•c (SINGLE PULSE) 
0.02 CURVES APPLY BELOW 

RATED VcEO 2N3439~ 
O.OlL-l.~...._.-~_._-~~~~.u..1...-~--L-L....L....L..L.-I 

·5.0 1 .o 10 20 30 50 10 100 200 300 500 
VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

MOTOROLA SEMICONDUCTORS 

II 



.. 
I 

2N3439, 2N3440 NPN I 2N5415, 2N5416 PNP 

10 

"' 8.0 t-
t-
<( 

z;. 
z 
0 6.0 
>= 
~ 
Bi 
c 4.0 
"' !I: 
0 

~ 2.0 

FIGURE 8 - POWER DE RATING 

I--- 2N34Ys: 2N3440 ~ "' """1 
l l l 1---...~ 

40 BO 120 

Tc, CASE TEMPERATURE (DC) 

PNP 
2N5415, 2N5416 

160 200 

I 

There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate lc-VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 7 is based on T J (pk) ~ 200°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk),,;; 200°C. TJ(pk) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415). 

NPN 
2N3439 2N3440 

FIGURE 9 - DC CURRENT GAIN 

~ 
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FIGUR.E 10 - COLLECTOR SATURATION REGION 
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2N3439, 2N3440 NPN I 2N5415, 2N5416 PNP 

FIGURE 11 - "ON" VOLTAGES 

~ O.B~wn~~~~(lll~)~±lc/~1~·~108!~!1_.j~jpBj 
~ J_ 
... 0.6 7 
"' VsE•VcE= 10V 
~ ~ 0.4 ...... -H>-+-+--+--+---+---+---+--.............. ,___.___..~#--+---+-17#< 

~y 
0.2 H-+lf-1-1--t--t--4-+-4-H-++!---'.,,,IF-'-+-7'~-t--1 

VcE(111) le/la= 10 ~ Vic11e = 5.0 

a~~33:ffittt::tt:1I]j 
5.0 7.0 10 20 30 50 70 100 200 300 500 

IC. COLLECTOR CURRENT (mA) 

1.0 

0.8 

~ 
c5 0.6 
~ 
w 

"' < 
~ 0.4 
~ 

0.2 

I-

0 
2.0 

TJ = 25•C 7 
[ i-

111 J....l- t:-V" 
VeE(satl@ \C~e = 10 

VeE@ VcE= 10 v II 
-j 11' 

l.:;11 P' 
1c11e = 10 

VCE(sat) ~ L...H"1 
1ct1e = 5.0 

3.0 5.0 10 20 30 50 100 200 

IC, COLLECTOR CURRENT (mA) 

FIGURE 12 - TEMPERATURE COEFFICIENTS 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 

FIGURE 14 - BASE CUTOFF REGION 
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FIGURE 15 - CIRCUIT USED TO MEASURE 
SUSTAINING VOLTAGES 

2N3444 For Specifications, See 2N3252 Data. 
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MAXIMUM RATINGS 

Rating Symbol 2N3467 2N3468 Unit 

Collector-Emitter Voltage Vern 40 50 Vdc 

Collector-Base Voltage VCBO 40 50 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mW/°C 

Total Device Dissipation@ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 35 oc/W 

Thermal Resistance, Junction to Ambient RoJA 0.175 °C/mW 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1 I 
(le = 10 mAdc, IB = O) 2N3467 

2N3468 

Collector-Base Breakdown Voltage 
Oc = 10 µ.Ade, IE = 01 2N3467 

2N3468 

Emitter-Base Breakdown Voltage 
OE = 10 µ.Ade, le = 01 

Base Cutoff Current 
(VcE = -30 Vdc, VBE = 3.0 Vdc) 

Collector Cutoff Current 
(VcE = -30 Vdc, VBE = 3.0 Vdc) 

Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 
(VcB = 30 Vdc, IE = 0, TA= 100°C) 

ON CHARACTERISTICS 

DC Current Gain(1 I 
Oc = 150 mAdc, VcE = 1.0 Vdcl 2N3467 

2N3468 

(le = 500 mAdc, VcE = 1.0 Vdc) 2N3467 
2N3468 

Oc = 1.0 Ade, VcE = 5.0 Vdcl 2N3467 
2N3468 

Collector-Emitter Saturation Voltage(1) 
(le= 150 mAdc, IB = 15 mAdcl 2N3467 

2N3468 

Oc = 500 mAdc, IB = 50 mAdcl 2N3467 
2N3468 

(le= 1.0 Ade, IB = 100 mAdcl 2N3467 
2N3468 

Base-Emitter Saturation Voltage(1 I 
Oc = 150 mAdc, IB = 15 mAdc) 
Oc = 500 mAdc, Is = 50 mAdc) 
Oc = 1.0 Ade, Is = 100 mAdc) 

SMALL-SIGNAL DEVICES 

4-105 

2N3467 
2N3468 

JAN, JTX, JTXV AVAILABLE 

CASE 79-02, STYLE 1 

T0-39 (T0-205AD) 

SWITCHING TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
40 -
50 -

V(BRICBO Vdc 
40 -
50 -

V(BR)EBO 5.0 - Vdc 

IBEV - 120 nAdc 

ICEX - 100 nAdc 

le Bo µ.Ade 
- 0.10 
- 15 

hFE -
40 -
25 -

40 120 
25 75 

40 -
20 -

VcE(sat) Vdc 
- 0.3 
- 0.36 

- 0.5 
- 0.6 

- 1.0 
- 1.2 

VBE(sat) Vdc 
- 1.0 
0.8 1.2 
- 1.6 

MOTOROLA SEMICONDUCTORS 

II 



2N3467, 2N3468 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic f Symbol 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N3467 

2N3468 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VEB = 0.5 Vdc, le = o. f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time !le = 500 mA. 101 = 50 mA. VBE = td 

Rise Time 2.0 v. Vee = 30 vi tr 

Storage Time Uc = 500 mA. 101 = 102 = 50 mA, Vee = 30 V) ts 

Fall Time If 

Total Control Charge Q7 

Uc = 500 mA, IB = 50 mA, Vee = 30 V) 

(1) Pulse Test: PW,.; 300 µ,s, Duty Cycle"' 2.0%. 

STORAGE TIME VARIATION WITH TEMPERATURE 

200 ~~~---~-~-~--~~~--,.-, 
I I;= 1~1,,I= lo/,, 

Vee= 30V 
- TJ=25°C 

- - - T, = 125°C 

i 100 3 ...,_ ±±1 
- fJ, 1- 10}0 "' "' ;::: 

70 l:)J 
Oli 
~ 50 
:;: 

30 

20 11 
50 70 100 200 300 500 700 1000 

le. COLLECTOR CURRENT (mA) 

LIMITS OF SATURATION VOLTAGE 

1.4 1-1-+--T+-T+-0:""---1~4-4-+--+--+-+-tj,.-'--¥+-i 
g f-+- fJ,=10 _7 
~ 1.2 f-+- T, = 25°C MAX v 

~ 1.0 1-..--:1::•+-1"1i--F--+-1j..-l-+vJ..,'--+-f-!-l--'-b"""M 

i!!i o.a I--+- V 
- t--++-t-t-t----t-MIN,=Oi-""'F--t--!----<~7f-+-1 i ~ ......d V1 
::> 0.6 r:..;;1 .... 
~ i-!-'t"1 2N3468 ~ ..ri 

MAX Ve!lu!J ............... _.;...-"' 1--+-H-1 

J. 0.4 ~t:t:ta::-::Jt-::t~J...-1ttt=i:2::::N3~4~67ttt::t~ 
0.2 t:: J_ J_ 

:r :r 
50 70 100 200 300 500 700 1000 

le. COLLECTOR CURRENT CmA) 

MOTOROLA SEMICONDUCTORS 
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Min Max Unit 

MHz 
175 -
150 -
- 25 pF 

- 100 pF 

- 10 ns 

- 30 ns 

- 60 ns 

- 30 ns 

- 6.0 nC 

SMALL-SIGNAL DEVICES 



2N3467, 2N3468 

MINIMUM CURRENT GAIN CHARACTERISTICS 

50 70 JOO 200 300 500 700 1000 

le, COLLECTOR CURRENT (mA) 

70 ~~~---.--~..---,---.-~~~-r~~--.~~.-~-r-~~-r-~-.~-.-~.---.-,..,...,, 

1----+--+--~-4--4-----4---+---+---1--~---+--1---+- 2N34ee -
~ Ya=IV 

- - - Ye, =2V 

le, COLLECTOR CURRENT (mA) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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a 

2N3494 
2N3495 

CASE 79-02, STYLE 1 ~ 
T0-39 (T0-205AD) I/ r 

2N3496 
2N3497 

CASE 22-03, STYLE 1 ~ 
T0-18 (T0-206AA) II 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C* 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol 

VcEO 

Vc8o 

VEBO 

le 

Po 

Po 

TJ, Tstg 

2N3494 2N3495 
2N3496 2N3497 Unit 

80 120 Vdc 

80 120 Vdc 

4.5. Vdc 

100 mAdc 

2N3494 2N3496 
2N3495 2N3497 

600 400 mW 
3.43 2.28 mW/°C 

3.0 1.2 Watts 
17.2 6.85 mW/°C 

-65 to +200 "C 
GENERAL PURPOSE 

TRANSISTOR 
PNPSILICON 

*Indicates Data in addition to JEDEC Requirements. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
!le = 10 mAdc, Is = O) 2N3494, 2N3496 80 -

2N3495, 2N3497 120 -
Collector-Base Breakdown Voltage V(BR)CBO Vdc 

!le = 1 o JLA,dc, IE = O) 2N3494, 2N3496 80 -
2N3495, 2N3497 120 -

Emitter-Base Breakdown Voltage V(BR)EBO 4.5 - Vdc 
!IE = 10 JLA,dc, le = O) 

Collector Cutoff Current lcso nAdc 
(Vea = 50 Vdc, IE = 0) 2N3494, 2N3496 - 100 
(Vea = 90 Vdc, IE = 0) 2N3495, 2N3497 - 100 

Emitter Cutoff Current IEBO - 25 nAdc 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
!le = 100 JLA,dc, VcE = 10 Vdc) 35 -
!le = 1.0 mAdc, VcE = 10 Vdc) 40 -
!le = 10 mAdc, VcE = 10 Vdc) 40 -
(le = 50 mAdc, VcE = 10 Vdc) 40 -
!le = 100 mAdc, VcE = 10 Vdc) 2N3494, 2N3496 35 -

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
!le= 10 mAdc, Is= 1.0 mAdc) 2N3494, 2N3496 - 0.3 

2N3495, 2N3497 - 0.35 

Base-Emitter Saturation Voltage VBE(sat) 0.6 0.9 Vdc 
!le = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fr MHz 
!le = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N3494, 2N3496 200 -

2N3495, 2N3497 150 -

Output Capacitance Cobo pf 
(Vea = 10 Vdc, IE = 0, f = 100 kHz) 2N3494, 2N3496 - 7.0 

2N3495, 2N3497 - 6.0 

Input Capacitance Cibo - 30 pF 
(VBE = 2.0 Vdc, le = o, f = 100 kHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3494,2N3495,2N3496,2N3497 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic 

Input Impedance 
!le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
!le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
(le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance 
!le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Real Part of Input Impedance 
!le = 20 mAdc, VcE = 10 Vdc, f = 300 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
!Vee = 30 Vdc, le = 10 mAdc, ls1 = 1.0 mAdc) 

Turn-Off Time 
(Vee = 30 Vdc, le = 10 mAdc, 191 = ls2 = 1.0 mAdc) 

(1) Pulse Test: Pulse Width .;;; 300 µs, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which lhtel extrapolates to unity. 

FIGURE 1 - TURN-ON TIME TEST CIRCUIT 

I 

;}:: Cs< 3.0 pF 
I 

tr< 10 ns 
ti< lOµs 
DUTY CYCLE.;;2.0% 

-- _J 

FIGURE 3 - VcE (sat) versus le 
> 
~-0.5 

~ 
~-:0.4 

~ 
!;:( -0.3 
~ 
~ !-0.2 
t3 
~ -0.1 

~ 

:~ = 10 NOTE 1 

t:: ~ ~ 

TA 

T~ 
TA 

~ 0 
-0.1 -1.0 -10 -100 

le-COLLECTOR CURRENT lmA) 

FIGURE 5 - hFE versus IC 

200 
vce = -10 v NOTE 1 JIIII] 0 

~ 
~ 160 

2 

'2 
I- 120 
~ 

H 
~ 
~ au 

i 
~ 40 

r-
0 
-0.1 

H 
TA= 125°C 

llHffi N 
N 

JTIBQ 'N 
H rtifil .,.._ 
~c 

H B 
-1.0 -10 -100 

le-COLLECTOR CURRENT (mA) 

SMALL-SIGNAL DEVICES 

m~f 25°C 

-55°C 

4-109 

~ 
I-
2 

"' "' i3 

0 

:3 
"' 
~ 
~ 
! 

Symbol Min Max Unit 

hie 0.1 1.2 k ohms 

hre - 2.0 x 10-4 

hte 40 300 -

hoe - 300 µmhos 

Re(hiel - 30 Ohms 

ton - 300 ns 

lo ff - 1000 ns 

FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 

;]ff' 
-1 --it] 1-... 13 

1Dµs<tt <500µs 
t2<10 ns 
t3~1.0ms 

-30 VD---"'"'--~ 
3.0 k 

DUTY CYCLE< 10% 

FIGURE 4 - lcso versus TA 
-100 
~ IE 0 ~ 

-10 

-1 
ii 

~ 
cs: :s ::SvcB 

·vcB 

:svc8 

-0.1 .LL::l ~ ~ ~VcB· 
VCB 

~ 
-0.01 

0 25 50 75 

TA= FREE-AIR TEMPERATURE (0 C) 

FIGURE 6 - VsE versus le 
-1.0 

I 

;T~cs < 3.o pF 
I __ .J 

40Vo== ~ 
50V= !=== 
70V~ t===::: 
90 Vo== E==== 
150V= ~ 

100 125 

~ -0.8 lliH H 

~ H 
"' ~ 

-0.6 > 

"' ~ 
~ -0.4 

~ 
"' ~ -0.2 

l l LJ..U. H I-' v 
HTA = 25°CJ 

IDH 
1-1 TA= 125°C NOTE 1: THESE PARAMETERS WERE 

IIIlI MEASURED USING PULSE 
TECHNIQUES. tw = 300 µs. 

1-:C = 10 NOTE 1 
DUTY CYCLE,;;; 2%. 

H OJ[[ JI][ JI B liL 

-0.4 -1.0 -4.0 -10 -40 -100 

le-COLLECTOR CURRENT (mA) 
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2N3494,2N3495,2N3496,2N3497 

250 

~ 225 

~ 200 
>--
~ 175 
0 
g: 150 

~ 125 

~ 100 z 
Ci§ 75 
z 
~ 50 

~ 25 
y 

V1 

FIGURE 7 - 17 versus le flGURE 8 - eoso versus Vee 

lLI 'N 

VI 
_l 

v 
VcE=lOV 
t = 100 MHz 
TA= 25°C 

10 

~ 8.0 

'-' z 
i:> u 6.0 
0:: 
<3 
>--

~ 4.0 

g 
8 2.0 

I\ 

N 
N 

I[= 0 V T'N 
f 1::: ~.01·~~z 

,.... 
H TA= 25°~1 

i J_JJj_ 
NOTE 2 

1.0 5.0 ID 50 100 0 -0 -0.4 -1.0 -5.0 -10 -50 -100 
lc-COL[ECTOR CURRENT (mA) Vcs-COLLECTOR-BASE VOLTAGE (V) 

30 

~ 24 

'-' z 
6 18 

~ 
~ 12 
;;; 
g 
cr 

FIGURE 9 - e1so versus VEB 

I' 
N 

N 

1c = o v I~ 
t ,= 1,0.~~j_ 

r-- ~:Lill 
~ 

NOTE 2 

-0.1 -1.0 -10 -100 
Vrn-EMITTER-BASE VOLTAGE (V) 

NOTE 2: CAPACITANCE MEASURE MADE WITH T0-18 PACKAGE_ 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

2N3498 2N3500 
Rating Symbol 2N3499 2N3501 

Collector-Emitter Voltage VcEO 100 150 

Collector-Base Voltage Vceo 100 150 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 500 300 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 5.71 

Total Device Dissipation@ Tc = 25'C Po 5.0 
Derate above 25'C 28.6 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case ReJC 35 

Thermal Resistance, Junction to Ambient R9JA 175 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 2N3498, 2N3499 
!le = 10 mAdc, le = O) 2N3500, 2N3501 

Collector-Base Breakdown Voltage 2N3498, 2N3499 
!le = 10 µAde, IE = O) 2N3500, 2N3501 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 50 Vdc, IE = O) 2N3498, 2N3499 
(Vee = 50 Vdc, IE = o, TA = 150'C) 
(Vee = 75 Vdc, IE = O) 2N3500, 2N3501 
(Vee = 75 Vdc, IE = o, TA= 150'C) 

Emitter Cutoff Current 
(VBE(otfl = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 0.1 mAdc, VcE = 10 Vdc) 2N3498, 2N3500 

2N3499, 2N3501 

!le = 1.0 mAdc, VeE = 10 Vdc) 2N3498, 2N3500 
2N3499, 2N3501 

!le = 10 mAdc, VcE = 10 Vdc) 2N3498, 2N3500 
2N3499, 2N3501 

!le = 150 mAdc, VcE = 10 Vdc) 2N3498, 2N3500 
2N3499, 2N3501 

!le = 300 mAdc, VcE = 10 Vdc) 2N3500 
2N3501 

!le = 500 mAdc, VcE = 10 Vdc) 2N3498 
2N3499 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, le = 1.0 mAdc) All Types 
!le = 50 mAdc, le = 5.0 mAdc) All Types 
!le = 150 mAdc, le = 15 mAdc) 2N3500, 2N3501 
!le = 300 mAdc, le = 30 mAdc) 2N3498, 2N3499 

SMALL-SIGNAL DEVICES 

4·111 

2N3498 thru 2N3501 
Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/'C 

Watts 
mW/'C 

'C 

JAN, JTX, JTXV AVAILABLE 
CASE 79·02, STYLE 1 

T0-39 (T0-205AD) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 
Unit 

'C!W 

'C!W 

Symbol Min Typ Max Unit 

V(BR)CEO 100 - - Vdc 
150 - -

V(BR)CBO 100 - - Vdc 
150 - -

V(BR)EeO 6.0 - - Vdc 
- -

lceo µAde 
- - 0.050 
- - 50 
- - 0.050 
- - 50 

IEeO - - 25 nAdc 

hFE -
20 - -
35 - -

25 - -
50 - -

35 - -
75 - -

40 - 120 
100 - 300 

15 - -
20 - -

15 - -
20 - -

VcE(sat) Vdc 
- - 0.2 
- - 0.25 
- - 0.4 
- - 0.6 

MOTOROLA SEMICONDUCTORS 
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2N3498 thru 2N3501 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.I 

Characteristic 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, IB = 1.0 mAdc) All Types 
Oc = 50 mAdc, IB = 5.0 mAdc) All Types 
Oc = 150 mAdc, IB = 15 mAdc) 2N3500, 2N3501 
Oc = 300 mAdc, IB = 30 mAdc) 2N3498, 2N3499 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(VcE = 20 Vdc, le = 20 mAdc, f = 100 MHz) 

Output Capacitance 2N3498, 2N3499 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 2N3500, 2N3501 

Input Capacitance 
(VBE = 0.5 Vdc, le = o, f = 100 kHz) 

Input Impedance 2N3498, 2N3500 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3499, 2N3501 

Voltage Feedback Ratio 2N3498, 2N3500 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3499, 2N3501 

Small-Signal Current Gain 2N3498, 2N3500 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3499, 2N3501 

Output Admittance 2N3498, 2N3500 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3499, 2N3501 

SWITCHING CHARACTERISTICS 

Delay Time 
Oc = 150 mAdc, IB1 = 15 mAdc, Vee = 100 Vdc, VBE(offl = 2.0 Vdcl 

Rise Time 
Oc = 150 mAdc, IB1 = 15 mAdc, Vee = 100 Vdc, VBE(off) = 2.0 Vdcl 

Storage Time 
Oc = 150 mAdc, IB1 = IB2 = 15 mAdc, Vee= 100 Vdc) 

Fall Time 
Oc = 150 mAdc, IB1 = IB2 = 15 mAdc, Vee = 1 oo Vdcl 

(1) Pulse Test: Pulse Width "' 300 /'S. Duty Cycle "' 2.0%. 
(2) fr = lhtel • ftest· 

Symbol 

VBE(sat) 

fr 

Cobo 

Cibo 

hie 

hre 

hte 

hoe 

td 

tr 

ts 

tf 

Min Typ 

- -
- -
- -
- -

150 -

- -
- -
- -

0.2 -
0.25 -
- -
- -
50 -
75 -
- -
- -

- 20 

- 35 

- 800 

- 80 

FIGURE 1 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
2N3498 

Max Unit 

Vdc 
0.8 
0.9 
1.2 
1.4 

- MHz 

10 pF 
8.0 

80 pF 

1.0 k ohms 
1.25 

2.5 x 10-4 
4.0 

300 -
375 

100 I'm hos 
200 

- ns 

- ns 

- ns 

- ns 

10..,_~....1....~..1-~_,..,,--......... __.~L....J'-l.....L...l-~-'-~-'-~--',---'-......,.,_.......,.,._.. ....... ,;.,..~-'-~..,.,,,.~-,,i~,,,....--~~ 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

IC. COLLECTOR CURRENT lmAI 
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2N3498 thru 2N3501 

~ 
:::; 

"' "' ~ 
~ 
2 

~ 
>--
ffi 
~ 
~ 
~ 

'-' 
'-' 
C) 

; 

2N3499 

10--~ ...... ~.,.,.~-..,--__.~..,_ ...... .....,. ............... ,__~--~~~-----_.~.._ .......................... ~~--~--~ ...... ~-----
l.O 1.0 3.0 5.0 7.0 10 10 30 50 70 100 100 300 500 

1.5 

1.0 

0.7 

0.5 
,...... 

0.3 

0.1 

0.1 
1.0 

IC. COLLECTOR CURRENT {mAI 

FIGURE 2 - CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 

1.0 

1.0 

3.0 5.0 7.0 10 10 30 50 70 100 

IC, COLLECTOR CURRENT (mA) 

FIGURE 3 - CURR ENT GAi N CHARACTERISTICS versus JUNCTION TEMPERATURE 
2N3500 

3.0 5.0 7.0 10 10 30 50 70 100 

le. COLLECTOR CURRENT (mAI 

1N349B·1N3499 
TJ 0 15°c 

V CE - 10 V _,.:S,:.,_-+-__, 

300 500 

100 300 500 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3498 thru 2N3501 

2N3501 

t---+--+---+--+---1-1-'f-+-+-+-- -55°C -+---+-+-f--!-f-f'~~~~-+-+---+-+---1 
"-. 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

le. COLLECTOR CURRENT (mA) 

FIGURE 4 - CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 

IC, COLLECTOR CURRENT (mAI 
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2N3498 thru 2N3501 

FIGURE 5 - "ON" VOLTAGES 

1c11 8 1 o 
T J -- 2s 0 c ~ 

1.0 t--+-+-+-+-jH-f+++-+-+--++-+-+1-H+--++--+--+-I 

J7 
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le, COLLECTOR CURRENT (mA} 

FIGURE 6 - TEMPERATURE COEFFICIENTS FIGURE 7 - CAPACITANCE 

u 
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~ 
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" ~-1.0 1250~ 
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le, COLLECTOR CURRENT (mA) 

SMALL-SIGNAL DEVICES 

" 5.o t--t--t--t-H-t-tttt-t--t--t--iH-+~N..-+~d-1'-H+H+i 
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2N3500, 2N3501 
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REVERSE BIAS VOLTAGE (VO LTSJ 
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2N3498 thru 2N3501 

AUDIO SMALL-SIGNAL h PARAMETER CHARACTERISTICS 
(VcE = 10Vdc,TA= 25°C,f= 1.0kHz) 

FIGURE 8 - CURRENT GAIN 

300 t----+-+--+---+--t-t-t-++t----+-+--+--+--+-+-++H 

200 t---+-+--+--+--+-1-++++--+-+--+--+--+-+-++H 
z 

~ 

~ 2N3499, 2N3501 ~ 
~ ~ 
~ 100 l---+-t-++-tJ,.o-i"'lbP-1'1'f---+-t-+++l-+++1 
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~ _..i...--
• 6ol---+-t-+++t--±:~!"""::,+-+--l-++J++f1 
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le, COLLECTOR CURRENT (mA) 

FIGURE 10 - INPUT IMPEDANCE 

20 'k 
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FIGURE 9 - OUTPUT IMPEDANCE 
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FIGURE 11 - VOLTAGE FEEDBACK RATIO 
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MAXIMUM RATINGS 

Rating Symbol 2N3506 2N3507 Unit 

Collector-Emitter Voltage VcEO 40 50 Vdc 

Collector-Base Voltage Vcso 60 80 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 3.0 Ade 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mWi°C 

Total Device Dissipation@ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mW!°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 0.175 °C/mW 

Thermal Resistance, Junction to Ambient ReJA 35 oc/W 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 2N3506 
lie = 10 mAdc, pulsed, Is = O) 2N3507 

Collector-Base Breakdown Voltage 2N3506 
lie = 100 µAde, IE = O) 2N3507 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = 0) 

Collector Cutoff Current 
(VcE = 40 Vdc, VEB(off) = 4.0 Vdc) 2N3506 
(VcE = 40 Vdc, VEB(off) = 4.0 Vdc, TA= 100°C) 
(VcE = 60 Vdc, VEB(off) = 4.0 Vdc) 2N3507 
(VcE = 60 Vdc, VEB(off) = 4.0 Vdc, TA= 100°C) 

Base Cutoff Current 
(VcE = 40 Vdc, Ves(off) = 4.0 Vdc) 2N3506 
!Vee = 60 Vdc, Ves(off) = 4.0 Vdc) 2N3507 

ON CHARACTERISTICS 

DC Current Gain(1) 
(le = 500 mAdc, Vee = 1.0 Vdc) 2N3506 

2N3507 
!le = 1.5 Ade, VcE = 2.0 Vdc) 2N3506 

2N3507 
lie = 2.5 Ade, VcE = 3.0 Vdc) 2N3506 

2N3507 
!le = 3.0 Ade, VcE = 5.0 Vdc) 2N3506 

2N3507 

Collector-Emitter Saturation Voltage(1) lie = 500 mAdc, Is = 50 mAdc) 
lie = 1.5 Ade, Is = 150 mAdc) 
!le = 2.5 Ade, Is = 250 mAdc) 

Base-Emitter Saturation Voltage(1) Oc = 500 mAdc, Is = 50 mAdc) 
Oc = 1.5 Ade, Is = 150 mAdc) 
Oc = 2.5 Ade, Is = 250 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (le = 1 oo mAdc, VcE = 5 Vdc, f = 20 MHz) 

Output Capacitance (Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance (VsE = 3 Vdc, le = o, t = 100 kHz) 

SMALL-SIGNAL DEVICES 
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2N3506 
2N3507 

JAN, JTX, JTXV AVAILABLE 
CASE 79, STYLE 1 
T0-39 (T0-205AD) 

SWITCHING TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 
50 -

V(BR)CBO 60 - Vdc 
80 -

V(BR)EBO 5.0 - Vdc 

ICEX µAde 
- 1.0 
- 150 
- 1.0 
- 150 

Isl µAde 
- 1.0 
- 1.0 

hFE -
50 -
35 -
40 200 
30 150 
30 -
25 -
25 -
20 -

VcE(sat) - 0.5 Vdc 
- 1.0 
- 1.5 

VsE(sat) - 1.0 Vdc 
0.9 1.4 
- 2.0 

tr 60 - MHz 

Cobo - 40 pf 

Cibo - 300 pF 

MOTOROLA SEMICONDUCTORS 
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2N3506, 2N3507 

ELECTRICAL CHARACTERISTICS !continued) ITA = 25'C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Delay Time le = 1.5 Ade, 191 = 150 mAdc 

Rise Time Vee = 30 v, VE0 = 0 v 
Storage Time le= 1.5 Ade, 191 = 192 = 150 mAdc 

Fall Time Vee= 30 v 
11) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle = 2.0%. 

SATURATION VOLTAGES 

u ! .~ 
1----~. = 10-t-+-+-+-t-t-+-1-+---+--+-iv"7l 

1.21-- T, = 25'C -+-+-+-4-+-++-:,+~+--+-.L_---cl7"'T-l 
i---1---+--+-+--+-+-+-++ v., 1.'.Y~"-1--t--1 

1.0 }-

0.2~-l-+++::~::::i:..-:.++1-+l--l-++--l 
o.___.___.__.__,__,_--1._.__._'-'-..___..__.....___._~ 

0.1 0.2 0.3 0.5 1.0 2.0 3.0 

le. COLLECTOR CURRENT !Adcl 

Id - 15 ns 

tr - 30 ns 

Is - 55 ns 

If - 35 ns 

SWITCHING TIMES 

~~ 10._____. _ _,__,__,__.__,_-L....L..I l....LJ _ __J _ _,_ .......... 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

le, COLLECTOR CURRENT !Adel 

CURRENT GAIN CHARACTERISTICS 
200-~1-1~----~~~----~ 2N3506 2N3507 b ~-+-r-1 -..._l--L~-+~-+--:_-_+-_--'ve-, =---ll v 

-- ~ _ ___, 1--.1......., - -vcE=2v 

IOO'-=~~t==e=:$t:+:1g:tt:=::t=t==l ~- TJ:;:25°C 

T,: 125°C 

le. COLLECTOR CURRENT !Adel le. COLLECTOR CURRENT !Adel 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 20 

Collector-Emitter Voltage VcES 40 

Collector-Base Voltage vcBo 40 

Emitter-Base Voltage VEBO 6.0 

Collector Current (10 µs pulse) (Peak) le 500 

Total Device Dissipation @ TA = 25'C Po 0.40 
Derate above 25'C 2.29 

Total Device Dissipation @Tc = 25'C Po 2.0 
Derate above 25"C 11.43 

Operating and Storage Temperature TJ, Tstg -65to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 0.0875 

Thermal Resistance, Junction to Ambient R9JA 0.438 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.I 

Characteristic 

Off CHARACTERISTICS 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, Is = 01 

Collector-Emitter Breakdown Voltage (1) 
Uc= 10 mAdc) 

Collector-Emitter Voltage 
Oc = 10 µAde, Is = 01 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = 01 

Collector Cutoff Current 
(VcE = 20 Vdc, VEB(off) = 3.0 Vdc) 

Collector Cutoff Current 
!Vea = 20 Vdcl Both Types 
(Vea = 20 Vdc, TA = 150'C) 2N3508 

2N3509 

Base Cutoff Current 
(VcE = 20 Vdc, VEB(off) = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 10 mAdc, VcE = 1.0 Vdcl 2N3508 

2N3509 

Uc = 10 mAdc, VcE = 1.0 Vdc, TA = -55'C) 2N3508 
2N3509 

Uc = 100 mAdc, VcE = 1.0 Vdcl 2N3508 
2N3509 

Collector-Emitter Saturation Voltage (1) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
Oc = 100 mAdc, Is = 10 mAdc) 

Base-Emitter Saturation Voltage (1) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
(le= 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vea = 5.0 Vdc, IE = 0, f = 140 kHz) 

SMALL-SIGNAL DEVICES 

4-119 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mA 

Watt 
mW/'C 

Watts 
mW/°C 

'C 

Unit 

'C/W 

'C/W 

2N3508 
2N3509 

CASE 26, STYLE 1 
T0-46 (T0-206AB) 

SWITCHING TRANSISTOR 

NPN SILICON 

Refer to 2N2368 for graphs. 

Symbol Min Max Unit 

V(BR)CBO 40 - Vdc 

V(BR)CEO 20 - Vdc 

V(BR)CES 40 - Vdc 

V(BR)EBO 6.0 - Vdc 

ICEX - 0.2 µAde 

le Bo µAde 
- 0.2 
- 30 
- 50 

Isl - 0.5 µAde 

hFE -
40 120 
100 300 

20 -
40 -

20 -
30 -

VcE(sat) Vdc 
- 0.25 
- 0.45 

VsE(satl Vdc 
0.70 0.85 
0.8 1.4 

Cobo 4.0 pF 

MOTOROLA SEMICONDUCTORS 
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2N3508, 2N3509 

ELECTRICAL ,CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Input Capacitance Cibo - 4.0 pF 
(VsE = 1.0 Vdc, le = o, f = 140 kHz) 

Small-Signal Current Gain hfe 5.0 - -
(le = 10 mAdc, VeE = 10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time ts!Tsl - 13 ns 
(le = ls1 = ls2 = 10 mAl 

Turn-On Time ton - 12 ns 
(le = 10 mA, ls1 = 3:0 mA, Vee = 3.0 V, Vos = 1.5 V) 

. 
Turn-Off Time toff - 18 ns 

• ! 

(le = 10 mA, ls1 "" 3.0 mA, ls2 = 1.5 mA. Vee = 3.0 Vl 

Total Control Charge OT - 50 pC 
(le = 10 mA. Is = 1.0 mA, Vee = 3.0 Vl 

Delay Time Vee = 10 V, VEs = 2.0 V, td - 5.0 ns 

Rise Time le = 100 mA. ls1 = 10 mA tr - 18 ns 

Storage Time Vce=1ov ts - 13 ns 

Fall Time le = 100 mA, ls1 = ls2 = 10 mA If - 15 ns 

(1) Pulse Test: PW = 300 µ,s, Duty Cycle"" 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

2N3510 2N3511 
Rating Symbol 2N3647 2N3648 Unit 

Collector-Emitter Voltage Vern 10 15 Vdc 

Collector-Base Voltage Vcso 40 40 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 500 mAdc 

T0-46 T0-52 
2N3647 2N3510 
2N3648 2N3511 

Total Device Dissipation @ TA = 25°C Po 400 360 mW 
Derate above 25°C 2.28 2.06 mW/°C 

Total Device Dissipation @ Tc = 25°C Po 2.0 1.2 Watts 
Derate above 25°C 11.43 6.9 mWFC 

Operating and Storage Junction TJ, Tstg -65 to +200 "C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mAdc, 19 = 0) 2N3510, 2N3647 

2N3511, 2N3648 

Collector-Base Breakdown Voltage 
Oc = 10 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µ.Ade, le = O) 

Collector Cutoff Current 
(VcE = 10 Vdc, VEB(off) = 1.0 Vdc) 
(VcE = 10 Vdc, VEB(off) = 1.0 Vdc, TA = 150°C) 

Base Cutoff Current 
(VcE = 10 Vdc, Vos = 1.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 1.0 mAdc, VcE = 1.0 Vdc) 2N3510, 2N3647 

2N3511, 2N3648 

Oc = 10 mAdc, VcE = 1.0 Vdc) 2N3510, 2N3647 
2N3511, 2N3648 

Oc = 150 mAdc, VcE = 1.0 Vdc) 2N3510, 2N3647 
2N3511, 2N3648 

Oc = 150 mAdc, VcE = 1.0 Vdc, TA= -55°C) 2N3511, 2N3648 
Oc = 300 mAdc, VcE = 1.0 Vdc) 2N3510, 2N3647 
Oc = 500 mAdc, VcE = 1.0 Vdc) 2N3511, 2N3648 

Collector-Emitter Saturation Voltage(1) 
Oc = 10 mAdc, 19 = 1.0 mAdc) 
Oc = 150 mAdc, 19 = 15 rnAdc) 
Oc = 300 mAdc, 19 = 30 mAdc) 2N3510, 2N3647 
Oc = 500 mAdc, I B = 50 mAdc) 2N3511, 2N3648 

Base-Emitter Saturation Voltage(1) 
Oc = 10 mAdc, 19 = 1.0 mAdc) 
lie= 150 mAdc, 19 = 15 mAdc) 
Oc = 300 mAdc, 19 = 30 mAdc) 2N3510, 2N3647 
Oc = 500 mAdc, I B = 50 mAdc) 2N3511, 2N3648 

SMALL-SIGNAL DEVICES 
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2N3510 
2N3511 

CASE 27, STYLE 1 €.iJ 
T0-52 (T0-206AC) ///' r 

2N3647 

2N3641 
CASE 26, STYLE 1 
T0-46 (T0-206AB) 

SWITCHING TRANSISTOR 
NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
10 -
15 -

V(BR)CBO 40 - Vdc 

V(BR)EBO 6.0 - Vdc 

ICEX µ.Ade 
- .025 
- 50 

IBL - .025 µ.Ade 

hFE -
12 -
15 -

20 -
25 -

25 150 
30 120 

12 -
15 -
12 -

VcE(sat) Vdc 
- 0.25 
- 0.4 
- 0.6 
- 0.8 

VBE(sat) Vdc 
- 0.8 
0.8 1.0 
- 1.15 
- 1.5 

MOTOROLA SEMICONDUCTORS 
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2N3510,2N3511/2N3647,2N3648 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL.SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 4.0 pF 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo - 8.0 pF 
(VBE = 0.5 Vdc, le = 0, f = 100 kHz) 

Input Impedance hie 0.6 4.5 kohms 
Uc= 1.0 mA, VcE = 10 v. f = 1.0 kHz) 

Voltage Feedback Ratio hre - 25 x 10-4 
Uc = 1.0 mA, VcE = 10 v. f = 1.0 kHz) 

Small-Signal Current Gain hte -
Uc = 15 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N3510, 2N3647 3.5 -

2N3511, 2N3648 4.5 -
Uc= 1.0 mA, VcE = 10 v. f = 1.0 kHz) 20 150 

Output Admittance hoe 10 100 µmhos 

I .. 
Uc = 1.0 mA, VcE = 10 v. f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time Uc = 150 mA, ls1 = 15 mA, 2N3510, 2N3647 Id - 10 ns 
VEB = 0.5 v. Vee = 6.0 V) 2N3511, 2N3648 - 8.0 

Rise Time 2N3510, 2N3647 
Ir - 12 ns 

2N3511, 2N3648 - 10 

Storage Time Uc= 150 mA, ls1 = -ls2 = 2N3510, 2N3647 Is - 16 ns 
15 mA, Vee= 6.0 V) 2N3511, 2N3648 - 12 

Fall Time 2N3510, 2N3647 
If - 12 ns 

2N3511, 2N3648 - 8.0 

Turn-On Time Uc = 150 mA, ls1 = 15 mA, 2N3510, 2N3647 Ion - 20 ns 
VEB = 0.5 v. Vee = 6.0 V) 2N3511, 2N3648 - 16 

Turn-Off Time Uc= 150 mA, ls1 = -ls2 = 2N3510, 2N3647 loff - 25 ns 
15 mA. Vee = 6.0 Vl 2N3511, 2N3648 - 18 

Total Control Charge GT - 300 pC 
Uc = 150 mA, Is = 15 mA, Vee = 6.0 V) 

(1) Pulse Test: PW "' 300 µs, Duty Cycle "' 2.0%. 

STORAGE TIME VARIATION LIMITS OF SATURATION VOLTAGE 
20 1.6 

-1-:-1 i---- H-.. 

F E Pj__IO 
~ 

~ .B•=!O i.-
I-' ~ 

i.-1'1 v 
V1 !.'-t.-i.r. 

111=111 

IY --r,-zs•c 
--T,=125°C 

IL v llllL v5..-1 v ..L 

10 

1.4 

~ 
1.2 ~ 

~ 1.0 

~ 

I 0.8 

1 0.6 
> 

0.4 

1--r=J:P•= 10 
T, = 25°c lL1 

..L. 
./ 

MAX V1E!wtl "' i--t-1 ~ 
IL 

MIN V1m1+I l.L 

-f .L 
[....oj 

MAX VcEIHtl l"1 
D 0.2 

2 3 5 7 10 20 30 50 70 100 200 300 500 1.0 2.Q 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

le. COLLECTOR CURRENT lmAl le. COLLECTOR CURRENT lmAI 
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2N3510,2N3511 /2N3647,2N3648 

30 

~ 
z 10 
~ a 
"' ~ 
:;; 
1, 

10 

SMALL-SIGNAL DEVICES 

MINIMUM CURRENT GAIN CHARACTERISTICS 

10 20 30 

le, COLUCTOR CURRENT lmAI 

10 10 30 

le. COLLECTOR CURRENT lmAI 
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50 70 100 

50 70 100 

100 300 

2N3510 
2N3647 

100 300 

500 

500 
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2N3546 

CASE 22-03, STYLE 1 
T0-18 (T0-206AAI 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

DC Collector Current ! Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Temperature 

SWITCHING TRANSISTOR 
Temperature Range 

PNP SILICON THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) Oc = 10 mAdc, Is = O) V(BR)CEO 

Collector-Base Breakdown Voltage (le = 10 µAde, IE = O) V(BR)CBO 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) V(BR)ESO 

Base Cutoff Current (VCE = 10 Vdc, Vs~off) = 3.0 Vdc) IBEV 

Collector Cutoff Current (VcE = 10 Vdc, VeE(off) = 3.0 Vdc) ICEX 

Collector Cutoff Current (Vee = 10 Vdcl icso 
(Vee = 10 Vdc, TA= 150°C) 

ON CHARACTERISTICS 

DC Current Gain (1) hFE 
Uc = 1.0 mAdc, VcE = 1.0 Vdc) 
Uc= 10 mAdc, VcE = 1.0 Vdc) 
(le= 10 mAdc, VcE = 1.0 Vdc, TA= -55°C) 
Oc = 50 mAdc, VcE = 1.0 Vdc) 
Oc = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage (1) VcE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
Uc = 50 mAdc, Is = 5.0 mAdc) 
Oc = 100 mAdc, Is = 10 mAdc) 

Base-Emitter Saturation Voltage (1) VsE(sat) 
Uc= 10 mAdc, Is = 1.0 mAdc) 
Uc = 50 mAdc, Is = 5.0 mAdc) 
Oc = 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacita nee Cobo 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VsE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 12 Vdc 

vcso 15 Vdc 

VEBO 4.5 Vdc 

le 200 mAdc 

Po 0.36 Watt 
~.06 mWl°C 

Po 1.2 Watts 
6.9 mWl°C 

TJ, Tstg -65 to +200 oc 

Symbol Max Unit 

ReJC 0.15 oc/W 

ReJA 0.49 oc/W 

Min Max Unit 

12 - Vdc 

15 - Vdc 

4.5 - Vdc 

- 0.10 µAde 

- 0.010 µAde 

- 0.010 µAde 
- 10 

-
20 -
30 120 
15 -
25 -
15 -

Vdc 
- 0.15 
- 0.25 
- 0.50 

Vdc 
0.7 0.9 
0.8 1.3 
- 1.6 

700 - MHz 

- 6.0 pF 

- 5.0 pF 

SMALL-SIGNAL DEVICES 



2N3546 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.I 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Delay Time le = 50 mA, 191 = 5 .o mA td - 10 ns 

Rise Time VsE = 2.0 V, Vee = 3.0 v tr - 15 ns 

Storage Time le = 50 mA, 191 = 192 = 5.0 mA ts - 20 ns 

Fall Time Vee= 3.o v tf - 15 ns 

Turn-On Time Ion - 40 ns 

Turn-Off Time loff - 30 ns 

Total Control Charge QT - 400 pC 
Oc = 50 mA. 19 = 5.0 mA, Vee = 3.0 VI 

(1) Pulse Test: PW = 300 µ.s, Duty Cycle "' 2.0%. 

FIGURE 1 

1.6 IT 
I-µ, ;,.10 

LIMITS OF SATURATION VOLTAGES 

FIGURE2 

STORAGE TIME BEHAVIOR 
30~----...::..:.:.:.::_:.:,.::_;._;c;;_::_.:____:_:,:..:.::_:.:__~~-~-

"i 

1.41- T, = 25°C -+--+-++-+-+++--+-+-+-+-+lt"l-¥111H-H 

v 1.21---1--1---1--1-+--+-1-+++--+-+-t-v-..'f...+-1-+-1+1 

1.0 l----+-+---t--+-lr-+-t+++--.....1-+P'c7"t-l2:'.:-r-t--t-t-t-H-1 

l--l~~t-l~ft-~MAlx~v,~,1: .. 1. 1~~~~~~~~~~~~ 0\ 
0.6 F'1-+- MIN V,.,,.,I -+-1-+l-+---+--+---+--<--+-+-+-+-+-< 

-1 i.i 

20 

~ 
~ 

"' 
I 10 -

> 0.41---+-+--+--l--+-t-+++-+---+-+-+--+-+-t-+:vi1'H 

o.___.__._ _ _,__.__,_.._._....._.___.__._ _ _.__.__._~~ 
1.0 2.0 5.0 10 20 50 100 

le. COLLECTOR CURRENT lmAJ 

FIGURE 3 

DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

-3 v 

V;n +2 v0ii.\--F 
-10.8VLJ 

PULSE WIDTH = 200 ns 
RISE TIME ~ 2 ns 

DUTY CYCLE ~ 10% 

'OSCILLOSCOPE RISE TIME~ 1 ns 

SMALL-SIGNAL DEVICES 

FIGURE 4 

STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

-3 v 

+8.7J-tV 
ov -

-11.3 v 

PULSE WIDTH= 200 ns 
RISE TIME ~ 2 ns 

DUTY CYCLE~ 10% 

4-125 

le, COLLECTOR CURRENT lmAJ 

FIGURE 5 

SWITCHING TIME TEST CIRCUIT 
Vss -2 v 

62 !l 

0.1 µF ..-..i.----..avout' 
V;n <>--1~~,.,.__.. I 

100 !l ;*~Cs~ 10pF 

I 

* 
PULSE WIDTH> 200 ns 

RISE TIME < 2 ns 
Z; 0 =50!l 

10 n: Vss = +3 V, V;n = -7 v 

loft: Vss = -4 v. V;n = +6 v 

MOTOROLA SEMICONDUCTORS 
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FIGURE 6 
MINIMUM CURRENT GAIN CHARACTERISTICS 

TJ = -55°C 

le, COLLECTOR CURRENT (mA) 

MOTOROLA SEMICONDUC"fORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

2N3634 2N3636 
Rating Symbol 2N3635 2N3637 Unit 

Collector-Emitter Voltage vceo 140 175 Vdc 

Collector-Base Voltage Vceo 140 175 Vdc 

Emitter-Base Voltage Veeo 5.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mWl°C 

Total Device Dissipation @Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mWl°C 

Operating and Storage Junction TJ. Tstg -65 to +200 •c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1 I 
Uc = 10 mAdc, le = 01 

Collector-Base Breakdown Voltage 
Uc = 100 µ.Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
!le = 10 µ.Ade, le = 01 

Collector Cutoff Current 
!Vee = 100 Vdc, le = 01 

Emitter Cutoff Current 
!Vee = 3.0 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc= 0.1 mAdc, Vee = 10 Vdcl 

Uc = 1.0 mAdc, Vee = 10 Vdcl 

Uc = 10 mAdc, Vee = 10 Vdc) 

Uc = 50 mAdc, Vee = 10 Vdc) 

Uc = 150 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage(1) 
Uc = 10 mAdc, le = 1.0 mAdcl 
Uc = 50 mAdc, le = 5.0 mAdcl 

Base-Emitter Saturation Voltage(1) 
Uc= 10 mAdc, le= 1.0 mAdc) 
Uc= 50 mAdc, le= 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!Vee = 30 Vdc, le = 30 mAdc, f = 100-MHz) 

SMALL-SIGNAL DEVICES 

2N3634, 2N3635 
2N3636, 2N3637 

2N3634, 2N3635 
2N3636, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

4-127 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

IEBO 

hFE 

Vce(satl 

Vee(satl 

2N3634 
thru 

2N3637 

JAN, JTX AVAILABLE 
CASE 79, STYLE 1 

T0-39 (T0-39-205ADI 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Min 

140 
175 

140 
175 

5.0 

-

-

40 
80 

45 
90 

50 
100 

50 
100 

25 
50 

-
-

-
0.65 

150 
200 

Max 

-
-

-
-
-

100 

50 

-
-
-
-
-
-

150 
300 

-
-

0.3 
0.5 

0.8 
0.9 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

MOTOROLA SEMICONDUCTORS 
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2N3634 
ELECTRICAL CHARACTERISTICS (continued) (TA= 25"C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Capacitance Cobo - 10 pF 
(Vee = 20 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo - 75 pF 
(VBE = 1.0 Vdc, le = 0, f = 100 kHz) 

Input Impedance hie ohms 
(le= 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3634, 2N3636 100 600 

2N3635, 2N3637 200 1200 

Voltage Feedback Ratio hre - 3.0 x 10-4 
Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe -
(le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3634, 2N3636 40 160 

2N3635, 2N3637 80 320 

Output Admittance hoe - 200 µmhos 
Uc= 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 3.0 dB 
Uc= 0.5 mAdc, VcE = 10 Vdc, Rs = 1.0 k ohms, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time <Vee = 100 Vdc, VeE = 4.0 Vdc, Ion 400 ns 

Turn-Off Time le = 50 mAdc, le1 = le2 = 5.0 mAdc) 
lo ff 600 ns 

(1) Pulse Test: PulseWidth.;; 300 µs, Duty Cycle.;; 2.0%. 

FIGURE 1 - JUNCTION CAPACITANCE VARIATIONS FIGURE 2 - GAIN-BANDWIDTH PRODUCT 

i 
as 
~ 
~ 

i 

100 

70 ..._ 
t-

""""b 
50 

N.. c:" 
N-

~ 
~ 

c ... [\_ 
~ 10 

" 
5 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

REVERSE BIAS (\l()L TS! 

500.---.---.--.--,--,-.,...,..,..,..,---.---.--.---.--.--.,...,..,....., 

v2-1ov 
>--+--+--+--+--+-....++++- r, = 25•c -+--+--t-+-t-t-H 

20 30 50 70 100 

IL EMITTER CURRENT lmA) 

FIGURE 3 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
300 

2N3634 
200 1----+--+---+---+--+--+-+-+-+-+----+--+---+---1--+__,f--+-+-f-+-- Ye, -2.ov 

100 
r, = 125•c 

70 

so r, 25°c ~ """'! 
1-~-+-~l-~-+-........,f---+--+-+-1-+-+- 1~+-~-l---'~.....,::::1"-o ...... d--t-t-+-t-~-t---i 

30 r, 55•c ~---+--+-~r---...__.;::,..l""od"t-"'11'-J"""'d---t---; 
20 

10 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

le, COLLECTOR CURRENT !mA) 
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2N3634 

10.__ _ _,_ _ _._ __ ...__,____.____.___._.__._,__ _ ___. _ __._ __ ...__,____.____.___.__._...._,__ _ ___. _ _, 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

300 

200 

le. COLLECTOR CURRENT (mAI 

FIGURE 4 - CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
2.0 .------.--.----.r---r--r---r---r-,.--,-r----r---.---.---.---,...---,--.---,..,.-,------, 

2N3634-2N3635 
1-----+---+--___,1---+-+--+--+-+-+--+---+-___,---+---+--+--+-+--+--+-1-- r, - 25•c -

l.O~~~~~~~~=t:=:!SEH=Ell=Sitl~ !== ~ ~ ~ 
0.7 '" ,........_J 1----+---+----<1---+--+--+--+-+-+-+---+---<--:::::-,--:::s;:--+--+---'~"'~-+--+-1---~,-;ov--.;i 
O.St----+---+---+---+--+--+--+--+--+-<1----+--+----+-~..,.rs;:-+--+-... ~,....~-+--+---+--< 

~ ~c,=2.0V 
o.31-----+---;NO-RM_A_LIZ-EO-;T01-Vc-.-_-+IO_V_lc+=-SO-tmA--+-+-+-+----+--+---l---+-+--+-"l'c-...,+-)'-..;-t,..._-1'....t-"s--+-1--; 

0.21----+--+----lf--+-+-+-+-+-4-+--+---1---+--+--+--f-+-++-µ>.N..,-~r-..---1 
Vce=l.OV ~ 

o.1..,..__-+-_.....,_ _ ___,,.,_____,__~_..._.,.,,_....._.....,._ __ ..._--7,__-_.__....._~___.____,,,-+-...._,,..,__-+-_~ 
1.0 2.0 3.0 5.0 7.0 IO 20 30 50 70 100 200 

le. COLLECTOR CURRENT CmAI 

FIGURE 5 - CURRENTGAIN CHARACTERISTICSversus JUNCTION TEMPERATURE 

2N3636 
1----+--+--+--+--+--+--+-+-+-+----+--+---+--+--+--+--+-+-+-+--Va=2.0V 

T, = 125°C 
~ 100 

!!l 70 
II! 
B 50 
l5 

T, 25°C l----+---+--.....,""'-s,...-"'irs::-+-1--1-+-+---+-___, 

i r, ss•c 
30 

20 

10 
1.0 2.0 3.0 5.0 7.0 10 30 50 70 100 200 

le. COLLECTOR CURRENT lmAl 
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2N3634 

300 

200 

~ 100 

!5 70 

~ 50 
!!l 

1 30 

20 

I 

T, ~ 12s01 
~ 

T, 2s0 c """ ~ J_ b.. 

T, SS'C ::s: 

2N3637 
Va~ 2.0V 

:::si ::"Sl 
~ ~ ~ l'-,,.. IS 

b., ........ 

" ~ ~ ~ 
~ 

10 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

le, COLLECTOR CURRENT lmAI 

FIGURE 6 - CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 

2N3636-2N3637 
1-----+----+----+--+---+---+--+--+--+--+----<---+---+---+---+-1--1---<--+--+-- T J = 2s 0 c ~ 

0.5 >-----+---+--+---+-___,___,f-+--+-+-+--+-~-"" ..... rs:---+---+-:::s:_cs:1--+---+-....,..._,--+-Vc, ~ la 

"'b,. ~ 
0.3 1-----+----+----+--N-OR+-M-AL-IZE+-D T-0-+Vc-, .-+c -IO+V. -lc,_~+50-mA---<---+--~V,_cE~~-..~-+~--+~-1'.1--+-'i-..._-..N 1--+-N-+h.,-"'-c'-~-2-0T+-V ---< 

0.2 t----+---+----+--+---+--+--+-+-+-+----<---+---+---t---+~ .. 1-~~-+-+-+ ......... ----+----< 

ti--... ~ 
01.__ _ ___._ _ _._ __ ....__....__.__,,_,,__.__,__._ _ __, _ _.... __ _._ _ _,__,,_.._,__,..._..._,~_~_._~_ ..... 

I 0 2.0 3 0 5.0 7.0 IO 20 30 50 70 100 200 

le. COLLECTOR CURRENT (mA) 

FIGURE 7 - INPUT IMPEDANCE FIGURE 8 - OUTPUT IMPEDANCE 
20 

10 

501---+--+--+-+-+-1-HH+-l---ll--+-+-t--+++iH 

l ~ 
' f\ ~ 

7.0 

0. 

~ 
N 

~ N 

1\ _] 
0 

I\ ~ 0 

2N3634, 2N3636\ ~2N3635, 2N3637 

\J N 
0 ~ ·" -ls: l\J 
7 

' J",.~ 

vnv _y 
~ 301---+--+--+-+-+-t-+-H+--1--l---+--fTt-i"-t-t-ti i 2N3635, 2N36JL IL 
~ _yJ7 I/ 
~ 201--+-+--+-+--Hl--H-:i;j.~~"+--+--+-f'l/_--t-T-t-tti 
;;, i-H 1.11 
~ VI 
~ ) JI 

01---+--+---+--+-++++++-.L'._-F--+---+--+-t-+-t-Hi 

J7" 2N3634, 2N3636 

5 I\ 0. 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 IO 

5.0L--'--'---'--'--+-'-:":JU..C.-'---::-L..--,l:---'-;:':--'-'.:1-:'-':' 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

I" EMITTER CURRENT lmAI I" EMITTER CURRENT lmAI 
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2N3634 

i;; 

i 
~ 
~ 
!< 
z: 
!2 

~ 
~ 
J 

FIGURE 9 - CURRENT GAIN FIGURE 10- VOLTAGE FEEDBACK RATIO 

t---+--+----t---t-+++++t-- 2N3635, 2N3637 

1so~!!J:JJ:Q#~~£=t=llt!!O 
~ 

30 ~ 

20~ 
.- ]\ ~I\ 
~ 10 t---+--~l---'t--+-*+-++++-t---1---+--+-+-t-H-+1 
~ cs: IS] 

/Or--+--+---t--+--+~-+++--+--+---+--+-+-+-+++< 

~ 701---+--t----t---l..-+-H.+++---t--t----t--4-+-H--+ti 
~ ~ 
~ 5.0 t--t--1---t--+-+-"~tr+-+-)\H<~-+-+--+--+-+-+-t-t+i 

~ )\ k 
30 t---+--t-----4---t-+++-+-Pll---+''<-l-----t--4-+-H--+ti 

= 2N3634. 2N363~ ~N3635, 2N3637 

2 0 t--t-+-+-+-+-+-++++~l~-+-_,,,~l--+-t-+++-+1 

i.ot--+-+-+-+-+-+-++++-+-+-~-~f---"o<-1"--+N-+N+NJ 
50 '---'---'----'--'--'-......... -U..J---'---'---'--'-'--'-'-...LI..J 

01 0.1 0 3 0.5 0.7 LO 2.0 30 50 7.0 10 

I" EMITTER CURRENT lmAI I" EMITTER CURRENT lmAI 

FIGURE 11 -SATURATIONYOLTAGES FIGURE 12 - TEMPERATURE COEFFICIENTS 

1.0 .----""T,--.---1-,......-,1,-,-"T""T-rn--.---..---,--.---.--.-rn-.----r--, 
p,~ 10 

+1.0.--------,-----,..------,.---~ 

t-- T, ~ 25'C -+-~>-+-1-++---t--+-+-t-t--++-++<~1---;,ILl._. 

0.8 
+0.Sr-----+-----+---- 125'C to -55'CI 

Bvc for Vce( .. tJ 
125'C to 125'CI 

0.6 

0.4 
j_ 

y 

0.2 

o,___..__,__.__._.._.__._._....___.__._--'_._._.._._ ...... _._. -2.0.._ ___ _,_ ___ _._ ___ __. ___ __, 
1.0 2.0 3.0 5.0 7.0 JO 20 30 so 70 100 200 0 ~ ~ ~ ~ 

le, COLLECTOR CURRENT lmAI le, COLLECTOR CURRENT (mAJ 

FIGURE 13- SWITCHING TIME TEST CIRCUIT 

TURN-ON 
TURN-Off 

P.W. ""20 µs 
DUTY CYCLE .,; 23 
RISE TIME~ 20 ns 

+4.0V 
+4.IV 

-5.65V 
-5.9V 
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2N3634 

FIGURE 14 - TURN-ON TIME VARIATIONS WITH VOLTAGE 

1000~s==i::s;:m:s:i=::ciJiMSAPPi:YToiw:Di:vief!YPES1 ~ " , CURVES APPLY TO All DEVICE TYPES :j 
7001--'-":::S:.,_.____,--t~_.....+++++- EXCEPT·WHERE INDICATED -1 

SOD cs: ::s: ~ I I ,e, = 10 -!--c 

~~ ~t, ErlOOV Til 300 

200 !\. NVee = lOV "\ 2N3636·37Z 

N '- 11_ 
~ IDD~t:=J:=!:::S~a:E:st:=t==et=t:S¢~~ ! :i==:i=l===E~El:~~:c!li=tl!lo..~:;f~~~~~2+N~36~3~~35~ 
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20 t--+-+--+--t-+-+-++++---r-+~----~-+-+-+-t-+++--t--1 

t, @Vos= oV')., 
l;~~~~~f!f§~~~~~~~8*~§§ 

~ 

t""o --'--2"".o-"'3.'-o _._s ...... o.._1 ..... 0.........,10-"'--2""0 --'30--'--'so'-'-1""0 ""1"'-00-""~""'200 

le, COLLECTOR CURRENT lmAI 

FIGURE 15 - TURN-OFF TIME VARIATIONS WITH CIRCUIT GAIN" 

20 30 50 70 100 200 

le, COLLECTOR CURRENT lmAI 

2N3647' 2N3648 For Specifications, See 2N3510 Data. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCES 20 

Collector-Base Voltage VcBo 30 

Emitter-Base Voltage VEBO 30 

Collector Current - Continuous le 100 

Total Device Dissipation @ TA = 25'C Po 400 
Derate above 25'C 2.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Emitter-Collector Breakdown Voltage 
(le= 1.0 nA) 

Collector-Base Breakdown Voltage 
(le= 1.0 mA) 

Emitter-Base Breakdown Voltage 
(IE= 1.0 mA) 

Collector Cutoff Current 
(VcB = 30 Vl 

Emitter Cutoff Current 
(VEB = 30 V) 

ON CHARACTERISTICS 

Offset Voltage 
(IB = 1.0 mA) 

Common-Collector static forward transfer ratio 
(IE = 1.0 mA, VEc = 6.0 V) 

On series resistance 
(IB = 1.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcB = 6.0 V, I = 159 kHz) 

Input Capacitance 
(VEB = 6.0 V, f = 159 kHz) 

Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(le= 1.0 mA, VcE = 6.0 V, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

v 
v 
v 

mA 

mW 
mWl°C 

'C 

2N3677 

· CASE 26-03, STYLE 1 
T0-46 (T0-206ABI 

LOW POWER CHOPPER 
TRANSISTOR 

PNP SILICON 

Symbol Min Max 

V(BR)ECS 20 -

V(BR)CBO 30 -

V(BR)EBO 30 -

le Bo - 1.0 

IEBO - 1.0 

VEC(ofs) - 1.0 

hte 4.0 -

rs 0.1 8.0 

Cobo - 10 

Cibo - 6.0 

lhtel 5.0 -

Unit 

v 

v 

v 

nA 

nA 

mV 

-

ohms 

pF 

pF 

-

MOTOROLA SEMICONDUCTORS 
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2N3712 

CASE 79, STYLE 1 
T0-39 (205AD) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3498 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
!le = 30 mAdc, ts = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
!le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 100 µAde, tc = O) 

Collector Cutoff Current tcso 
(Vcs = 75 Vdc, IE = 0) 
!Vcs = 75 Vdc, IE = o, TA = 150°C) 

Emitter Cutoff Current IEBO 
(VBE = 4.0 Vdc, tc = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
(le = 10 mAdc, VcE = 10 Vdc) 
(tc = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
!le = 50 mAdc, ts = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
!le = 50 mAdc, ts = 5.0 mAdc) 

VBE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
!le = 30 mAdc, VcE = 1 o Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vcs = 20 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VsE = 0.5 Vdc, tc = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
(le = 30 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Collector Base Time Constant rb'Ce 
UE = 30 mAdc, Vcs = 10 Vdc, f = 31.9 MHz) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 150 Vdc 

Vcso 150 Vdc 

VEBO 5.0 Vdc 

tc 200 mAdc 

Po 1.0 Watts 
5.71 mW/°C 

Po 5.0 Watts 
28.6 mWl°C 

TJ, Tstg -65 to +200 oc 

Min Max Unit 

150 - Vdc 

150 - Vdc 

5.0 - Vdc 

µAde 
- 0.1 
- 50 

- 0.1 µAde 

-
25 -
30 150 

- 2.0 Vdc 

- 0.9 Vdc 

40 240 MHz 

1.0 9.0 pF 

- 80 pF 

25 - -

- 100 ps 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol 2N3724 2N3725 

Collector-Emitter Voltage VcEO 30 50 

Collector-Base Voltage Vcso 50 80 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 500 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 5.71 

Total Device Dissipation@ Tc = 25'C Po 5.0 
Derate above 25'C 28.6 

Operating and Storage Junction Tj, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(!) 
!le = 10 mAde, Is = O) 2N3725 

2N3724 

Collector-Emitter Breakdown Voltage 
!le = 10 µ.Ade, VsE = o) 2N3725 

2N3724 

Collector-Base Breakdown Voltage 
!le = 10 µ.Ade, IE = O) 2N3725 

2N3724 

Emitter-Base Breakdown Voltage 
!IE = 10 µ.Ade, le = O) 

Collector Cutoff Current 
(Vcs = 60 Vdc, IE = O) 2N3725 
(Vcs = 40 Vde, IE = O) 2N3724 
(Vcs = 60 Vdc, IE = 0, TA= 100'C) 2N3725 
(Vcs = 60 Vde, IE = o, TA= 100'C) 2N3724 

Collector Cutoff Current 
(VcE = 80 Vde, VEB = 0) 2N3725 
(VcE = 50 Vdc, VEB = 0) 2N3724 

Base Current 
(VcE = 50 V, VEB = 0) 2N3724 
(VcE = 80 V, VEB = 0) 2N3725 

ON CHARACTERISTICS(1) 

DC Current Gain 
Oc = 10 mAdc, VcE = 1.0 Vdc) 
Oc = 100 mAdc, VcE = 1.0 Vdc) 
(le= 100 mAde, VcE = 1.0 Vdc, TA= -55'C) 
Oc = 300 mAde, VcE = 1.0 Vdc) 
!le = 500 mAdc, V CE = 1.0 Vdc) 
Oc = 500 mAde, VcE = 1.0 Vdc, TA = -55'C) 
Oc = 800 mAde, VcE = 2.0 Vdc) 
Oc = 1.0 Ade, VcE = 5.0 Vdc) 
Oc = 800 mA, VcE = 2.0 V) 2N3725 
!le= 1.0 Ade, Vee = 5.0 Vl 2N3725 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, 19 = 1.0 mAdc) 2N3725 

2N3724 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW!°C 

Watts 
mW!°C 

'C 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

icso 

ICES 

Is 

hFE 

VBE(sat) 

2N3724 
2N3725 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

SWITCHING TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

Vde 
50 - -
30 - -

Vdc 
80 - -
50 - -

Vde 
80 - -
50 - -
6.0 - - Vdc 

µ.Ade 
- 0.12 1.7 
- 0.12 1.7 
- - 120 
- - 120 

µ.Ade 
- 0.15 10 
- 0.15 10 

- - 10 µ.Ade 

-
30 - -
60 - 150 
30 - -
40 - -
35 - -
20 - -
25 - -
30 - -
20 - -
25 - -
- Vde 
- 0.17 0.25 

0.17 0.25 

MOTOROLA SEMICONDUCTORS 

• 



2N3724, 2N3725 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic 

Uc = 100 mAdc, Is = 10 mAdc) 

Uc = 300 mAdc, Is = 30 mAdc) 

Uc = 500 mAdc, Is = 50 mAdc) 

Uc = 800 mAdc, Is = 80 mAdc) 

Oc = 1.0 mAdc, Is = 100 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, Is = 1.0 mAdc) 
Uc = 100 mAdc, Is = 10 mAdc) 
Uc = 300 mAdc, Is = 30 mAdc) 
Uc = 500 mAdc, Is = 50 mAdc) 
Uc = 800 mAdc, Is = 80 mAdc) 
Uc= 1.0 Ade, Is = 100 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 50 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, le = o, f = 1.0 MHz) 

Input Capacitance 
(Ves = 0.5 Vdc, le = o. f = 1.0 MHz) 

(1) Pulse Test: Pulse Width ,;; 300 µ,s, Duty Cycle = 1.0%. 
(2) fy = I hfe I • ftest· 

SWITCHING CHARACTERISTICS 

Delay Time 
(Vee= 30 Vdc, VeE(offl = 3.8 Vdc, 

Rise Time le= 500 mAdc, le1 = 50 mAdc) 

Turn-On Time 
(Figures 8, 10) 

Storage Time 
(Vee= 30 Vdc, le= 500 mAdc, 

Fall Time le1 = le2 = 50 mAdcl 

Turn·Off Time 
(Figures 9, 10) 

Symbol 

2N3725 
2N3724 

2N3725 
2N3724 

2N3725 
2N3724 

2N3725 
2N3724 

2N3725 
2N3724 

Vse(sat) 

fT 

Cobo 
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2N3724 
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FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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60 

Typ Max Unit 

0.19 0.26 
0.19 0.20 

0.25 0.40 
0.25 0.32 

0.30 0.52 
0.30 0.42 

0.43 0.80 
0.43 0.65 

0.55 0.95 
0.55 0.75 

Vdc 
- 0.76 
- 0.86 
- 1.1 
- 1,1 
- 1.5 
- 1.7 

- - MHz 

pF 
- 10 
- 12 

- 55 pF 

10 ns 

30 ns 

35 ns 

50 ns 

25 ns 

60 ns 
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2N3724, 2N3725 

TYPICAL DC CHARACTERISTICS 

FIGURE 2 - DC CURRENT GAIN 

le. COLLECTOR CURRENT (mAI 

FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 3 - "ON" VOLTAGES 
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FIGURE 5 - TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 7 - CAPACITANCE 
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2N3724, 2N3725 

FIGURE 8 - TURN-ON TIME 
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FIGURE 9 - TURN-OFF TIME 
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MAXIMUM RATINGS 

2N3734 2N3735 
Rating Symbol 2N3736 2N3737 Unit 

Collector-Emitter Voltage Vern 30 50 Vdc 

Collector-Base Voltage Vcso 50 75 Vdc 

Emitter-Base Voltage VEBQ 5.0 Vdc 

Collector Current - Continuous le 1.5 Ade 

T0-39 T0-46 
2N3734 2N3736 
2N3735 2N3737 

Total Device Dissipation @ TA = 25°C Po 1.0 0.5 Watt 
Derate above 25°C 5.71 2.86 mW/°C 

Total Device Dissipation @ Tc = 25°C Po 4.0 2.0 Watts 
Derate above 25°C 22.8 11.4 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

2N3734 2N3735 
Characteristic Symbol 2N3736 2N3737 Unit 

Thermal Resistance, Junction to Case R9JC 0.044 0.088 °C/mW 

Thermal Resistance, Junction to Ambient RoJA 0.175 0.35 °C/mW 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mAdc, lg = O) 2N3734, 2N3736 

2N3735, 2N3737 

Collector-Base Breakdown Voltage 
(le = 10 µAde, IE = 01 2N3734, 2N3736 

2N3735, 2N3737 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcE = 25 Vdc, VEB = 2 Vdc) 2N3734, 2N3736 
(VCE = 25 Vdc, VEB = 2 Vdc, TA = 100°C) 
(VcE = 40 Vdc, VEB = 2 Vdc) 2N3735, 2N3737 
(VCE = 40 Vdc, VEB = 2 Vde, TA = 100°C) 

Base Cutoff Current 
(VcE = 25 Vdc, VEB = 2 Vdc) 2N3734, 2N3736 
(VcE = 40 Vdc, VEB = 2 Vdc) 2N3735, 2N3737 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 10 mAde, VcE = 1 Vdcl 
Oc = 150 mAde, VcE = 1 Vdel 
Oc = 500 mAdc, VcE = 1 Vde) 
Oc = 1 Ade, VcE = 1.5 Vdc) 2N3734, 2N3736 

2N3735, 2N3737 

Oc = 1.5 Ade, VcE = 5 Vdc) 2N3734, 2N3736 
2N3735, 2N3737 

Collector-Emitter Saturation Voltage(1) 
Oc = 10 mAde, Is = 1 mAde) 
Oc = 150 mAde, Is = 15 mAde) 
Oc = 500 mAde, Is = 50 mAde) 
Oc = 1 Ade, Is = 1 oo mAdc) 

Base-Emitter Saturation Voltage(1) 
Oc = 10 mAde, Is = 1 mAde) 
(le = 150 mAdc, lg = 15 mAde) 
(le = 500 mAdc, lg = 50 mAde) 
Oc = 1 Ade, Is = 100 mAdc) 

SMALL-SIGNAL DEVICES 
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2N3734 
2N3735 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

2N3736 
2N3737 

CASE 26, STYLE 1 
T0-46 (T0-206AD) 

f/? 

GENERAL PURPOSE TRANSISTOR 
NPN SILICON 

Refer to 2N3725 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
30 -
50 -

V(BR)CBO Vdc 
50 -
75 -

V(BR)EBO 5.0 - Vdc 

ICEX µAde 
- 0.20 
- 20 
- 0.20 
- 20 

IBL µAde 
- 0.3 
- 0.3 

hFE -
35 -
40 -
35 -
30 120 
20 80 

30 -
20 -

VcE(sat) Vde 
- 0.2 
- 0.3 
- 0.5 
- 0.9 

VsE(sat) Vdc 
- 0.8 
- 1.0 
- 1.2 
0.9 1.4 

MOTOROLA SEMICONDUCTORS 
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2N3734,2N3735,2N3736,2N3737 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 9.0 pF 
(Vea = 10 Vdc, le = o, f = 100 kHz) 

Input Capacitance Cibo - 80 pF 
(V9e = o.5 Vdc, le = o, f = 100 kHz) 

Small-Signal Current Gain hte 2.5 - -
Uc = 50 mAdc, Vee = 10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 40 ns 
(Vee = 30 v, Vse(off) = 2.0 v, le = 1.0 Amp, 191 = 100 mA) 

Turn-Off Time to ff - 60 ns 
(Vee= 30 v, V0§.off) = 2.0 v, le = 1.0 Amp, 191 = 100 mA) 

Total Control Charge <1r - 10 NC 
Uc = 1 Amp, Is = 100 mA. Vee = 30 V) 

(1) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 300 

Collector-Base Voltage VcBo 300 

Emitter-Base Voltage VEBO 7.0 

Collector Current - Continuous le 50 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 5.71 

Total Device Dissipation@ Tc = 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R9JC 35 

Thermal Resistance, Junction to Ambient RruA 175 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 100 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µ.Ade, le = O) 

Collector Cutoff Current 
(Vcs = 200 Vdc, IE = O) 
(Vcs = 200 Vdc, IE = o, TA = 100°C) 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, le = O) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Uc = 3.0 mAdc, VcE = 10 Vdc) 
Uc = 10 mAdc, VcE = 10 Vdc) 
Uc = 30 mAdc, VcE = 10 Vdc) 
Uc = 50 mAdc, VcE = 20 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, Is= 1.0 mAdc) 
(le = 30 mAdc, Is = 3.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= 10 mAdc, Is = 1.0 mAdc) 
Uc = 30 mAdc, Is = 3.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(3) 
Uc = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 100 kHz) 

Input Impedance 
Uc= 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
Uc = 10 mAdc, VcE = 10 Vdc, f = 10 kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW!°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 

oc/W 

2N3742 

CASE 79-02, STYLE 1 
T0-39 (T0-205ADI 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 300 - Vdc 

V(BR)CBO 300 - Vdc 

V(BR)EBO 7.0 - Vdc 

lcso µ.Ade 
- 0.2 
- 20 

IEBO - 0.2 µ.Ade 

hFE -
10 -
15 -
20 200 
20 -

VcE(sat) Vdc 
- 0.75 
- 1.0 

VsE(sat) Vdc 
- 1.0 
- 1.2 

tr 30 - MHz 

Cobo - 6.0 pF 

Cibo - 80 pf 

hie - 2.0 k ohms 

hre - 2.0 x10-4 

hte 20 200 -

MOTOROLA SEMICONDUCTORS 
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2N3742 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic 

Output Admittance 
Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Real Part of Input Impedance 
(le = 10 mAdc, VcE = 10 Vdc, f = 5.0 MHz) 

(1) Pulse Test: Pulse Width "' 30 µs, Duty Cycle ,;; 1.0%. 
(2) Pulse Test: Pulse Width "' 300 fJ-S, Duty Cycle ,;; 2.0%. 
(3) fr is defined as the frequency at which lhtel extrapolates to unity. 

FIGURE 1 - DC CURRENT GAIN 
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Symbol Min Max Unit 

hoe - 50 mhos 

Re(hiel - 200 Ohms 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 300 Vdc 

Collector-Base Voltage Vcso 300 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @TA = 25°C Po 1.0 Watts 
Derate above 25°C 5.7 mWf'C 

Total Device Dissipation@ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mWf'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
!le = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
!le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vea = 200 Vdc, IE = 0) 
(Vea = 200 Vdc, IE = o, TA= 100°C) 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(2) 
(le = 100 µAde, VcE = 10 Vdc) 
(le = 1.0 mAdc, VcE = 10 Vdc) 
!le = 10 mAdc, VcE = 10 Vdc) 
(le = 30 mAdc, VcE = 10 Vdc) 
!le = 50 mAdc, VcE = 20 Vdc) 

Collector-Emitter Saturation Voltage(2) 
!le = 10 mAdc, Is = 1 mAdc) 
!le = 30 mAdc, Is = 3 mAdc) 

Base-Emitter Saturation Voltage(2) 
(le = 10 mAdc, Is = 1 mAdc) 
!le = 30 mAdc, Is = 3 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vea = 20 Vdc, IE = o, f = 100 kHz) 

Input Capacitance 
(VEB = 1.0 Vdc, le= 0, f = 100 kHz) 

Input Impedance 
(VcE = 10 v, le = 10 mA, t = 1 kHz) 

Voltage Feedback Ratio 
(VCE = 10 V, le= 10 mA, f = 1 kHz) 

Small-Signal Current Gain 
(VcE = 10 v, le = 10 mA, t = 1 kHz) 

SMALL-SIGNAL DEVICES 
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2N3743 

JAN, JTX AVAILABLE 
CASE 79, STYLE 1 
T0-39 (T0-205AD) 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO 300 - Vdc 

V(BR)CBO 300 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcso µAde 
- 0.3 
- 30 

IEBO - 0.1 µAde 

hFE -
20 -
25 -
25 -
25 250 
25 -

VcE(sat) Vdc 
- 5.0 
- 8.0 

VsE(sat) Vdc 
- 1.0 
- 1.2 

Cobo - 15 pF 

Cibo - 400 pF 

hie - 1.0 kohms 

hre - 4.0 x 10-4 

hte 30 300 -

MOTOROLA SEMICONDUCTORS 

• 
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2N3743 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic 

Current Gain - High Frequency 
Uc = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Output Admittance 
(VCE = 10 v, le = 10 mA, f = 1 kHz) 

Real Part of Input Impedance 
Uc = 10 mAdc, VcE = 10 Vdc, f = 5 MHz) 

(1) PW ,,;; 30 µs, Duty Cycle ,,;; 1.0%. 
(2) PW ,,;; 300 µs, Duty Cycle ,,;; 2.0%. 

JUNCTION CAPACITANCE 

500 ~~.--.-...,..,..............,.~~l~L~l~...,.1...,.1-l~lT"T"T'""' 

~1-t-t-r~r~+m'!i....±+--+-t+lttttt--++-t-+1-ttttt 
~IC~I r, = 25•c 

200 +++1--1-+--++++H~ 

IOOJ:::l=t::::t::t:l:ltt:l:t::::t::t::::t::t:t:ltt:l+:::it::t:::t:::)::t:l:tt:l:I 
70>--+-+-+-+->-+++++---+--+-.......... H-t-++++-!-+-+-+-+-++-~ 

5-0l--+-+-+-+-1+++1+--+-+-~~++++-+-+-+-H-++~ 

~l--t-+ .... .id:fttlt-1-t--+t+fttlt--11-t--+-H-l+tti 

201--if-++-H+++tt~--+'""'~,...._-""l-.c:t-ttti+-1f-++-H-ttttt 
rft~ .. 1...........,LLLJ 

10~ ........ _,__._ .................... _._ ...................... .__.._.._._ ............. ~ 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 5-0 100 

REVERSE BIAS !VOL TSI 

Symbol Min Max Unit 

lhtel 1.5 - -

hoe - 200 µmhos 

Re(hie) - 40 ohms 

GAIN-BANDWIDTH PRODUCT 

~v "'h 
~f--+-+--+--t-++~~+--t--+-'~~-+-t 

20 l--t-t--t--,IS-A£JV-+l+t-t+-+v:::c•1---'1"-ov=-J\-+-I 

15 l---+-+...-,h//~'-+-++-l-+++---1-+--+-l++-l 
[&'.'.: 1 

10 ~ 
d 

7~ 1 
10 20 30 

1,, EMITTER CURRENT (mA) 

100 
CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 

70 
T, = 125'C 

5-0 

~ 
!---+-__,---+--+--+- T, ~5°C 

s 
~ 30 
15 T, 55'C 

1 
20 

le, COLLECTOR CURRENT lmAI 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3743 
CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 

~ 

! 
is 
1 

<;I 
~ 
~ 
Ill 
!;] 
§? 
z: 

I 
es 
t: 
~ 
~ 
~ 
fl 
1 
,ff 

70 

50 

,__, Ve, 1ovi----..,.... 

30 

20 

le, COLLECTOR CURRENT lmAI 

COLLECTOR-EMITTER SATURATION VOLTAGE BASE-EMITTER SATURATION VOLTAGE 
7.0 

6.0 /J lc/11= 10 
TJ = 25°C 1J 

5.0 

4.0 

lL 

~ 
L 

3.0 ~ 
2.0 v ~ 
1.0 -+--

10 20 30 50 10 20 30 50 

le, COLLECTOR CURRENT lmAI le, COLLECTOR CURRENT lmAI 

SMALL SIGNAL Y PARAMETl!RS 
T, = 25°C 

INPUT ADMITTANCE 
50,--..,-..,---,.--,--r--,--r.,.,.,-..,--,----,----,-..,-.,...,....T'T> 

± 
20 t----t---t--1~ ly;~ 

1---1 v'l = l°J'dj_ Y 
0.2 i i V1 

0.1 ~~~-yr~~ ....... ~-~-~~~~ 
0.1 0.2 0.5 1.0 2.0 5.0 10 

I,, EMITTER CURRENT (mAI 

REVERSE TRANSFER ADMITTANCE 
1000 ~-.--.---,----,--,-~~-~~---,--,-..,--,-m 

500 1==t==t=:::::i::;;,m;;;1y::-.. :-=1 t:tm=I:t:1=+=:::t::::i:=t=i:::i::m 
2001-----+--!---+--+--+-+++++-5M~H~z+---+-+--+-H-+-H l 100 1-----+---+---+--+--+-+++++-/+L-t--t---+-+-+--H--+-H 

~ 50~:::j:::::j::=:;i:::i:::j::i::l::!:!:jtL:::i~R~e~cy,~,l:j::::j;:::j-!-t1'fl 
~ - 201-----t--+--+-+-+-+-++H--+--+--+-+---+-+-+-+-H 
~ 

101-----+--+--+-+-+-+-++H--+--+--+-+---+-+-+-+-H es 
!i.l ~ 5.0 
~ 

~ 2.0 1-----+---+---+--+--+-+++++-+-+---+-+--+-+-+-+-H 

~ 1.0 1----1--+--+-+-+-+-+++<--+--+--+-+--t-+-+-+-H 
~ 0.5 1----1--+--+-+-+-+-+++<--+--+--+-+--t-+-+-+-H 

0.2 I----+-- 1 !<"Z Re (y.,) 

O.lt-t- ''i"J 
.05 !----+--+--+~-+-~~~~~~~-+-~~ 

0.1 0.2 0.5 1.0 2.0 5.0 10 

1,, EMITTER CURRENT lmA) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3743 

FORWARD TRANSFER ADMITTANCE 
1000 

500 

200 I 
I I~ v""' iA" H-

~ 100 Re(Jr.l 

I t-- Ve1 1 v-. SMHz i 50 

.. 20 

I 
J 10 ,.., 

2i 
~ 1--"1 -2 

0.1 0.2 

~ 
i.- ~ 12" 

t:Z1 v v 
lL lm(Jr.l 

..L. 

./ 

0.5 

I., llllTTBI CURREllf (mA) 

MOTOROLA SEMICONDUCTORS 

~ 

~ 

s.o 10 

OUTPUT ADMITTANCE 

l 100._..._.__._._.._._........._--+--_.__+--+-.._._.._~ 
! 50 ~--1--1---1-~>--+.-1-1-1-1-~~~e•~--1_0Vdc..._l-l-_._._.i-l.j 
I 20 l---+-+--+-+-+-+++H-+--1-+-l-+++.p.i<H 

;; V" 
~ Wl----l--+---l---l-+-l--1-4-11-1--l---l--+.-i-J7'~--+.r:~ 

,..! .___.__,__._--1-,__._......_....._ S MK 2 j7 
Re(J.,) y vr 

~'----1--1---1--+-'-'-........ -'--'--'--'--'-...L...I. ............. 
0.1 G.2 0.5 1.0 2.0 s.o 10 

I• EMITTBI CURREllT (mA) 
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MAXIMUM RATINGS 

2N3762 2N3763 
Rating Symbol 2N3764 2N3765 Unit 

Collector-Emitter Voltage VcEO 40 60 Vdc 

Collector-Base Voltage Vceo 40 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 1.5 Ade 

T0-39 T0-46 
2N3762 2N3764 
2N3763 2N3765 

Total Device Dissipation @ TA = 25°C Po 1.0 0.5 Watt 
Derate above 25°C 5.71 2.86 mWl°C 

Total Device Dissipation @ Tc = 25°C Po 4.0 2.0 Watts 
Derate above 25°C ' 22.8 11.4 mWl°C 

Operating and Storage Junction TJ, Tstg -65 to +200 ·c 
Temperature Range 

Lead Temperature TL +235 ·c 
1/16" from Case for 10 Seconds 

THERMAL CHARACTERISTICS 

2N3762 2N3764 
Characteristic Symbol 2N3763 2N3765 Unit 

Thermal Resistance, Junction to Case Rruc 44 88 ·c1W 
Thermal Resistance, Junction to Ambient R(J.JA 175 350 ·c!W 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAde, le = O) 2N3762, 2N3764 

2N3763, 2N3765 

Collector-Base Breakdown Voltage 
!le= 10 µAde, IE = O) 2N3762, 2N3764 

2N3763, 2N3765 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le = Ol 

Collector Cutoff Current 
(VcE = 20 Vde, VEB = 2.0 Vde) 2N3762, 2N3764 
(VcE = 20 Vde, VEB = 2.0 Vde, TA = 100°C) 
(VcE = 30 Vde, VEB = 2.0 Vde) 2N3763, 2N3765 
(VcE = 30 Vde, VEB = 2.0 Vde, TA = 100°C) 

Base Cutoff Current 
(VcE = 20 Vde, VEB = 2.0 Vde) 2N3762, 2N3764 
(VcE = 30 Vde, VEB = 2.0 Vde) 2N3763, 2N3765 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc= 10 mAde, VcE = 1.0 Vde) 
Uc= 150 mAde, VcE = 1.0 Vde) 
Uc = 500 mAde, VcE = 1.0 Vde) 
Uc= 1.0 Ade, VcE = 1.5 Vde) 2N3762, 2N3764 

2N3763, 2N3765 

Uc = 1.5 Ade, VcE = 5.0 Vde) 2N3762, 2N3764 
2N3763, 2N3765 

Collector-Emitter Saturation Voltage(1) 
Uc= 10 mAde, le = 1.0 mAde) 
Uc = 150 mAde, le = 15 mAde) 
Uc = 500 mAde, le = 50 mAde) 
Uc = 1.0 Ade, le = 100 mAde) 

Base-Emitter Saturation Voltage(1) 
Uc = 10 mAde, le = 1.0 mAdel 
Uc = 150 mAde, le = 15 mAde) 
Uc = 500 mAde, le = 50 mAde) 
Uc= 1.0 Ade, le = 100 mAde) 

SMALL-SIGNAL DEVICES 
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2N3762 
2N3763 

JAN, JTX, JTXV AVAILABLE 

CASE 79, STYLE 1 
T0-39 

2N376~ 
2N3765 

CASE. 26, STYLE 1 
T0-46 

SWITCHING TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO Vde 
40 -
60 -

V(BR)CBO Vde 
40 -
60 -

V(BR)EBO 5.0 - Vde 

iCEX µAde 
- 0.10 
- 10 
- 0.10 
- 10 

IBL µAde 
- 0.2 
- 0.2 

hFE -
35 -
40 -
35 -
30 120 
20 80 

30 -
20 _:_ 

VcE(satl Vde 
;__ 0.1 
- 0.22 
- 0.5 
- 0.9 

VeE(sat) Vde 
- 0.8 
- 1.0 
- 1.2 
0.9 1.4 

MOTOROLA SEMICONDUCTORS 

• 
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2N3762,2N3763,2N3764,2N3765 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic J Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 15 pF 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo - 80 pF 
(VeE = 0.5 Vdc, le = o, f = 100 kHz) 

Current Gain - High Frequency lhtel -
Oc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N3762, 2N3764 1.8 -

2N3763, 2N3765 1.5 -
SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 V, VBE(off) = 2.0 V, Id - 8.0 ns 

Rise Time le = 1.0 Amp, 191 = 100 mA) 
Ir - 3.5 ns 

Storage Time (Vee = 30 v, le = 1.0 Amp, ts - 80 ns 

Fall Time 191 = -192 = 100 mA) 
tf - 35 ns 

Total Control Charge o, - 30 pC 
Oc = 1.0 Amp, la = 100 mA, Vee = 30 Vl 

(1) Pulse Test: PW "' 300 µ.s, Duty Cycle "' 2.0%. 

"ON" CONDITION CHARACTERISTICS 
DC CURRENT GAIN 

300 

200 

~ 
150 

!5 100 

~ 
1 70 

50 

30 

1.0 

!TT 
-Vce=lV 

1----+--+---+---+--+--1--1-+-+-+---+--+---+--+-. _-+.-:::t ""'lt=-::1 .... ---·=...t:::.-:± -i1-=-._:--.-t--I • - Ve,= 10 V H-+-
T, ~17S°C _., -i---t-- - t- ""f...,:,, 

1.0 2.0 s.o 

,....., I ----+--- i"-N 
H-t-- y-r -+--+--+-+-+-+-1-+---+--f----lf---+--t--+--f"'r-..~r-.. 

10 20 so 100 200 500 1000 

le, COLLECTOR CURRENT !mAI 

COLLECTOR SATURATION REGION 

I 
This graph shows the effect of base current on collector current. {30 (cur

rent gain at the edge of saturation! is the current gain of the transistor at 1 
volt, and (J, (forced gain! is the ratio of le/I" in a circuit. EXAMPLE, For type 
2N3734, estimate a base current !IBFI toillsure saturation at a temperature of 
25 °C and a collector of 500 mA. · 

Observe that at le = 500 mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure I, it is seen 
that hFE@ I volt is typically 54 !guaranteed limits from the Table of Char
acteristics can be used for "worst·case" design!. 

"t-..r-- 150mA 

IBF= 18.5 mAtyp 

1---1---+--+--+---+---t-lOmA_-+----t 

(Jo hFE@lVolt 
fJ, = rcn;- 2=--54_ 

500 mA/)BF 

l 
/lo/ fl" OVERDRIVE FACTOR 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

4-148 



2N3762,2N3763,2N3764,2N3765 

"ON" VOLTAGES TEMPERATURE COEFFICIENTS 
1.2 

r IT I I TT I 
1.0 f--+ T, ~ 25°C v,.1,.,1, lc/11 ~ 10 t- f:J 

l ll ..i-r-

~ 
0.8 

~ 
F"" 

0.6 
§! 
i.: 0.4 f' 

0.2 

0.1 
10 20 30 50 100 200 300 500 1000 0 100 200 300 400 500 600 700 800 900 1000 

le, COLLECTOR CURRENT lmAI le, COLLECTOR CURRENT CmAI 

TURN-ON TIME SWITCHING TIME EQUIVALENT TEST CIRCUITS TURN-OFF TIME 

+2Vrr 
0 ---

-11.IV 

PW~ 200ns 
RISE TIME ,,;; 2 ns 
DUTY' CYCLE,,;; 2% 

-30V 

SCOPE 

LARGE SIGNAL CHARACTERISTICS 

TRANSCONDUCTANCE 

1000 ...---,---,----,-.,..--,--.,.-,---,-.LL;r,-...--,~.,..--, 

I ZrT 
700 t--t- Vee~ IOV +--t---+-t-+--11--i--+lf--+--i 

_LIL_L i ± 
500 l--t--t---t-+--t--+-+t-1-t-l-t-r-1-+--l 

400 l---4f---+--+--+--+----+1l-L.+-JJ'-llL-+l--+I+-l-+--+---1 
300 t---+--+---+-+--+---+--1+-~1,__.,.__,__,_--I 

1 
~200 111 
I ~ 1 T 
~ 100 1---+--+---+-+--+--+-i--........ -+-++---+-+-~ 
~ 70 t---+--+---+--t-...._--+41~....,_-+-+-+---+--t-~ 

50 t---+--+- T, ~ 175° 

40 1--t--+---+-+-+ 1oo•c 

i 25•c 

1 
I 

20 1---+--+---+-+-+--+-+-+--<f--++-+---+-+--~ 

~ 1 
0.2 0.4 0.6 0.8 1.0 1.2 

VBE, BASE-EMITTER VOLTAGE !VOLTS! 

SMALL-SIGNAL DEVICES 
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1,1-
1 
I 

10<11 < 500µs 
12 < lOns 
t,> lµs 

DUTY CYCLE "" 2% 

+4V 

SCOPE 

''OFF'' CONDITION CHARACTERISTICS 

i 
'3 

~ :::: 
8 

10• 

10• 

IO 

Si 1.0 

10-1 

10-2 

TRANSCONDUCTANCE 

~ Vce~30V 7 
JL f T, ~ 115•c _L 

L 
L 100°c 

......... l 1 

i: 25•ct t--
iJ 

f 
1-- REVERSE FORWARD t--1 

IZ 

0.2 0.1 0.1 0.2 0.3 0.4 0.5 

V,., BASE-EMITTER VOLTAGE !VOLTS! 
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2N3762, 2N3763, 2N3764,2N3765 

INPUT ADMITTANCE EFFECT OF BASE-EMITTER RESISTANCE 

10 JO• 

± 
5.0 

3.0 

2.0 

1--f-- Ve,~ IOV 

-/i J...l 
L -r ± 

V" ] 

TJ~ 175°C 

Ve,~ JOY 
102 

1.0 
1 j_ 1 I 

~ 1-1" r 

I ~ 0.5 

II I 0.3 

~ 0.2 

~ 

0.1 

-j_ 

i r 1 t--t- TJ ~ 175°C 

[oo·Cf I 
25°C ± 55°C 

v 
TJ IOO'C 

I 
10 

~ 
:::l 
8 1.0 
..Y 

0.05 

0.03 i [ ] 10-• 

0.02 

0.01 

± f 
I ll 1 

~·c 

illIIIl 10-2 

0.2 0.4 0.6 0.8 1.0 1.2 10• 10< 10• 106 107 1()1 

V,., BASE-EMIITER VOLTAGE IVOLTSI RBE. EXTERNAL BASE-EMITTER RESISTANCE lohmsl 

-T,= 25°C SWITCHING CHARACTERISTICS -- T, = iso·c 

TURN-ON TIME RISE AND FALL TIME 

1 TI 
Vee~ 30V 

le/I,~ 10 

10 .___.__.__.__.__._. ..................... __. ........ ~..__~[I...._.~l~~~ 
10 50 100 200 500 1000 10 20 30 50 100 200 300 500 1000 

le, COLLECTOR CURRENT lmAI le. COLLECTOR CURRENT lmAI 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3762,2N3763,2N3764,2N3765 

STORAGE TIME 

300 ~=:=:==:=:::::::=:=:==~11,-,=~,_~l~~l_~ 
200 r:;~:;Ejf -+ +- M-i-f---t-f-- I r 
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rs;::::,.. ~: '!"'f' 
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..: 30 t----+---+--+--1--+-+-++++---f--f-+-+-+-+N-+h..*+l 
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CHARGE DATA 

20 

T T Yee= 301/f /vW le/la= JO 
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le, COLLECTOR CURRENT, !mAJ 

SMALL-SIGNAL DEVICES 
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FALL TIME 

20 r--t--+--+--+-+-t++++-+-"'l'....,.t-+-t-+lf+A 
~ 

10 20 30 50 100 200 300 500 1000 

le, COLLECTOR CURRENT !mAl 

CAPACITANCE 
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REVERSE BIAS IVOLTSI 
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2N3762,2N3763,2N3764,2N3765 

3.0 

2.0 

1.0 

0.5 
le 
"' :$ 0.3 

I 0.2 

! 0.1 8 
..Y 

.05 
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.02 

.01 

ACTIVE REGION SAFE OPERATING AREAS 

~ \ h ~ :s._ 
--s: ' ~ ~ ~ SOµsec 

JS:~ -.;; _........_ ~ .......... 100 µ.sec 

~ 4s:sec +--,............--'::i-....-........:---+--+---.....,-tt---.,---"'"..,...........,.,-!t'-----+-----1 

- -~ The Safe Operating Area Curves indicate le - VcE limits -+----f-----+----......,--=i-..... ::--+---+-----+---:==--
below which the devices will not go into secondary break· --+---+---+-----l--~---t,_=--..,,::1----+------I 

t--- down. As the safe operating areas shown are independent of !------
t--- temperature and duty cycle, these curves can be used as long -+----f-----+---+---+-----l----=F"""-"""'=-1 

as the thermal resistance (max rating table) is also taken into --
t--- consideration to insure operation below the maximum -+--

junction temperature. 
t--

l l 
2N3762 2N3764 

-+----+.l----IJ_I----+----+----+-- 2N3763 2N3765 -

l l l 
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MAXIMUM RATINGS 
2N3798 2N3798A 

Rating Symbol 2N3799 2N3799A Unit 

Collector-Emitter Voltage VcEO 60 90 Vdc 

Collector-Base Voltage Vcso 60 90 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25°C Po 0.36 Watt 
Derate above 25°C 2.06 mwrc 

Total Device Dissipation@ Tc = 25°C Po 1.2 Watts 
Derate above 25°C 6.86 mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 •c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Rruc 0.15 ·c1mw 
Thermal Resistance, Junction to Ambient ROJA 0.49 •ctmW 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(le = 10 mAdc, IB = O) 2N3798, 2N3799 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, IE = O) 2N3798, 2N3799 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 10 µAde, le= O) 

Collector Cutoff Current ICBO 
(Vcs = 50 Vdc, IE = O) 
!Vcs = 50 Vdc, IE = o, TA= 15o•c1 

Emitter Cutoff Current IEBO 
(VBE = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(!) hfE 
Uc= 1.0 µAde, VcE = 5.0 Vdc) 2N3799 

Uc = 10 µAde, VcE = 5.0 Vdc) 2N3798 
2N3799 

Uc = 100 µAde, VcE = 5.0 Vdc) 2N3798 
2N3799 

Uc= 100 µAde, VcE = 5.0 Vdc, TA= -55°C) 2N3798 
2N3799 

Uc = 500 µAde, VcE = 5.0 Vdc) 2N3798 
2N3799 

Uc = 1.0 mAdc, VcE = 5.0 Vdc) 2N3798 
2N3799 

Uc = 10 mAdc, VcE = 5.0 Vdc) 2N3798 
2N3799 

Collector-Emitter Saturation Voltage(!) VcE(sat) 
Uc = 100 µAde, Is = 10 µAde) 
Uc= 1.0 mAdc, Is = 100 µAde) 

Base-Emitter Saturation Voltage(!) VBE(sat) 
Uc = 100 µAde, Is = 10 µAde) 
Uc= 1.0 mAdc, Is = 100 µAde) 

Base-Emitter On Voltage VBE(on) 
Uc = 100 µAde, VcE = 5.0 Vdc) 

SMALL-SIGNAL DEVICES 
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2N3798 
2N3799 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

! 
AMPLIFIER TRANSISTOR 

PNP SILICON 

Min Typ Max Unit 

60 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

µAde 
- - O.D1 
- - 10 

- - 20 nAdc 

-
75 - -

100 - -
225 - -

150 - -
300 - -

75 - -
150 - -

150 - 450 
300 - 900 

150 - -
300 - -

125 - -
250 - -

Vdc 
- - 0.2 
- - 0.25 

Vdc 
- - 0.7 
- - 0.8 

- - 0.7 Vdc 

MOTOROLA SEMICONDUCTORS 
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2N3798,2N3799 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.I 

Characteristic I Symbol Min Typ Max Unit 
SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) tr MHz 
Uc = 500 µAde, VcE = 5.0 Vdc, f = 30 MHz) 30 - -
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 100 - 500 

Output Capacitance Cobo - - 4.0 pf 
(Vee = 5.0 Vdc, IE = o. f = 100 kHz) 

Input Capacitance Cibo - - 8.0 pf 
(VBE = 0.5 Vdc, le = o. f = 100 kHz) 

Input Impedance hie kohms 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3798 3.0 - 15 

2N3799 10 - 40 

Voltage Feedback Ratio hre - - 25 x 10-4 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain . hte -
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3798 150 - 600 

2N3799 300 - 900 

Output Admittance hoe 5.0 - 60 I'm hos 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF dB 
Uc = 100 µAde, VcE = 10 Vdc, RG = 3.0 k ohms), 

f = 100 Hz, B.W. = 20 Hz 2N3798 - 4.0 7.0 
2N3799 - 2.5 4.0 

Spot 
f = 1.0 kHz, B.W. = 200 Hz 2N3798 - 1.5 3.0 

Noise 2N3799 - 0.8 1.5 

f = 10 kHz, B.W. = 2.0 kHz 2N3798 - 1.0 2.5 
2N3799 - 0.8 1.5 

Broadband Noise-Bandwidth 10 Hz to 15.7 kHz 2N3798 - 2.5 3.5 
2N3799 - 1.5 2.5 

(1 I Pulse Test: Pulse Width .;; 300 1-'9, Duty Cycle .;; 2.0%. 
(2) tr is defined as the frequency at which lhtel extrapolates to unity. 

SPOT NOISE FIGURE 
IVcE = 10 Vdc. TA= 25°CJ 

FIGURE 1 - SOURCE RESISTANCE EFFECTS, f = 1.0 kHz 
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FIGURE 2 - SOURCE RESISTANCE EFFECTS, f = 10 Hz 
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2N3798,2N3799 

FIGURE 3 - FREQUENCY EFFECTS 
FIGURE 4a - TYPICAL CURRENT 

GAIN CHARACTERISTICS-2N3798 
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2N3946 
2N3947 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA.= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc= 10 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 µAde, le = O) 

Collector Cutoff Current le EX 
(VcE = 40 Vdc, Vos = 3.0 Vdc) 
(VcE = 40 Vdc, Vos = 3.0 Vdc, TA= 1so°C) 

Base Cutoff Current IBL 
(VcE = 40 Vdc, Vos = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Uc= 0.1 mAdc, VcE = 1.0 Vdc) 2N3946 

2N3947 

Uc= 1.0 mAdc, VcE = 1.0 Vdc) 2N3946 
2N3947 

Uc= 10 mAdc, VcE = 1.0 Vdc) 2N3946 
2N3947 

Uc = 50 mAdc, VcE = 1.0 Vdc) 2N3946 
2N3947 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
Uc = 10 mAdc, IB = 1.0 mAdc) 
Uc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) 
Uc = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc= 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N3946 

2N3947 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 40 Vdc 

Vcso 60 Vdc 

VEBO 6.0 Vdc 

le 200 mAdc 

Po 0.36 Watt 
2.06 mW/°C 

Po 1.2 Watts 
6.9 mW/°C 

TJ, Tstg -65 to +200 oc 

Symbol Max Unit 

RyJC 0.15 °C/mW 

ROJA 0.49 °C/mW 

Min Max Unit 

40 - Vdc 

60 - Vdc 

6.0 - Vdc 

µAde 
- 0.010 
- 15 

- .025 µAde 

-
30 -
60 -

45 -
90 -

50 150 
100 300 

20 -
40 -

Vdc 
- 0.2 
- 0.3 

Vdc 
0.6 0.9 
- 1.0 

MHz 
250 -
300 -
- 4.0 pF 

SMALL-SIGNAL DEVICES 



2N3946, 2N3947 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min 

Input Capacitance Cibo -
(Vse = 1.0 Vdc, le= 0, f = 100 kHz) 

Input Impedance hie 
Oc = 1.0 mA, Vee = 10 v, t = 1.0 kHz) 2N3946 0.5 

2N3947 2.0 

Voltage Feedback Ratio hre 
Oc = 1.0 mA Vee = 10 v, t = 1.0 kHz) 2N3946 -

2N3947 -
Small Signal Current Gain hte 

Oc = 1.0 mA, Vee = 10 v, t = 1.0 kHz) 2N3946 50 
2N3947 100 

Output Admittance hoe 
Oc = 1.0 mA, Vee = 10 v, t = 1.0 kHz) 2N3946 1.0 

2N3947 5.0 

Collector Base Time Constant rb'Cc -
(le= 10 mA, VcE = 20 V, f = 31.8 MHz) 

Noise Figure NF -
(le = 100 µA, Vee = 5.0 v, ~ = 1.0 k!l, t = 10 Hz to 15.7 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time Vee = 3.o Vdc, Vos = o.5 Vdc, td -
Rise Time le = 10 mAdc, ls1 = 1.0 mA 

tr -
Storage Time Vee = 3.0 V, le = 10 mA, 2N3946 ts -

2N3947 -
Fall Time ls1 = ls2 = 1.0 mAdc tf -

(1) Pulse Test: PW,;; 300 µs, Duty Cycle,;; 2%. 

TYPICAL SWITCHING CHARACTERISTICS 
(TA= 25°C unless otherwise noted) 

DELAY AND RISE TIME RISE TIME 
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300 

1' :.LI ::s ]s; le/11= JO - t--ho. ~ 
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300 ~ 

200 ['o... ...... ho. _J 
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!il 70 
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~y :::s; Yee -

:::s ~cc 15¥ t::S t- 2N394~: r-... """Id ~ 
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,.., 

. .:ic. ..l 
1' ""' ~ 

I:!'. 

" JS: :::"I' cs 2N39461;>-. 
r-:!,oa=OY ::S"" 
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! 70 

~ 50 
.; 
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20 

~ 

10 D:8: ~ 
......., 

10 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 1.0 2.0 3.0 5.0 7.0 10 

Max Unit 

8.0 pf 

kohms 
6.0 
12 

x 10-4 
10 
20 

-
250 
700 

µmhos 
30 
50 

200 ps 

5.0 dB 

35 ns 

35 ns 

300 ns 
375 
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_J _J_J 
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le/la=IO = t-

-T,=25°C t-
--r, ~1so•c 

!--

jN391= - a - ~ 
~ 

-~N374r-~ .,...,,]:: 
l 

....., 
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2N3946, 2N3947 

STORAGE AND FALL TIMES 

2N3946 

1000 ~§~~±tmr-~:-w:~1 I= -··le/lo= IO····ISO°C 

100 t---+--t--t-t--+--+--t-iH-iH- -1c11, = 20--150•c 

500 ~t~ 
300 •• ~.... --- -

- 200 ::S' .'lo.l.:!:1-1 - t- .. ...._ 
s .. ' ... ' -~ 

! ~~~·-~~i-~·-f!":~·~-~-~"""ll~,~~~--~~-~-'~·~~-~~~· ~ - ' 
70 ~~ ' E.: ,~ 

50 t---+--t--t-t--+--+--tb.J""""-+-1. ~- •• 

~l---+--+-+-+--l--l--<~1-1-1---...--1----I=~~~~ 
20 I 
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le. COLLECTOR CURRENT lmAl 

TURN-ON TIME EQUIVALENT TEST CIRCUIT 

DUTY CYCLE = 2% 
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_..., <Ins 
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I 

275 
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_J 

2N3947 
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·TOTAL SHUNT CAPACITANCE OF TEST JIG AND CONNECTORS 
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AUDIO SMALL-SIGNAL CHARACTERISTICS 

NOISE FIGURE VARIATIONS 
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2N3946,2N3947 

h PARAMETERS 
VcE = 10 v. r ... = 2s•c. f:::::: l Kc 

~ 
~ 
.;! 

CURRENT GAIN 
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2N3946,2N3947 
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2N3946,2N3947 
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2N3962 
2N3963 
2N3964 
2N3965 

CASE 22-03, STYLE 1 
T0-18 (T0-206AAI 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N3798 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25'C 
Derate above 25'C 

Total Device Dissipation 
@Tc=25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 5.0 ma) 2N3962, 2N3965 

2N3963 
2N3964 

Collector-Emitter Breakdown Voltage 
Uc= 10 µ.Al 2N3962, 2N3965 

2N3963 
2N3964 

Collector-Base Breakdown Voltage 
Uc= 10 µ.Al 2N3962, 2N3965 

2N3963 
2N3964 

Emitter-Base Breakdown Voltage 
Uc = 10 µ.Al 

Collector Cutoff Current 
(VCE = 50 V; 2N3964 = 40 V) 2N3965, 2N3962 
(VCE = 70 V) 2N3963 

Collector Cutoff Current 
(VCE = 50 V) 2N3962 
(VCE = 70 V) 2N3963 
(VcE = 40 V) 2N3964 
(VcE = 50 VI 2N3965 

Emitter Cutoff Current 
(VEB = 4.0 V) 

ON CHARACTERISTICS 

DC Current Gain(1) 
(le = 10 µ.A, VcE = 5.0 V) 2N3962, 2N3963 

2N3964, 2N3965 

(le = 100 µ.A, VcE = 5.0 VI 2N3962, 2N3963 
2N3964, 2N3965 

Uc = 1.0 mA. VcE = 5.0) 2N3962, 2N3963 
2N3964, 2N3965 

(le= 10 µ.A, VcE = 5.0, TA= -55'C) 2N3962, 2N3963 
2N3964, 2N3965 

MOTOROLA SEMICONDUCTORS 
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Symbol 

VcEQ 

VcBo 

VEBO 

tc 

Po 

Po 

TJ, Tstg 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BRICBO 

V(BR)EBO 

tcBo 

ICES 

IEBO 

hFE 

2N3962 
2N3965 2N3964 2N3963 Unit 

60 45 80 v 
60 45 80 v 

6.0 v 
200 mA 

0.36 Watt 
2.06 mwrc 

1.2 Watts 
6.85 mW/'C 

-65 to +200 'C 

Min Max Unit 

Vdc 
60 -
80 -
45 -

Vdc 
60 -
80 -
45 -

Vdc 
60 -
80 -
45 -
6.0 - Vdc 

nAdc 
- 10 
- 10 

nAdc 
- 10 
- 10 
- 10 
- 10 

- 10 nAdc 

-
100 300 
250 500 

100 -
250 -

100 450 
250 600 

40 -
100 -

SMALL-SIGNAL DEVICES 



2N3962, 2N3963,2N3964,2N3965 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Oc = 1.0 mA, VcE = 5.0 V, TA= 100°C) 2N3962, 2N3963 - 600 
2N3964, 2N3965 - 800 

Oc = 1.0 µA, VcE = 5.0 V) 2N3962, 2N3963 60 -
2N3964, 2N3965 180 -

Oc = 10 mA, VcE = 5.0 V) 2N3962, 2N3963 100 -
2N3964, 2N3965 200 -

Oc = 50 mA, VcE = 5.0 V) 2N3962, 2N3963 90 -
2N3964, 2N3965 180 -

Oc = 50 mA, VcE = 5.0 V, TA= -55°C) 2N3962, 2N3963 45 -
2N3964, 2N3965 90 -

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 10 mA, Is = 0.5 mA) - 0.25 v • Oc = 50 mA, Is= 5.0 mA)(1) - 0.4 v 

Base-Emitter Saturation Voltage VsE(sat) 
Oc = 10 mA, Is = 0.5 mA) - 0.9 v 
Oc = 50 mA. Is = 5.0 mA)( 1) - 0.95 v 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 6.0 pF 
(Vcs = 5.0 v, t = 1.0 MHz) 

Input Capacitance Cibo - 15 pF 
(VEB = 0.5 V, f = 1.0 MHz) 

Input Impedance hie kn 
OC = 1.0 mA, VcE = 5.0 V, f = 1.0 kHz) 2N3962, 2N3963 2.5 17 

2N3964, 2N3965 6.0 20 

Voltage Feedback Ratio hre - 10 10-4 
Oc = 1.0 mA. VcE = 5.0, t = 1.0 kHz) 

Small-Signal Current Gain hfe 
Oc = 1.0 mA, VcE = 5.0 v, f = 1.0 kHz) 2N3962, 2N3963 100 550 -

2N3964, 2N3965 250 700 -
Magnitude of Forward Current Transfer Ratio, Common-Emitter lhtel 

Oc = 0.5 mA. VcE = 5.0 V, f = 200 MHz) 2N3962, 2N3963 2.0 8.0 -
2N3964, 2N3965 2.5 8.0 -

Output Admittance hoe µ.mhos 
Oc = 1.0 mA, VcE = 5.0, f = 1.0 kHz) 2N3962, 2N3963 5.0 40 

2N3964, 2N3965 5.0 50 

Noise Figure NF dB 
Oc = 20 mA. VcE = 5.0 V, BW = 15.7 kHz) 2N3962, 2N3963 - 3 

2N3964, 2N3965 - 2 

Oc = 20 µA, VcE = 5.0 V, BW = 1.5 kHz. 2N3962, 2N3963 - 3 
f = 10 kHz. Rs = 10 k!l) 2N3964, 2N3965 - 2 

Oc = 20 µA, VcE = 5.0 V, BW = 150 Hz. 2N3962, 2N3963 - 3 
f = 1.0 kHz. Rs = 10 k!l) 2N3964, 2N3965 - 2 

Oc = 20 µA, VcE = 5.0 V, BW = 15 Hz. 2N3962, 2N3963 - 10 
f = 100 Hz. Rs = 10 k!l) 2N3964, 2N3965 - 4 

Oc = 20 µA, VcE = 5.0 V, BW = 2.0 Hz. 2N3964, 2N3965 - 8 
f = 10 Hz. Rs = 10 k!l) 

(1) Pulse Test: PW "" 300 µ.s, Duty Cycle "" 2%. 
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2N4013 
2N4014 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
- Peak 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(le = 10 mAdc, IB = O) 2N4014 

2N4013 

Collector-Emitter Breakdown Voltage V(BR)CES 
Uc = 10 µAde, Vse = o) 2N4014 

2N4013 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, le = O) 2N4014 

2N4013 

Emitter-Base Breakdown Voltage V(BR)EBO 
!le = 10 µAde, le = O) 

Collector Cutoff Current le Bo 
(Vcs = 60 Vdc, le = O) 2N4014 
(Vcs = 40 Vdc, IE = O) 2N4013 
(Vcs = 60 Vdc, le = o. TA= 100'C) ' 2N4014 
(Vcs = 40 Vdc, le = 0, TA= 100'C) 2N4013 

Collector Cutoff Current ICES 
(VcE = 80 Vdc, VEB = O) 2N4014 
(VcE = 50 Vdc, VeB = O) 2N4013 

ON CHARACTERISTICS(1) 

DC Current Gain hfE 
Uc = 10 mAdc, VcE = LO Vdc) 
Uc = 100 mAdc, Vee = LO Vdc) 
(le= 100 mAdc, VcE = 1.0 Vdc, TA= -55°C) 
Uc = 300 mAdc, Vee = 1.0 Vdc) 
!le = 500 mAdc, Vee = 1.0 Vdc) 
!le= 500 mAdc, VcE = 1.0 Vdc, TA= -55'C) 
Uc = 800 mAdc, VcE = 2.0 Vdc) 2N4014 

2N4013 

!le = LO Ade, Vee = 5,0 Vdc) 2N4014 
2N4013 

Collector-Emitter Saturation Voltage VcE(sat) 
!le = 10 mAdc, IB = 1,0 mAdc) 2N4014 

2N4013 

Uc= 100 mAdc, IB = 10 mAdc) 2N4014 
2N4013 

MOTOROLA SEMICONDUCTORS 
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Symbol 2N4013 2N4014 Unit 

Vceo 30 50 Vdc 

VcBo 50 - 80 Vdc 

Ve so 6.0 Vdc 

le 1.0 Ade 
2.0 

Po 0.5 Watt 
28.6 mW/'C 

Po 1.4 Watts 
6.8 mW/'C 

TJ, Tstg -65 to +200 oc 

Min Typ Max Unit 

Vdc 
50 - -
30 - -

Vdc 
80 - -
50 - -

Vdc 
80 - -
50 - -
6.0 - - Vdc 

µAde 
- 0.12 1.7 
- 0.12 1.7 
- - 120 
- - 120 

µAde 
- 0.15 10 
- 0.15 10 

-
30 - -
60 - 150 
30 - -
40 - -
35 - -
20 - -
20 
25 - -

25 
30 - -

Vdc 
- 0.17 0.25 
- 0.17 0.25 

- 0.19 0.26 
- 0.19 0.20 

SMALL-SIGNAL DEVICES 



2N4013,2N4014 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min 

(le = 300 mAdc, IB = 30 mAdc) 

Uc= 500 mAdc, IB = 50 mAdc) 

(le = BOO mAdc, IB = BO mAdc) 

(le = 1.0 Ade, IB = 100 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, IB = 1.0 mAdc) 
Uc = 100 mAdc, IB = 10 mAdc) 
Uc = 300 mAdc, IB = 30 mAdc) 
Uc= 500 mAdc, IB = 50 mAdc) 
Uc = BOO mAdc, IB = BO mAdc) 
(le = 1.0 Ade, le = 100 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc= 50 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = o. f = 1.0 MHz) 

Input Capacitance 
(Vee = 0.5 Vdc, le = o, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VeE(off) = 3.B Vdc, 

Rise Time le= 500 mAdc, Je1 = 50 mAdc) 
(Figures 8, 10) 

Storage Time (Vee = 30 Vdc, Jc = 500 mAdc, 

Fall Time le1 = IB2 = 50 mAdc) 
(Figures 9, 10) 

Turn-On Time (Vee = 30 Vdc, Vee(off) = 3.B Vdc, 
le = 500 mAdc, le1 = 50 mAdc) 
(Figures 8, 10) 

Turn-Off Time (Vee = 30 Vdc, le = 500 mAdc, 
le1 = Js2 = 50 mAdc) 
(Figures 9, 10) 

(1) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 1.0%. 
(2) tr = lhfel • ftest· 

2N4014 
2N4013 

2N4014 
2N4013 

2N4014 
2N4013 

2N4014 
2N4013 

VBE(sat) 

tr 

Cobo 
2N4014 
2N4013 

Cibo 

Id 

tr 

2N4014 Is 
2N4013 

If 

Ion 

2N4014 !off 
2N4013 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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Vee. COLLECTDR·EMITTER VOLTAGE )VOLTS) 

Typ Max Unit 

0.25 0.40 
0.25 0.32 

0.30 0.52 
0.30 0.42 

0.43 0.80 
0.43 0.65 

0.55 0.95 
0.55 0.75 

Vdc 
- 0.76 
- 0.86 
- 1.1 
- 1.1 
- 1.5 
- 1.7 

- - MHz 

pF 
- 10 
- 12 

- 55 pF 

5.0 10 ns 

15 30 ns 

30 50 ns 

20 25 ns 
25 30 

20 35 ns 

50 60 ns 
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2N4013, 2N4014 

TYPICAL DC CHARACTERISTICS 

FIGURE 2 - DC CURRENT GAIN 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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2N4013,2N4014 

FIGURE 8 - TURN-ON TIME 
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FIGURE 9 - TURN-OFF TIME 
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2N4026 thru 2N4033 

2N4026-2N4029 ! 
T0-18 (T0-206AA) 

CASE 22-03, STYLE 1 . . 

JAN, JTX, TXV AVAILABLE IN 

2N4033 f/t 
2N4030-2N4033 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE TRANSISTOR 
PNPSILICON 

MAXIMUM RATINGS 
2N4026/28 2N4027/29 

Rating Symbol 2N4030/32 2N4031/33 Unit 

Collector-Emitter Voltage(1) VcEo 60 80 Vdc 

Collector-Base Voltage Vceo 60 80 Vdc 

Emitter-Base Voltage Vi:eo 5.0 5.0 Vdc 

2N4026- 2N4030-
2N4029 2N4033 

Collector Current - Continuous le 1.0 1.0 Ade 

Total Device Dissipation@ TA= 25'C Po :5 1.25 w 
Derate above 25'C 2.85 7.15 mW/'C. 

Total Device Dissipation @ Tc = 25'C Po 2.0 7.0 w 
Derate above 25'C 11.4 40 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

Lead or Terminal Temperature(2) TL +300 'C 

(1) Applicable 0 to 10 mA 
(2) Measured at a distance not less than 1/16" from seated surface (or case) for 60 Sec. 

THERMAL CHARACTERISTICS 
Characteristic Symbol T0-18 T0-39 Unit 

Thermal Resistance, Junction to Case Rruc 40 20 'C/W 

Thermal Resistance, Junction to Ambient Re.JA 280 140 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CeO v 
Uc= 10 mA) · 2N4026,28,30,32 60 -

2N4027,29,31,33 80 -
Collector-Base Breakdown Voltage V(BR)CBO v 

Uc= 10µA) 2N4026,28,30,32 60 -
2N4027,29,31,33 80 -

Emitter-Base Breakdown Voltage V(BR)eBO 5.0 - v 
Ue = 10 µAl 

Collector Cutoff Current lceo nA 
(Vee= 50 vi 2N4026,28,30,32 - 50 
(Vee= 60 Vl 2N4027,29,31,33 - 50 
(Vee = 50 v, TA = 150'C) 2N4026,28,30,32 - 50 µA 
(Vee= 60 V, TA= 150'C) 2N4027,29,31,33 - 50 

Emitter Cutoff Current leeo - 10 µA 
(Vee= 5.o Vl 

ON CHARACTERISTICS 

DC Current Gain hFe -
Uc= 100 mA, VcE = 5.0 V,@ -55'C) 2N4026,27,30,31 15 -

2N4028,29,32,33 40 -
(le = 100 µA. Vee = 5.o Vl 2N4026,27 ,30,31 30 -

2N4028,29,32,33 75 -

Uc= 100 mA, Vee = 5.0 V) 2N4026,27,30,31 40 120 
2N4028,29,32,33 100 300 

Uc = 500 mA, VcE = 5.0 V) 2N4026,27 ,30,31 25 -
2N4028,29,32,33 70 -

Uc = 1.0 A, Vee = 5.0 V) 2N4026,30 15 -
2N4027,31 10 -
2N4028,32 40 -
2N4029,33 25 -

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4026 thru 2N4033 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voltage VcE(sat) v 
!le = 150 mA. Is = 15 mA) - 0.15 
!le = 500 mA, Is = 50 mA) - 0.50 
!le= 1.0 A, Is = 100 mA) 2N4026,28,30,32 - 1.0 

Base-Emitter Saturation Voltage VsE(sat) - 0.9 v 
!le = 150 mA. Is = 15 mA) 

Base-Emitter On Voltage VsE(on) v 
!le= 1.0 A. VcE = 1.0 V) 2N4026,28,30,32 - 1.2 
!le = 500 mA, VcE = 0.5 V) - 1.1 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 20 pf 
(VcE = 10 v. f = 1.0 MHz) 

Input Capacitance Cibo - 110 pf 
(VEB = 0.5 V, f = 1.0 MHz) • Small Signal Current Gain hte 1.0 4.0 -
!le= 50 mA, VcE = 10 v. f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time Is - 350 ns 
Oc = 500 mA, Js1 = Js2 = 50 mAl 

Turn-On Time Ion - 100 ns 
!le = 500 mA, Js1 = 50 mA) 

Fall Time If - 50 ns 
!le = 500 mA, Js1 = Js2 = 50 mA) 

(3) Pulse Width = 300 µs, Duty Cycle 1.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 

4-169 



I 
I 

I 

• 

2N4036 
2N4037 

CASE 79-02, STYLE 1 
T0-39 (T0-205ADI 

GENERAL PURPOSE 
TRANSISTOR 

PNPSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Continuous Power Dissipation 
at or Below Tc = 25°C 
Linear Derating Factor 

Operating and Storage Junction 
Temperature Range 

Lead Temperature 
1/16" from Case for 10 Seconds 

THERMAL CHARACTERISTICS 
Chancterlstic 

Thermal Resistance, Junction to Case 

(1) Must not be tested on a curve tracer. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Symbol 2N4036 2N4037 Unit 

VcEO 65 40 Vdc 
(sus)(1) 

Vceo 90 60 Vdc 

VEBO 7.0 7.0 Vdc 

le 0.5 Ade 

le 1.0 Ade 

Po 
5.0 1.0 Watts 

28.6 5.72 mWl°C 

TJ, Tstg -65 to +200 ·c 

TL 230 ·c 

Symbol 2N4036 2N4037 Unit 

Rruc 25 °C/W 

Min Max Unit 

Collector-Emitter Sustaining Voltage VcEO(sus) Vdc 
Uc = 100 mAdc, le = O) 2N4036 65 -

2N4037 40 -
Collector-Base Breakdown Voltage V(BR)CBO 60 - Vdc 

Uc= 0.1 mA de) 2N4037 

Collector Cutoff Current ; ICEX mAdc 
(VcE = 85 v. VeE = 1.5 V) 2N4036 - 100 
(VcE = 30 v. VeE = 1.5 v. Tc = 150"C) 0.1 

Collector Cutoff Current tceo µAde 
(Vee = 90 v. IE = 0) 2N4036 - 100 
(Vee = 60 v. IE = 0) 2N4037 0.25 

Emitter Cutoff Current IEBO µAde 
(VeE = 7.0 Vdc, le = o) 2N4036 - 10.0 
(VeE = 5.0 Vdc, le = o) 2N4037 - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc = 150 mAdc, VcE = 2.0 V) 2N4036 20 200 
Uc= 0.1 mAdc, VcE = 10 V) 2N4036 20 -
Uc= 1.0 mAdc, VcE = 10 V) 2N4037 15 -

Uc = 150 mAdc, VcE = 10 V) 2N4036 40 140 
2N4037 50 250 

lie = 500 mAdc, VcE = 10 V) 2N4036 20 -
Collector-Emitter Saturation Voltage VcE(sat) v 

Uc = 150 mA. le = 15 mA) 2N4036 0.65 
2N4037 1.4 

Base-Emitter Saturation Voltage VeE(sat) 1.4 v 
Uc = 150 mA, le = 15 mA) 2N4036 

Base-Emitter On Voltage VeE(on) 1.5 v 
lie = 150 mA, VcE = 10 V) 2N4037 

SMALL-SIGNAL CHARACTERISTICS 
.· 

Collector-Base Capacitance Ccb - 30 pF 
(Vee = 10 v, f = 1.0 MHz) 2N4037 

Current Gain - High Frequency lhtel -
Uc = 50 mA, Vee = 10 v, t = 20 MHz) 2N4036 3.0 -

2N4037 3.0 10.0 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4036, 2N4037 

ELECTRICAL CHARACTERISTICS (continued) (TA ~ 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Rise Time (191 ~ 15 mA) 

Storage Time 092 ~ 15 mA) 

Fall Time Os2 ~ 15 mA) 

Turn-On Time (191 ~ 192) 

Turn-Off Time 001 ~ 192) 

10 

0.1 
0.1 

5 

. 

. 

CURRENT GAIN CHARACTERISTICS 
versus COLLECTOR-EMITTER VOLTAGE 

VCE=lDV 

AMBIENT TEMPERATURE (TAI = 25°C I 
1.0 10 100 

le. COLLECTOR CURRENT (mA) 

TYPICAL COLLECTOR-CUTOFF CURRENT 

versus JUNCTION TEMPERATURE 

COLLECTOR-TO-BASE 
VOLTAGE -40 V ;;". 20 v 

r£L 
iZ2 

:F 
C2': 

./L 

0 
lO-' 0 25 50 75 100 125 150 175 200 

TJ. JUNCTION TEMPERATURE (°C) 

~ 

TYPICAL SMALL SIGNAL BETA CHARACTERISTICS 

0 

~ ~ 10 

"'"' ~ ~ 8.0 
<C "' zZ 
~ g 6.0 
::j ,__ 
<C z 
~ ~ 4.0 

~a 
2.0 

COLLECTOR-TO-EMITTER VOLTAGE 
(VCE)=-lDV 
FREQUENCY= 20 MHz 
AMBIENT TEMPERATURE (TA) = 25°C 

!"-. 

vt1" 
J.d" 

V1 

-1.0 -10 -100 -1000 
IC, COLLECTOR CURRENT (mA) 

SMALL-SIGNAL DEVICES 

2N4036 tr - 70 ns 

2N4036 ls - 600 ns 

2N4036 If - 100 ns 

2N4036 Ion - 110 ns 

2N4036 lo ff - 700 ns 

4-171 

DISSIPATION DERATING CURVE 

~ (JTA) 
;; 7.01-'-t-:..::..+-+--i<Kl:--t-+--t-+--+-t---t---t--t----I 

16 Ol-----l-----1-+--+~--'JSJl.----l-----1-+--+-t--+--l--+---I 
0 5.01-----l----l-+--+-t--'k---l-+--+-t--+----i--+---I 

~ 4 Of--+--+---t--+--f-----i~-----'k-K"°-t---+-----t----t--t-----t-----1 
~ 3.0l-----l-----1-+--+-t---l-----1L'>-'k----+-t--+--l--+---I 

1201-----t---t-+--+-t--+-----i-+~-'l<J'\:l:--t--+-----i--t-I 
"' 1.0t-(_ATrT_cl-r-t--r-"*=t----r-t--r~~,,...-r---i---i--1 
~ f-i-t--t.-_[S] 

~7~5_1---_~2~5--.J,o--'--~5~0~1---1~0~0-'--=-15~0=-'i::=~20~0,......_...___, 
CASE OR AMBIENT TEMPERATURE (Tc OR TA) -°C 

TYPICAL SATURATION-VOLTAGE CHARACTERISTICS 

COlliCToR JuRREN~ (IC) =110 
BASE CURRENT (IB) 

1 ,__ 

AMBIENT TEMPERATURE (TA) = 25°C 

v 
1-600 

~ 
k"': v 

~ -400 

g 
~ -200 

v 
-0.5 -0.15 -0.25 -0.35 

VCE(sat). COLLECTOR-TO-EMITTER SATURATION VOLTAGE (V) 

MAXIMUM SAFE OPERATING AREAS (SOA) 

ic MAX. I ri;!JLSED °6PE~TI,f. rT 11 
1.0 (CONTINUOUS) IJ 3 ll 

f-----+- 50 µS · :::r .!:'-
t=-=1=100 µs c 7.0i--------t-NORMALIZED 

~ ~;~~ ~- ,__ 50f-=+-~~~\~uER 
~ r-----t-1 0 mS ~- "'- 3.0 
~ t-- DC OPERATION ' b i 61--------1-+-H--++1-ti 

CASE tEM~E~AT1URE (Tel = 25°C f\ I I J ~ (CURVES MUST BE DERATEO LINEARLY I\ 1 O 
~ -O. l WITH INCREASE OF TEMPERATURE) 

!d f---- Vern MAX = 40 v -:$.:~:t:::t:m.m::vcrn MAX = -65 v 
~ (2N4037) - (2N4036) 

IIII IT 
'FOR SINJETTTlT[ 

-O.Ol NONREPETITIVE PULSE 
-1.D -10 -100 

VcE. COLLECTOR-TO-EMITTER VOLTAGE (V) 

MOTOROLA SEMICONDUCTORS 
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2N4208 
2N4209 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

SWITCHING TRANSISTOR 
Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 

PNP SILICON 
Operating and Storage Junction 

Temperature Range 

Refer to MM4257 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 3.0 mAdc, Is = O) 2N4208 V(BR)CEO 
2N4209 

Collector-Emitter Breakdown Voltage Oc = 100 µAde, VsE = Ol 2N4208 V(BR)CES 
2N4209 

Collector-Base Breakdown Voltage Oc = 100 µAde, IE = O) 2N4208 V(BR)CBO 
2N4209 

Emitter-Base Breakdown Voltage OE = 100 µAde, le = o) ~BR)EBO 
Collector Cutoff Current (VcE = 6.0 Vdc, VsE = 0) 2N4208 ICES 

(VcE = 8.0 Vdc, VsE = 0) 2N4209 
(VcE = 6.0 Vdc, VBE = 0, TA = 125°C) 2N4208 
(VcE = 8.0 Vdc, VsE = 0, TA= 125°C) 2N4209 

Base Current (VCE = 6.0 Vdc, VsE = O) 2N4208 15 
(VcE = 8.0 Vdc, VsE = O) 2N4209 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 1.0 mAdc, VcE = o.5 Vdc) 2N4208 

2N4209 

(le = 10 mAdc, VcE = 0.3 Vdc) 2N4208 
2N4209 

Oc = 10 mAdc, VcE = 0.3 Vdc, TA= -55°C) 2N4208 
2N4209 

(le= 50 mAdc, VcE = 1.0 Vdc)(1) 2N4208 
2N4209 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 1.0 mAdc, 15 = 0.1 mAdc) 2N4208 

2N4209 

(le = 10 mAdc, 15 = 1.0 mAdc) 2N4208 
2N4209 

Oc = 50 mAdc, 15 = 5.0 mAdc)(1) 2N4208 
2N4209 

Base-Emitter Saturation Voltage VBE(sat) 
Oc = 1.0 mAdc, 15 = 0.1 mAdc) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
Oc = 50 mAdc, 15 = 5.0 mAdc)(1) 

MOTOROLA SEMICONDUCTORS 

4-172 

Symbol 2N4208 2N4209 Unit 

Vern 12 15 Vdc 

Vcso 12 15 Vdc 

VEBO 4.5 Vdc 

le 50-200 mAdc 

Po 0.30-0.36 Watt 
1.72-2.06 mWl°C 

Po 0.70-1.2 Watts 
4.0-6.9 mW/°C 

TJ, Tstg -65 to +200 oc 

Min Typ Max Unit 

12 - - Vdc 
15 - -
12 - - Vdc 
15 - -
12 - - Vdc 
15 - -
4.5 5.9 - Vdc 

- - 10 nAdc 
- - 10 
- - 5.0 µAde 
- - 5.0 

- - 1.0 nAdc 
- - 1.0 

-
15 - -
35 - -

30 - 120 
50 - 120 

12 - -
20 - -

30 - -
40 - -

Vdc 
- - 0.13 
- - 0.15 

- - 0.15 
- - 0.18 

- - 0.5 
- - 0.6 

Vdc 
- 0.7 0.8 

0.75 0.86 0.90 
- 1.1 1.5 

SMALL-SIGNAL DEVICES 



2N4208,2N4209 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic \ Symbol Min Typ Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr MHz 
Uc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N4208 700 1000 -

2N4209 850 1100 -
Output Capacitance Cobo - 2.0 3.0 pF 

(Vee = 5.0 Vdc, IE = o. f = 140 kHz) 

Input Capacitance Cibo - 2.0 3.5 pF 
(VeE = 0.5 Vdc, le = o, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 10 15 ns 

Delay Time 
!Vee= 1.5 Vdc, VeE =,o, 

Id - 5.0 10 ns 
le= 10 mAdc, 191 = 1.0 mAdc) 

Rise Time Ir - 5.0 15 ns 

Turn-Off Time 2N4208 loff - 12 15 ns 

<Vee= 1.5 Vdc, 2N4209 - 16 20 • Storage Time le= 10 mAdc, 2N4208 Is - 12 15 ns 
le1 = le2 = 1.0 mAdc) 2N4209 - 17 20 

Fall Time 2N4208 If - 6.0 10 ns 
2N4209 8.0 10 

Storage Time Is ns 
Uc= 10 mAdc, 191 = 10 mAdc, 192 = 10 mAdc) 2N4208 - - 15 

2N4209 - - 20 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle.;; 2.0%. 
(2) fr is defined as the frequency at which ihfel extrapolates to unity. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4234 
2N4235 
2N4236 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

POWER TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Base Voltage VcBo 

Emitter-Base Voltage VEBO 

Base Current IB 

Collector Current - Continuous ic 

Total Device Dissipation @ TA = Po 
25•c 

Derate above 25°C 

Total Device Dissipation @ Tc = Po 
25•c 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 2N4234 VcEO(sus) 
Uc = 100 mAdc, IB = OJ 2N4235 

2N4236 

Collector Cutoff Current lcEO 
(VcE = 30 Vdc, IB = 0) 2N4234 
(VcE = 40 Vdc, IB = O) 2N4235 
(VcE = 60 Vdc, IB = 0) 2N4236 

Collector Cutoff Current ICEX 
(VcE = 40 Vdc, VBE = 1.5 Vdc) 2N4234 
(VcE = 60 Vdc, VBE = 1.5 Vdc) 2N4235 
(VcE = 80 Vdc, VBE = 1.5 Vdc) 2N4236 
!VcE = 30 Vdc, VBE = 1.5 Vdc, Tc = 150°Cl 2N4234 
(VcE = 40 Vdc, VBE = 1.5 Vdc, Tc = 150°Cl 2N4235 
!VcE = 60 Vdc, VBE = 1.5 Vdc, Tc = 150°C) 2N4236 

Collector Cutoff Current ·1cBo 
(VcB = 40 Vdc, IE = 0) 2N4234 
(VcB = 60 Vdc, IE = 0) 2N4235 
(VcB = 80 Vdc, IE = 0) 2N4236 

Emitter Cutoff Current IEBO 
(VBE = 7 Vdc, 1.c = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Uc= 100 mAdc, VcE = 1.0 Vdc) 
Uc= 250 mAdc, Vee = 1.0 Vdc) 
Uc= 500 mAdc, Vee = 1.0 Vdcl 
Uc= 1.0 Ade, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(1) VcE(satl 
Uc = 1.0 Ade, IB = 125 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
Uc = 1.0 Ade, IB = 100 mAdc) 

Base-Emitter On Voltage VBE 
Uc= 250 mAdc, Vee = 1.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 100 mAdc, VcE = 10 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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2N4234 2N4235 2N4236 Unit 

40 60 80 Vdc •· 

40 60 80 Vdc 

7.0 Vdc 

0.2 Vdc 

1.0 Ade 
3.0* 

Watt 
1.0 mW!°C 
5.7 

Watts 
6.0 mW!°C 
34 

-65 to +200 ·c 

Symbol Max Unit 

Rruc 29 ·crw 

Min Max Unit 

40 - Vdc 
60 -
80 -

mAdc 
- 1.0 
- 1.0 
- 1.0 

mAdc 
- 0.1 
- 0.1 
- 0.1 
- 1.0 
- 1.0 
- 1.0 

mAdc 
- 0.1 
- 0.1 
- 0.1 

- 0.5 mAdc 

-
40 -
30 150 
20 -
10 -
- 0.6 Vdc 

- 1.5 Vdc 

- 1.0 Vdc 

3.0 MHz 

SMALL-SIGNAL DEVICES 
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2N4234,2N4235,2N4236 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic 

Output Capacitance 
(Vee = 10 Vdc, le = o, f = 100 kHz) 

Small-Signal Current Gain 
Uc = 50 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

(1) Pulse Test: PW.; 300 µ,s, Duty Cycle.; 2.0%. 
*Indicates Data in addition to JeDeC Requirements. 

Symbol 

Cobo 

hte 

AGURE 1-POWER-TEMPERATURE DERATING CURVE 

3.0 

2.0 

- 1.0 
l 0.7 I 0.5 

(.) 0.3 I 0.2 

Ji 0.1 

0.07 
0.05 

0.03 

~ 
~ 
8 
2: 

~ 
I 
.e 

0 
0 25 50 75 100 

TEMPERATURE l°CI 
Safe Area Curves are Indicated by Figure 2. 
All limits are applicable and must ·be observed. 

FIGURE 2-ACTIVE-REGION SAFE OPERATING AREAS 

125 

-- ....... .., ..... rsl ~ 
:s: ~ ~µs -~ :x 

1-..... b..dc N 5m~ ~ .. 
~~ ::!!.. 

... 
~ 1---1-TJ = 200°C ~ 

- SECONDARY BREAKDOWN LIMITATION ~ r-- --·- THERMAL LIMITATION AT Tc= 25°C. 

t--t-!BASE·EMITTER DISSIPATION IS JS: 
PERCEPTIBLE ABOVE le = 1 AMPI. ~ 

LIMITFOI: 
214234 

:r 21423°5 
i 214238 

150 

~ 
~ 

~ 

~ 
N 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

YcE• COLLECTOR-EMITTER VOLTAGE IVOl.TSI 

Min Max Unit 

- 100 pF 

25 - -

175 200 

The Safe Operating Area Curves indi· 
cate lc-VcElimitsbelowwhich the device 
wffl not enter secondary breakdown. Col· 
lector load lines for specific circuits must 
fall within the applicable Safe Area to 
avoid causing a catastrophic failure. To 
insure operation below the maximum T J, 

power-temperature derating must be 
observed for both steady state and pulse 
power conditions. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4234,2N4235,2N4236 

LARGE SIGNAL CHARACTERISTICS 

1000 

700 

500 

300 

1 200 

I 
l!!l 100 

~ 70 

.!J 50 

30 

20 

t--1 

1--1 

FIGURE 3 - TRANSCONDUCTANCE 

_L 
L L 

Ye1=2V -f- 1 

I- rf t 
-} .J_ 

t t 7 
If I 

j 1 IL Ir-I: 
+ f 1 'L I 

T, = +100°c l J_ J_ __, ./ I 

1 ~ 
J_ 

L 
T, = +175°C 

10 
0 0.2 

j 
0.4 0.6 0.8 

V,., BASE-EMITIER VOLTAGE IVOLTSJ 

FIGURE 4 - INPUT ADMITTANCE 

_L _L 
L 

rf 
1 f T,=-55°C 

T,= +25°C 

1.0 

''OFF'' REGION CHARACTERISTICS 

FIGURE 5 - TRANSCONDUCTANCE 

2.0 r--t-T-t---t--+-+-1t---tillr-+-t---+-;t--t--i-T--fi1 

T,=+IWCJ t I 

0.02 J. _LL J. 
0.01.__.__.__.___.__.__,__.___.__,__.__.__..__..__..___.__. 

1.2 0.2 0.1 0.1 0.2 0.3 0.4 0.5 0.6 
Y11. BASE EMITTER VOLTAGE IVOLTSJ 

FIGURE &-EFFECTS OF BASE-EMITIER RESISTANCE 

50 r--- Ye1 = 2 V t--+--+---+---lt---t.L,.._,~.Lc..+--,H----1 

zftt 
20 L L.1. J.. 
10 

1 5.0 

i 
::> 

2.0 ..., 
i 
~ 1.0 

I I 
_J_ _J_ 

T, = +25°C 

J_ 
T, = +IOO'C ffi-1 

0.5 

0.2 L /-
0.1 

T,= +175°C I 

0.05 Jl 
0 0.2 0.4 0.6 0.8 1.0 

Y11, BASE-EMITIER VOLTAGE IVOLTSJ 

MOTOROLA SEMICONDUCTORS 

1.2 

J 30 ................ ~-+-~-""lis:=------f--~-t~---::s:,---t----; 
.., ~ .......... le= 2 x le15-----"'..t-~---l I 20 1----~~=-le?SJ_-'k-----1~~...,_-+-_l_e---1;o_x_1~___., 
~ 101----+---+-~---~-+-"""'-------i 
~ ..:x ~ 
ii 7.01----+---,----+--+-~-"~.....----+---~...,.JS..------i I 5.0 1----+---+---+--::s:~h...---:s.:-.si---I 
J ~ 3.0 t---+---+----+---+----"<::s;::-t----1 

2.01---+---+----+---+---ll"l..,..._---i 

~ 1.0 .__ _ __.__~...._ _ _._ _ __....._ _ _.___.....,.._ 
25 50 75 100 125 150 175 

T,, JUNCTION TEMPERATURE l'CJ 

SMALL-SIGNAL DEVICES 
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2N4234,2N4235, 2N4236 

100 

z: 
~ 70 

ffi 50 

~ 
g 

30 1 
20 

10 
10 20 30 50 100 200 300 500 1000 

le, COLLECTOR CURRENT lmAI 

SATURATION REGION CHARACTERISTICS 

FIGURE 8 - COLLECTOR SATURATION REGION 
2.0 

1.8 
~ 
~ 1.6 
~ 

~ 1.4 

~ 1.2 

~ 1.0 

I :: 
; 0.4 

0.2 

0 
1.0 

l 

le= lOOmA le=250mA 

1 
\ ~ 
~ 

2.0 3.0 5.0 

T, = +25°c 

le= 500mA le= lOOOmA 

~ 
10 20 30 50 70 100 200 

lo, BASE CURRENT lmAI 

FIGURE 9- "ON" VOLTAGES 
1.o~T-,~=-+-2-5·-c-~-.-~~~~I~~-~~--.~-~f".-i-".-

v .. 1 ... 1 @1e/l, = l0 ~ 
o.81--+-+-++--='i"H::+H-,.H..c;.E±fj:::'._,:..,...,-c=.._i---_HF=i.......,t--+++++1 

~ 0.6 
v .. @ve, 2v 

~ t--+---+--+-+---+-+--+-+-+-++---+---+--+-+--+--+--t-+++< 

~ §2 0.4 

~ 0.2 t---+-t-t-+--+-+-+-t+++---+---+--+-+--t-T::.P"'t--t-ti 
Ve,1 .. t1@lc/l1 = 10 A-1"" 

ob:~tl;t;t;f LjLjifiHi::CJtt:L::t!l!ttJ 
O.Dl 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

le, COLLECTOR CURRENT IAMPSI 

SMALL-SIGNAL DEVICES 
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FIGURE 10- TEMPERATURE COEFFICIENTS 
+ 1.0.----.r---r--.--,---,---.--.-....---,-----, 

1+100°c to +175°CI 

300 400 500 600 700 800 900 1000 

le, COLLECTOR CURRENT lmAI 

MOTOROLA SEMICONDUCTORS 
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2N4234,2N4235,2N4236 

DYNAMIC CHARACTERISTICS 

FIGURE 11- TURN-ON TIME 

o.o7 1-1-_v-1~---1l-4J_+v, J_-+v.,_~-+o~~+bo!Hi'-1..,."!-t.i-..... -~:;:~:~:~.::1;~_=;-;;:-~ 
o.os,___._J__J__._.J__.J_..__.J___.__.._._._..._~-""''-'.,.... ......... __.__,._.,,,..._.,._ 

JO 20 30 SO 70 JOO 200 300 SOO 700 1000 
le, COtLECTOR CURRENT lmAI 

FIGURE 12- STORAGE TIME 

3.0 r--+-- N ,.._ct--+-+-+-+-+-1--MH-t 

2.o~-+--+-++-i-+r--.-'f"';..N.t:-jo..1"1-i=---~~'>1.-1-+-+-+-H-1f-H l ~'ible/11-20 
! le/11-Jb~', 

1.ol=:t:::!::::!::t=::t=l::t=W::t==t=::t=:e$~~::tl:t:j I 0.7 t---+--+-+-+-+-+-+++H--+--+-+-+-~.-t]!.,--t-t+i 
J ~ 

O.St---+--+-+-+-+-+-+++H--+--+-+--+--+-+-~[~"°'.11--H 

IV~ 
0.31---+--+-+-+-+-+-+++H--+--+-+-+-+-l-!-+-tt'i 

0.21---+--+-+-+-+-+-+++Hf-----+--+-+--+--+-+-!-+-H-1 

0.1,___.__.__.._.___.__._._._..._._._...__...__._.__.__._.....__.__.u..i 
10 20 30 so 70 100 . 200 300 soo 700 1000 
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MAXIMUM RATINGS 

Rating Symbol 2N4237 2N4238 2N4239 

Collector-Emitter Voltage VcEO 40 60 80 

Collector-Base Voltage Vcso 50 80 100 

Emitter-Base Voltage VEBO 6.0 

Base Current Is 500 

Collector Current - Continuous ic 1.0 
3.0* 

Total Device Dissipation Po 
@TA= 25'C 1.0 

Derate above 25'C 5.3 

Total Device Dissipation Po 
@Tc= 25'C 6.0 

Derate above 25'C 34 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

*Thermal Resistance, Junction to Case 29 

ELECTRICAL CHARACTERISTICS !TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) 
lie = 100 mAdc, Is = O) 

Collector Cutoff Current 
(VcE = 50 Vdc, VEs = 1.5 Vdc) 
IVcE = 80 Vdc, VEB = 1.5 Vdc) 

IVcE = 100 Vdc, VEB = 1.5 Vdc) 
IVcE = 30 Vdc, VEs = 1.5 Vdc, Tc = 150'C) 

(VcE = 50 Vdc, VEs = 1.5 Vdc, Tc = 150'C) 
IVcE = 70 Vdc, VEs = 1.5 Vdc, Tc = 150'C) 

Collector Cutoff Current 
(Vea = Rated Vcso. IE = O) 
IVcE = Rated VcEQ. Is = 0) 

Emitter Cutoff Current 
(VEs = 6.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gainl1) 
Oc = 50 mAdc, VcE = 1.0 Vdc) 
(le = 250 mAdc, VcE = 1.0 Vdc) 
lie = 500 mAdc, VcE = 1.0 Vdc) 
Oc = 1.0 Ade, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
lie ='500 mAdc, Is= 50 mAdc) 
lie = 1.0 Ade, Is = 0.1 Ade) 

Base-Emitter Saturation Voltage(1) 
Oc = 1.0 Ade, Is= 0.1 Ade) 

Base-Emitter On Voltage(1) 
Oc = 250 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vea = 10 Vdc, le = o, f = 0.1 MHz) 

Small Signal Current Gain 
(le = 100 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Current Gain - High Frequency 
(VcE = 10 V, le = 100 mA, f = 1 MHz) 

11) Pulse Test: Pulse Width ,,;; 300 f.LS, Duty Cycle 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 

SMALL-SIGNAL DEVICES 

2N4237 
2N4238 
2N4239 

2N4237 
2N4238 

2N4239 
2N4237 

2N4238 
2N4239 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'C/W 

Symbol 

VcEOlsus) 

le EX 

icso 

IEBO 

hFE 

VcElsat) 

VBElsat) 

VsE(on) 

Cobo 

hfe 

lh1el 

2N4237 
2N4238 
2N4239 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Min Max 

40 -
60 -
80 -

- 0.1 
- 0.1 

- 0.1 
- 1.0 

- 1.0 
- 1.0 

- 0.1 
- .07 

- 0.5 

30 -
30 150 
30 -
15 -

- 0.3 
- 0.6 

- 1.5 

- 1.0 

- 100 

30 -

1.0 -

Unit 

Vdc 

mAdc 

mAdc 

mAdc 

-

Vdc 

Vdc 

Vdc 

pf 

-

-

MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 5. All limits are applicable 
and must be observed. 

SWITCHING CHARACTERISTICS 
FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3- TURN-ON TIME 
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FIGURE 4- THERMAL RESPONSE 
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FIGURE 5-ACTIVE-REGION SAFE OPERATING AREAS 
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FIGURE 6- STORAGE TIME 
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There are two limitations on the power han
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc-VcE limits of the transistor that 
must be observed .for reliable operation; i.e., the 
trarisistor must not be subjected to greater dissi
pation than the curves indicate. 

For this particular transistor family, the ther· 
ma! curves are the limiting design values, except 
for a small portion of the de curve. The pulse 
secondary breakdown curves are shown for 
information only. 

FIGURE 7 - FALL TIME 
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TYPICAL DC CHARACTERISTICS 
FIGURE 8-CURRENT GAIN FIGURE 9- COLLECTOR SATURATION REGION 
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FIGURE 10- EFFECTS OF BASE-EMITTER RESISTANCE 
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FIGURE 12- COLLECTOR CUTOFF REGION 

10' 

l IZ ~ ~ 7-
r-t-T, 175°C l.t"" ~ lL 

,,r. z 
:r ~ -r 1--1--t-100°c .lL 

lc=lces r± 
01 Yce=30V-1---1 

10-• 

.~ 10-
0.2 

2s·c 

R~SE 

0.1 

l0RW_1RD 

0.1 0.2 0.3 
V,., BASE-EMITIER VOLTAGE (VOl.TSI 

MOTOROLA SEMICONDUCTORS 

:r 
I 

0.4 0.5 

FIGURE 11 - "ON" VOLTAGE 

1.2 

"' ~ o.9 H-H++t+H-t-t-H-++++t+t--t-H-l--::lt--j,~~fltt-t-1 

~ t-VBEfu11@le/le 10 ~ 
~ 0.6 LI. J l..L 

v .. @ve, 1.0 v -++1~-+-+++-+-+++ttj--<lf-l 

0.3 H-t-+t++tl~+-l-+-t+±-++tttt+-t-+-t++++ti71Lf-H 

ctt±±~tt~Ve~E~fu~t)~@~le~il±e~flt0tttl::i:ttr!"""1!tttt==1j 0 c Lu: 
2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

le, COLLECTOR CURRENT lmAI 

FIGURE 13- TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 15 Vdc 

Collector-Base Voltage Vcso 15 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current - Continuous le 30 mAdc 

Total Device Dissipation @ TA = 25°C Po 200 mW 
De rate above 25°C 1.14 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie= 10 mAdc, IE = O) 

Collector-Base Breakdown Voltage 
lie = 10 µAde, IE = Ol 

Emitter-Base Breakdown Voltage 
llE = 10 µAde, le = Ol 

Collector Cutoff Current 
IVcE = 10 Vdc, VsE(off) = 2.0 Vdc) 
(VcE = 10 Vdc, VsE(off) = 2.0 Vdc, TA= 150°C) 
(VCE = 10 Vdc, VEB(or:!l_ = 0.4 Vdc) 

Base Cutoff Current 
IVcE = 10 Vdc, VsE(off) = 2.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 1.0 mAdc, VcE = 1.0 Vdcl 
lie = 10 mAdc, VcE = 1.0 Vdcl 
lie = 30 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie= 1.0 mAdc, Is= 0.1 mAdc) 
lie"' 10 mAdc, Is = 1.0 mAdc) 

Bas1>-Emitter On Voltage 
lie= 1.0 mAdc, VcE = 1.0 Vdc) 
lie = 10 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 5.0 mAdc, VcE = 4.0 Vdc, f = 100 MHz) 2N4260 

2N4261 

lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N4260 
2N4261 

Output Capacitance 
(Vcs = 4.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VsE = 0.5 Vdc, le = o, t = 1 oo kHz) 

Current Gain - High Frequency 2N4260 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N4261 

SMALL-SIGNAL DEVICES 

4-183 

2N4260 
2N4261 

2N4261 JAN, JTX AVAILABLE 
CASE 20, STYLE 10 

T0-72 

SWITCHING TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO 15 - Vdc 

V(BR)CBO 15 - Vdc 

V(BR)EBO 4.5 - Vdc 

ICEX µAde 
- 0.005 
- 5.0 
- 0.05 

lsL - 0.005 µAde 

hFE -
25 -
30 150 
20 -

VcE(sat) Vdc 
- 0.15 
- 0.35 

VsE(on) Vdc 
- 0.8 
- 1.0 

tr MHz 
1200 -
1500 -
1600 -
2000 -

Cobo - 2.5 pF 

Cibo - 2.5 pF 

lhtel 16 - -
20 -

MOTOROLA SEMICONDUCTORS 
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2N4260, 2N4261 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted l 

Characteristic 

Collector Base Time Constant 
Oc = 5.0 mAdc, VcE = 4.0 Vdc, f "" 31.8 MHz) 2N4260 

2N4261 

Oc = 10 mAdc, VcE = 10 Vdc, f = 31.8 MHz) 2N4260 
2N4261 

SWITCHING CHARACTERISTICS 

Rise Time. 

Fall Time 

Turn-On Time 

Turn-Off Delay Time 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3 - "ON" VOLTAGES 
l.O,--,--,-,-,,--,--,-,-,--,,-,---,-,-~-. 

~ 
Vn1 001@Ve, ~ l V --!-+" 

0·81:=:::+;::t=-i'-t"'-tll1111-Jt-ltl 
r---+-_,,__-+--+-_,-+--+-.._.,H-+-- TJ ~ 25°C -t-1 ;u ~ 

! ~ ?;: 0.4 r---+-_,,__-+--+-_,,__+--+-+-H-+---+~----+-< 

Ve<1 .. 11@le/l,~l0 ~ 
0.2 ~;;;;;i.;~9"--t---r-t-r"T'R-t--t--t-t-1 

o.___.._--'_.._.._--'_.._.._..__._._..__ _ _.__..__._~ 
l.O 2.0 3.0 5.0 7.0 10 20 30 

le, COLLECTOR CURRENT lmAI 

MOTOROLA SEMICONDUCTORS 

Symbol Min Max Unit 

rb'Cc ps 
- 35 
- 60 

- 30 
- 50 

Typical Performance 
(vout = 1.0 V) 

@10mA @30mA 

tr 0.5 0.9 ns 

tf 1.0 1.2 ns 

lon(del<OO 1.0 1.2 ns 

tott(del<OO 1.0 1.2 ns 

FIGURE 2 - COLLECTOR SATURATION REGION 
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~ 

FIGURES
CURRENT·GAIN - BANDWIDTH PRODUCT 
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FIGURE 7 - SWITCHING TIMES 
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SMALL-SIGNAL DEVICES 

FIGURE 6-
COLLECTOR·BASE TIME CONSTANT 
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FIGURE 8 - CAPACITANCE 
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2N4404 
2N4405 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE TRANSISTOR 

PNPSIUCON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc = 10 mAdc, le = Ol "l_BR)CEO 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = 0) '{@lll_CBO 

Emitter-Base Breakdown Voltage UE = 10 µAde, le = O) '{ullll_EBO 

Collector Cutoff Current (Vee = 60 Vde, IE = 0) iceo 

Emitter Cutoff Current (VeE = 3.0 Vde, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain hfE 
Uc= 0.1 mAde, Vee = 5.0 Vde) 2N4404 

2N4405 

Uc = 10 mAde, VcE = 5.0 Vde) 2N4404 
2N4405 

Uc = 150 mAde, VcE = 5.0 Vdc)(1) 2N4404 
2N4405 

!le = 500 mAde, VcE = 5.0 Vdc)(1) 2N4404 
2N4405 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 10 mAde, le = 1.0 mAde) 
Oc = 150 mAde, le = 15 mAde)(1) 
Oc = 500 mAde, le = 50 mAde)(1) 

Base-Emitter Saturation Voltage VeE(sat) 
Uc= 10 mAde, le= 1.0 mAde) 
Uc= 500 mAde, le= 50 mAde)(1) 

Base-Emitter On Voltage VeE(on) 
Uc= 150 mAde, VcE = 1.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 50 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ceb 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance Ceb 
(VeE = 0.5 Vdc, le= 0, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 80 Vdc 

Vceo 80 Vdc 

VEBO 5.0 Vdc 

le 1.0 Ade 

Po 1.25 Watts 
7.15 mW/"C 

Po 8.75 Watts 
50 mW/"C 

TJ, Tstg -65 to +200 ·c 

Symbol Max Unit 

Rruc 25 •ctw 

RruA 140 •etw 

Min Max Unit 

80 - Vdc 

80 - Vde 

5.0 - Vde 

- 25 nAde 

- 25 nAde 

-
30 -
75 -

40 -
100 -

40 120 
100 300' 

30 -
50 -

Vde 
- 0.15 
- 0.2 
- 0.5 

Vde 
- 0.8 

0.85 1.2 

- 0.9 Vde 

200 600 MHz 

- 10 pF 

- 75 pf 

SMALL-SIGNAL DEVICES 



2N4404, 2N4405 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Delay Time !Vee = 30 Vdc, VsEloff) = 2.0 Vdc, Id - 15 ns 

Rise Time le = 500 mAdc, ls1 = 50 mAdcl t, r- 25 ns 

Storage Time !Vee = 30 Vdc, le = 500 mAdc, ls - 175 ns 

Fall Time ls1 = ls2 = 50 mAdc) tr - 35 ns 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

~ 
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FIGURE 1 - TURN-ON 

+2.0V]f o- -

-10.85 v 

PULSEWIDTH"200ns 
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DUTY CYCLE': 2.0% 

-30 v 

SCOPE 

FIGURE 2 - TURN-OFF 

t2 < 5.0 ns 

t3 >1.0µS 

DUTY CYCLE= 2.0% 

-30 v 

SCOPE 

To obtain data for curves, voltage levels are approximately as shown, Rs and Re are varied. +3.0 v 
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FIGURE 3 - CAPACITANCES FIGURE 4 - CHARGE DATA 
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2N4404,2N4405 

FIGURE 7 - STORAGE TIME FIGURE 8 - FALL TIME 
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SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VcE = 10 Vdc, TA= 25°C 

le, COLLECTOR CURRENT (mA) 

FIGURE 9 - FREQUENCY EFFECTS FIGURE 10- SOURCE RESISTANCE EFFECTS 
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h PARAMETERS 
v CE = 10 Vdc, f = 1.0 kHz, TA= 25 ·c 

This group of graphs illustrates the relationship of the "h" parameters for this series of transistors. To obtain these 
curves, 4 units were selected and identified by number - the same units were used to develop curves on each graph. 

FIGURE 1i - CURRENT GAIN FIGURE 12 - INPUT IMPEDANCE 
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2~4404, 2N4405 

FIGURE 13-VOLTAGE FEEDBACK RATIO FIGURE 14 - OUTPUT ADMITTANCE 
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STATIC CHARACTERISTICS 

FIGURE 15 - DC CURRENT GAIN 
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FIGURE 16- COLLECTOR SATURATION REGION 
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RATINGS AND THERMAL DATA 

FIGURE 19 - SAFE OPERATING AREA 
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The safe operating area curves indicate lc-VcE 

limits of the transistor that must be obsetved for re
liable operation. Collector load lines for. specific cir
cuits must fall below the limits indicated by the ap- · 
plicable curve. 

The data of Figure 19 is based upon TJ(pk) = 
20o·c; Tc is variable .depending upon conditions. 
Pulse ·curves are valid for duty cycles to 10% pro· 
vid;d TJ(pkl :> 1oo·c. TJ(pkl may be calculated 
from the data in Figure 20. At high case tempera
tures, thermal limitations will reduce the power that 
can be handled to values less than the limitations im· 
posed by seco~d breakdown. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 80 Vdc 

Collector-Base Voltage Vceo 80 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

*Collector Current - Continuous• le 2.0 Amps 

Total Device Dissipation @TA = 25°C* Po 1.25 Watts 
Derate above 25°C 7.15 mWl°C 

Total Device Dissipation @ Tc = 25°C* Po 8.75 Watts 
Derate above 25°C 50 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Rruc 20 0ctw 
Thermal Resistance, Junction to Ambient RruA 140 0ctw 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage He = 10 µ.Ade, IE = 0) 

Emitter-Base Breakdown Voltage UE = 10 µ.Ade, le = O) 

Collector Cutoff Current (Vee = 60 Vdc, IE = 0) 

Emitter Cutoff Current (VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc = 10 mAdc, Vee = 5.0 Vdc) 2N4406 

2N4407 

Uc = 150 mAdc, Vee = 5.0 Vdcl 2N4406 
2N4407 · 

He = 500 mAdc, Vee = 5.0 Vdc) 2N4406 
2N4407 

He= 1.0 Ade, Vee = 5.0 Vdc) 2N4406 
2N4407 

Uc = 1.5 Ade, Vee = 5.0 Vdcl 2N4406, 2N4407 

Collector-Emitter Saturation Voltage 
Uc = 150 mAdc, 19 = 15 mAdc) 
Uc= 500 mAdc, le= 50 mAdc) 
Uc = .1.0 Ade, 19 = 100 mAdc) 
Uc = 1.5 Ade, le = 150 mAdc) 

Base-Emitter Saturation Voltage 
Uc = t50 mAdc, 19 = 15 mAdc) 
Uc= 1.0 Ade, le = 100 mAdc) 
Uc = 1.5 Ade, le = 150 mAdc) 

Base-Emitter On Voltage 
Uc = 500 mAdc, Vee = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= 50 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, le = o, f = 1.0 MHz) 

Emitter-Base Capacitance 
(Vee = o.5 Vdc, le = o, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Symbol 

'iBfil.CEO 

V(Bfil.CBO 

'iBfil.EBO 

lceo 

IEBO 

hFE 

VcE(sat) 

VeE(sat) 

VeE(on) 

fr 

Ccb 

Ceb 

---------------· -----

2N4406 
2N4407 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Min Max 

80 -
80 -
5.0 -
- 25 

- 25 

30 -
80 -
30 -
80 -
30 120 
80 240 

20 -
30 -
10 -

- 0.2 
- 0.4 
- 0.7 
- 1.5 

- 0.9 
0.9 1.3 
- 1.5 

- 1.0 

150 750 

- 15 

- 160 

• 
Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pF 

MOTOROLA SEMICONDUCTORS 



2N4406,2N4407 

ELECTRICAL Cl:IARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 
SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, V0E(off) = 2.0 Vdc, 

Rise Time le= 1.0 Ade, 101 = 100 mAdc) 

StorageTime (Vee= 30 Vdc, lc = 1.0 Ade, 

Fall Time 101 = 102 = 100 mAdc) 

(1) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle .;; 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 

MOTOROLA SEMICONDUCTORS 

td 

tr 

ts 

tf 
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Min Max Unit 

- 15 ns 

- 60 ns 

- 175 ns 

- 50 ns 

SMALL-SIGNAL DEVICES 
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STATIC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3- "ON" VOLTAGES 
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FIGURE 5 - SAFE OPERATING AREA 
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SMALL-SIGNAL DEVICES 

FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 4 - TEMPERATURE COEFFICIENTS 
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The safe operating area curves indicate lc-VcE limits of the 
transistor that must be observed for reliable operation. Collector 
load lines for specific circuits must fall below the limits indicated 
by the applicable curve. 

The data of Figure 5 is based upon TJ(pk) = 200°C; Tc is 
variable depending upon conditions. Pulse curves are valid for 
duty cycles to 10% provided T J(pk) "' 200°c. At high case tem
peratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 
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TRANSIENT CHARACTERISTICS 
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FIGURE 7 - CAPACITANCES 
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FIGURE 9 - TURN-ON TIME 
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FIGURE 8-CHARGE DATA 
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FIGURE 10- TURN-OFF TIME 
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DUTY CYCLE '.S 2.0% 
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FIGURE 12- TURN-OF~ TIME 

10< 11 < 500µs 
12< 10ns 
13> 1.0µs 

DUTY CYCLE S ·2.0% 
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2N4453 For Specifications, See 2N8691'. Data. 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 1.0 

Total Device Dissipation @ TA = 25"C Po 1.0 
Derate above 25"C 5.7 

Total Device Dissipation@ Tc = 25"C Po 5.0 
Derate above 25"C 28.6 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) !le = 100 µAde, Is = o) 

Collector-Emitter Breakdown Voltage lie = 10 mAdc, RBE = 10 ohms) 

Collector-Base Breakdown Voltage !le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = 100 µAde, le = O) 

Collector Cutoff Current (VCE = 60 Vdc, VBE(off) = 1.5 Vdc) 

Base Cutoff Current (VcE = 60 Vdc, VBE(of!l_ = 1.5 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 150 mAdc, VcE = 2.5 Vdc) 
!le = 150 mAdc, VcE = 10 Vdc) 

*Uc = 500 mA. VcE = 5 Vdc(1) 

Collector-Emitter Saturation Voltage 
!le = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage 
!le= 150 mAdc, ls = 15 mAdc) 

Base-Emitter On Voltage 
!le = 150 mAdc, VcE = 2.5 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance 
(VBE = 0.5 Vdc, le = o. f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VBE(off) = 0.8 Vdc, 

Rise Time le= 150 mAdc, ls1 = 15 mAdc) 

Storage Ti me (Vee= 30 Vdc, le= 150 mAdc, 

Fall Time ls1 = ls2 = 15 mAdc) 

(1) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle"' 2.0%. 

*Indicates Data in Addition to JEDEC Requirements. 

SMALL-SIGNAL DEVICES 

4-195 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW!°C 

Watts 
mW!°C 

"C 

Symbol 

V(BR)CEO 

~R)CER 

~lll_CBO 

V(BR)EBO 

ICEX 

IBL 

hFE 

VcE(sat) 

VBE(sat) 

VBE(on) 

tr 

Cobo 

Cibo 

Id 

tr 

ts 

If 

2N4890 

CASE 79-02, STYLE 1 
T0-39 IT0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Refer to 2N4033 for graphs. 

Min Typ Max 

40 - -
50 - -
60 - -
5.0 - -
- - 0.25 

- - 0.25 

25 130 -
50 140 250 
15 - -
- 0.12 1.4 

- 0.82 1.7 

- 0.74 1.7 

100 280 -

- 9.0 15 

- 60 80 

- 15 50 

20 20 50 

-.., 110 200 

- 20 70 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pf 

ns 

ns 

ns 

ns 

MOTOROLA SEMICONDUCTORS 
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2N4924 
2N4925 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

!fl 
AMPLIFIER TRANSISTOR 

NPNSIUCON 

Refer to 2N3498 for graphs. 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation@ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
Uc= 10 mAdc, ls= OJ 

Collector-Base Breakdown Voltage 
Uc= 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le = OJ 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = 0) 
(Vcs = 75 Vdc, IE = 0) 

Emitter Cutoff Current 
(VsE = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 1.0 mAdc, VcE = 10 Vdcl 
Uc = 10 mAdc, VcE = 10 Vdc) 
Uc= 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, Is = 1.0 mAdc) 
Uc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter On Voltage 
Uc= 50 mAdc, VcE = 10 Vdc) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
Uc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vcs = 20 Vdc, IE = 0, f = 140 kHz) 

Emitter-Base Capacitance 
(VEB = 1.0 Vdc, le = 0, f = 140 kHz) 

(1) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 
(2) fy = lhtel • ftest· 

MOTOROLA SEMICONDUCTORS 

Symbol 

V(BR)CEO 
2N4924 
2N4925 

V(BR)CBO 
2N4924 
2N4925 

V(BR)EBO 

ICBO 

IEBO 

hfE 

VcE(satl 

VsE(on) 

fy 

Ccb 

Ceb 

4-196 

Symbol 2N4924 2N4925 Unit 

VcEO 100 150 Vdc 

Vcso 100 150 Vdc 

VE.BO._ 5.0 Vdc 

le_ 200 mAdc 

Po 1.0 Watt 
5.71 mW!°C 

Po 5.0 Watts 
28.6 mW!°C 

TJ, Tstg -65 to +200 
·c 

Symbol Max Unit 

Re.Jc 35 0 c1W 
Re.JA 175 0 c1W 

Min Max . I Unit 

Vdc 
100 -
150 -

Vdc 
100 -
150 -
5.0 - Vdc 

µAde 
- 0.1 
- 0.1 

- 0.1 µAde 

-
25 -
35 -
40 200 

Vdc 
- 0.25 
- 0.4 

- 0.95 Vdc 

100 500 MHz 

- 10 pF 

- 80 pf 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol 2N4926 2N4927 Unit 

Collector-Emitter Voltage VcEO 200 250 Vdc 

Collector-Base Voltage vcBo 200 250 Vdc 

Emitter-Base Voltage Vrno 7.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mWl°C 

Total Device Dissipation@ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 35 oc;w 

Thermal Resistance, Junction to Ambient ReJA 175 oc;w 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(le = 10 mAdc, Is = O) 2N4926 

2N4927 

Collector-Base Breakdown Voltage 
lie= 0.1 mAdc, le= O) 2N4926 

2N4927 

Emitter-Base Breakdown Voltage 
llE = 0.1 mAdc, le = O) 

Collector Cutoff Current 
IVCB = 100 Vdc, IE = O) 2N4926 
IVcs = 100 Vdc, IE = o, TA = 100°C) 
(VcB = 150 Vdc, IE = 0) 2N4927 
(VcB = 150 Vdc, IE = o, TA= 100°C) 

Emitter Cutoff Current 
(VBE = 5.0 Vdc) 

ON CHARACTERISTICS (1) 

DC Current Gain (le = 3.0 mAdc, VcE = 10 Vdc) 
(le = 10 mAdc, VcE = 10 Vdc) 
lie = 30 mAdc, VcE = 10 Vdc) 
lie = so mAdc, VcE = 20 Vdc) 

Collector-Emitter Saturation Voltage (le = 10 mAdc, Is = 1.0 mAdc) 
(le = 30 mAdc, Is = 3.0 mAdc) 

Base-Emitter Saturation Voltage lie = 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 3.0 mAdc) 

Base-Emitter On Voltage (le = 30 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (le = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance (VcB = 20 Vdc, IE = 0, f = 140 kHz) 

Input Impedance (le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio (le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain (le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance (le= 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Real Part of Input Impedance (le = 10 mAdc, VcE = 20 Vdc, f = .5.0 MHz) 

(1) Pulse Test: Pulse Width "'300 µs, Duty Cycle"' 2.0%. 

SMALL-SIGNAL DEVICES 
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2N4926 
2N4927 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
200 -
250 -

V(BR)CBO Vdc 
200 -
250 -

V(BR)EBO 7.0 - Vdc 

icso µAde 
- 0.1 
- 10 
- 0.1 
- 10 

IEBO - 0.1 µAde 

hFE 10 - -
15 -
20 200 
20 -

VcE(satl - 1.0 Vdc 
- 2.0 

VBE(sat) - 1.2 Vdc 
- 1.5 

VBE(on) - 1.5 Vdc 

IT 30 300 MHz 

Ccb - 6.0 pF 

hie 75 2000 ohm 

hre 0.1 2.0 x 10-4 

hte 25 250 -
hoe - 50 µmhos 

Re(hiel 4.0 200 ohms 

MOTOROLA SEMICONDUCTORS 
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2N4928 
thru 

2N4931 

2N4930 and 2N4931 JAN, JTX & 
JTXV AVAILABLE 
CASE 79, STYLE 1 
T0-39 (T0·205AD) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Reier to 2N3494 for graphs for 2N4928. * 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current -
Continuous 

Total Device Dissipation 
@TA= 25'C 

Derate above 25'C 

Total Device Dissipation 
@Tc= 25'C 

Derate above 25'C 

Operating and Storage 
Junction Temperature 

Range 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mAdc, IB = O) 2N4928 

2N4929 
2N4930 
2N4931 

Collector-Base Breakdown Voltage 
OE = o, le = 100 µAde) 2N4928 

2N4929 
2N4930 
2N4931 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
IVcB = 50 Vdc, IE = O) 2N4928 
(VcB = 75 Vdc, IE = O) 2N4929 
(VcB = 150 Vdc, IE = O) 2N4930, 2N4931 

Emitter Cutoff Current 
(VBE = 3.0 Vdc, le = O) 2N4928, 2N4929 
(VBE = 3.0 Vdc, le = O) 2N4930, 2N4931 

ON CHARACTERISTICS 

DC Current Gain 
(le = 1.0 mAdc, VcE = 10 Vdc) All Types 

Oe = 10 mAdc, VcE = 10 Vdc)(1) 2N4928, 2N4929 
2N4930, 2N4931 

Oc = 50 mAdc, VcE = 10Vdc)(1) 2N4928, 2N4929 
(le = 30 mAdc, VcE = 10 Vdc)(1) 2N4930, 2N4931 

Collector-Emitter Saturation Voltage(1) 
Oe = 10 mAdc, IB = 1.0 mAdc) 2N4928, 2N4929 

2N4930, 2N4931 

Base-Emitter On Voltage 
(le = 10 mAdc, VcE = 10 Vdc) 

MOTOROLA SEMICONDUCTORS 
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Symbol 2N4928 

Vern 100 

VcBo 100 

VEBO 4.0 

le 100 

Po 0.6 
3.4 

Po 3.0 
17.2 

TJ, Tstg 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcBo 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

2N4929 2N4930 2N4931 Unit 

150 200 250 Vdc 

150 200 250 Vdc 

4.0 4.0 4.0 Vdc 

500 500 500 mAdc 

1.0 1.0 1.0 Watt 
5.71 5.71 5.71 mW/'C 

5.0 5.0 5.0 Watt 
28.6 28.6 28.6 mW/'C 

-65 to +200 'C 

Min Max Unit 

Vdc 
100 -
150 -
200 -
250 -

Vdc 
100 -
150 -
200 -
250 -
4.0 - Vdc 

µAde 
- 0.5 
- 0.5 
- 1.0 

µAde 
- 0.5 
- 1.0 

-
20 -

25 200 
20 200 

20 -
20 -

Vdc 
- 0.5 
- 5.0 

- 1.0 Vdc 

SMALL-SIGNAL DEVICES 



2N4928 thru 2N4931 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 20 mAdc, Vee = 20 Vdc, f = 100 MHz) 
lie = 20 mAdc, Vee = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(VcB = 20 Vdc, IE = 0, f = 140 kHz) 
(VcB = 20 Vdc, IE = 0, f = 140 kHz) 
(VcB = 20 Vdc, IE = o. f = 140 kHz) 

Emitter-Base Capacitance 
(VBE = 2.0 Vdc, le = 0, f = 140 kHz) 
(VBE = 1.0 Vdc, le = o. f = 140 kHz) 
(VBE = 0.5 Vdc, le = 0, f = 140 kHz) 

(1) Pulse Test: Pulse Width "'300 µ,s, Duty Cycle"' 2.0%. 
Refer to 2N3634 for graphs for 2N4929. 
Refer to 2N3743 for graphs for 2N4930 and 2N4931. 

SMALL-SIGNAL DEVICES 

2N4928, 2N4929 
2N4930, 2N4931 

2N4928 
2N4929 
2N4930, 2N4931 

2N4928 
2N4929 
2N4930, 2N4931 
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,,. MHz 
100 1,000 
20 200 

Ccb pf 
- 6.0 
- 10 
- 20 

Ceb pf 
- 40 
- 80 
- 400 

MOTOROLA SEMICONDUCTORS 
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2N5022 
2N5023 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Reier to 2N3467 for graphs. 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Emitter Voltage VcES 

Collector-Base Voltage Vcso 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 
(Pulse Width = 300 µ,s, DC = 1%) 

Total Device Dissipation @ TA = 25°C Po 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

Maximum Lead Temperature TL 
(Soldering, 60 sec max) 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case ROJc 

Thermal Resistance, Junction to Ambient ReJA 

*Indicates Data in Addition to JEDEC Requirements. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
Uc = 1 oo µ,Ade) 2N5022 50 

2N5023 30 

Collector-Emitter Sustaining Voltage V(BR)CEO(sus)* 
Uc= 10 mAdc) 2N5022 50 

2N5023 30 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 1 oo µ,Ade) 2N5022 50 

2N5023 30 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 
(IE = 100 µ,Ade) All 

Collector Cutoff Current ICES 
(VcE = 30 Vdc) 2N5022 -
(VcE = 20 Vdc) 2N5023 -
(TA= 100°Cdc) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Uc = 100 mA, VcE = 1.0 Vdc) 2N5022 15 

2N5023 30 

Uc= 500 mA, VcE = 1.0 Vdc) 2N5022 25 
2N5023 40 

Uc = 1.0 A, VcE = 5.0 Vdc) 2N5022 25 
2N5023 40 

Uc = 500 ma, VcE = 1.0 v, TA= -55°C) 2N5022 10 
2N5023 20 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
Uc = 100 mAdc, Is = 10 mAdc) 2N5022 -

2N5023 -

Uc = 500 mAdc, Is = 50 mAdc) 2N5022 -
2N5023 -

(le = 1.0 Ade, Is = 1 oo mAdcl 2N5022 -
2N5023 -

2N5022 2N5023 Unit 

50 30 v 
50 30 v 
50 30 v 

5 v 
1.0* A 

1.0 Watts 
5.72 mwrc 
4.0 Watts 
22.8 mwrc 

-65 to +200 oc 

+300 oc 

Max Unit 

43.8 oc;w 

175 oc;w 

Max Unit 

v 
-
-

v 
-
-

v 
-
-
- v 

100 nA 
15 µ,A 

-
-
-

100 
100 

-
-

-
-

0.20 
0.17 v 

0.40 
0.35 v 

0.80 
0.70 v 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5022, 2N5023 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Base-Emitter Saturation Voltage VgE(sat) 
Uc = 100 mAdc, Is = 10 mAdc) - 1.0 v 
Uc = 500 mAdc, Is = 50 mAdc) 0.8 1.4 v 
Uc= 1.0 Ade, lg = 100 mAdc) - 1.75 v 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance Ccb - 25 pF 
IVBE = 0.5 V, I = 100 kHz) 

Emitter-Base Capacitance Ceb - 100 pF 
(VsE = 0.5 V, I = 100 kHz) 

Small-Signal Current Gain hte -
Uc = 50 mA, VcE = 10 V, I = 100 MHz) 2N5022 1.7 -

2N5023 2.0 -
SWITCHING CHARACTERISTICS • Turn-On Time ton - 40 ns 

(VcE = -30 v, le~ 500 mA. lg~ 50 mA) 

Turn-Off Time to ff - 90 ns 
IVcE = 30 V, le~ 500 mA, IB1 = ls2 ~ 50 mA) 

(1) Pulse Width = 300 µ,s, Duty Cycle = 1.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5058 
2N5059 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TA = 25'C 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

GENERAL PURPOSE TRANSISTOR 
THERMAL CHARACTERISTICS 

NPN SILICON Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Refer to 2N3724 for graphs. 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (2) 
!le = 30 mAdc, Is = O) 2N5058 

2N5059 

Collector-Base Breakdown Voltage 
!le = 100 µAde, IE = O) 2N5058 

2N5059 

Emitter-Base Breakdown Voltage 
(IE = 1 oo µAde, le = O) 2N5058 

2N5059 

Collector Cutoff Current (Vcs = 100 Vdc, IE = 0) 
(Vcs = 100 Vdc, IE = 0, TA= + 125'C) 

Emitter Cutoff Current (VBE = 5.0 Vdc, le = O) 

ON CHARACTERISTICS (2) 

DC Current Gain 
!le = 5.0 mAdc, VcE = 25 Vdc) 2N5058 

2N5059 

!le = 30 mAdc, VcE = 25 Vdc) 2N5058 
2N5059 

!le = 30 mAdc, VcE = 25 Vdc, TA= -55'C) 2N5058 

!le = 100 mAdc, VcE = 25 Vdc) 2N5058 
2N5059 

Collector-Emitter Saturation Voltage !le = 30 mAdc, Is = 3.0 mAdc) 

Base-Emitter Saturation Voltage !le = 30 mAdc, Is = 3.0 mAdc) 

Base-Emitter On Voltage !le = 30 mAdc, VcE = 25 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (3) lie = 10 mAdc, VcE = 25 Vdc, f = 20 MHz) 

Collector-Base Capacitance (Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance (VBE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 
(3) fy is defined as the frequency at which the lhtel extrapolates to unity. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(sat) 

VsE(sat) 

VBE(ol]]_ 

fT 
Ccb 

Ceb 

Symbol 2N5058 2N5059 Unit 

VcEO 300 250 Vdc 

vcso 300 250 Vdc 

VEBO 7.0 6.0 Vdc 

le 150 mAdc 

Po 1.0 Watt 
6.67 mW!°C 

Po 5.0 Watts 
33.3 mW!°C 

TJ. Tstg -65 to +200 'C 

Symbol Max Unit 

RllJC 30 'CIW 

RllJA (1) 150 'C/W 

Min Max Unit 

Vdc 
300 -
250 -

Vdc 
300 -
250 -

Vdc 
7.0 -
6.0 -
- 0.05 µAde 
- 20 

- 10 nAdc 

-
10 -
10 -

35 150 
30 150 

10 -
35 -
30 -
- 1.0 Vdc 

- 0.85 Vdc 

- 0.82 Vdc 

30 160 MHz 

- 10 pF 

- 75 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol 2N5229 2N5230 2N5231 Unit 

Emitter-Collector Voltage VECO 10 20 30 Vdc 

Collector-Base Voltage Vcso 15 30 50 Vdc 

Emitter-Base Voltage VEBO 15 30 50 Vdc 

Collector Current - Continuous ic 50 mAdc 

Total Device Dissipation Po 
@TA= 25'C 0.5 Watt 
Derate above 25'C 2.86 mW/'C 

Total Device Dissipation Po 
@Tc= 25'C 2.0 Watts 
Derate above 25'C 12 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Emitter-Collector Breakdown Voltage 
(IE = 10 µAde, Is = O) 2N5229 

2N5230 
2N5231 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = O) 2N5229 

2N5230 
2N5231 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le = OI 2N5229 

2N5230 
2N5231 

Collector Cutoff Current 
(Vcs = 12 Vdc, IE = 0) 2N5229 
(Vcs = 25 Vdc, IE = 0) 2N5230 
(Vcs = 40 Vdc, IE = 0) 2N5231 

Emitter Cutoff Current 
(VEB = 12 Vdc, le = 0) 2N5229 
(VEB = 25 Vdc, le = 0) 2N5230 
(VEB = 40 Vdc, le = 0) 2N5231 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 100 µAde, VcE = 1.0 Vdcl 
Uc = 200 µAde, VcE = 0.5 Vdc) (Inverted Connection) 

Offset Voltage 
Us = 100 µAde, IE = 01 2N5229, 2N5230, 

2N5231 

Us = 1.0 mAdc, IE = O) 2N5229, 
2N5230, 2N5231 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 140 kHz) 

Emitter-Base Capacitance 
(VEB = 10 Vdc, le = 0, f = 140 kHz) 

Small Signal Current Gain 
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 4.0 MHz) 

SMALL-SIGNAL DEVICES 

4-203 

2N5229 
2N5230 
2N5231 

CASE 26-03, STYLE 1 
T0-46 (T0-206AB) 

I 
LOW POWER CHOPPER 

TRANSISTOR 

PNP SILICON 

Symbol Min Max 

V(BR)ECO 
10 -
20 -
30 -

V(BR)CBO 
15 -
30 -
50 -

V(BR)EBO 
15 -
30 -
50 -

lcso 
- 1.0 
- 1.0 
- 1.0 

IEBO 
- 1.0 
- 1.0 
- 1.0 

hfE 
50 -
15 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

VEC(ofs) mVdc 
- 0.5 
- 0.8 

- 0.8 
- 1.0 

Ccb - 5.0 pf 

Ceb - 4.0 pf 

hfe 2.0 - -

MOTOROLA SEMICONDUCTORS 

• 



2N5229,2N5230,2N5231 

ELECTRICAL CHARACTERISTICS (continued) !TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

"ON" Series Resistance rec(on) Ohms 
!IB = 1.0 mAdc, IE = 0, le = 100 µA RMS, f = 1.0 kHz) 2N5229 1.0 6.0 

2N5230 2.0 8.0 
2N5231 2.0 10 

TYPICAL CHARACTERISTICS 
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versus BASE CURRENT 
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FIGURE 5 - CURRENT GAIN versus 
COLLECTOR CURRENT 
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FIGURE 2 - EMITTER-COLLECTOR VOLTAGE 
versus JUNCTION TEMPERATURE 
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2N5229,2N5230,2N5231 
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FIGURE 7 - COLLECTOR CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 
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FIGURE 8 - EMITTER CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 
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2N5320 
2N5321 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

SWITCHING TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 100 mAdc, Is = O) 2N5320 

2N5321 

Collector Cutoff Current ICEX 
(Vee ,,; 100 Vdc, Vee = 1.5 Vdc) 2N5320 
!VcE = 70 Vdc, VsE = 1.5 Vdc, Tc= 150°C) 
(Vee = 75 Vdc, Vee = 1.5 Vdc) 2N5321 
!VcE = 45 Vdc, VsE = 1.5 Vdc, Tc = 150°C) 

Emitter Cutoff Current IEBO 
!Vee = 1.0 Vdc, le = O) 2N5320 
!VsE = 5.0 Vdc, le = o) 2N5321 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Uc = 500 mAdc, VcE = 4.0 Vdc) 2N5320 

2N5321 

Uc= 1.0 Ade, VcE = 2.0 Vdc) 2N5320 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 500 mAdc, 19 = 50 mAdc) 2N5320 

2N5321 

Base-Emitter On Voltage VsE(on) 
Uc = 500 mAdc, VcE = 4.0 Vdc) 2N5320 

2N5321 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Current Gain hfe 
Uc = 50 mAdc, Vee = 4.0 Vdc, f = 10 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(Vee = 30 Vdc, le = 500 mAdc, 191 = 50 mAdc) 

Turn-Off Time to ff 
(Vee = 30 Vdc, le = 500 mAdc, 191 = 192 = 50 mAdc) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0o/o. 

MOTOROLA SEMICONDUCTORS 

4-206 

Symbol 2N5320 2N5321 Unit 

Vern 75 50 Vdc 

Vcso 100 75 Vdc 

VEBO 7.0 5.0 Vdc 

19 1.0 Ade 

le 2.0 Ade 

Po 10 Watts 
0.057 mWl°C 

TJ, Tstg -65 to +200 ·c 

Symbol Max Unit 

Rruc 17.5 •ctw 

Min Max Unit 

Vdc 
75 -
50 -

mAdc 
- 0.1 
- 5.0 
- 0.1 
- 5.0 

mAdc 
- 0.1 

0.1 

-
30 130 
40 250 

10 -
Vdc 

- 0.5 
- 0.8 

Vdc 
- 1.1 

1.4 

5 

- 80 ns 

- 800 ns 

SMALL-SIGNAL DEVICES 



2N5230, 2N5231 

10 

180 i . 
a 6.o 

~ ~ 4.0 

2.0 

0 

TYPICAL INPUT CHARACTERISTICS 

C_!ILLECTOR-TO-EMITTER VOLTAGE (VCE) = 4.0 V 

I 

AMBIENT TEMPERATURE 
(TA)= 25°C 

] 
j_ 
j_ 

""""-
0.6 0.7 0.8 0.9 1.0 1.1 

VeE. BASE TO EMITTER VOLTAGE (V) 

CURRENT GAIN CHARACTERISTICS versus 
COLLECTOR-EMITIER VOLTAGE 

AMBIE.RATURE 

VCE = -4.0 V 

0 
(TA)= 25°C 

0 
0.1 1.0 10 100 1000 

IC. COLLECTOR CURRENT (mA) 

SMALL-SIGNAL DEVICES 

i 
ffi 
~ 1200 

~ 1000 

~ 800 

8 600 

:J 400 

200 

0 

TYPICAL TRANSFER CHARACTERISTICS 

COLLECTOR-TO EMITTER VOLTAGE (VCE) = 4.0 V 

_L 

11,.MSIENT TEMPERATURE 

t (TAI= 25°C 

J 
0.5 0.6 0.7 0.8 0.9 

VeE. BASE-TO-EMITTER VOIJAGE (V) 

MAXIMUM SAFE OPERATING AREAS (SOA) 

•FOR SINGLE 
NONREPETITIVE PULSE ~ 

VCEO MAX = 50 V 'N 
(2N5321) ,., 1_ VcEO MAX= 75 V 

.,..-- (2N5320) 

1.0 10 100 
VCE. COLLECTOR-TO-EMITTER VOLTAGE (V) 

MOTOROLA SEMICONDUCTORS 
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2N5322 
2N5323 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

SWITCHING TRANSISTOR 

PNPSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
lie = 100 mAdc, le = O) 2N5322 

2N5323 

Collector Cutoff Current icex 
(Vee = 100 Vdc, Vee = 1.5 Vdc) 2N5322 
!Vee = 10 Vdc, Vee = 1.5 Vdc, Tc = 15o•c) 
(Vee = 75 Vdc, Vee = 1.5 Vdc) 2N5323 
(Vee = 45 Vdc, Vee = 1.5 Vdc, Tc= 150°Cl 

Emitter Cutoff Current IEeo 
(Vee = 1.0 Vdc, le = O) 2N5322 
(Vee = 5.0 Vdc, le = O) 2N5323 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
lie = 500 mAdc, Vee = 4.0 Vdc) 2N5322 

2N5323 

lie = 1.0 Ade, Vee = 2.0 Vdc) 2N5322 

Collector-Emitter Saturation Voltage Vce(sat) 
lie = 500 mAdc, le = 50 mAdc) 2N5322 

2N5323 

Base-Emitter On Voltage Vee(on) 
lie = 500 mAdc, Vee = 4.0 Vdc) 2N5322 

2N5323 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Current Gain hfe 
Uc = 50 mAdc, Vee = 4.0 Vdc, f = 10 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
(Vee = 30 Vdc, le = 500 mAdc, le1 = 50 mAdc) 

Turn-Off Time !off 
(Vee = 30 Vdc, le = 500 mAdc, le1 = le2 = 50 mAdc) 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle.;; 2.0%. 

MOTOROLA SEMICONDUCTORS 

4-208 

Symbol 2N5322 2N5323 Unit 

Vceo 75 50 Vdc 

Vceo 100 75 Vdc 

Veeo 7.0 5.0 Vdc 

le 1.0• Ade 

le 2.0 Ade 

Po 10 Watts 
0.057 wrc 

TJ, Tstg -65 to +200 ·c 

Symbol Max Unit 

RBJC 17.5 •CfW 

Min Max Unit 

Vdc 
75 -
50 -

mAdc 
- 0.1 
- 5.0 
- 0.1 
- 5.0 

mAdc 
- 0.1 
- 0.1 

-
30 130 
40 250 

10 -
Vdc 

0.7 
- 1.2 

Vdc 
1.1 

- 1.4 

5 

- 100 ns 

- 1000 ns 

SMALL-SIGNAL DEVICES 



2N5322,2N5323 

-10 

-2.0 

10 

TYPICAL INPUT CHARACTERISTICS 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) ; -4.0 V 

t 
_l AMBIENT TEMPERATURE (TA) = 25°C 

J_ 
IL 

_./J 

L v 
-0.7 -0.9 -1.1 

VeE..BASE TO EMITTER VOLTAGE (V) 

CURRENT GAIN CHARACTERISTICS versus 
COLLECTOR-EMITTER VOLTAGE 

:mrllb 
VcE ='.'.4'.o v 

A BIENT TEMPERA RE (TA)= 25°C 

-0.1 -1.0 -10 -100 
IC. COLLECTOR CURRENT 

-1000 

TYPICAL TRANSFER CHARACTERISTICS 

COLLECTOR-TO EMITTER VOLTAGE (VCE) = 4.0 v 

< 
.§. ,_ 
ffi 
g§ -1200 
a 
a: 

t3 -800 
~ 
8 
.:) -400 

lL 
~rENrEMiATUi (TA) toe 1-----i 

Ll 
L. 
-0.7 -0.9 -1.1 

VBE. BASE-TO-EMITTER VOLTAGE (V) 

MAXIMUM SAFE OPERATING AREAS (SOA) 

CASE TEMPERATURE (Tel = 25°C 
(CURVES MUST BE DERATED LINEARLY 

-10 

i 
WITH INCREASE OF TEMPERATURE) 

le MAX. 
a (CONTINUOUS) 

~ -1.0 

~ 
8 
!J -0.1 

-0.01 
-1.0 

DC OPERATION I isJb LIMITED 
(SLOPE= -2) 

DISSIPATION VCEO 
LIMITED MAX= -50 V (SLOPE= 1) (2N5323l 

35 VcEO 
MAX=-75V 
(2N5322) 

-10 -100 
VcE. COUECTOR-TO-EMITTER VOLTAGE 

2N5415,2N5416 For Specifications, See 2N3439 Data. 

2N5581 For Specifications, See 2N2218 Data. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5679 
2N5680 

PNPSILICON 

2N5681 
2N5682 
NPN SILICON 

CASE 79-02, STYLE 1 
T0-5 (T0-205AA) .. 

!I 
GENERAL PURPOSE 

TRANSISTOR 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25"C 
Derate above 25"C 

Total Device Dissipation @Tc = 25'C 
Cerate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Symbol 

VcEO 

Vceo 

VEBO 

le 

le 

Po 

Po 

TJ, Tstg 

Symbol 

RllJC 

RllJA 

2N5679 2N5680 
2N5681 2N5682 Unit 

100 120 Vdc 

100 120 . Vdc 

4.0 Vdc 

0.5 Ade 

1.0 Ade 

1.0 Watt 
5.7 mW/"C 

10 Watts 
57 .mW/"C 

-65 to +200 'C 

Max Unit 

17.5 'CIW 

175 'CIW 

Characteristic Symbol I Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emi.tter Sustaining Voltage VcEO(sus) Vdc 
Uc = 10 mAdc, le = O) 2N5679, 2N5681 100 -

2N5680, 2N5682 120 -
Collector Cutoff Current ICEO µAde 

(VcE = 10 Vdc, le = 01 - 10 
(VcE = so Vdc, le = 01 - 10 

Collector Cutoff Current ICEX 
(VcE = 100 Vdc, VEe = 1.5 Vdc) 2N5679, 2N5681 - 1.0 µAde 
!VcE = 120 Vdc, VEe = 1.5 Vdc) 2N5680, 2N5682 - 1.0 

mAdc 
(VcE = 100 Vdc, VEe = 1.5 Vdc, Tc = 150°C) 2N5679, 2N5681 - 1.0 
(VcE = 120 Vdc, VEe = 1.5 Vdc, Tc = 150"C) 2N5680, 2N5682 - 1.0 

Collector Cutoff Current iceo µAde 
(Vee = 100 Vdc, IE = 0) 2N5679, 2N5681 - 1.0 
(Vee = 120 Vdc, IE = 0) 2N5680, 2N5682 - 1.0 

Emitter Cutoff Current IEBO - 1.0 µAde 
!VEe = 4.o Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc = 250 mAdc, VcE = 2.0 Vdc) 40 150 
Uc = 1.0 Ade, VcE = 2.0 Vdc) 5.0 -

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Uc = 250 mAdc, le = 25 mAdc) - 0.6 
Uc = 500 mAdc, le = 50 mAdc) - 1.0 
Uc = 1.0 Ade, le = 200 mAdc) - 2.0 

Base-Emitter Saturation Voltage VeE(sat) - 1.0 Vdc 
Uc = 250 mAdc, VcE = 2.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 30 - -
Uc = 100 mAdc, VcE = 10 Vdc, f = 10 MHz) 

Output Capacitance .Cobo - 50 pF 
(Vee= 20 Vdc, IE= 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 40 - -
Uc = 0.2 Ade, VcE = 1.5 Vdc, f = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5679,2N5680,2N5681,2N5682 

V1 

V2 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

01 Must Be Fast Recovery Type, e.g. 

MB05300 Used Above 18 = 100 mA 

MSD6100 Used Below 18 = 100 mA 

j25µsr-

.. ~:~ R9 

01 9.0 v 51 
tr,tf ~10ns 

Duty Cycle::: 1.0% -4.0 v 

Vee 

Re and Ac Varied to Obtain Desired Current Levels 

For td and tr, 01 is disconnected and V2 = O 

+30 v 

Scope 

For PNP test circuit, reverse diode and voltage polarities. 
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NPN 
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2N5679,2N5680,2N5681,2N5682 

FIGURE 4- CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 12 -TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 40 Vdc 

Collector-Base Voltage Vcso 80 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 2.0 Ade 

Total Device Dissipation @ TA = 25'C Po 1.0 Watt 
Derate above 25'C 6.0 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 5.0 Watts 
Derate above 25'C 28.6 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 35 'C/W 

Thermal Resistance, Junction to Ambient ROJA 175 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage (le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage (IE = 10 µAde, le = O) 

Collector Cutoff Current (VcE = 50 Vdc, VBE(off) = 2.0 Vdc) 
(VCE = 50 Vdc, VBE(off) = 2.0 Vdc, TA = 75'C) 

Collector Cutoff Current (VcB = 50 Vdc, IE = O) 
(VcB = 50 Vdc, IE = 0, TA = 75'C) 

Emitter Cutoff Current (VBE = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain Oc = 500 mAdc, VcE = 1.0 Vdc) 
Oc = 1.0 Ade, VcE = 1.0 Vdc) 
Oc = 1.0 Ade, VcE = 1.0 Vdc, TA= -55'C) 

Collector-Emitter Saturation Voltage (le = 500 mAdc, IB = 50 mAdc) 
Oc = 1.0 Ade, IB = 100 mAdc) 

Base-Emitter Saturation Voltage Oc = 500 mAdc, IB = 50 mAdcl 
Oc = 1.0 Ade, IB = 100 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (le = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance (VcB = 10 Vdc, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance (VEB = 0.5 Vdc, le = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(Vee = 30 Vdc, VBE(offl = 2.0 Vdc, le = 1.0 Ade, 
IB1 = 100 mAdc) (Figures 8 and 10) 

Rise Time 
(Vee = 30 Vdc, VBE(offl = 2.0 Vdc, le = 1.0 Ade, 
IB1 = 100 mAdc) (Figures 8 and 10) 

Storage Time 
(Vee = 30 Vdc, le = 1.0 Ade, 
ls1 = IB2 = 100 mAdc) (Figures 9 and 111 

Fall Time 
(Vee = 30 Vdc, le = 1.0 Ade, 
IB1 = ls2 = 100 mAdc) (Figures 9 and 11) 

SMALL-SIGNAL DEVICES 

4-215 

2N5859 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

SWITCHING TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)CBO 80 - Vdc 

V(BR)EBO 6.0 - Vdc 

ICEX - 0.2 µAde 
- 5.0 

le Bo - 0.25 µAde 
- 5.0 

IEBO - 0.1 µAde 

hFE 30 120 -
15 100 
10 -

VcE(satl - 0.4 Vdc 
- 0.7 

VBE(sat) 0.8 1.0 Vdc 
0.9 1.25 

tr 250 - MHz 

Ccb - 7.0 pF 

Ceb - 60 pF 

Id - 6.0 ns 

Ir - 30 ns 

Is - 35 ns 

If - 35 ns 

MOTOROLA SEMICONDUCTORS 
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2N5859 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°e unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Turn-On Time ton - 35 ns 
(Vee = 30 Vdc, VsE(off) = 2.0 Vdc, le = 1.0 Ade, 
ls1 = 100 mAdc) (Figures 8 and 10) 

Turn-Off Time to ff - 60 ns 
!Vee = 30 Vdc, le = 1.0 Ade, 
ls1 = ls2 = 100 mAdc) (Figures 9 and 11) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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Vee. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate le-Vee limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T J(pk) "" 200°C; Tc is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided T J(pk) :<: 200°e. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 

TYPICAL DC CHARACTERISTICS 

FIGURE 2 - DC CURRENT GAIN 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 -CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 7 - CAPACITANCE 
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CASE 79-02, STYLE 1 
T0-39 (T0-205ADI 

SWITCHING TRANSISTOR 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 

NPNSILICON Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Chancterlstlc Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(!) V(BR)CEO 
Uc= 10 mAdc, le = O) 

~ollector-Base Breakdown Voltage V(BR)CBO 
Uc= 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
UE = 10 µAde, le = O) 

Collector Cutoff Current ICEX 
(VCE = 50 Vdc, VBE(off) = 2.0 Vdc) 
(VCE = 50 Vdc, Ve~offl_ = 2.0 Vdc, TA = 75'C) 

Collector Cutoff Current iceo 
(Vee = 50 Vdc, IE = 0) 
(Vee = 50 Vdc, IE = 0, TA = + 75'C) 

Emitter Cutoff Current IEBO 
(VeE = 5.0 Vdc, ic = O) 

ON CHARACTERIST1CS(1) 

DC Current Gain hFE 
Uc = 500 mAdc, VcE = 1.0 Vdc) 
Uc= 500 mAdc, VcE = 1.0 Vdc, TA= -55'C) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 500 mAdc, le = 50 mAdc) 

Base-Emitter Saturation Voltage VeE(sat) 
Uc = 500 mAdc, I B = 50 in Ade) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Uc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vee = 10 Vdc, IE = o. f = 100 kHz) 

Emitter-Base Capacitance Ceb 
(VeE = 0.5 Vdc, le = o. t = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vee = 30 Vdc, VeE(off) = 2.0 Vdc, ton 

Delay Time le = 500 mAdc, le1 = 50 mAdc) ld 
RiseTime tr 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 50 Vdc 

Vceo 100 Vdc 

VEBO 6.0 Vdc 

le 2.0 Ade 

Po 1.0 Watt 
6.0 mW/"C 

Po 5.0 Watts 
28.6 mW/"C 

TJ, Tstg -65 to +200 'C 

Min Max Unit 

50 - Vdc 

100 - Vdc 

6.0 - Vdc 

µAde 
- 0.3 
- 10 

µAde 
- 0.3 
- 10 

- 0.1 µAde 

-
25 100 
10 -
- 0.5 Vdc 

0.8 1.1 Vdc 

200 - MHz 

- 7.0 pF 

- 60 pF 

- 25 ns 

- 8.0 ns 

- 18 ns 

SMALL-SIGNAL DEVICES 



2N5861 

ELECTRICAL CHARACTERISTICS (continued) ff A= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Turn-Off Time (Vee = 30 Vdc, le = 500 mAdc, loft - 60 ns 

Storage Time ls1 = ls2 = 50 mAdc) ls - 35 ns 

Fall Time lf - 35 ns 

(1) Pulse Test: Pulse Width .; 300 p.s, Duty Cycle .; 2.0% 

TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 1 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 3 - TURN-ON TIME 
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FIGURE 2 - CAPACITANCE 
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FIGURE 4 - TURN-OFF TIME 
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FIGURE 5 - TURN-ON TIME TEST CIRCUIT 
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tr>:;;; 1.0 ns 
P.W.;;;;. 200 ns 
Duty Cycle-< 2.0% 
Generator Source Impedance = 50 !2 
Pulse Generator: EH1421 Timing Unit and 1121 Pulse Driver 
Oscilloscope: Tektronix 661 Sampling Scope 
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+5.8 v 

10% 
-2.0 v 

---+-~10% 

Vout 90% 

- Id -tr~1 
--ton-

Vin during tan interval must be +5.8 V. 
All waveforms and bias levels must be set with unit in circuit. 

MOTOROLA SEMICONDUCTORS 
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2N5861 

FIGURE 6 -TURN-OFF TIME TEST CIRCUIT 
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Pulse Generator: EH 1421 Timing Unit and 1121 Pulse Driver 
Oscilloscope: Tektronix 661 Sampling Scope 

FIGURE 7 - DC CURRENT GAIN 
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FIGURE 9 - ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc-VcE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 9 is based on T J(pk) = 200°C; Tc is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided T J(pk) ~ 200°c. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by ·secondary breakdown. 
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--toff 

90% 

jl0% 

Vout ---+---
ts tf 

Vin during toff interval must be -4.0 V. 
All Waveforms and bias levels must be set with unit in circuit. 

FIGURE 8 - "ON" VOLTAGES 
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FIGURE 10 - TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 

Rating Symbol 2N6430 2N6431 

Collector-Emitter Voltage VcEO 200 300 

Collector-Base Voltage Vcso 200 300 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 50 

Total Device Dissipation @ TA = 25'C Po 500 
Derate above 25'C 2.86 

Total Device Dissipation @ Tc = 25'C Po 1.8 
Derate above 25'C 10.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 1) 
!le= 1.0 mAdc, Is = O) 2N6430 

2N6431 

Collector-Base Breakdown Voltage 
!le= 0.1 mAdc, IE = O) 2N6430 

2N6431 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, le = 0) 

Collector Cutoff Current 
(Vcs = 160 Vdc) 2N6430 
(Vcs = 200 Vdc) 2N6431 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 1.0 mAdc, VcE = 10 Vdc) 
Oc = 10 mAdc, VcE = 10 Vdc) 
Oc = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
!le = 20 mAdc, Is = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 10 mAdc, VcE = 20 Vdc, I = 100 MHz) 

Collector-Base Capacitance 
(Vcs = 20 Vdc, IE = 0, I = 1.0 MHz) 

(1) Pulse Test: Pulse Width ,.; 300 µ,s, Duty Cycle ,.; 2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

mA 

mW 
mW/'C 

Watts 
mW/'C 

'C 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VsE(sat) 

tr 

Ccb 

2N6430 
2N6431 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

II 
GENERAL PURPOSE 

TRANSISTOR 

NPN SILICON 

Min Max 

200 -
300 -

200 -
300 -
6.0 -

- 0.1 
- 0.1 

- 0.1 

25 -
40 -
50 200 

- 0.5 

- 0.9 

50 500 

- 4.0 

Unit 

Vdc 

Vdc 

Vdc 

µ.Ade 

µ.Ade 

-

Vdc 

Vdc 

MHz 

pF 

MOTOROLA SEMICONDUCTORS 

• 



2N6432 
2N6433 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

JI 
GENERAL PURPOSE 

TRANSISTOR 

PNPSILICON 

Refer to 2N3743 for graphs. 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25'C 

Total Device Dissipation @ Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 1.0 mAdc, Is = Ol 2N6432 

2N6433 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= 0.1 mAdc, le = Ol 2N6432 

2N6433 

Emitter-Base Breakdown Voltage V(BR)EBO 
Oe = 0.1 mAdc, le = Ol 

Collector Cutoff Current icso 
(Vcs = 160 Vdcl 2N6432 
!Vcs = 200 Vdcl 2N6433 

Emitter Cutoff Current IEBO 
!Ves = 3.o Vdc, tc = Ol 

ON CHARACTERISTICS 

DC Current Gain hfE 
Uc = 1.0 mAdc, Vee = 10 Vdc) 
Uc = 10 mAdc, Vee = 10 Vdcl 
Uc = 30 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage Vce(sat) 
Uc = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter Saturation Voltage Vse(satl 
Uc = 20 mAdc, Is = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 
Uc = 10 mAdc, Vee = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance Ccb 
!Vcs = 20 Vdc, le = o, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol 2N6432 2N6433 Unit 

Vceo 200 300 Vdc 

Vcso 200 300 Vdc 

Ve so 5.0 Vdc 

le 500 mA 

Po 500 mW 
2.86 mW!°C 

Po 1.8 Watts 
10.3 mW!°C 

TJ. Tstg -65 to +200 'C 

Min Max Unit 

Vdc 
200 -
300 -

Vdc 
200 -
300 -
5.0 - Vdc 

µAde 
- 0.25 
- 0.25 

- 0.1 µAde 

-
25 -
40 -
30 150 

- 0.5 Vdc 

- 0.9 Vdc 

50 500 MHz 

- 6.0 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol MM420 MM421 Unit 

Collector-Emitter Voltage Vern 250 325 Vdc 

Collector-Base Voltage VcBo 275 350 Vdc 

Emitter-Base Voltage VEBO 6.0 6.0 Vdc 

Base Current IB 100 100 mA 

Collector Current - Continuous le 100 500 mA 

Total Device Dissipation @ TA = 25'C Po 800 mW 
Derate above 25'C 5.3 mW/°C 

Total Device Dissipation @ TA = 75'C Po 2.5 Watts 
Derate above 75'C 25 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to + 175 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
!le = 10 mA, IB = Ol MM420 

MM421 

Collector-Base Breakdown Voltage 
!le = 100 µAdel MM420 

MM421 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde) 

Collector Cutoff Current 
(VcE = 250 Vdc, IB = O) MM420 
(VcE = 325 Vdc, IB = 0) MM421 

Collector Cutoff Current 
(VBE = 275 Vdc, IE = O) MM420 
(VBE = 350 Vdc, IE = O) MM421 

ON CHARACTERISTICS 

DC Current Gain 
!le = 1.0 mAdc, VcE = 20 Vdc) 
lie = 10 mAdc, VcE = 20 Vdc) 
lie = 30 mAdc, VcE = 20 Vdc) 

Collector-Emitter Saturation Voltage 
!le = 30 mAdc, IB = 3.0 mAdc) 

Base-Emitter On Voltage 
!le = 30 mA, VCE = 20 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 10 mA, VcE = 20 V, f = 10 MHz) 

Output Capacitance 
(VcB = 20 v, f = 100 kHz) (Common Base) 

(1) PW"' 300 µ,sec, Duty Cycle"' 2.0%. 

SMALL-SIGNAL DEVICES 
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Symbol 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

lcEO 

le Bo 

hFE 

VcE(sat) 

VBE(on) 

fr 

Cobo 

MM420 
MM421 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

TRANSISTOR 

NPN SILICON 

Refer to 2N3439 for graphs. 

Min Max 

250 -
325 -

275 -
350 -

6 -

- 1.0 
- 1.0 

- 100 
- 100 

15 -
25 -
25 250 

- 5.0 

- 1.0 

15 -
- 12 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

µAde 

-

Vdc 

v 

MHz 

pF 
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CASE 27-02, STYLE 1 
T0-52 (T0-206AC) MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage(1) 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

SWITCHING TRANSISTOR Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

NPN SILICON 
Operating and Storage Junction 

Temperature Range 

Lead Temperature 
(Soldering, 60 second time limit) 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Uc = 10 µAde, VsE = 01 Y(BRICES 

Collector-Emitter Sustaining Voltage(2) Uc = 10 mAdc, Is = OI VcEO(sufil.. 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = 01 Y(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 10 µAde, le = OI Y(BR)EBO 

Collector Cutoff Current (VcE = 11 Vdc, VsE = O) ICES 
!Vee = 5.o Vdc, VsE = 01 
(VcE = 5.0 Vdc, VsE = 0, TA= +85'C) 

Base Cutoff Current (VcE = 11 Vdc, YEfiloff) = 0) IBL 

ON CHARACTERISTICS(2) 

DC Current Gain Uc = 1.0 mAdc, VcE = 0.4 Vdcl hFE 
Uc = 10 mAdc, VcE = 0.4 Vdc) 
(le = 30 mAdc, VcE = 0.4 Vdc) 

Collector-Emitter Saturation Voltage Uc = 1.0 mAdc, Is = 0.1 mAdc) VcE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) 
Uc = 30 mAdc, Is = 3.0 mAdc) 
Uc = 10 mAdc, Is = 1.0 mAdc, TA= 85'C) 

Base-Emitter Saturation Voltage (le = 1.0 mAdc, Is = 0.1 mAdc) VsE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) 
(le = 30 mAdc, Is = 3.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Uc = 10 mAdc, VcE = 4.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Yes = 5.0 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance Cibo 
(VsE = 0.5 Vdc, le = o, t = 140 kHz! 

SWITCHING CHARACTERISTICS 

Storage Time Is 
Uc = 191 = 192 = 5.0 mAdc) 

Turn-On Time Ion 
(Vee= 1.0 Vdc, V0E(off) = 1.0 Vdc, le = 10 mAdc, 191 = 2.0 mAdc) 

Turn-Off Time loff 
(Vee= 1.0 Vdc, le = 10 mAdc, 191 = ls2 = 1.0 mAdc) 

(1) Applicable from 0.01 mAdc to 10 mAdc (Pulsed). 
(2) Pulse Test: Pulse Length = 300 µs, Duty Cycle ,;; 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 6.0 Vdc 

VcES 11 Vdc 

Vcso 15 Vdc 

VEBO 4.0 Vdc 

le 50 mAdc 

Po 0.30 Watt 
1.71 mW/'C 

TJ, Tstg -65 to +200 'C 

TL 300 'C 

Min Max Unit 

11 - Vdc 

6.0 - Vdc 

15 - Vdc 

4.0 Vdc 

- 10 µAde 
- 0.1 
- 5.0 

- 10 µAde 

15 - -
25 125 
15 -
- 0.25 Vdc 
- 0.25 
- 0.38 
- 0.4 

0.68 0.85 Vdc 
0.75 0.95 
- 1.3 

600 - MHz 

- 3.0 pF 

- 2.0 pF 

- 6.0 ns 

- 12 ns 

- 12 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO(susl 6.0 Vdc 

Collector-Base Voltage Vcso 15 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 150 mAdc 

Total Device Dissipation @ TA = 25°C Po 300 mW 
Derate above 25°C 1.71 mW/"C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient Ro.JA(1) 583 oc/W 

(1) Ro.JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(2) lie = 10 mAdc, Is = 01 VcEO(sus) 

Collector-Base Breakdown Voltage lie = 10 µAde, IE = O) V(BR)CBO 

Emitter-Base Breakdown Voltage llE = 10 µAde, le = O) V(BR)EBO 

Collector Cutoff Current lcso 
IVcs = 5.0 Vdc, IE = 0) MM1748 

MM1748A 

IVcs = 5.0 Vdc, IE = 0, TA = 150°C) Both Devices 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
lie = 10 mAdc, VcE = 0.5 Vdcl MM1748 

MM1748A 

lie = 10 mAdc, VcE = 0.5 Vdc, TA= -55°C) Both Devices 
lie = 30 mAdc, VcE = 1.0 Vdc) Both Devices 

Collector-Emitter Saturation Voltage lie = 3.0 mAdc, Is = 0.15 mAdc) VcE(sat) 

Base-Emitter Saturation Voltage lie = 3.0 mAdc, Is = 0.15 mAdc) VsE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product ti-
lie = 5.0 mAdc, VcE = 4.0 Vdc, f = 100 MHz) MM1748 

MM1748A 

Output Capacitance Cobo 
IVcs = 5.0 Vdc, IE = o, f = 140 kHz) 

Input Capacitance Cibo 
IVsE = 0.5 Vdc, le = o, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Storage Time ts 
!Vee = 3.0 Vdc, le = 5.0 mAdc, ls1 = ls2 = 5.0 mAdcl 

Turn-On Time Ion 
!Vee = 1.0 Vdc, VBE(off) = 1.0 Vdc, le = 10 mAdc, 
ls1 = 2.0 mAdc, ls2 = 1.0 mAdc) 

Turn-Off Time to ff 
!Vee = 1.0 Vdc, le = 10 mAdc, ls1 = ls2 = 1.0 mAdc) 

(1) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 
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MM1748,A 

CASE 27, STYLE 1 
T0-52 (T0-206AC) 

SWITCHING TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

6.0 - - Vdc 

15 - - Vdc 

4.0 - - Vdc 

- - 50 nAdc 
- - 5.0 

µAde 
- - 5.0 

-
20 50 120 
30 55 90 

10 20 -
15 20 -
- 0.2 0.3 Vdc 

0.7 0.78 0.85 Vdc 

MHz 
600 750 -
800 850 -

- 2.0 3.0 pF 

- 1.8 2.0 pF 

- 4.0 6.0 ns 

- 12 15 ns 

- 12 15 ns 
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MM2005 

CASE 22-03, STYLE 1 
T0-18 (T0~206AA) 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N2904 for graphs. 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 100 µAde, le = O) 

Collector Cutoff Current lceo 
!Vee = 15 Vdc, IE = o) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Uc = 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 150 mAdc, le = 15 mAdc) 

Base-Emitter Saturation Voltage . VeE(sat) 
Uc = 150 mAdc, le = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE = o. f = 100 kHz) 

swrrCHING CHARACTERISTICS 

Turn-On Time Ion 
(Vee = 30 Vdc, le = 150 mAdc, le1 = 15 mAdc) 

Turn-Off Time Iott 
(Vee = 6.0 Vdc, le = 150 mAdc, le1 = le2 = 15 mAdc) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS 

4-226 

Symbol Value Unit 

VcEO 20 Vdc 

Vceo 25 Vdc 

VEBO 4.0 Vdc 

le 600 mAdc 

Po 400 mW 
2.28 mW/'C 

Po 1.4 Watts 
8.0 mW/'C 

TJ, Tstg -65 to +200 •c 

Min Typ Max Unit 

20 - - Vdc 

25 - - Vdc 

4.0 - - Vdc 

- - 0.5 µAde 

100 200 400 -

- 0.3 1.0 Vdc 

- 0.7 2.0 Vdc 

6.0 15 pF 

- 20 45 µs 

- 85 100 µs 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

MM2259 
Rating Symbol MM2258 MM2260 Unit 

Collector-Emitter Voltage Vern 120 175 Vdc 

Collector-Base Voltage Vcso 120 175 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 500 300 mAdc 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mW/°C 

Total Device Dissipation @Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mW/°C 

Operating and Storage Junction TJ, Tstg -65to +200 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
JMM2259 

MM2258 MM2260 Unit 

Thermal Resistance, Junction to Case ReJC 35 oc!W 

Thermal Resistance, Junction to Ambient ReJA 175 oc!W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mAdc, 19 = O) MM2258 

MM2259, MM2260 

Collector-Base Breakdown Voltage 
Oc = 10 µ.Ade, IE = 0) MM2258 

MM2259, MM2260 

Emitter-Base Breakdown Voltage 
OE = 10 µ.Ade, le = 01 

Collector Cutoff Current 
(VcB = 75 V, IE = 0) 
(Vcs = 75 V, IE = o, 50°C) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 1.0 mAdc, VcE = 10 Vdc) MM2259 

MM2258, MM2260 

(le = 10 mAdc, VcE = 10 Vdcl MM2259 
MM2258, MM2260 

Oc = 50 mAdc, VcE = 10 Vdcl MM2259 
MM2258, MM2260 

Collector-Emitter Saturation Voltage 
Oc = 25 mAdc, Is = 2.5 mAdc) 

Base-Emitter Saturation Voltage 
(le = 25 mAdc, 19 = 2.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) MM2258 

MM2259, MM2260 

Collector-Base Capacitance 
(Vcs = 25 Vdc, le = 10 mAdcl MM2258 

MM2259, MM2260 

Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(VCE = 25 Vdc, le = 20 mAdc, f = 100 MHz) 

(1) Pulse Test: PW .; 300 µ.s, Duty Cycle .; 2.0%. 

SMALL-SIGNAL DEVICES 

4-227 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BRIEBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

Cobo 

Ccb 

lhfel 

MM2258 
MM2259 
MM2260 

CASE 31-03, STYLE 1 
T0-5 (T0-205AA) 

TRANSISTOR 

NPN SILICON 

Refer to 2N3498 for graphs. 

Min Max 

120 -
175 -

120 -
175 -
5.0 -

- .050 
- 50 

- 25 

25 -
50 -

35 -
50 -

35 -
50 -
- 0.4 

- 1.0 

- 9.0 
- 8.0 

- 5.0 
- 4.5 

1.5 -

Unit 

Vdc 

Vdc 

Vdc 

µ.Ade 

nAdc 

-

Vdc 

Vdc 

pF 

pF 

-

MOTOROLA SEMICONDUCTORS 

II 
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MM3000 
thru 

MM3003 

CASE 79, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current -
Continuous 

Total Device Dissipation 
@TA=25°C 
Derate above 25°C 

Total Device Dissipation 
@Tc=25°C 
Derate above 25°C 

Operating and Storage 
Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 10 mAdc, Is = O) MM3000 

MM3001 
MM3002 
MM3003 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = 0) MM3000 
(Vcs = 75 Vdc, IE = 0) MM3001 
(Vcs = 100 Vdc, IE = 0) MM3002, MM3003 

ON CHARACTERISTICS 

DC Current Gain 
(le = 10 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, I = 100 MHz) 

Output Capacitance 
IVcs = 20 Vdc, IE = 0, f = 100 kHz) MM3000, MM3001 

MM3002, MM3003 

(1) Pulse Test: Pulse Width "'300 µ.s, Duty Cycle"' 2.0%. 

MOTOROLA SEMICONDUCTORS 

4-228 

Symbol MM30ool MM3ooti_ MM3002l MM3003 Unit 

Vern 100 I 150 I 200 I 250 Vdc 

VEBO 5.0 Vdc 

le 200 I 200 I 50 I 50 mAdc 

Po 
1.0 Watt 

5.71 mW/°C 

Po 
5.0 Watts 
28.6 mwrc 

TJ, Tstg -65to +200 oc 

Symbol Min Max Unit 

V(BR)CEO 100 Vdc 
100 -
150 -
200 -
250 -

V(BR)EBO 5.0 - Vdc 

lcso µAde 
- 1.0 
- 1.0 
- 5.0 

20 

tr 150 - MHz 

Cobo pF 
- 7.0 
- 15 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol MM3005 MM3006 MM3007 

Collector-Emitter Voltage VcEO 60 80 100 

Collector-Base Voltage Vceo 80 100 120 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 2.5 

Total Device Dissipation Po 
@TA= 25°C 1.0 
Derate above 25°C 5.71 

Total Device Dissipation Po 
@Tc= 25•c 8.0 
Derate above 25°C 45.6 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, le = O) MM3005 

MM3006 
MM3007 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = O) MM3005 

MM3006 
MM3007 

Emitter-Base Breakdown Voltage 
HE = 100 µAde, le = 0) 

Collector Cutoff Current 
(Vee = 60 Vdc, IE = 0) MM3005 
(Vee = 80 Vdc, IE = 0) MM3006 
(Vee = 100 Vdc, IE = O) MM3007 

Emitter Cutoff Current 
(VeE = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 1.0 mAdc, VcE = 1.0 Vdc) All Types 
Uc = 150 mAdc, VcE = 1.0 Vdc) MM3005 
Uc = 200 mAdc, VcE = 1.0 Vdc) MM3006 
Uc = 250 mAdc, VcE = 1.0 Vdc) MM3007 

Collector-Emitter Saturation Voltage 
Uc = 150 mAdc, la = 15 mAdc) 

Base-Emitter On Voltage 
Uc= 150 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(Vea = 10 Vdc, IE = 0, f = 100 kHz) 

(1) Pulse Test: Pulse Width"" 300 µ,s, Duty Cycle"" 2.0%. 

SMALL-SIGNAL DEVICES 

4-229 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mWl°C 

Watts 
mWl°C 

·c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

IEBO 

hfE 

VcE(sat) 

VsE(on) 

tr 

Cobo 

MM3005 
MM3006 
MM3007 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

AUDIO TRANSISTOR 

NPN SILICON 

Min Max 

60 -
80 -
100 -
80 -
100 -
120 -
5.0 -

- 100 
- 100 
- 100 

- 100 

40 -
50 250 
50 250 
50 250 

- 0.35 

0.60 0.75 

50 -
- 15 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pf 

MOTOROLA SEMICONDUCTORS 

• 



I 

I 

~ 

MM3008 
MM3009 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Device Dissipation @Tc = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, la = Ol MM3008 

MM3009 

Emitter-Base Breakdown Voltage V(BR)EBO 
Ue = 10 µAde, le = Ol 

Collector Cutoff Current icao 
(Vea = 120 Vdc, IE = 0) MM3008 
(Vea = 180 Vdc, IE = 0) MM3009 

Emitter Cutoff Current IEBO 
(VBE = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc= 1.0 mAdc, VcE = 10 Vdc) 
Uc = 10 mAdc, VcE = 10 Vdc) 
Uc = 30 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vea= 20 Vdc, IE= 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VBE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle .;; 2.0%. 

MOTOROLA SEMICONDUCTORS 

4-230 

Symbol MM3ooi[ MM3009 Unit 

VcEO 120 I 180 Vdc 

VEBO 6.0 Vdc 

le 400 mAdc 

Po 1.0 Watt 
5.71 mWl°C 

Po 4.0 Watts 
22.8 mWl°C 

TJ, Tstg -65 to +200 'C 

Min Max Unit 

Vdc 
120 -
180 -
6.0 - Vdc 

µAde 
- 0.1 
- 0.1 

0.1 µAde 

-
30 -
40 -
30 -

50 - MHz 

- 4.0 pF 

- 20 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Base Voltage Ve Bo 50 

Emitter-Base Voltage Ve Bo 5.0 

Collector Current - Continuous le 1.5 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 5.71 

Total Device Dissipation @ Tc = 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case R8Jc 35 

Thermal Resistance, Junction to Ambient ROJA 175 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc = 10 mAdc, Is = O) 

Emitter-Base Breakdown Voltage Ue = 10 µAde, le = o) 

Coilector Cutoff Current !Vee = 40 Vdc, le = o) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 500 mAdc, Vee = 2.0 Vdc) 
Uc= 1.0 Ade, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 500 mAdc, Is = 50 mAdc) 
(le = 1.0 Ade, Is = 100 mAdc) 

Base-Emitter Saturation Voltage 
(le = 500 mAdc, Is = 50 mAdc) 
(le= 1.0 Ade, Is= 100 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
(le = 50 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, le = 0, f = 100 kHz, emitter guarded) 

Emitter-Base Capacitance 
(VBE = 0.5 Vdc, le = 0, f = 100 kHz, collector guarded) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vee = 30 Vdc, VBE(off) = 2.0 Vdc, le = 500 mAdc, 
ls1 = 50 mAdc, Rs = 200 ohms, RL = 60 ohms) 

Turn-Off Time 
(Vee = 30 Vdc, le = 500 mAdc, ls1 = ls2 = 50 mAdc, 
Rs = 200 ohms, RL = 60 ohms) 

Turn-On Time 
!Vee= 30 Vdc, Vee = 2.0 Vdc, le= 1.0 Ade, 
ls1 = 100 mAdc, Re = 100 ohms, RL = 30 ohms) 

Turn-Off Time 
(Vee = 30 Vdc, le = 1.0 Ade, le1 = le2 = 100 mAdc, 
Re = 100 ohms, RL = 30 ohms) 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle.;; 2.0%. 

SMALL-SIGNAL DEVICES 

4-231 

Unit 

Vdc 

Vdc 

Ade 

Watt 
mwrc 
Watts 
mwrc 

•c 

Unit 

•CfW 

•crw 

MM3726 

CASE79-02, STYLE 1 
T0-39 (T0-205ADI 

!fl 
SWITCHING ~ANSISTOR 

PNP SILICON 

Refer to 2N3467 for graphs. 

Symbol Min Max Unit 

~Bfll_CEO 50 - Vdc 

~B~BO 5.0 - Vdc 

lcso - 0.1 µAde 

hfE -
30 120 
15 -

VcE(sat) Vdc 
- 0.6 
- 1.2 

VsE(sat) Vdc 
0.8 1.1 
- 1.3 

fr 200 - MHz 

Ccb - 10 pf 

Ceb - 80 pF 

ton - 30 ns 

toff - 90 ns 

ton - 35 ns 

toff - 60 ns 

MOTOROLA SEMICONDUCTORS 

• 
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MM3903 
MM3904 

CASE 27-02, STYLE 1 
T0-52 (T0-206AC) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25'C 

Total Device Dissipation @Tc = 25'C 
Derate above 25°C 

OperSting and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Symbol 

VcEO 

Vceo 

VEeo 

le 

Po 

Po 

TJ, Tstg 

Characteristic Symbol 

Thermal Resistane.e, Junction to Ambient RruA 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) lie= 1.0 mAde, le = O) VjJ3in_CEO 40 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = 0) ~e;n_ceo 60 

Emitter-Base Breakdown Voltage lie = 10 µAde, le = Ol V(BRlEBO 6.0 

Base Cutoff Current (Vee = 30 Vde, VE£![9ff) = 3.0 Vde) leEv -
Collector Cutoff Current (Vee = 30 Vde, VE!lli>fil_ = 3.0 Vdc) lcex -
ON CHARACTERIS11CS(1) 

DC Current Gain hFE 
Uc= 0.1mAde,Vce=1.0Vdel MM3903 20 

MM3904 40 

Uc = 1.0 mAde, Vee = 1.0 Vdel MM3903 35 
MM3904 70 

Uc= 10 mAde, Vee = 1.0 Vdc) MM3903 50 
MM3904 100 

Uc= 50 mAdc, Vee = 1.0 Vdc) MM3903 30 
MM3904 60 

Uc= 100 mAdc, Vee = 1.0 Vdcl MM3903 '10 
MM3904 15 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 10 mAdc, le = 1.0 mAdc) -
Uc = 50 mAdc, le = 5.0 mAdc) -

Base-Emitter Saturation Voltage Vee(satl 
Uc= 10 mAdc, le = 1.0 mAdc) 0.66 
Uc = 50 mAdc, le = 5.0 mAdcl -

Value Unit 

40 Vde 

60 Vde 

6.0 Vde 

200 mAde 

200 mW 
2.0 mwrc 

500 mW 
5.0 mwrc 

-55to +125 'C 

Max Unit 

490 'C/W 

Max Unit 

- Vde 

- Vde 

- Vde 

50 nAde 

50 nAde 

-
-
-
-
-
150 
300 

-
-

-
-

Vdc 
0.2 
0.3 

Vdc 
0.86 
0.95 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MM3903, MM3904 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) tr MHz 
lie = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MM3903 250 -

MM3904 300 -
Output Capacitance Cobo - 4.0 pF 

(Vee = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo - 8.0 pF 
(VBE = 0.5 Vdc, le = 0, f = 100 kHz) 

Small-Signal eurrent Gain hfe -
lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MM3903 50 200 

MM3904 100 400 

SWITCHING CHARACTERISTICS • Delay Time (Vee = 3.0 Vdc, VBE(off) = 0.5 Vdc, td - 35 ns 

Rise Time le = 10 mAdc, 101 = 1.0 mAdc) tr - 35 ns 

Storage Time (Vee = 3.o Vdc, le= 10 mAdc, MM3903 Is - 175 ns 
101 = 102 = 1.0 mAdc) MM3904 - 200 

Fall Time If - 50 ns 

(1) Pulse Test: Pulse Width.;; 300 µs, Duty Cycle.;; 2.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MM3905 
MM3906 

CASE 27-02, STYLE 1 
T0"52 (T0·206AC) 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Refer to 2N3250 for graphs. 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VcEO 

Collector-Base Voltage Vceo 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation @ TA ;= 25°C Po 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Ambient RruA 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le = O) 

Base Cutoff Current 
(VcE = 30 Vdc, VeE = 3.0 Vdc) 

Collector Cutoff Current 
(VcE = 30 Vdc, VeE = 3.0 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 0.1 mAdc, VcE = 1.0 Vdc) 

Uc = 1.0 mAdc, VcE = 1.0 Vdc) 

Uc = 10 mAdc, VcE = 1 .o Vdc) 

Uc= 50 mAdc, VcE = 1.0 Vdc) 

Uc= 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= 10 mAdc, le= 1.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

MM3905 
MM3906 

MM3905 
MM3906 

MM3905 
MM3906 

MM3905 
MM3906 

MM3905 
MM3906 

MM3905 
MM3906 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le EV 

le EV 

hFE 

VcE(sat) 

VeE(sat) 

Min 

40 

40 

5.0 

-

-

30 
60 

40 
80 

50 
100 

30 
60 

10 
15 

-
-

0.65 
-

200 
250 

Value Unit 

40 Vdc 

40 Vdc 

5.0 Vdc 

200 mAdc 

360 mW 
2.06 mW/°C 

-55 to +200 ·c 

Max Unit 

490 "C/W 

Max Unit 

- Vdc 

- Vdc 

- Vd.c 

50 nAdc 

50 nAdc 

-
-
-
-
-
150 
300 

-
-
-
-

Vdc 
0.25 
0.4 

Vdc 
0.85 
0.95 

MHz 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MM3905, MM3906 

ELECTRICAL CHARACTERISTICS (continued) !TA= 25"C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Capacitance Cobo - 5.0 pF 
(Vee = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo - 10 pF 
(VBE = 0.5 Vdc, le = o. f = 100 kHz) 

Input Impedance hie k ohms 
fie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MM3905 0.5 8.0 

MM3906 2.0 12 

Voltage Feedback Ratio hre -
fie= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MM3905 0.1x10-4 5X 10-4 

MM3906 1x10-4 10 x 10-4 

Small-Signal Current Gain hte -
fie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MM3905 50 200 

MM3906 100 400 

Output Admittance hoe µmhos • fie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MM3905 1.0 40 
MM3906 3.0 60 

Noise Figure NF dB 
fie = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 k ohm, MM3905 - 5.0 
f = 10 Hz to 15.7 kHz) MM3906 - 4.0 

SWITCHING CHARACTERISTICS 

Delay Time !Vee = 3.0 Vdc, VeE(off) = 0.5 Vdc, Id - 35 ns 

Rise Time le = 10 mAdc, 191 = 1.0 mAdc) tr - 35 ns 

Storage Time MM3905 ts - 200 ns 
(Vee = 3.0 Vdc, le = 10 mAdc, MM3906 - 225 

Fall Time le1 = le2 = 1.0 mAdc) tf - 60 ns 
MM3905 - 75 
MM3906 

(1) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MM4000 
thru 

MM4003 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Refer to 2N3494 for graphs for MM4000. * 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current -
Continuous 

Total Device Dissipation 
@TA= 25°C 
Derate above 25°C 

Total Device Dissipation 
@Tc=25°C 
Derate above 25°C 

Operating and Storage 
Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
OE = o, le = 100 µAde) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = O) 
(VcB = 75 Vdc, IE = O) 
(Vcs = 150 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc = 10 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage(1) 
Uc= 10 mAdc, 19 = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcB = 20 Vdc, IE = 0, f = 100 kHz) 

(1) Pulse Test: PW ,;; 300 µ,s, Duty Cycle ,;; 2.0%. 
*Refer to 2N3634 for graphs for MM4001. 
Refer to 2N4930 for graphs for MM4002 and MM4003. 

MOTOROLA SEMICONDUCTORS 

MM4000 
MM4001 
MM4002 
MM4003 

MM4000 
MM4001 
MM4002 
MM4003 

MM4000 
MM4001 
MM4002, MM4003 

MM4000, MM4001 
MM4002, MM4003 

MM4000 
MM4001 
MM4002, MM4003 
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Symbol MM4000 

VcEO 100 

VcBo 100 

VEBO 4.0 

le 100 

Po 
0.6 

3.42 

Po 
3.0 
17.2 

TJ. Tstg 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

hFE 

VcE(sat) 

Cobo 

MM4001 MM4002 MM4003 Unit 

150 200 250 Vdc 

150 200 250 Vdc 

4.0 4.0 4.0 Vdc 

500 500 500 mAdc 

1.0 1.0 1.0 Watt 
5.71 5.71 5.71 mW/°C 

Watts 
5.0 5.0 5.0 mWFC 
28.6 28.6 28.6 

-65 to +200 oc 

Min Max Unit 

Vdc 
100 -
150 -
200 -
250 -

Vdc 
100 -
150 -
200 -
250 -
4.0 - Vdc 

µAde 
- 1.0 
- 1.0 
- 5.0 

20 - -

Vdc 
- 0.6 
- 5.0 

pF 
- 6.0 
- 10 
- 20 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol MM4005 MM4006 MM4007 Unit 

Collector-Emitter Voltage Vern 60 80 100 Vdc 

Collector-Base Voltage Vcso 60 80 100 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

Total Device Dissipation Po 
@TA= 25°C 1.0 Watt 
Derate above 25°C 5.71 mWl°C 

Total Device Dissipation Po 
@Tc = 25·c 7.0 Watts 
Derate above 25°C 40 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Ro.Jc 25 ·c;w 

Thermal Resistance, Junction to Ambient ROJA(1) 175 •c;w 

(1) RoJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(le = 10 mAdc, Is = Ol MM4005 

MM4006 
MM4007 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = 100 !LAdc, IE = O) MM4005 

MM4006 
MM4007 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 !LAdc, le = 01 

Collector Cutoff Current lcso 
(Vcs = 50 Vdc, IE = O) MM4005 
(Vcs = 60 Vdc, IE = 0) MM4006 
(Vcs = 80 Vdc, IE = 0) MM4007 

Emitter Cutoff Current IEBO 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(Z) 

DC Current Gain hfE 
(le= 1.0 mAdc, VcE = 1.0 Vdcl 
lie = 150 mAdc, VcE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage VcE(satl 
(le = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
lie = 150 mAdc, Is = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fr 
(le = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = o, f = 1.0 MHz) 

Input Capacitance Cibo 
(VsE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 

SMALL-SIGNAL DEVICES 
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MM4005 
thru 

MM4007 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to ZN4033 for graphs. 

Min Typ Max Unit 

Vdc 
60 - -
80 - -
100 - -

Vdc 
60 - -
80 - -
100 - -
5.0 - - Vdc 

nAdc 
- - 100 
- - 100 
- - 100 

- - 100 nAdc 

-
40 90 -
50 150 -
- 0.1 - Vdc 

- 0.7 - Vdc 

50 250 - MHz 

- 10 - pF 

- 100 - pf 

MOTOROLA SEMICONDUCTORS 
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MM4036 
MM4037 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

SWITCHING TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 
MM4036 
MM4037 

Collector-Base Voltage 
MM4036 
MM4037 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Symbol 

VcEQ 

Vcso 

VEBO 

IB 

le 

Po 

Po 

TJ, Tstg 

Symbol 

ReJC 

ReJA(1) 

Value Unit 

Vdc 
65 
40 

Vdc 
90 
60 

5.0 Vdc 

500 mAdc 

1.0 Ade 

1.0 Watt 
5.71 mW/°C 

7.0 Watts 
40 ·.mW/°C 

-65 to +200 oc 

Max Unit 

25 oc/W 

175 oc/W 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(le = 10 mAdc, Is = O) MM4036 65 - -

MM4037 40 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
Uc = 100 µAde, IE = 0) MM4036 90 - -
Uc = 10 µAde, IE = O) MM4037 60 - -

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
UE = 100 µAde, le= O) MM4036 5.0 - -
(IE = 1.0 µAde, le= O) MM4037 5.0 - -

Collector Cutoff Current(1) ICEV 
(Vee = 60 Vdc, VBE(off) = 1.5 Vdc) MM4036 - - 250 nAdc 
(VcE = 30 Vdc, Vs~of!l_ = 1.5 Vdc, Tc = 150°C) MM4036 - - 100 µAde 

Collector Cutoff Current lcso - - 250 
(Vcs = 60 Vdc, IE = O) MM4036, MM4037 nAdc 

Emitter Cutoff Current IEBO µAde 
(VBE = 3.0 Vdc, le = 0) MM4036 - - 250 
(VBE = 5.0 Vdc, le = 0) MM4037 - - 1.0 

ON CHARACTERISTICS(2) 

DC Current Gain hFE -
Uc = 100 µAde, VcE = 10 Vdcl MM4036 20 50 -
Uc = 150 mAdc, Vee = 2.0 Vdc) MM4036 20 60 200 
Uc= 150 mAdc, Vee = 10 Vdc) MM4036 40 90 140 
Uc = 500 mAdc, VcE = 10 Vdc) MM4036 20 40 -
(le= 1.0 mAdc, Vee= 10Vdcl MM4037 15 50 -
(le = 150 mAdc, Vee = 10 Vdcl MM4037 50 75 250 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
(le = 150 mAdc, Is= 15 mAdc) MM4036 - 0.3 0.65 

MM4037 0.3 1.4 

Base-Emitter Saturation Voltage VBE(sat) - 1.0 1.4 Vdc 
Uc= 150 mAdc, Is = 15 mAdc) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MM4036, MM4037 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fr 60 100 - MHz 
Uc= 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Input Capacitance Cibo - 60 - pF 
(VeE = 0.5 Vdc, le= 0, f = 1.0 MHz) MM4036, MM4037 

Collector-Base Capacitance Ccb pF 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) MM4036 - 20 -

MM4037 - 20 30 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vee= 30 Vdc, le= 150 mAdc, ton - 40 75 ns 
le1 = 15 mAdc) 

Turn-Off Time 
(Vee = 6.0 Vdc, le = 150 mAdc, toff - 110 175 ns 
le1 = le2 = 15 mAdc) 

(2) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. • 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MM4052 

CASE 26-03, STYLE 1 
T0-46 (T0-206AB) 

I 
CHOPPER AND 

SWITCHING TRANSISTOR 

PNP SILICON 

Refer to 2N2944A for graphs. 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Emitter·Collactor Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, le = O) 

Emitter-Collector Breakdown Voltage(1) V(BR)ECO 
Ue = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, le = O) 

Emitter-Base Breakdown Voltage(1) V(BR)EBO 
lie = 100 µAde, le = O) 

Collector Cutoff Current iceo 
(Vee= 15 Vdc, le = O) 

Emitter Cutoff Current leeo 
!Vee= 15 Vdc, lc = O) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Uc = 10 mAdc, Vee = 1.0 Vdc) 
Uc = 150 mAdc, Vee = 1.0 Vdc) 
Uc= 150 mAdc, Vee = 1.0 Vdc) (Inverted) 

Offset Voltage Vec(ofs) 
lie= 1.0 mAdc, le= o) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
(Vee= 10 Vdc, le = o, 100 kHz"' f"' 1.0 MHz) 

Input Capacitance Cibo 
(VEB = 10 Vdc, le = 0, 100 kHz"' f"' 1.0 MHz) 

Small-Signal Current Gain hte 
Uc= 10 mAdc, Vee = 1.0 Vdc, f = 1.0 kHz) 
Uc= 10 mAdc, Vee = 1.0 Vdc, f = 4.0 MHz) 

"ON" Series Resistance rec 
Ue = 10 mAdc, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width"' 300 µ,s, Duty Cycle"' 20%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vceo 30 Vdc 

Ve co 30 Vdc 

Vceo 30 Vdc 

VEBO 30. Vdc 

le 500 mAdc 

Po 0.5 Watt 
2.86 mwrc 

Po 1.75 Watts 
10 mwrc 

TJ, Tstg -65 to +200 •c 

Min Max Unit 

30 - Vdc 

30 - Vdc 

30 - Vdc 

30 - Vdc 

- 0.5 nAdc 

- 0.5 nAdc 

-
20 -
15 -
3.0 -
- 2.0 mVdc 

- 10 pF 

- 5.0 pF 

-
20 -
3.0 -
- 2.0 Ohms 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol MM4208 MM4209 Unit 

Collector-Emitter Voltage VcEO 12 15 Vdc 

Collector-Base Voltage Vcso 12 15 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA = 25'C Po 0.36 Watt 
Derate above 25'C 2.06 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 1.2 Watts 
Derate above 25'C 6.86 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
!le = 3.0 mAdc, Is = O) MM4208 

MM4209 

Collector-Emitter Breakdown Voltage V(BR)CES 
!le = 100 µAde, VsE = o) MM4208 

MM4209 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = 100 µAde, IE = O) MM4208 

MM4209 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 µAde, le = O) 

Collector Cutoff Current ICES 
(VcE = 6.0 Vdc, VsE = 0) MM4208 
(VcE = 8.0 Vde, VsE = 0) MM4209 
(VcE = 6.0 Vdc, VsE = 0, TA = 125'C) MM4208 
(VcE = 8.0 Vdc, VsE = 0, TA = 125'C) MM4209 

Base Current Is 
(VcE = 6.0 Vde, VsE = O) MM4208 
(VcE = 8.0 Vde, VsE = O) MM4209 

ON CHARACTERISTICS 

DC Current Gain hFE 
!le = 1.0 mAde, VcE = 0.5 Vde) MM4208 

MM4209 

!le = 10 mAdc, VcE = 1.0 Vde) MM4208 
MM4209 

!le= 10 mAde, VcE = 1.0 Vdc, TA = -55'C) MM4208 
MM4209 

!le = 50 mAde, VcE = 1.0 Vde)(1) MM4208 
MM4209 

Collector-Emitter Saturation Voltage VcE(sat) 
!le= 1.0 mAdc, Is = 0.1 mAde) MM4208 
!le = 10 mAde, Is = 1.0 mAdc) MM4208 
!le = 50 mAde, Is = 5.0 mAde)(1) MM4208, MM4209 
!le = 1.0 mA, Is = 0.1 mA) MM4209 
!le = 10 mA, Is = 1.0 mA) MM4209 

SMALL-SIGNAL DEVICES 
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MM4208 
MM4209 

CASE 22-03, STYLE 1 
T0-18 (T0-206AAI 

SWITCHING TRANSISTOR 

PNP SILICON 

Refer to MM4257 for graphs. 

Min Typ Max Unit 

Vde 
12 - -
15 - -

Vde 
12 - -
15 - --

Vde 
12 - -
15 - -
4.5 - - Vde 

nAdc 
- - 10 
- - 10 µAde 
- - 5.0 
- - 5.0 

nAdc 
- - 1.0 
- - 1.0 

-
15 - -
35 - -

30 - 100 
40 - 120 

12 - -
20 - -

30 - -
30 - -

Vde 
- - 0.13 
- - 0.15 
- - 0.6 
- - 0.15 
- - 0.18 

MOTOROLA SEMICONDUCTORS 
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MM4208, MM4209 

ELECTRICAL CHARACTERISTICS (continued) !TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Base-Emitter Saturation Voltage Vee(sat) Vdc 
Uc= 1.0 mAdc, le = 0.1 mAdc) - - 0.8 
Uc = 10 mAdc, le = 1.0 mAdc) 0.75 - .95 
Uc= 50 mAdc, le = 5.0 tnAdc)(1) - - 1.5 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 850 1300 - MHz 
Uc = 10 mAdc, Vee = 10 Vdc, t = 100 MHz) MM4208 700 1200 -

Output Capacitance Cobo - - 3.0 pf 
(Vee = 5.0 Vdc, le; = o, t = 140 kHz) 

. Input Capacitance .Cibo - - 3.5 pf 
!Vee = 0.5 Vdc, le = o, t = 140 kHz) 

• SWITCHING CHARACTERISTICS 

Turn-On Time· ton 15 ns 

Turn-Off Time to ff 25 ns 

(1) Pulse Test: Pulse Width.;;; 300 µs, Duty Cycle< 1.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol MM4257 MM4258 

Collector-Emitter Voltage VcEO 6.0 12 

Collector-Base Voltage Vcso 6.0 12 

Emitter-Base Voltage VEBO 4.5 

Collector Current - Continuous le 200 

Total Device Dissipation @ TA = 25°C Po 360 
Derate above 25°C 2.06 

Total Device Dissipation@ Tc = 25°C Po 1.2 
Derate above 25°C 6.86 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1 I 
Oc = 100 µ.Ade, VsE = 01 MM4257 

MM4258 

Collector-Emitter Sustaining Voltage(1 I 
(le = 3.0 mAdc, Is = O) MM4257 

MM4258 

Collector-Base Breakdown Voltage 
(le = 100 µ.Ade, IE = O) MM4257 

MM4258 

Emitter-Base Breakdown Voltage 
(IE = 100 µ.Ade, le = O) 

Collector Cutoff Current 
(VcE = 6.0 Vdc, VsE = 0) 
(VcE = 3.0 Vdc, VBE = 0, TA = +65°C) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le= 1.0 mAdc, VcE = 0.5 Vdc) 
(le = 10 mAdc, VcE = 0.3 Vdcl 
(le = 50 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, Is= 1.0 mAdcl 
(le = 50 mAdc, Is = 5.0 mAdcl 

Base-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 5.0 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(le = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) MM4257 
(le = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) MM4258 

Input Capacitance 
(VBE = o.5 Vdc. le = o, f = 100 kHz) 

Collector-Base Capacitance 
(Vea = 5.0 Vdc, IE = 0, f = 100 kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

Watts 
mW/"C 

"C 

Symbol 

V(BRICES 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

ICES 

hFE 

VcE(sat) 

VsE(satl 

IT 

Cibo 

Ccb 

MM425i 
MM4258 

CASE 22, STYLE 1 
T0-18 (T0-206AA) 

SWITCHING TRANSISTOR 

PNP SILICON 

Min Typ Max Unit 

Vdc 
6.0 - -
12 - -

Vdc 
6.0 - -
12 - -

Vdc 
6.0 - -
12 - -
4.5 - - Vdc 

µ.Ade 
- - 0.01 
- - 5.0 

-
15 - -
30 - 120 
30 - -

Vdc 
- - 0.15 
- - 0.5 

Vdc 
0.75 - 0.95 
- - 1.5 

MHz 
500 - -
700 - -
- - 3.5 pF 

- - 3.0 pF 

MOTOROLA SEMICONDUCTORS 
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MM4257, MM4258 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 
SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 10 15 ns 

Delay Time (Vee = 1.5 Vdc, V0E = 0, 
Id - 5.0 10 ns 

.le = 10 mAdc, 101 = 1.0 mAdc) 
Rise Time tr - 5.0 15 ns 

Turn-Off Time MM4257 toff - 12 15 ns 

(Vee= 1.5 Vdc, MM4258 - 16 20 

Storage Time le= 10 mAdc, MM4257 ts - 6.0 15 ns 
101 = 102 = 1.0 mAdc) MM4258 - 8.0 !O 

Fall Time MM4257 If - 6.0 10 ns. 
MM4258 8.0 10 

Storage Time 15 ns 
Uc= 10 mAdc, 101 = 10 mAdc, 102 = 10 mAdc) MM4257 - - 15 

MM4258 - - 20 

(1) Pulse Test: Pulse Width"' 300 µ,s, Duty Cycle"' 2.0%. 
(2) fr is defined as the frequency at which lhtel extrapolates to unity. 

TYPICAL TRANSIENT CHARACTERISTICS 

FIGURE 1 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 2 - CAPACITANCE 
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MM4257, MM4258 

0.1 µF 

Vin~ Z;n = 50 rl 
tr<l.Ons · 50rl 

tw= 240 ns 

Vss 

R2 

F!GURE 5 SWITCHING TIME TEST CIRCUIT 

Vee 
Vin Vss Vee 

Volts Volts Volts 

ton -5.8 GND -1.5 
to ff +9.8 -8.0 -1.5 
ts +9.0 -10 -3.0 

DC CURRENT GAIN 

Rl R2 R3 ie ISl IS2 
Ohms Ohms Ohms mA mA mA 

130 2.2 k 5 k 10 1.0 -

130 2.2 k 5 k 10 1.0 1.0 
270 510 390 10 10 10 

FIGURE 6 - MM4257 FIGURE 7 - MM4258 

100~-I--I-----I--~--------~ 

~ 50~=+--1-1-+--l-+--l-To~ ....., 

~ L--i-- :--+-
~ ~ ~ 0.5V ~ 
G 30'--'-+-+-<-+---1-+---1-+-+--1-+--l--l-+---'-+---'--'--' 
u 

"' uJ 
~ 201--1-+-+++---l-+---l-+-+-i-+-+r+---l-+---l-+-1 

301--f-+-+-+t----l-t----f-+-+--l-+-+rt----l-t----f-+-I 

lOL......1....L.1....LL----l-+----l-.1-.L....1....L.W..L----l-+----l-.l......l 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

le. COLLECTOR CURRENT {mA) le. COLLECTOR CURRENT lmA) 
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MMSOOS 
MM5006 
MM5007 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

AUDIO TRANSISTOR 

PNPSILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 
Derate above 25°C 

Total Device Dissipation 
@Tc= 25•c 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, IB = O) MM5005 

MM5006 
MM5007 

Collector-Base Breakdown Voltage 
Uc= 100 µAde, IE = 0) MM5005 

MM5006 
MM5007 

Emitter-Base Breakdown Voltage 
UE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcB = 60 Vde, IE = 0) MM5005 
(VcB = 80 Vde, IE = 0) MM5006 
(VcB = 100 Vde, IE = 0) MM5007 

Emitter Cutoff Current 
fVEB = 4.0 Vde, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 1.0 mAde, VcE = 1.0 Vde) All Types 
Uc = 150 mAde, VcE = 2.5 Vde) MM5005 
Uc = 200 mAdc, VcE = 2.5 Vdc) MM5006 
Uc = 250 mAdc, VcE = 2.5 Vdc) MM5007 

Collector-Emitter Saturation Voltage 
Uc = 150 mAdc, IB = 15 mAdc) 

Base-Emitter On Voltage 
Uc= 150 mAdc, VcE = 2.5 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 

(1) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 
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Symbol 

VcEO 

VcBo 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

fy 

Caba 

MM5005 MM5006 MM5007 Unit 

60 80 100 Vdc 

80 100 120 Vdc 

5.0 Vdc 

2.0 Ade 

1.5 Watts 
8.57 mWf'C 

8.0 Watts 
45.7 mWf'C 

-65 to +200 ·c 

Min Max Unit 

Vdc 
60 -
80 -
100 -

Vdc 
80 -
100 -
120 -
5.0 - Vde 

nAde 
- 200 
- 200 
- 200 

- 100 nAde 

-
40 -
50 250 
50 250 
50 250 

- 0.5 Vdc 

0.65 0.8 Vdc 

30 - MHz 

- 20 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Emitter Voltage VcES 

Collector-Base Voltage Vcso 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation @ TA = 25°C Po 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C Pi:J 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case Rruc 

Thermal Resistance, Junction to Ambient ReJA(1) 

Value 

50 

60 

75 

5.0 

2.0 

1.0 
5.71 

4.0 
22.8 

-65 to +200 

Max 

44 

175 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc;w 

oc;w 

MM5262 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 
Refer to 2N3724 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 50 - - Vdc 
(le = 10 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 60 - - Vdc 
(le = 1.0 mAdc, VsE = O) 

Collector-Base Breakdown Voltage V(BR)CBO 75 - - Vdc 
(le = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc 
(IE = 10 µAde, le = O) 

Collector Cutoff Current icso - - 100 µAde 
(Vcs = 75 Vdc, IE = 0) 

Collector Cutoff Current ICES - - 10 µAde 
(VcE = 60 Vdc, VsE = O) 

Emitter Cutoff Current IEBO - - 100 µAde 
(VsE = 5.0 Vdc, le = Ol 

ON CHARACTERISTICS(2) 

DC Current Gain hfE -
(le= 100 mAdc, VcE = 1.0 Vdc) 35 100 -
(le = 500 mAdc, VcE = 1.0 Vdc) 40 65 -
(le= 1.0 Ade, VcE = 1.0 Vdcl 25 35 -

Collector-Emitter Saturation Voltage VcE(sat) - 0.29 0.8 Vdc 
(le= 1.0 Ade, Is = 100 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) - 0.94 1.4 Vdc 
(le= 1.0 Ade, 19 = 100 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT - 350 - MHz 
(le = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output ,Capacitance Cobo - 7.3 - pf 
(Vcs = 10 Vdc, IE = o, f = 1.0 MHz) 

Input Capacitance Cibo - 72 - pf 
(VsE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 16 30 ns 

Turn-Off Time lo ff 28 60 ns 

(2) Pulse Test: Pulse Width ,,; 300 µ,s, Duty Cycle ,,; 2.0%. 
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MM5415 
MM5416: 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

TRANSISTOR 

PNPSIUCON 

Refer to 2N5415 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Total Power Dissipation @ Tc = 50'C 
Linear Derating Factor 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VcEO(sus) 
Oc = 10 mA, le = Ol MM5415 

MM5416 

Collector Cutoff Current ICEO 
!VcE = 150 Vdc, le = Ol MM5415, MM5416 

Collector Cutoff Current lceo 
(VcE = 175 Vdc, IE = O) MM5415 
(VcE = 280 Vdc, IE = O) MM5416 

Emitter Cutoff Current IEBO 
(VeE = 4.0 Vdc, le = 01 MM5415 
(VeE = 1.0 Vdc, le = Ol MM5416 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 50 mAdc, VcE = 10 Vdcl MM5415 

MM5416 

Collector-Emitter Saturation Voltage VcE(satl 
Oc = 50 mAdc, le = 5.0 mAdc) MM5415, MM5416 

Base-Emitter On Voltage VeE(on) 
Oc = 50 mAdc, VcE = 10 Vl. MM5415, MM5416 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
!le = 10 mAdc, VcE = 10 Vdc, f = 5.0 MHz) 

Output Capacitance Cobo 
(Vee = 10 Vdc, f = 1.0 MHz) 

Current Gain ....:. High Frequency [htel 
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Real Part of Input Impedance Re(hiel 
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol MM5415 MM5416 Unit 

Vern 200 300 Vdc 

vceo 200 350 Vdc 

VEBO 4.0 7.0 Vdc 

le 0.5 Ade 

le 1.0 Ade 

Po 1.0 Watt 
6.7 W/'C 

Po 10 Watts 
0.067 mWl°C 

TJ, Tstg -65 to +200 'C 

Symbol Max Unit 

RllJC 17.5 'C/W 

RllJA 150 'C/W 

Min Max Unit 

Vdc 
200 -
300 -
- 50 µAde 

- 50 µAde 
- 50 µAde 

µAde 
- 20 
- 20 

-
30 150 
30 120 

- 2.5 Vdc 

- 1.5 Vdc 

15 - MHz 

- 25 pF 

25 - -

- 300 Ohms 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 40 

Collector-Base Voltage Vceo 50 

Emitter-Base Voltage Veeo 12 

Collector Current - Continuous le 300 

Total Device Dissipation @ TA = 25°C Po 375 
Derate above 25°C 2.14 

Total Devic~ Dissipation @ Tc = 25°C Po 1.25 
Derate above 25°C 7.15 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case All.JC 140 

Thermal Resistance, Junction to Ambient R9.JA 467 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 1.0 mAdc, le= O) 

Collector-Base Breakdown Voltage 
Uc = 100 µ.Ade, le = Ol 

Emitter-Base Breakdown Voltage 
Oe = 10 µ.Ade, le = Ol 

Collector Cutoff Current 
(Vee = 30 Vdc, le = 01 

Emitter Cutoff Current 
!Vee = 10 Vdc, le = 01 

ON CHARACTERISTICS(t) 

DC Current Gain 
Uc = 10 mAdc, Vee = 5.0 Vdc) 
Oc = 100 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 100 mAdc, le = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc= 100 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee = 10 Vdc, le = o. f = 100 kHz) 

Input Capacitance 
(Vee = 0.5 Vdc, le = o, f = 100 kHz) 

Small-Signal Current Gain(1) 
Uc·= 10 mAdc, Vee = 5.0 Vdc. f = 100 MHz) 

(1) Pulse Test: Pulse Width"' 300 µ.s, Duty Cycle"' 2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
wrc 
Watts 
Wi°C 

•c 

Unit 

•cMJ 
•cMJ 

MM6427 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

I 
DARLINGTON TRANSISTOR 

NPNSILICON 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)CBO 50 - Vdc 

V(BR)EBO 12 - Vdc 

lceo - 100 nAdc 

leeo - 100 nAdc 

hFE -
5000 -

10,000 -
Vce(satl - 1.5 Vdc 

VeE(on) - 2.0 Vdc 

Cobo - 8.0 pF 

Cibo - 15 pF 

hfe 1.25 - -

MOTOROLA SEMICONDUCTORS 
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/·~-
CASE 20-03 CASE 607-04 CASE 632 

?~-' CASE 22-03 CASE 610A-04 CASE 646 CASE 654-07 
T0-18 

Motorola's multiple (Duals and Quads) transistors have been 
implemented with discrete transistor chips that have proven to 
be the most popular for all-around perfonnance at low cost. 

Packaging options include plastic and ceramic DIP's, ceramic 
flat pak, and various metal-can outlines. 

5-1 
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2N2060,A 
2N2223,A 
2N2480,A 

2N2060 JAN, JTX, JTXV 
AVAILABLE 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MD2218 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Em.itter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25'C 

2N2060.A 
2N2223.A 
2N2480,A 

Derate above 25'C 
2N2060,A 
2N2223,A 
2N2480,A 

Total Device Dissipation 
@Tc = 25'C 

2N2060,A 
2N2223,A 
2N2480,A 

Derate above 25'C 
2N2060,A 
2N2223,A 
2N2480,A 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le= 100 mAdc, RBE"' 10 ohms) 2N2060,2N2060A,2N2223,2N2223A 

Collector-Emitter Sustaining Voltage(1) 
Oc = 20 mAdc, IB = O) 2N2480 

2N2480A 

Oc = 30 mAdc, IB = 0) 2N2060, 2N2060A, 2N2223, 2N2223A 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = 0) 2N2060,2N2060A,2N2223,2N2223A 

2N2480* 
2N2480A* 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, ic = O) 2N2060,2N2060A,2N2223,2N2223A 

2N2480, 2N2480A 

Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0, TA= 150'C) 2N2480, 2N2480A 

(VcB = 60 Vdc, IE = 0) ,, 2N2480 
2N2480A 

(VcB = 80 Vdc, IE = 0) 2N2060, 2N2060A 
2N2223, 2N2223A 

(VcB = 80 Vdc, IE = 0, TA = 150'C) 2N2060, 2N2060A 
2N2223, 2N2223A 

Emitter Cutoff Current 
(VBE = 5.0 Vdc, le = O) 2N2060, 2N2060A 

2N2223, 2N2223A 
2N2480 
2N2480A 

MOTOROLA SEMICONDUCTORS 
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2N2060,A 
Symbol 2N2223,A 2N2480 2N2480A Unit 

Vern 60 40 40 Vdc 

VcER 80 - - Vdc 

VcBo 100 75 80 Vdc 

VEBO 7.0 5.0 5.0 Vdc 

le 500 mAdc 

All Die 
One Die Equal Power 

Po 
mW 

0.5 0.6 
0.5 0.6 
0.3 0.6 

mWFC 
2.86 3.43 
2.86 3.43 
1.72 3.43 

Po 
Watts 

1.5 3.0 
1.6 3.0 
1.0 2.0 

mW/'C 
8.6 17.2 
9.1 11.4 
5.7 11.4 

TJ, Tstg -65 to +200 'C 

Symbol Min Max Unit 

VcER(sus) 80 - Vdc 

VcEO(sus) Vdc 
40 -
40 -

60 -
-

V(BR)CBO Vdc 
100 -
75 -
80 -

V(BR)EBO Vdc 
7.0 -
5.0 -

lcBo µAde 
- 15 

- 0.050 
- 0.020 

- 0.002 
- 0.010 

- 10 
- 15 

IEBO nAdc 
- 2.0 
- 10 
- 50 
- 20 

SMALL-SIGNAL DEVICES 



2N2060,A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic l Symbol Min Max Unit 

ON CHARACTERISTICS 

DC Current Gain hFE -
Uc = 10 µAde, VcE = 5.0 Vdc) 2N2060, 2N2060A 26 75 

2N2223, 2N2223A 15 -
Uc= 100 µAde, VcE = 5.0 Vdc) 2N2060, 2N2060A 30 90 

2N2223, 2N2223A 25 150 
2N2480 20 -
2N2480A 35 -

Uc= 1.0 mAdc, VcE = 5.0 Vdc) 2N2060, 2N2060A 40 120 
2N2480. 30 350 
2N2480A 50 200 

Uc = 10 mAdc, VcE = 5.0 Vdc) 2N2060, 2N2060A 50 150 
2N2223, 2N2223A 50 200 

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Uc = 50 mAdc, le = 5.0 mAdc) 2N2060A - 0.6 

2N2060,2N2223,2N2223A,2N2480A - 1.2 
2N2480 - 1.3 

Base-Emitter Saturation Voltage VeE(sat) Vdc 
Uc = 50 mAdc, le = 5.0 mAdc) 2N2060, 2N2060A. • 2N2223, 2N2223A. 2N2480A - 0.9 

2N2480 - 1.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
Uc = 50 mAdc, VcE = 10 Vdc, 2N2223, 2N2223A 
f = 20 MHz) 2N2480, 2N2480A 50 -

2N2060, 2N2060A 60 -
Output Capacitance Cobo pF 

(Vee= 10 Vdc, IE = 0, f = 1.0 MHz) 2N2060, 2N2060A, 2N2223, 2N2223A - 15 
2N2480A - 18 
2N2480 - 20 

Input Capacitance Cibo - 85 pF 
(VBE = 0.5 Vdc, lc = o. f = 1.0 MHz) 2N2060, 2N2060A. 2N2223, 

2N2223A, 2N2480A 

Input Impedance hie ohms 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, 2N2060, 2N2060A 1000 4000 
f = 1.0 kHz) 2N2480A 1000 6000 

Input Impedance hib ohms 
Uc = 1.0 mAdc, Vee = 5.0 Vdc, 2N2060, 2N2060A, 2N2223, 
f = 1.0 kHz) 2N2223A 20 30 

2N2480A 20 35 

Voltage Feedback Ratio hrb - 3.0 x 10-4 
Uc = 1.0 mAdc, Vee = 5.0 Vdc, 
f = 1.0 kHz) 2N2223, 2N2223A 

Small-Signal Current Gain hfe -
Uc= 1.0 mAdc, VcE = 5.0 Vdc, 2N2060, 2N2060A 50 150 
f = 1.0 kHz) 2N2223, 2N2223A 40 200 

2N2480A 50 300 

Output Admittance hoe - 16 µ.mhos 
Uc= 1.0 mAdc, VcE = 6.0 Vdc, 
f= 1.0kHz) 2N2060, 2N2060A, 2N2480A 

Output Admittance hob - 0.5 µ.mhos 
Uc= 1.0 mAdc, Vee = 5.0 Vdc, 
f = 1.0 kHz) 2N2223, 2N2223A 

Noise Figure NF dB 
Uc = 0.3 mAdc, VcE = 10 Vdc, 
Rs= 510 n. 
f = 1.0 kHz, BW = 1.0 Hz) 2N2480, 2N2480A - 8.0 
Uc= 0.3 mAdc, VcE = 10 Vdc, 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTO.RS 
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2N2060,A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25"C unless otherwise noted.) 

Characteristic 

Rs= 510-0, 
f = 1.0 kHz, BW = 200 Hz) 2N2060, 2N2060A 
Uc= o.3 mAdc, Vee = 10 Vdc, 
R5 = 1.0 kO, 
f = 1.0 kHz, BW = 15.7 kHz)(2) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(3) 
Uc= 100 µAde, Vee = 5.o Vdc) 2N2060, 2N2060A, 2N2223A 

2N2223, 2N2480, 2N2480A 

Uc = 1.0 mAdc, Vee = 5.o Vdc) 2N2060, 2N2060A 
2N2480, 2N2480 

Base-Emitter Voltage Differential 
Uc = 100 µAde, Vee = 5.0_ Vdc) 2N2060A 

2N2060, 2N2223A, 2N2480A 
2N2480 
2N2223 

Uc= 1.0 mAdc, Vee = 5.0 Vdc) 2N2060, 2N2060A, 2N2480A 
2N2480 

Base-Emitter Voltage Differential Change Due to Temperature 
Uc = 100 µAde, Vee = 5.0 Vdc, 
TA = -55°C to + 125°c) 2N2060A 

2N2060 
2N2223, 2N2223A 
2N2480, 2N2480A 

(1) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle .;; 2.0%. 
(2) Amplifier: 3.0 Db points at 25 Hz and 10 kHz with a roll-off of 6.9 dB per octave. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

Symbol 

hFe1ihFe2 

IVBe1-VBe2I 

A(VBe1-VBe2l 
AT 

Min 

-

-

0.9 
0.8 

0.9 
0.8 

-
-
-
-
-
-

-
-
-
-

FIGURE 1 - DC CURRENT GAIN Y9l'SUI COLLECTOR CURRENT RBURE 2- "ON" VOLTAGES 
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MAXIMUM RATINGS 

Rating Symbol 2N2453 2N2453A 

Collector-Emitter Voltage Vern 30 50 

Collector-Base Voltage Vceo 60 80 

Emitter-Base Voltage Veeo 7.0 

Collector Current - Continuous le 50 

One Die Both Die 

Total Device Dissipation @ TA = 25°C Po 200 300 
Derate above 25°C 1.14 1.71 

Total Device Dissipation @ Tc = 25°C Po 600 1200 
Derate above 25°C 3.43 6.86 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
He = 10 mAdc, le = O) 2N2453 

2N2453A 

Collector-Base Breakdown Voltage 
(le= 10 µAde, IE = O) 2N2453 

2N2453A 

Emitter-Base Breakdown Voltage 
He= 0.1 µAde, le= O) 

Collector Cutoff Current 
!Vee = 50 Vdc, le = O) 
!Vee = 50 Vdc, le = o, TA= 150°C) 

Emitter Cutoff Current 
<Vee = 5.o Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
He = 10 µAde, Vee = 5.0 Vdc) 
He = 10 µAde, Vee = 5.0 Vdc, TA = -55°C) 
He= 1.0 mAdc, Vee = 5.0 Vdc) 
He = 1.0 mAdc, Vee = 5.0 Vdc, TA= -55°C) 

Collector-Emitter Saturation Voltage 
lie = 5.0 mAdc, 19 = 0.5 mAdc) 

Base-Emitter Saturation Voltage 
lie = 5.0 mAdc, 19 = 0.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
He = 5.0 mAdc, Vee = 10 Vdc, t = 30 MHz) 

Output Capacitance 
!Vee = 10 Vdc, le = o, t = 140 kHz) 

Input Capacitance 
!Vee = o.5 Vdc, le = o, t = 140 kHz) 

Input Impedance 
lie = 1.0 mAdc, Vee = 5.0 Vdc, t = 1.0 kHz) 

Input Impedance 
lie = 1.0 mAdc, Vee = 5.0 Vdc, t = 1.0 kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

mW 
mW/°C 

·c 

2N2453,A 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N2920 for graphs. 

Symbol Min Max Unit 

VcEO(sus) Vdc 
30 -
50 -

VIBR)CBO Vdc 
60 -
80 -

VIBR)EBO 7.0 - Vdc 

icso µAde 
- 0.005 
- 10 

leso - 0.002 µAde 

hFE -
80 -
40 -
150 600 
75 -

VcE(sat) - 1.0 Vdc 

VBE!sat) - 0.9 Vdc 

tr 60 - MHz 

Cobo - 8.0 pF 

Cibo - 10 pF 

h;e 5.0 - kohms 

h;b 20 30 Ohms 

MOTOROLA SEMICONDUCTORS 
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2N2453,A 

ELECTRICAL CHARACTERISTICS (continued) lTA = 25°C unless otherwise noted.) 

~ Characteristic 

Voltage Feedback Ratio 
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
Uc= 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance 
Uc= 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure 
Uc = 10 !LAdc, VcE = s.o Vdc, Rs = 10 kfl, t = 1.0 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) 
Uc = 100 !LAdc, VcE = 5.0 Vdcl 2N2453A 
Oc = 1.0 mAdc, VcE = 5.0 Vdc) 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, TA= - 55°C to + 125°C) 

Base-Emitter Voltage Differential 
Uc = 10 !LAdc, VcE = 5.0 Vdcl 
Uc = 1.0 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential Gradient 
Uc = 10 l'Adc, VcE = 5.0 Vdc, TA = -55°C to + 125°C) 2N2453 

(1) Pulse Test: Pulse Width "' 300 /LS, Duty Cycle "' 2.0%. 
(2) Lowest hFE reading is taken as hFE1 for this ratio. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

hre 

hrb 

hfe 

hoe 

hob 

NF 

hFE1ihFE2 

\VsE1-VsE2I 

Jl.(VsE1-VsE2l 
Jl.TA 

Min Max Unit 

x 10-4 
- 6.0 

x 10-4 
- 5.0 

-
150 600 

I'm hos 
5.0 30 

I'm ho 
- 0.2 

dB 
- 7.0 

-
0.90 1.0 
0.90 1.0 
0.85 1.0 

mVdc 
- 3.0 
- 5.0 

µV!°C 
- 10 
- 5.0 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEo 45 Vdc 

Collector-Base Voltage Vceo 45 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 30 mAdc 

One Die Both Die 

Total Device Dissipation @ TA = 25°C Po 300 600 mW 
Derate above 25°C 1.72 3.43 mWl°C 

Total Device Dissipation @ Tc = 25°C Po 600 1200 mW 
Derate above 25°C 3.43 6.87 mWl°C 

Operating and Storage Junction TJ, Tstg -65 to +200 ·c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
Uc = 10 mAdc, le = Ol 

Collector Cutoff Current 
(VCE = 5.0 Vdc, le = 0) 

Collector Cutoff Current 
(Vee = 45 Vdc, IE = 0) 
(Vee = 45 Vdc, IE = o, TA = + 150°Cl 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 10 µAde, VcE = 5.0 Vdcl 2N2639, 2N2640, 2N2641 

2N2642, 2N2643, 2N2644 

Uc= 10 µAde, VcE = 5.o Vdc, TA= -55°Cl 2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 

Uc = 100 µAde, VcE = 5.0 Vdc) 2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 

Uc= 1.0 mAdc, VcE = 5.0 Vdc) 2N2639, 2N2640, 2N2641 
2N2642, 2N2643, 2N2644 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 0.5 mAdc) 

Base-Emitter Saturation Voltage 
(le = 10 mAdc, le = 0.5 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance 
(Vee = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Impedance 
Uc = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz, IE = -1.0 mA) 

Voltage Feedback Ratio 
Uc = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz, IE = -1.0 mA) 

SMALL-SIGNAL DEVICES 

5-7 

2N2639 
thru 

2N2644 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N2913 for graphs. 

Symbol Min Max 

VcEO(sus) 45 -

lcEO - 0.010 

lceo 
- 0.010 
- 10 

IEBO - 0.010 

hFE 
50 300 
100 300 

10 -
20 -
55 -
110 -
65 -
130 -

VcE(sat) - 1.0 

VeE(sat) 0.6 1.0 

fT 40 -

Cobo - 8.0 

hib 25 32 

Unit 

Vdc 

µAde 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

ohms 

hrb - 600 x 10-6 

MOTOROLA SEMICONDUCTORS 
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2N2639 thru 2N2644 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°C unless otherwise noted.) 

Characteristic 

Small-Signal Current Gain ' 
lie= 1.0 mAdc, Vee= 5.0 Vdc, f = 1.0 kHz) 2N2639, 2N2640, 2N2641 

2N2642,2N2643,2N2644 

Output Admittance 
lie = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz, IE = -1.0 mA) 

Noise Figure 
lie = 10 µ,Ade, Vee = 5.0 Vdc, 
Rs = 10 k!l, Bandwidth = 1 O Hz to 15 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) 
lie = 10 µ,Ade, VcE = 5.0 Vdcl 

Base-Emitter Voltage Differential 
lie = 10 µ,Ade, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential Gradient 
lie= 10 µ,Ade, Vee = 5.0 Vdc, TA= -55 to +125°C) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
(2) The lowest hFE reading is taken as hfE1 for this test~ 

MOTOROLA SEMICONDUCTORS 
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2N2640, 2N2643 

2N2639, 2N2642 
2N2640, 2N2643 

2N2639, 2N2642 
2N2640, 2N2643 
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Symbol 

hfe 

hob 

NF 

hFE1ihFE2 

JVeE1-VeE2l 

A(VsE1-VsE2l 
ATA 

Min Max Unit 

-
65 600 
130 600 

- 1.0 µ,mhos 

- 4.0 dB 

-
0.9 1.0 
0.8 1.0 

mVdc 
- 5.0 
- 10 

µ,Vi°C 
- 10 
- 20 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 60 Vdc 

Collector-Base Voltage Vcso 100 Vdc 

Emitter-Base Voltage VEBO 7.0 Vdc 

Collector Current - Continuous le 500 mAdc 

One Die Both Die 

Total Device Dissipation @ TA = 25'C Po 0.3 0.6 Watt 
Derate above 25'C 1.72 3.43 mWl'C 

Total Device Dissipation@ Tc = 25'C Po 1.0 2.0 Watts 
Derate above 25'C 5.7 11.4 mW/'C 

Operating and Storage Junction TJ, Tstg -65to +200 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (le = 20 mAdc, Is = 01 

Collector-Base Breakdown Voltage (le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage (IE = 100 µAde, le = O) 

Collector Cutoff Current (Yes = 50 Vdc, IE = O) 
(Yes = 50 Vdc, IE = 0, TA = 150'C) 

Emitter Cutoff Current (VsE = 5.0 Vdc, le = o) 2N2652 

ON CHARACTERISTICS 

DC Current Gain (le = 100 µAde, VcE = 5.0 Vdc) 
(le = 1.0 mAdc, VcE = 5.0 Vdc) 
(le = 1.0 mAdc, VcE = 5.0 Vdc, TA = -55'C) 

Collector-Emitter Saturation Voltage (le = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage (le = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (le = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance (Yes = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (VBE = 0, 0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance (le = 1.0 mAdc, V CE = 5.0 Vdc, f = 1.0 kHz) 

Input Impedance (le = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain (le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance (le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure 
(le = 0.3 mAdc, VcE = 10 Vdc, Rs = 610 ohms, B. W. = 1.0 Hz, f = 1.0 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) (le = 100 µAde, VcE = 5.0 Vdc) 2N2652 
(le = 1.0 mAdc, VcE = 5.0 Vdc) 2N2652 

Base-Emitter Voltage Differential (le = 100 µAde, VcE = 5.0 Vdc) 
(le = 1.0 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential Gradient 
(le = 100 µAde, VcE = 5.0 Vdc, TA = -55 to + 125'C) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
(2) The lowest of the two hFE readings is taken as hFE1 for the purpose of measurement. 

SMALL-SIGNAL DEVICES 
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2N2652,A 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N2060,A for graphs. 

Symbol Min Max Unit 

Y(BR)CEO 60 - Vdc 

Y(BR)CBO 100 - Vdc 

Y(BR)EBO 7.0 - Vdc 

icso - 0.010 µAde 
- 15 

IEBO - 0.010 µAde 

hFE 35 - -
50 200 
15 -

VcE(sat) - 1.2 Vdc 

VsE(sat) - 0.9 Vdc 

tr 60 - MHz 

Cobo - 15 pF 

Cibo - 85 pF 

hie 1.0 10.5 kohms 

hib 20 35 ohms 

hfe 50 300 -

hoe - 50 µmhos 

NF - 8.0 dB 

hFE11hFE2 0.85 1.0 -
0.85 1.0 

IYsE1-VsE2I - 3.0 mVdc 
- 3.0 

Ll.(VsE1-VsE2l - 10 µV/'C 

LI.TA 

MOTOROLA SEMICONDUCTORS 
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I 

-

2N2720 
2N2721 

CASE 654-07, STYLE 1 
MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Symbol 

VcEO 

vcBo 

VEBO 

le 

DUAL 
AMPLIFIER TRANSISTOR 

Total Device Dissipation @ TA = 25°C Po 
Derate above 25°C 

NPNSILICON 
Total Device Dissipation@ Tc = 25°C Po 

Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

Refer to 2N2060 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (le = 10 mAdc, Is = O) V(BR)CEO 

Collector Cutoff Current (VcE = 5.0 Vdc, Is = 0) lcEO 

Collector Cutoff Current (Vea = 60 Vdc, IE = O) le Bo 
(Vea = 60 Vdc, IE = o, TA= 150°c) 

Emitter Cutoff Current (VEB = 5.0 Vdc, le = 0) IEBO 

ON CHARACTERISTICS 

DC Current Gain Oc = 100 µAde, VcE = 5.0 Vdc) hFE 
(le = 1.0 mAdc, VcE = 5.0 Vdc) 
(le = 10 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage (le= 10 mAdc, Is = 1.0 mAdc) VcE(sat) 

Base-Emitter Saturation Voltage Oc = 10 mAdc, Is = 1.0 mAdc) VB~at) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) tr 
Output Capacitance (Vea = 5.0 Vdc, IE = 0, f = 1.0 MHz) Cobo 

Input Impedance (IE = 1.0 mAdc, Vea = 5.0 Vdc, f = 1.0 kHz) hib 

Voltage Feedback Ratio OE = 1.0 mAdc, Vea= 5.0 Vdc, f = 1.0 kHz) hrb 

Small-Signal Current Gain Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hfe 

Output Admittance OE= 1.0 mAdc, Vea = 5.0 Vdc, f = 1.0 kHz) hob 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) hFE1ihFE2 
Oc = 100 µAde, VcE = 5.0 Vdc) 2N2720 

2N2721 

Base-Emitter Voltage Differential IVsE1-VBE2i 
(le= 100 µAde, VcE = 5.0 Vdc) 2N2720 

2N2721 

Base-Emitter Voltage Differential Change Due to Temperature A(VsE1-VsE2l 
Oc = 100 µAde, VcE = 5.0 Vdc, TA= -55 to +25°C) 2N2720 

2N2721 

(le= 100 µAde, VcE = 5.0 Vdc, TA= +25 to +125°C) 2N2720 
2N2721 

(1) Pulse Test: Pulse Width.; 300 µ,s, Duty Cycle"' 2.0%. 
(2) The lower ofthe two hFE readings is taken as hFE1 for the purpose of measurement. 

Value Unit 

60 Vdc 

80 Vdc 

6.0 Vdc 

40 mAdc 

One Die Both Die 

0.3 0.6 Watt 
1.71 3.4 mwrc 
0.6 1.2 Watt 
3.4 6.8 mwrc 
-65 to +200 •c 

Min Max Unit 

60 - Vdc 

- 10 nAdc 

- O.Q1 µAde 
- 10 

- 10 nAdc 

30 120 -
35 -
42 -
- 1.0 Vdc 

0.65 0.85 Vdc 

80 - MHz 

- 6.0 pF 

25 32 ohms 

- 500 x 10-s 

30 200 -
- 1.0 µmhos 

-
0.9 1.0 
0.8 1.0 

mVdc 
- 5.0 
- 10 

mV 
- 0.8 
- 1.6 

- 1.0 
- 2.0 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 45 Vdc 

Collector-Base Voltage vcBo 45 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 40 mAdc 

One Die Both Die 

Total Device Dissipation @ TA = 25'C Po 0.3 0.6 Watt 
Derate above 25'C 1.7 3.4 mwrc 

Total Device Dissipation @Tc = 25'C Po 0.6 1.2 Watts 
Derate above 25'C 3.4 6.8 mwrc 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65to +200 'C 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage Oc = 10 µAde, IE = 0) 

Collector Cutoff Current (VcE = 5.0 Vdc, IB = 0) 

Collector Cutoff Current (VcB = 30 Vdc, IE = O) 
IVcB = 30 Vdc, IE = 0, TA = 150°C) 

Emitter Cutoff Current IVEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain Oc = 1.0 µAde, VcE = 5.0 Vdc) 
Oc = 10 µAde, VcE = 5.0 Vdc) 
Oc = 0.1 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage Oc = 10 mAdc, IB = 0.5 mAdc) 

Base-Emitter Saturation Voltage Oc = 10 mAdc, IB = 0.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance (VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Impedance OE = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio (IE = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain OE = 0.1 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance OE = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure Oc = 10 µAde, VcE = 5.0 Vdc, Rs = 10 kO, f = 10 Hz to 15.7 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) 
Oc = 1.0 µAde, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential 
Oc = 1 o µAde, V CE = 5.0 Vdc) 

Base-Emitter Voltage Differential Change Due to Temperature 
(le = 10 µAde, VcE = 5.0 Vdc, TA = -55 to + 25'C) 
(le= 10 µAde, VcE = 5.0 Vdc, TA= +25 to +125'C) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
(2) The lower of the two hfE readings is taken as hFE1 for the purpose of measurement. 

SMALL-SIGNAL DEVICES 
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2N2722 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N2920 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 45 - Vdc 

V(Bf!.LCBO 45 - Vdc 

lcEO - 2.0 nAdc 

lcso - 0.001 µAde 
- 1.0 

IEBO - 1.0 nAdc 

hfE 50 250 -
100 -
125 -

VcE(sat) - 1.0 Vdc 

VBE(sat) 0.65 0.85 Vdc 

tr 100 - MHz 

Cobo - 6.0 pf 

hjb 25 32 ohms 

hrb - 600 x 10-6 

hfe 100 700 -
hob - 1.0 µmhos 

NF - 4.0 dB 

hfE11hFE2 0.9 1.0 -

IVBE1-VBE2I - 5.0 mVdc 

a(VBE1-VBE2l mVdc 
- 0.8 
- 1.0 

MOTOROLA SEMICONDUCTORS 
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2N2723 
CASE 20-03, STYLE 8 

T0-72 (T0-206AF) 

I 
MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
(Base 1 and Base 2 open) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

DARLINGTON TRANSISTOR Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

NPN SILICON Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N998 for graphs. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CE20 
!le = 10 mAdc, IB1 = OI 

Collector-Base Breakdown Voltage V(BRICB10 
Oc = 10 µAde, IE2 = 0) 

Emitter-Base Breakdown Voltage V(BR)E2B10 
0E2 = 10 µAde, le = O) 

Collector Cutoff Current 1cB10 
(VcB1 = 60 Vdc, IE = O) 
(VCB1 = 60 Vdc, IE = o, TA= 150°C) 

Emitter Cutoff Current IE2B10 
(VB1E2 = 10 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 10 mAdc, VCE2 = 5.0 Vdc, IB2 = O) 

Collector-Emitter Saturation Voltage VcE2(sat) 
Oc = 10 mAdc, IB1 = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE2(sat) 
Oc = 10 mAdc, IB1 = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cob lo 
(VcB1 = 10 Vdc, IE2 = 0, f = 140 kHz) 

Small-Signal Current Gain hte 
Oc = 10 mAdc, VcE2 = 5.0 Vdc, f = 1.0 kHz) 

Current Gain - Bandwidth Product (Each Unit) lhtel 
Oc = 10 mAdc, VcE1 or VCE2 = 10 Vdc, f = 20 MHz) 

Noise Figure (Input Stage Only) NF 
Oc = 50 µAde, VcE = 5.0 Vdc, Rs = 3.0 kohms, f = 1.0 kHz, BW = 100 Hz) 

(1) Pulse Test: Pulse Width.; 12 ms, Duty Cycle.; 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcE20 60 Vdc 

VcB1 80 Vdc 

VE2B1 12 Vdc 

ic 40 Ade 

Po 0.5 Watt 
2.9 mwrc 

Po 1.8 Watts 
10.5 mwrc 

TJ, Tstg -65 to +200 oc 

Min Max Unit 

60 - Vdc 

80 - Vdc 

12 - Vdc 

µAde 
- O.Q1 
- 10 

- 10 nAdc 

2000 10,000 -

- 1.0 Vdc 

- 1.7 Vdc 

- 10 pf 

1500 15,000 -

5.0 - -

- 10 dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcE20 40 Vdc 
(Base 1 and Base 2 open) 

Collector-Base Voltage Vcs10 60 Vdc 

Emitter-Base Voltage VE2B10 15 Vdc 
(Pin 4 to Pin 21 7.5 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA = 25°C Po 0.5 Watt 
Derate above 25°C 2.9 mW!°C 

Total Device Dissipation @Tc = 25°C Po 1.8 Watts 
Derate above 25°C 10.5 mW!°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 20 mAdc, ls1 = OI 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE2 = OI 

Emitter-Base Breakdown Voltage 
OE2 = 100 µAde, le = 01 

Collector Cutoff Current 
(VcE = 20 Vdc, Is = O) 

Collector Cutoff Current 
(Vcs1 = 30 Vdc, IE = O) 
(Vcs1 = 30 Vdc, IE = o, TA = 150°C) 

Emitter Cutoff Current 
(VE2B1 = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 1.0 mAdc, VcE2 = 4.0 Vdc) 
Oc = 10 mAdc, VcE2 = 5.0 Vdc) 
Oc = 100 mAdc, VcE2 = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 15 mAdc, ls1 = 3.0 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
IVcs1 = 10 Vdc, IE2 = 0, f = 1.0 MHz) 

Input Impedance 
Oc = 1.0 mAdc, Vcs1 = 5.0 Vdc, I = 1.0 kHz) 

Voltage Feedback Ratio 
Oc = 1.0 mAdc, VcE2 = 5.0 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
Oc = 1.0 mAdc, VcE2 = 5.0 Vdc, f = 1.0 kHz) 

Current Gain - High Frequency 
Oc = 1.0 mAdc, VcE2 = 5.0 Vdc, f = 10 MHz) 

Output Admittance 
Oc = 1.0 mAdc, Vcs1 = 5.0 Vdc, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width ,;; 300 µs, Duty Cycle ,;; 2.0%. 

SMALL-SIGNAL DEVICES 
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2N2785 

CASE 22-03, STYLE 8 
T0-72 (T0-206AF) 

JI 
DARLINGTON TRANSISTOR 

NPN SILICON 

Refer to 2N998 for graphs. 

Symbol Min Max Unit 

V(BRICE020 40 - Vdc 

V(BRICB010 60 - Vdc 

V(BR)E2B010 15 - Vdc 

ICEO - 500 nAdc 

lcso µAde 
- 0.05 
- 10 

IEBO - 20 nAdc 

hFE -
600 -
1200 -
2000 20,000 

VcE(sat) - 1.0 Vdc 

Cob1o - 30 pF 

hib 30 80 Ohms 

hrb - 10 x 10-4 

hte 600 - -

lhtel 1.0 - -

hob - 0.5 µmhos 

MOTOROLA SEMICONDUCTORS 
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CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Symbol 

VcEO 

Vcso 

VEBO 

ic 

Total Device Dissipation @ TA = 25°C Po 
NPN SILICON Derate above 25'C 

Total Device Dissipation @ 'r c = 25'C Po 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N2920 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) Uc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage UE = 0.1 µAde, le= O) 

Collector Cutoff Current (Vea = 50 Vdc, IE = 0) 
(Vea = 50 Vdc, IE= o. TA= 150'C) 

Emitter Cutoff Current (VBE = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain Uc = 10 µAde, VcE = 5.0 Vdc) 
Uc= 10 µAde, VcE = 5.0 Vdc, TA= -55'C) 
Uc= 1.0 mAdc, VcE = 5.0 Vdc) 
(le= 1.0 mAdc, VcE = 5.0 Vdc, TA= -55'C) 

Collector-Emitter Saturation Voltage Uc = 5.0 mAdc, Is = 0.5 mAdc) 

Base-Emitter Saturation Voltage Uc = 5.0 mAdc, le = 0.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (le = 5.0 mAdc, VcE = 10 Vdc, f = 30 MHz) 

Output Capacitance (Vee = 10 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance (VeE = 0.5 Vdc, le = o. f = 140 kHz) 

Input Impedance Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Input Impedance Uc= 1.0 mAdc, Vea = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio Uc= 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain (le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance Uc= 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance Uc = 1 .o mAdc, Vee = 5.0 Vdc, f = 1 .o kHz) 

Noise Figure (le = 10 µAde, VcE = 5.0 Vdc, Rs = 10 kohms, f = 1.0 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) Uc = 1.0 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential Uc = 10 µAde, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential Gradient 
Uc= 10 µAde, VcE = 5.0 Vdc, TA= -55'C to +125'C) 

(1) Pulse Test: Pulse Width "" 300 µs, Duty Cycle "" 2.0%. 
(2) Lowest hFE reading is taken as hFE1 for this ratio. 

TJ, Tstg 

Symbol 

VcEOJ!'u& 

V(BR)CBO 

V(Bf!l_EBO 

icso 

IEBO 

hFE 

Vcl;l_sa!l_ 

Vel;l_sat) 

fr 
Cobo 

Cibo 

hie 

hib 

hre 

hrb 

hte 

hoe 

hob 

NF 

hFE1ihFE2 

IVsE1-VeE2I 

.1(VeE1-VeE~) 

<iTA 

Value Unit 

30 Vdc 

60 Vdc 

7.0 Vdc 

50 mAdc 

One Die Both Die 

200 300 mW 
1.14 1.71 mwrc 
0.6 1.2 Watts 
3.43 6.86 mWl°C 

-65 to +200 "C 

Min Max Unit 

30 - Vdc 

60 - Vdc 

7.0 - Vdc 

- 0.01 µAde 
- 15 

- O.Q1 µAde 

60 - -
25 -
125 625 
60 -
- 1.0 Vdc 

- 0.9 Vdc 

60 - MHz 

- 8.0 pF 

- 10 pF 

1.0 - kohm 

20 30 ohms 

- 6.0 x 10-4 

- 5.0 x 10-4 

150 600 -
5.0 3o µmhos 

- 0.2 I'm ho 

- 7.0 dB 

0.8 1.0 -
- 10 mVdc 

- 20 l'Vl°C 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

2N2913 
thru 2N2919 

Rating Symbol 2N2918 2N2920 

Collector-Emitter Voltage VcEO 45 60 

Collector-Base Voltage Vcso 45 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 30 

One Die Both Die 

Total Device Dissipation Po 
@TA= 25°C 300 500 
Derate above 25°C 1.7 2.86 

Total Device Dissipation Po 
@Tc= 25°C 750 1500 
Derate above 25°C 4.3 8.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.I 

Characteristic I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 10 mAdc, Is = 01 2N2913 thru 18, 

2N2919, 2N2920 

Collector-Base Breakdown Voltage 
(le = 10 µAde, IE = O) 2N2913 thru 18, 

2N2919, 2N2920 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le = 01 

Collector Cutoff Current 
(VcE = 5.0 Vdc, 19 = O) 

Collector Cutoff Current 
(Vc9 = 45 Vdc, IE = 0) 2N2913 thru 18, 

2N2919, 2N2920 

(Vee = 45 Vdc, IE = 0, TA = 150°C) All Types 

Emitter Cutoff Current 
(VE0 = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
!le = 10 µAde, VcE = 5.0 Vdcl 2N2913,15,17,19, 

2N2914,16,18,20 

(le= 10 µAde, VcE = 5.0 Vdc, TA= -55°C) 2N2913, 15, 17, 19, 
2N2914, 16, 18, 
2N2920 

(le = 100 µAde, VcE = 5.0 Vdc) 2N2913, 15, 17, 19, 
2N2914, 16, 18,20 

!le = 1.0 mAdc, VcE = 5.0 Vdc) 2N2913,15,17,19, 
2N2914, 16, 18,20 

Collector-Emitter Saturation Voltage 
(le = 1.0 mAdc, 19 = 0.1 mAdc) 

Base-Emitter On Voltage 
!le = 100 µAde, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 500 µAde, VcE = 5.0 Vdc, t = 20 MHz) 

SMALL-SIGNAL DEVICES 

5-15 

2N2913 
thru 

2N2920 

Unit 

Vdc 

JAN, JTX, JTXV, JANS AVAILABLE 
CASE 654-07, STYLE 1 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

mW 
mwrc 

oc 

Symbol 

V(BR)CEO(sus) 

V(BR)CBO 

V(8RIE80 

ICED 

1c00 

IEBO 

hFE 

VcE(sat) 

VeE(on) 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

Vdc 
45 - -
60 - -

Vdc 
45 - -
60 - -
6.0 - - Vdc 

- - 0.002 µAde 

µAde 
- - 0.010 
- - 0.002 

- - 10 

- - 0.002 µAde 

-
60 - 240 
150 - 600 

15 - -
30 - -
40 - -

100 - -
225 - -

150 - -
300 - -
- - 0.35 Vdc 

- - 0.7 Vdc 

60 MHz 

MOTOROLA SEMICONDUCTORS 
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2N2913 thru 2N2920 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted) 

Characteristic 
Output Capacitance 

(Vee = 5.0 Vdc, IE = 0, f = 140 kHz) 

Input Impedance 
Uc= 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance 
Uc= 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure 
Ile = 10 µAde, Vee = 5.0 Vdc, Rs = 10 kfi, 2N2914, 16, 18,20, 
f = 1.0 kHz, BW = 200 Hz) 2N2913,15,17,19 

Ile = 10 µAde, Vee = s.o Vdc, Rs = 10 kn, 2N2914, 16, 18,20, 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 2N2913,15,17,19 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) 
Ile= 100 µAde, Vee = 5.0 Vdc) 2N2917,18, 

2N2915, 16, 19,20 

Base-Emitter Voltage Differential 
Uc= 10 µAde to 1.0 mAdc, Vee = 5.0 Vdc) 2N2917,18, 

2N2915,16,19,20 

(le = 100 µAde, Vee = 5.0 Vdc) 2N2917,18, 
2N2915, 16, 19,20 

Base-Emitter Voltage Differential Change Due to Temperature 
Uc= 100 µAde, Vee = 5.0 Vdc, 
TA= -55'Cto +25°C) 2N2917,18, 

2N2915,16,19,20 

(le = 100 µAde, Vee = 5.0 Vdc, 2N2917,18 
TA= +25'Cto +125'C) 2N2915,16,19,20 

(1) Pulse Test: Pulse Width "" 300 µs, Duty Cycle "" 2.0%. 
(2) The lowest hFE reading is taken as hFE1 for this ratio. 
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Symbol Min Typ Max Unit 

Cobo - 4.0 6.0 pF 

hib 25 28 32 ohms 

hob - - 1.0 µmhos 

NF dB 
- 2.0 3.0 
- 3.0 4.0 

- 2.0 3.0 
- 3.0 4.0 

hFe11hFE2 -
0.8 - 1.0 
0.9 - 1.0 

IVee1-Vee2I mVdc 
- - 10 
- - 5.0 

- - 5.0 
- - 3.0 

a1vee1-Vee2l mVdc 

- - 1.6 
- - 0.8 

- - 2.0 
- - 1.0 

FIGURE 2 - DC CURRENT GAIN versus COLLECTOR CURRENT 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 45 Vdc 

Collector-Base Voltage Vcso 45 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 30 mAdc 

One Die Both Die 

Total Device Dissipation @ TA = 25°C Po 250 350 mW 
Derate above 25°C 1.67 2.33 mW/°C 

Total Device Dissipation @Tc = 25°C Po 0.7 1.4 Watts 
Derate above 25°C 4.67 9.33 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 10 mAdc, 19 = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 45 Vdc, IE = O) 
(Vcs = 45 Vdc, IE = 0, TA= +150°C) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain( 1) 
(le = 10 µAde, VcE = 5.0 Vdc) 2N3043, 2N3044, 2N3045 

2N3046,2N3047,2N3048 

lie = 1.0 mAdc, VcE = 5.0 Vdc) 2N3043, 2N3044, 2N3045 
2N3046, 2N3047, 2N3048 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 0.5 mAdc) 

Base-Emitter On Voltage 
(le = 10 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 1.0 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Impedance 
(le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N3043, 2N3044, 2N3045 

2N3046, 2N3047, 2N3048 

Small-Signal Current Gain 
(le = 1.0 mAdc, VcE = 5.0 Vdc, t = 1.0 kHz) 2N3043, 2N3044, 2N3045 

2N3046, 2N3047, 2N3048 

Output Admittance 
(tc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure 
(le= 10 µAde, VcE = 5.0 Vdc, Rs = 10 kohms, Bandwidth = 10 Hz to 15.7 kHz) 

SMALL-SIGNAL DEVICES 

5-17 

2N3043 
thru 

2N3048 

CASE 610A-04, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 45 - Vdc 

V(BR)EBO 5.0 - Vdc 

icso µAde 
- 0.010 
- 10 

IEBO - 0.010 µAde 

hfE -
100 300 
50 200 

130 -
65 -

VcE(sat) - 1.0 Vdc 

VsE 0.6 0.8 Vdc 

IT 30 - MHz 

Cobo - 8.0 pF 

hie Ohms 
3.2k 19k 
1.6k 13k 

hte -
130 600 
65 400 

hoe I'm hos 
- 100 
- 70 

NF - 5.0 dB 

MOTOROLA SEMICONDUCTORS 
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2N3043 thru 2N3048 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I 
MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) 
Uc = 10 µAde, Vee = 5.o Vdc) 

Base-Emitter Voltage Differential 
Uc = 10 µAde, Vee = 5.0 Vdc) 

Base-Emitter Voltage Differential Temperature Gradient 
Uc= 10 µAde, Vee = 5.0 Vdc, TA= -'55 to +125°C) 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle.;; 2.0%. 
(2) The lowest hFE reading is taken as hFE1 for this test . 

MOTOROLA SEMICONDUCTORS 

2N3043, 2N3046 
2N3044, 2N3047 

2N3043, 2N3046 
2N3044, 2N3047 

2N3043, 2N3046 
2N3044, 2N3047 

5-18 

Symbol Min Max Unit 

hFE1ihFE2 -
0.9 1.0 
0.8 1.0 

IVBe1-VBe2I mVdc 
- 5.0 
- 10 

L1.(VBe1-VBe2> µ,Vl°C 

LI.TA - 10 
- 20 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 15 Vdc 

Collector-Emitter Voltage VcER 20 Vdc 

Collector-Base Voltage VcBo 40 Vdc 

Emitter-Base Voltage Veeo 5.0 Vdc 

Ona Dia Both Dia 

Total Device Dissipation @ TA = 25'C Po 0.3 .0.4 Watt 
Derate above 25'C 1.72 2.28 mWl°C 

Total Device Dissipation @ Tc = 25'C Po 0.75 1.5 Watts 
Derate above 25'C 4.3 8.55 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'C 

ELECTRICAL CHARACTERISTICS <TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc = 30 mAdc, RBE "" 10 ohms) 

Collector-Emitter Sustaining Voltage(1) Uc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage Uc = 10 µAde, le = O) 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) 

Collector Cutoff Current (VcE = 20 Vdc, VEB(off) = 0.25 Vdc, TA = 125'C) 

Collector Cutoff Current (Vee = 20 Vdc, IE = 0) 
(Vee = 20 voe, IE = 0, TA = 150'C) 

Emitter Cutoff Current (VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain Uc= 0.5 mAdc, VcE = 1.0 Vdc) 
Uc= 10 mAdc, Vee = 1.0 Vdc) 
Uc= 10 mAdc, VcE = 1.0 Vdc, TA= -55'C) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, IB = 1.0 mAdc) 
Uc = 7.0 mAdc, IB = 0.7 mAdc, TA = -55'C to +125'C) 

Base-Emitter Saturation Voltage Uc = 10 mAdc, IB = 1.0 mAdc) 
Uc = 7.0 mAdc, IB = 0.7 mAdc, TA = -55'C) 

SMALL.SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Uc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance (Vee = 10 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance (V0E = 0.5 Vdc, le = o, f = 140 kHz) 

Small-Signal Current Gain Uc= 10 mAdc, VcE = 1.0 Vdc, f = 1.0 kHz) 

Real .Part of Input Impedance Uc = 10 mAdc, VcE = 10 Vdc, f = 300 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time 
Uc = 10 mAdc, 191 = 10 mAdc, 192 = 10 mAdc) 

Turn-On Time 
(Vee = 3.0 Vdc, VE8(off) = 2.0 Vdc, le = 10 mAdc, 191 = 3.0 mAdc) 

Turn-Off Time 
(Vee = 3.0 Vdc, le = 10 mAdc, 191 = 3.0 mAdc, 192 = 1.0 mAdc) 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle.;; 1.0%. 

SMALL-SIGNAL DEVICES 

5-19 

2N3425 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTORS 

NPNSIUCON 

Refer to MD2389.A,B for graphs. 

Symbol Min Max Unit 

VcEllliu!!L 20 - Vdc 

VcEO(sus) 15 - Vdc 

V(BR)CBO 40 - Vdc 

V(BR)EBO 5.0 - Vdc 

le EX - 15 µAde 

icBo - 0.025 µAde 
- 15 

IEBO - 0.2 µAde 

hfE 12 - -
30 120 
12 -

Vce(sat) Vdc 
- 0.4 
- 0.5 

VeE(sat) 0.7 0.85 Vdc 
- 0.9 

fT 300 - MHz 

Cobo - 6.0 pf 

Ciba - 9.0 pf 

hte 20 - -
Re(hiel - 50 Ohms 

ts - 40 ns 

tan - 50 ns 

taff - 90 ns 

MOTOROLA SEMICONDUCTORS 
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2N3726 
2N3727 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

PNPSILICON 

Refer to MD2905,A for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Collector1 to Collector2 Voltage 
Voltage rating any lead to case 

Symbol 

VcEO 

Vcso 

VEBO 

19 

le 

Po 

Po 

TJ, Tstg 

Vc1 Vc2 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
!le = 10 mAdc, 19 = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
!le = o.oi mAdc, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 0,01 mAdc, le = O) 

Collector Cutoff Current lcso 
(Vee = 30 Vdc, IE = 0) 
(Vee = 30 Vdc, IE = 0, TA = 150°C) 

Emitter Cutoff Current IEBO 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
!le = 0,01 mAdc, Vee = 5.0 Vdc) 
!le = 0.1 mAdc, Vee = 5.0 Vdc) 
!le = 1.0 mAdc, Vee = 5.0 Vdc) 
!le = 50 mAdc, Vee = 5.0 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
Uc = 50 mAdc, 19 = 2.5 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
!le = 50 mAdc, 19 = 2.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fT 
!le= 1.0 mAdc, VcE = 10 Vdc, f = 20 MHz) 
!le = 50 mAdc, Vee = 20 Vdc, t = 100 MHz) 

Output Capacitance Cobo 
!Vee = 10 Vdc, le = o, t = 1.0 MHzl 

Input Capacitance Cibo 
(Vee = 0.5 Vdc, le = o, t = 1 .o MHz) 

Input Impedance hie 
!le = 1.0 mAdc, Vee = 10 Vdc, t = 1.0 kHz) 

Voltage Feedback Ratio hre 
Uc = 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 
!le = 1.0 mAdc, Vee = 10 Vdc, t = 1.0 kHz) 

Value Unit 

45 Vdc 

45 Vdc 

5.0 Vdc 

100 mAdc 

300 mAdc 

One Die Both Die 

400 500 mW 
2.29 2.86 mW/°C 

0.85 1.4 Watt 
4.85 8.0 mW/°C 

-65 to +200 oc 

±200 Vdc 
±200 Vdc 

Min Max Unit 

45 - Vdc 

45 - Vdc 

5.0 - Vdc 

- 10 nAdc 
- 10 µAde 

- 0.1 µAde 

-
80 -
120 -
135 350 
115 -
- 0.25 Vdc 

- 1.0 Vdc 

MHz 
60 -
200 600 

- 8.0 pF 

- 30 pF 

- 11.5 kohm 

- 1500 x 10-6 

135 420 -

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3726,2N3727 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic 

Output Admittance 
Uc= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure 
Uc = 30 µAde, VcE = 5.0 Vdc, Rs = 10 kohms, f = 1.0 kHz. B.W. = 200 Hz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(3) 
Uc= 0.1 mAdc to 1.0 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential 
Uc= 0.1 mAdc to 1.0 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Differential Change Due to Temperature 
Uc= 0.1 mAdc to 1.0 mAdc, VcE = 5.0 Vdc, TA= -55'C to +25'C) 

Uc= 0.1mAdcto1.0 mAdc, VcE = 5.0Vdc, TA= +25'Cto +125'C) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
(2) tr is defined as the frequency at which ihfel extrapolates to unity. 
(3) For purposes of this ratio, the lowest hFE reading is taken as hFE1. 

SMALL-SIGNAL DEVICES 
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2N3726 
2N3727 

2N3726 
2N3727 

2N3726 
2N3727 

Symbol Min Max Unit 

hoe - 80 µmhos 

NF - 4.0 dB 

hFE1ihFE2 0.9 1.0 -

IVBE1-VBE2I mVdc 
- 5.0 
- 2.6 

.i(VBE1-VBE2l mVdc 
- 1.6 
- 0.8 

- 2.0 
- 1.0 

• 

MOTOROLA SEMICONDUCTORS 



''.' 5 j 
I 

2N3806 thru 
2N3810,A 
2N3811,A 

CASE 654-07, STYLE 1 

2N3812 thru(/ 
2N3816,A 
2N3817,A 

CASE 610A-04, STYLE 1 

2N3810, 2N3811 - JAN, JTX, JTXV 
AVAILABLE 

DUAL 
AMPLIFIER TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA=25°C 
Metal Can (2N3806 thru 
2N3810,A, 2N3811,A) 
Derate above 25°C 

Total Device Dissipation 
@Tc= 25°C 
Flat Package (2N3812 thru 
2N3816,A, 2N3817,A) 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 50 Vdc, IE = 0) 
(Vee= 50 Vdc, IE = o, TA= 150°C) 

Emitter Cutoff Current 
(VsE = 4.0 Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 1.0 µAde, VcE = 5.0 Vdc) 2N3807,9, 11,A, 13, 15, 17,A 

(le = 10 µAde, VcE = 5.0 Vdc) 2N3806,8, 1O,A.12,14, 16,A 
2N3807,9, 11,A.13, 15,17,A 

(le = 100 µAde, VcE = 5.0 Vdc) 2N3806,8, 1O,A,12, 14, 16,A 
2N3807,9, 11,A, 13, 15, 17,A 

(le= 100 µAde, VcE = 5.0 Vdc, TA = -55°C) 2N3806,8, 10,A, 12, 14, 16,A 
2N3807,9, 11,A, 13, 15, 17,A 

Oc = 500 µAde, VcE = 5.0 Vdc) 2N3806,8, 10,A,12, 14,16,A 
2N3807,9, 11,A, 13, 15, 17,A 

Uc = 1.0 mAdc, VcE = 5.0 Vdc) 2N3806,8, 10,A, 12, 14, 16,A 
2N3807,9, 11,A, 13, 15, 17,A 

Uc = 10 mAdc, VcE = 5.0 Vdc) 2N3806,8, 10,A, 12, 14, 16,A 
2N3807,9, 11,A, 13, 15, 17,A 

Collector-Emitter Saturation Voltage(1) 
Oc = 100 µAde, Is = 1.0 µAl 2N3814, 2N3815 
Uc = 1.0 mAdc, Is = 100 µAde) 

Base-Emitter Saturation Voltage(1) 
Uc = 100 µAde, Is = 10 µAde) 
Uc= 1.0 mAdc, Is = 100 µAde) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 60 Vdc 

Vcso 60 Vdc 

VEBO 5.0 Vdc 

le 50 mAdc 

One Die Both Die 

Po mW 
500 600 

2.86 3.43 mWl°C 

Po mW 
250 350 

1.5 2.06 mWl°C 

TJ, Tstg -65 to +200 oc 

Symbol Min Max Unit 

V(BR)CEO 60 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcso µAde 
- 0.01 
- 10 

IEBO - 20 nAdc 

hFE -
75 -

100 -
225 -

150 450 
300 900 

75 -
150 -

150 450 
300 900 

150 450 
300 900 

125 -
250 -

VcE(sat) Vdc 
- 0.2 
- 0.25 

VsE(sat) Vdc 
- 0.7 
- 0.8 

SMALL-SIGNAL DEVICES 



2N3806 thru 2N3810,A, 2N3811,A, 2N3812,A, 2N3816,A,. 2N3817,A 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25"C unless otherwise noted.I 

Characteristic 

Base-Emitter On Voltage 
lie = 100 µAde, VcE = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 500 µAde, VcE = 5.0 Vdc, f = 30 MHz) 
lie = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
IVcB = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
IVBE = 0.5 Vdc, le = 0, f = 100 kHz) 

Input Impedance 
lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3806,8, 10,A, 12, 14, 16,A 

2N3807,9, 11,A, 13, 15, 17,A 

Voltage Feedback Ratio 
lie= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
lie= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3806,8, 10,A, 12, 14, 16,A 

2N3807,9,11,A, 13,15,17,A 

Output Admittance 
lie= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure 
lie = 100 µAde, VcE = 10 Vdc, RG = 3.0 kohms 

f = 100 Hz, BW = 20 Hz 2N3806,8, 10,A, 12, 14, 16,A 
2N3807,9, 11,A, 13, 15, 17,A 

~P?t f = 1.0 kHz, BW = 200 Hz 
01se 

2N3806,8, 10.A.12, 14, 16,A 

2N3807,9, 11,A, 13, 15, 17,A 

f = 10 kHz, BW = 2.0 kHz) 2N3806,8, 10,A, 12, 14, 16,A 
2N3807,9,11,A,13, 15,17,A 

Broadband Noise Bandwidth 2N3806,8, 10,A, 12, 14, i 6,A 
10 Hz to 15.7 kHz 2N3807,9, 11,A, 13, 15, 17,A 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(2) 
lie = 100 µAde, VcE = 5.0 Vdc) 2N3808,9,14,15 

2N3810,11,16,17 
2N3810A, 11A,16A,17A 

lie= 100 µAde, VcE = 50 Vdc, TA= -55 to + 125°C) 
2N3810A, 11A,16A, 17A 

Base-Emitter Voltage Differential 
lie = 10 µAde to 10 mAdc, VcE = 5.0 Vdc) 2N3808,9,14,15 

2N3810,A, 11.A.16.A.17.A 

lie = 100 µAde, VcE = 5.0 Vdcl 2N3808,9, 14, 15 
2N3810,11,16,17 
2N3810A,11A, 16A,17A 

Base-Emitter Voltage Differential Change Due to Temperature 
lie= 100 µAde, VcE = 5.0 Vdc, TA= -55 to +25°C) 

2N3808,9, 14, 15 
2N3810,11,16,17 
2N3810A,11A,16A,17A 

lie = 100 µAde, VcE = 5.0 Vdc, TA = +25 to + 125°C) 

111 Pulse Test: Pulse Width .; 300 µs, Duty Cycle .; 2.0%. 
(2) The lowest hfE reading is taken as hfE1 for this ratio. 

SMALL-SIGNAL DEVICES 

2N3808,9,14,15 
2N3810,11,16,17 
2N3810A,11A,16A, 17A 
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Symbol Min Max Unit 

VBE(on) 0.7 Vdc 

t-r MHz 
30 -
100 500 

Cobo - 4.0 pf 

Cibo - 8.0 pf 

hie n 
3.0 30 
10 40 

hre - 25 x 10-4 

hfe -
150 600 
300 900 

hoe 5.0 60 µmhos • NF dB 

- 7.0 
- 4.0 

- 3.0 
- 1.5 

- 2.5 
- 1.5 

- 3.5 
- 2.5 

hfE1ihfE2 -
0.8 1.0 
0.9 1.0 

0.95 1.0 

0.85 1.0 

IVBE1-VBE2I mVdc 
- 8.0 
- 5.0 

- 5.0 
- 3.0 
- 1.5 

~IVBE1-VBE2i mVdc 

- 1.6 
- 0.8 
- 0.4 

- 2.0 
- 1.0 
- 0.5 

MOTOROLA SEMICONDUCTORS 



2N3806 thru 2N3810,A, 2N3811,A, 2N3812,A,·2N3816,A, 2N3817,A 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 40 Vdc· 

Collector 1 to Collector 2 Voltage Vc1c2 ±120 Vdc 
Voltage Rating any Lead to Case ±120 

Collector-Base Voltage Vceo 60 Vdc 

Emitter-Base Voltage Veeo 5.0 Vdc 

Collector Current - Continuous le 600 mAdc 

One Die Both Die 

Total Device Dissipation @ TA = 25°C Po 0.25 0.35 Watt 
Derate above 25°C 1.67 2.34 mWl°C 

Total Device Dissipation @ Tc = 25°C Po 0.7 1.4 Watts 
Derate above 25°C 4.67 9.34 

Operating and Storage Junction TJ, Tstg -65 to +200 ·c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 10 mAdc, le = o) 

Collector-Emitter Nonmatching Voltage 
(lg_0 ru_ = 600 mAdc, l!fu>Q)_ = 120 mAdc, l!fu>ff.l_ = O) 

Collector-Base Breakdown Voltage Oc = 10 µ.Ade, le = o) 

Emitter-Base Breakdown Voltage Oe = 10 µ.Ade, le= o) 

Base Cutoff Current (Vee = 50 Vdc, VeE(off.l_ = 0.5 Vdc) 

Collector Cutoff Current !Vee = 50 Vdc, VeE(offl = o.5 Vdc) 
!Vee = 50 Vdc, VeE(offl = o.5 Vdc, TA = 150°C) 

Emitter Cutoff Current !Vee = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain Oc = 0.1 mAdc, Vee = 10 Vdcl 
Oc = 1.0 mAdc, Vee = 10 Vdc) 
Uc= 10 mAdc, Vee = 10 Vdc)(1) 
(le= 150 mAdc, Vee = 10 Vdc)(1) 
Oc = 150 mAdc, Vee = 1.0 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) (le = 150 mAdc, le = 15 mAdc) 

Base-Emitter Saturation Voltage(1) Oc = 150 mAdc, le = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 20 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance (Vee = 10 Vdc, le = o, f = 140 kHz) 

Input Impedance Oc = 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain Oc = 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Output Admittance (le= 1.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Noise Figure 
Oc = 100 µ.Ade, Vee = 10 Vdc, Rs = 1.0 kohm, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time !Vee = 10 Vdc, Vee(offl = o Vdc, 
Rise Time le = 150 mAdc, 101 = 15 mAdc) 

Storage Time (Vee= 10 Vdc, le= 150 mAdc, 
Fall Time 101 = 102 = 15 mAdc) 

(1) Pulse Test: Pulse Width.;; 300 µ.s, Duty Cycle.;; 2.0%. 

2N3838 

CASE 610A-04, STYLE 1 

COMPLEMENTARY DUAL 
AMPLIFIER TRANSISTOR 

NPN/PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

VcEO(NL)t 40 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

leev - 10 nAdc 

lcev - O.Q1 µ.Ade 
- 10 

leeo - 10 nAdc 

hfE 35 - -
50 -
75 -
100 300 
50 -

Vc~at) - 0.4 Vdc 

VeE(sat) 0.85 1.3 Vdc 

fr 200 - MHz 

Cobo - 8.0 pf 

hie 1.6 9.0 kohms 

hfe 60 300 -
hoe - 50 µ.mho 

NF - B.O dB 

Id - 10 ns 

tr - 40 ns 

Is - 250 ns 

If - 90 ns 

t The highest value of collector supply voltage that may be safely used with a resistive load switching circuit in which the collector 
current is 600 mAdc. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4015 
2N4016 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to MD2905,A for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector 1 to Collector 2 Voltage 
Voltage Rating and Lead to Case 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

,Symbol 

VcEO 

Vc1c2 

Vcso 

VEBO 

19 

ic 

Po 

Po 

TJ, Tstg 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 10 mAdc, 19 = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µ.Ade, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
Oe = 10 µ.Ade, le = o) 

Collector Cutoff Current lcso 
(Vcs = 50 Vdc, le = 'O) 
(Vcs = 50 Vdc, le = o, TA= +150°C) 

Emitter Cutoff Current IEBO 
(Ves = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hfE 
Oc = 0.01 mAdc, Vee = 5.0 Vdc) 
Oc = 0.1 mAdc, Vee = 5.o Vdc) 
Oc = 1.0 mAdc, VcE = 5.0 Vdc) 
(le = 50 mAdc, VcE = 5.0 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
Oc = 50 mAdc, Is = 2.5 mAdc) 

Base-Emitter Saturation Voltage(1) VsE(sat) 
Oc = 50 mAdc, Vee = 2.5 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) tr 
Uc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(Ves = 0.5 Vdc, le = o, t = 1.0 MHz) 

Input Impedance hie 
Oc = 1.0 mAdc, Vee = 10 Vdc, t = 1.0 kHz) 

Voltage Feedback Ratio hre 
Oc = 1.0 mAdc, Vee = 10 Vdc, t = 1.0 kHz) 

Small-Signal Current Gain hte 
Oc = 1.0 mAdc, Vee = 10 Vdc, t = 1.0 kHz) 

MOTOROLA SEMICONDUCTORS 
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Value Unit 

60 Vdc 

±200 Vdc 
±200 

60 Vdc 

5.0 Vdc 

100 mAdc 

300 mAdc 

One Die Both Die 

400 500 mW 
2.29 2.86 mWt'C 

0.85 1.4 Watts 
4.85 8.0 mW/°C 

-65to +200 oc 

Min Max Unit 

60 - Vdc 

60 - Vdc 

5.0 - Vdc 

- 10 nAdc 
- 10 µ.Ade 

- 0.1 µ.Ade 

-
80 -
120 -
135 350 
115 -
- 0.25 Vdc 

- 1.0 Vdc 

MHz 
200 600 
60 -
- 8.0 pf 

- 25 pf 

- 11.5 kohms 

- 15 x 10-4 

135 420 -

SMALL-SIGNAL DEVICES 



2N4015, 2N4016 

ELECTRICAL CHARACTERISTICS (coniinued) (TA = 2s0 c unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Admittance hoe - 80 1-'mhos 
!le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 4.0 dB 
!le = 0.03 mAdc, VcE = 5.0 Vdc, Rs = 10 kohms, f = 1.0 kHz, BW = 200 Hz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio hFE11hFE2 0.9 1.0 -
!le = o. 1 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential IVBE1-VsE2I mVdc 
!le = 0. 1 to 1.0 mAdc, VcE = 5.0 Vdc) 2N4015 - 5.0 

2N4016 - 2.5 

Base-Emitter Voltage Differential Gradient a(VsE1-VsE2) mVdc 
Oc = 0.1to1.0 mAdc, VcE = 5.0 Vdc, TA= - 55 to + 25'C) 2N4015 aTA - 1.6 

2N4016 - 0.8 

!le = 0. 1 to 1 .0 mAdc, VcE = 5.0 Vdc, TA = + 25'C to + 125'C) 2N4015 - 2.0 
2N4016 - 1.0 

(1) Pulse Test: Pulse Width ,;; 300 /LS, Duty Cycle ,;; 1.0%. 
(2) fr is defined as the frequency at which lhtel extrapolates to unity. • 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4854 
2N4855 

2N4854 - JAN, JTX, JTXV 
AVAILABLE 

CASE 654·07, STYLE 5 

COMPLEMENTARY DUAL 
AMPLIFIER TRANSISTOR 

NPN/PNP SILICON 

Refer to MD6001 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector 1 to Collector 2 Voltage 
Voltage Rating any Lead to Case 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BRICEO 
He = 10 mAdc, Is = OI 

Collector-Base Breakdown Voltage V(BRICBO 
He = 10 µAde, IE = 01 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current icso 
(Vcs = 50 Vdc, IE = o, TA = 150°c1 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc= 0.1 mAdc, VcE = 10 Vdc) 2N4854 

2N4855 

Uc = 1.0 mAdc, VcE = 10 Vdc) 2N4854 
2N4855 

Uc= 10 mAdc, VcE = 10 Vdc)(1) 2N4854 
2N4855 

Uc = 150 mAdc, VcE = 10 Vdc)(1) 2N4854 
2N4855 

Uc= 150 mAdc, VcE = 1.0 Vdc)(1) 2N4854 
2N4855 

Uc = 300 mAdc, VcE = 10 Vdc)(1) 2N4854 
2N4855 

Collector-Emitter Saturation Voltage(1) VCE(sat) 
Uc = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage(1) VsE(sat) 
Uc= 150 mAdc, Is = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 40 Vdc 

Vc1c2 ±200 Vdc 
±200 

Vcso 60 Vdc 

VEBO 5.0 Vdc 

le 600 mAdc 

One Die Both Die 

Po 300 600 mW 
2.0 4.0 mWl°C 

Po 1.0 2.0 Watts 
6.67 13.33 

TJ. Tstg -65 to +200 oc 

Min Max Unit 

40 - Vdc 

60 - Vdc 

5.0 - Vdc 

- 10 µAde 

- 10 nAdc 

-
35 -
20 -

50 -
25 -

75 -
35 -

100 300 
40 120 

50 -
20 -

35 -
20 -
- 0.4 Vdc 

0.75 1.2 Vdc 

200 MHz 

SMALL-SIGNAL DEVICES 



2N4854, 2N4855 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Collector-Base Capacitance Ccb - 8.0 pF 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Impedance hie kohms 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4854 1.5 9.0 

2N4855 0.75 4.5 

Small-Signal Current Gain hte -
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4854 60 300 

2N4855 30 150 

Output Admittance hoe µmhos 
(le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4854 - 50 

2N4855 - 25 

Noise Figure NF - 8.0 dB 
Uc = 100 µAde, VcE = 10 Vdc, Rs = 1.0 kohm, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VBE(off) = 0.5 Vdc, td - 20 ns 

Rise Time le = 150 mAdc, IB1 = 15 mAdc) tr - 40 ns 

Storage Time (Vee = 30 Vdc, le = 150 mAdc, ts - 280 ns 

Fall Time IB1 = IB2 = 15 mAdc) lf - 70 ns 

(1) Pulse Test: Pulse Width '°' 300 µs, Duty Cycle '°' 2.0%. • 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4937 
thru 

2N4942 
2N4937,2N4938,2N4939 

CASE 654-07, STYLE 1 

2N4440,2N4441,2N4442 
CASE 610A-04, STYLE 1 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector 1 to Collector 2 Voltage 
Voltage Rating and Lead to Case 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation 
@ TA = 25°C - Ceramic 
Metal Can 
Derate above 25"C - Ceramic 
Metal Can 

Symbol 

VcEO 

Vc1c2 

VcBo 

VEBO 

la 

le 

Po 

DUAL 
AMPLIFIER TRANSISTOR 

Total Device Dissipation @ Tc = 25°C Po 
Derate above 25°C 
Metal Can 

PNPSILICON 
Operating and Storage Junction 

Temperature Range 
TJ, Tstg 

Refer to MD3250.A for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current lcao 
(Vea = 40 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VBE = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 100 µAde, VcE = 10 Vdc) 
Oc = 1.0 mAdc, VcE = 10 Vdc) 
Oc = 10 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 
Oc = 10 mAdc, VcE = 10 Vdc, f = 100 Mhz) 

Output Capacitance Ccb 
(Vea = 10 Vdc, IE = o, f = 140 kHz) Emitter Guarded 

Input Impedance Ceb 
0BE = 0.5 Vdc, le = 0, f = 140 kHz) Collector Guarded 

Input Impedance hie 
Uc= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance hoe 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF 
Oc = 100 µAde, VcE = 10 Vdc, Rs = 3.0 kn, f = 10 Hz to 15.7 kHz) 

Value Unit 

40 Vdc 

±200 Vdc 
±200 

50 Vdc 

5.0 Vdc 

10 mAdc 

50 mAdc 

One Die Both Die 

250 350 
500 600 
1.5 2.0 mW 
2.9 3.4 mwrc 

1.2 2.0 Watts 
6.85 11.42 mWfC 

-65 to +200 •c 

Min Max Unit 

40 - Vdc 

50 - Vdc 

5.0 - Vdc 

- 20 nAdc 

- 20 nAdc 

-
40 200 
50 250 
50 250 

300 900 MHz 

- 5.0 pF 

- 10 pF 

1.0 10 k!l 

- 10 x 10-4 

50 - -
5.0 50 1£mhos 

- 4.0 dB 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4937 thru 2N4942 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(1 I hFE1ihFE2 -
(le = 100 µAde to 1.0 mAde, VcE = 10 Vdel 2N4937, 2N4941 0.9 1.0 

2N4938, 2N4940 0.8 1.0 

Oc = 100 µAde to 1.0 mAde, VcE = 10 Vde, 
TA = -55°C to 125°C) 2N4937, 2N4941 0.85 1.0 

2N4938, 2N4940 0.7 1.0 

Base-Emitter Voltage Differential IVBE1-VBE21 mVde 
(le = 100 µAde to 1.0 mAde, VcE = 10 Vdel 2N4937, 2N4941 - 3.0 

2N4938, 2N4940 - 5.0 

Base-Emitter Voltage Differential Gradient a(VBE1-VBE2I mVde 
!le = 100 µAde to 1.0 mAde, VcE = 10 Vde, aTA 1.0 
TA= 25°C to + 125°C) 2N4937, 2N4941 - 2.0 

2N4938, 2N4940 -

Oc = 100 µAde to 1.0 mAde, VcE = 10 Vde, 0.8 
TA = - 55°C to 25°C) 2N4937, 2N4941 - 1.6 

2N4938, 2N4940 -
(1) The lowest hFE reading is taken as hFE1 for this ratio. • 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5793 
2N5794 

JAN, JTX, JTXV AVAILABLE 
CASE 654-07, STYLE 1 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

DUAL TRANSISTOR 
Total Device Dissipation @ TA = 25°C 

Derate above 25°C 

NPN SILICON Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Reier to MD2218,A for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 10 mAdc, Is = O) V(BR)CEO 

Collector-Base Breakdown Voltage !le = 10 µAde, IE = O) V(Bl!)_CBO 

Emitter-Base Breakdown Voltage !IE = 10 µAde, le = O) V(BR)EBO 

Collector Cutoff Current (Vcs = 50 Vdc, IE = 0) lcso 

Emitter Cutoff Current (VEB = 4.0 Vdc, le = 0) IEBO 

Collector 1 to Collector 2 Leakage Current !V1c-2c = ± 50 Vdc) lc1-c2 

ON CHARACTERISTICS 

DC Current Gain hfE 
!le = 100 µAde, VcE = 10 Vdc) 2N5793 

2N5794 
!le= 1.0 mAdc, VcE = 10 Vdc) 2N5793 

2N5794 
!le= 10 mAdc, VcE = 10 Vdc)(1) 2N5793 

2N5794 
!le= 150 mAdc, VcE = 1.0 Vdc)(1) 2N5793 

2N5794 
Oc = 150 mAdc, VcE = 10 Vdc)(1) 2N5793 

2N5794 
!le= 300 mAdc, VcE = 10 Vdc)(1) 2N5793 

2N5794 

Collector-Emitter Saturation Voltage(1) !le = 150 mAdc, Is = 15 mAdc) VcE(sat) 
!le = 300 mAdc, Is = 30 mAdc) 

Base-Emitter Saturation Voltage(1) !le = 150 mAdc, Is = 15 mAdc) VBE(sat) 
!le = 300 mAdc, Is = 30 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) !le = 20 mAdc, VcE = 20 Vdc, I = 100 MHz) fr 
Collector-Base Capacitance (Vcs = 10 Vdc, IE = o, f = 100 kHz) Ccb 

Emitter-Base Capacitance (VEB = 0.5 Vdc, le = 0, I = 100 kHz) Ceb 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VBE(off) = 0.5 Vdc, ld 

Rise Time le = 150 mAdc, 191 = 15 mAdc) 
tr 

Storage Time !Vee= 30 Vdc, le = 150 mAdc, ts 

Fall Time 191 = 192 = 15 mAdc) 
lf 

(1) Pulse Test: Pulse Width,,;; 300 µ,s, Duty Cycle,,;; 2.0%. 
(2) fr is defined as the frequency at which lhtel extrapolates to unity. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 40 Vdc 

Vcso 75 Vdc 

VEBO 6.0 Vdc 

le 600 mAdc 

Both Die 
One Equal 
Die Power 

Po 500 600 mW 
2.9 3.4 mWl°C 

Po 1.2 2.0 Watts 
6.9 11.43 mWl°C 

TJ, Tstg -65 to +200 oc 

Min Max Unit 

40 - Vdc 

75 - Vdc 

6.0 - Vdc 

- 10 nAdc 

- 10 nAdc 

- ±1.0 nAdc 

-
20 -
35 -
25 -
50 -
35 -
75 -
20 -
50 -
40 120 
100 300 
25 -
40 -
- 0.3 Vdc 
- 0.9 

0.6 1.2 Vdc 
- 1.8 

250 - MHz 

- 8.0 pf 

- 25 pF 

- 15 ns 

- 30 ns 

- 250 ns 

- 60 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 60 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 600 mAdc 

Both Die 
One Equal 
Die Power 

Total Device Dissipation @ TA = 25'C Po 500 600 mW 
Derate above 25'C 2.9 3.4 mW/'C 

Total Power Dissipation @ Tc = 25'C Po 1.2 2.0 Watts 
Derate above 25°C 6.9 11.43 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (le= 10 mAdc, 19 = O) 

Collector-Base Breakdown Voltage Oc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) 

Collector Cutoff Current (Vcs = 50 Vdc, IE = O) 

Emitter Cutoff Current (VBE = 3.0 Vdc, le = 0) 

Collector 1 to Collector 2 Leakage Current (V1c-2c = ±50 Vdc 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 100 l'Adc, VcE = 10 Vdc) 2N5795 

2N5796 
(le = 1.0 mAdc, VcE = 10 Vdc) 2N5795 

2N5796 
Uc = 10 mAdc, VcE = 10 Vdc)(1) 2N5795 

2N5796 
Oc = 150 mAdc, VcE = 1.0 Vdc)(1) 2N5795 

2N5796 
(le = 150 mAdc, VcE = 10 Vdc)(1) 2N5795 

2N5796 
Oc = 500 mAdc, VcE = 10 Vdc)(1) 2N5795 

2N5796 

Collector-Emitter Saturation Voltage(1) (le = 150 mAdc, Is = 15 mAdc) 
(le = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage(1) (le= 150 mAdc, Is = 15 mAdc) 
Uc = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) Uc = 50 mAdc, VcE = 20 Vdc, I = 100 MHz) 

Collector-Base Capacitance (Vcs = 10 Vdc, IE = 0, I = 100 kHz) 

Emitter-Base Capacitance (VEB = 2.0 Vdc, le = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS (See Figure 1) 

Delay Time (Vee = 30 Vdc, VBE(off) = 0.5 Vdc, 

Rise Time le = 150 mAdc, 191 = 15 mAdc) 

Storage Time (Vee = 30 Vdc, le = 150 mAdc, 

Fall Time 191 = 192 = 15 mAdc) 

(1) Pulse Test: Pulse Width ,,;; 300 /LS, Duty Cycle ,,;; 2.0%. 
(2) IT is defined as the frequency at which lhtel extrapolates to unity. 

SMALL-SIGNAL DEVICES 
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2N5795 
2N5796 

JAN, JTX, JTXV AVAILABLE 
CASE 654-07, STYLE 1 

DUAL TRANSISTOR 

PNP SILICON 

Refer to MD2904,A for graphs. 

Symbol Min Max Unit 

V(BR)CEO 60 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcso - 20 nAdc 

IEBO - 100 nAdc 

lc1-c2 - ±1.0 nAdc 

hFE -
40 -
75 -
40 -
100 -
40 -
100 -
20 -
50 -
40 120 
100 300 
40 -
50 -

VCE(sat) - 0.4 Vdc 
- 1.6 

VBE(sat) - 1.3 Vdc 
- 2:6 

IT 200 - MHz 

Ccb - 8.0 pF 

Ceb - 30 pF 

ld - 12 ns 

Ir - 35 ns 

ts - 100 ns 

If - 40 ns 

MOTOROLA SEMICONDUCTORS 
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2N6501 
2N6502 
2N6503 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Symbol Value 

VcEO 40 

VcES 80 

Vceo 80 

VEBO 6.0 

le 1.0 

All Dia 
QUAD CERAMIC 

2N6501 
CASE 607 ,04, STYLE 1 

One Die Equal Power 

DUAL 
2N6502 

CASE 654-07, STYLE 1 

DUAL CERAMIC ~ 
2N6503 ~ 

CASE 610A-04, STYLE 1 

SWITCHING TRANSISTOR 

NPN SILICON 

Total Device Dissipation Po 
@TA= 25°C 

2N6502 
2N6503 
2N6501 

Derate above 25°C 
2N6502 
2N6503 
2N6501 

Total Device Dissipation Po 
@Tc= 25°C 

2N6502 
2N6503 
2N6501 

Derate above 25°C 
2N6502 
2N6503 
2N6501 

600 650 
350 400 
400 600 

3.42 3.7 
2.0 2.28 
2.28 3.42 

2.1 3.0 
1.25 2.5 
1.0 4.0 

12 17.2 
7.15 14.3 
5.71 22.8 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

All Die 
Characteristic Symbol One Die Equal Power 

Thermal Resistance, Junction to Case RB.Jc 
2N6502 83.3 58.3 
2N6503 140 70 
2N6501 175 43.8 

Thermal Resistance, Junction to Ambient(1) R6JA 
2N6502 292 270 
2N6503 500 438 
2N6501 438 292 

Junction to Junction to 
Ambient Case 

Coupling Factor 
2N6502 85 40 
2N6503 75 0 
2N6501 (Q1, 02) 57 0 

(Q1-Q3, Q1-Q4) 56 0 

(1) R6JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emi~er Breakdown Voltage(2) V(BR)CEO 40 -
Uc = 10 mAdc, le = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 80 -
Uc = 100 µAde, VeE = O) 

Collector-Base Breakdown Voltage V(BR)CBO 80 -
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage Y(BR)EBO 6.0 -
UE = 10 µAde, le = O) 

Collector Cutoff Current lceo - 1.7 
!Vee = 40 Vdc, IE = o) 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

mW 

mwrc 

Watts 

mwrc 

'C 

Unit 

"C/W 

"C/W 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N6501,2N6502,2N6503 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Emitter Cutoff Current IEBO - 1.0 µAde 
(VsE = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hfE -
!le = 100 mAdc, VcE = 1.0 Vdc) 50 150 
!le = 500 mAdc, VcE = 2.0 Vdc) 30 -
!le= 500 mAdc, VcE = 1.0 Vdc) 10 -

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
!le = 100 mAdc, 19 = 10 mAdc) - 0.3 
!le = 500 mAdc, 19 = 50 mAdc) - 0.5 

Base-Emitter Saturation Voltage VsE(sat) 0.8 1.2 Vdc 
!le = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 250 - MHz 
!le = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 10 pf 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance Ceb - 65 pf 
!VsE = o.5 Vdc, le = o, t = 1 oo kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 35 ns 
!Vee = 30 Vdc, VsE = 3.8 Vdc, le = 500 mAdc, 191 = 50 mAdc) 

Turn-Off Time to ff - 60 ns 
(Vee = 30 Vdc, le = 500 mAdc, 191 = 192 = 50 mAdc) 

(2) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle .;; 2.0%. 

TYPICAL DC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 

20~~~~~~~~~~~~~~~~~~ ........ 
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FIGURE 2 - "ON" VOLTAGES 
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2N6501,2N6502,2N6503 

FIGURE 3 - COLLECTOR SATURATION REGION 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 5 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 7 - TURN-ON TIME 
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FIGURE 9 - SWITCHING TIME TEST CIRCUIT 5.8Vn 
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MD708,A,B 
CASE 654-07, STYLE 1 

MD708F ,AF ,BF 
CASE 610A-04, STYLE 1 

~ 
DUAL 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MD2369 for graphs. 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 

MD708, MD708A, MD708B 
MD708F, MD708AF, MD708BF 

Derate above 25°C 
MD708, MD708A, MD708B 
MD708F, MD708AF, MD708BF 

Total Device Dissipation 
@Tc= 25°C 

MD708, MD708A, MD708B 
MD708F, MD708AF, MD708BF 

Derate above 25°C 
MD708, MD708A, MD708B 
MD708F, MD708AF, MD708BF 

Operating and Storage Junction 
Temperature Range 

Symbol 

RoJC 
MD708, MD708A, MD7088 
MD708F, MD708AF, MD7088F 

Symbol Value Unit 

VcEO 15 Vdc 

Vcso 40 Vdc 

VEBO 5.0 Vdc 

le 200 mAdc 

Both Die 
One Die Equal Power 

Po mW 

550 600 
350 400 

mWFC 
3.13 3.42 
2.0 2.28 

Po Watts 

1.4 2.0 
0.7 1.4 

mW/°C 
8.0 11.4 
4.0 8.0 

TJ, Tstg -65 to +200 "C 

Both Die 
One Die Equal Power Unit 

"C/W 
125 87.5 
250 125 

Thermal Resistance, Junction to Ambient RoJA(1) 319 292 "C/W 
500 438 

Junction to Junction to 
Ambient Case 

Coupling Factors % 
MD708, MD708A, MD7088 83 40 
MD708F, MD708AF, MD7088F 75 0 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Oc = 30 mAdc, Is = Ol V(BR)CEO 15 - Vdc 

Collector-Base Breakdown Voltage (le = 10 µAde, IE = O) V(BR)CBO 40 - Vdc 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) V(BR)EBO 5.0 - Vdc 

Collector Cutoff Current (Vcs = 20 Vdc, IE = O) lcso - 15 nAdc 
(Vcs = 20 Vdc, IE = 0, TA= 150°C) - 30 µAde 

ON CHARACTERISTICS 

DC Current Gain(2) (le = 500 µAde, VcE = 1.0 Vdc) hFE 40 - -
Oc = 10 mAdc, VcE = 1.0 Vdc) 40 200 
Oc = 100 mAdc, VcE = 5.0 Vdcl 35 -
Oc = 150 mAdc, VcE = 5.0 Vdc) 20 -

Collector-Emitter Saturation Voltage (le = 10 mAdc, Is = 1.0 mAdc) VcE(satl - 0.20 Vdc 
(le = 50 mAdc, Is = 5.0 mAdc) - 0.35 
(le = 100 mAdc, Is = 10 mAdc) - 0.50 

Base-Emitter Saturation Voltage Oc = 10 mAdc, Is = 1.0 mAdc) VBE(sat) 0.65 0.85 Vdc 
(le = 50 mAdc, Is = 5.0 mAdc) - 0.95 
(le = 100 mAdc, Is = 10 mAdc) - 1.10 

(2) Pulse Test: Pulse Width ,,; 300 µ,s, Duty Cycle ,,; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM HATiNGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 15 Vdc 

Collector-Base Voltage Vcso 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous Jc 50 mAdc 

One Die Both Die 

Total Device Dissipation @ TA = 25'C Po 
MD918,A,B 550 600 mW 
MD918F,AF,BF 350 400 

Derate above 25°C 
MD918,A,B 3.14 3.42 mWl°C 
MD918F,AF,BF 2.0 2.28 

Total Device Dissipation @Tc = 25'C Po 
MD918,A,B 1.4 2.0 Watts 
MD918F,AF,BF 0.7 1.4 

Derate above 25'C 
MD918,A,B 8.0 11.4 mW/'C 
MD918F,AF,BF 4.0 8.0 

Operating and Storage Junction TJ,Tstg -65to +200 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case ReJc 
MD918,A,B 
MD918F,AF,BF 

Thermal Resistance, Junction to Ambient ReJA(1) 
MD918,A,B 
MD918F,AF,BF 

Coupling Factors 
MD918,A,B 
MD918F,AF,BF 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BRICEO 
Oc = 3.0 mAdc, Is = OI 

Collector-Base Breakdown Voltage V(BR)CBO 
(Jc = 1.0 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = OI 

Collector Cutoff Current lcso 
(Vcs = 15 Vdc, IE = 0) 
(Vcs = 15 Vdc, IE = 0, TA = 150'C) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 3.0 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(satl 
Oc = 10 mAdc, Is = 1.0 Ade) 

Base-Emitter Saturation Voltage VBE(sat) 
(Jc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
(Jc = 4.0 mAdc, VcE = 10 Vdc, I = 100 MHz) 

Output Capacitance Cobo 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

SMALL-SIGNAL DEVICES 
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MD918 
MD918A 
MD918B 

CASE 654-07, STYLE 1 

MD918F 
MD918AF 
MD918BF 

CASE 610A-04, STYLE 1 71 
DUAL 

AMPLIFIER TRANSISTOR 

NPN SILICON 

All Die 
One Die Equal Power Unit 

'C/W 
125 87.5 
250 125 

'C/W 
319 292 
500 438 

Junction to Junction to 
Ambient Case 

% 
83 40 
75 0 

Min Typ Max Unit 

15 - - Vdc 

30 - - Vdc 

3.0 - - Vdc 

- - 10 nAdc 
- - 1.0 µAde 

50 165 - -

- 0.09 0.2 Vdc 

- 0.86 0.9 Vdc 

600 - - MHz 

- 1.1 1.7 pF 

MOTOROLA SEMICONDUCTORS 
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MD918,A,B,F,AF,BF 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25"C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input Capacitance Cibo - 1.15 2.0 pF 
(VBE = 0.5 Vdc, le = 0, f = 100 kHz) 

Noise Figure NF - - 6.0 dB 
Oc = 1.0 mAdc, VcE = 6.0 Vdc, Rs = 400.(}, f = 60 MHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(3) hFE1ihFE2 -
Oc = 1.0 mAdc, VcE = 5.0 Vdc) MD918B,BF 0.8 - 1.0 

MD918A.AF 0.9 - 1.0 

Base-Emitter Voltage Differential IVBE1-VBE2I mVdc 
Oc = 1.0 mAdc, VcE = 5.0 Vdc) MD918B,BF - - 10 

MD918A.AF - - 5.0 

Base-Emitter Voltage Differential Gradient A(VBE1-VBE2l 
Oc = 1.0 mAdc, VcE = 5.0 Vdc, MD918B,AF,BF ATA - - 20 p,V/dc 
TA= -55to +125"C) 

(2) Pulse Test: Pulse Width .; 300 p,s, Duty Cycle .; 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

FIGURE 1 - DC CURRENT GAIN 
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SMALL-SIGNAL DEVICES 
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MD982,F 
MQ982 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current- Continuous 

MD982 
CASE 654-07, STYLE 1 Total Device Dissipation @ TA = 25"C 

MD982 
MD9B2F 
MQ982 

Derate above 25°C 
MD982 
MD9B2F 

MD982F ~ 
CASE 610A-04, STYLE 1 ~· 

MQ982 

MQ982 "-
CASE 607-04, STYLE 1 ' ".£.191 

Total DevicJl Dissipation @Tc = 25'C 

DUAL 
AMPLIFIER TRANSISTOR 

MD982 
MD982F 
M0982 

Derate above 25'C 
MD9B2 
MD982F 
M0982 

PNPSILICON Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case Rruc 
MD982 
MD982F 
MQ982 

Thermal Resistance, Junction to Ambient Rti.JA(1) 
MD982 
MD982F 
M0982 

Coupling Factor 
MD982 
MD982F 
M0982 (01-02) 

(01-03 or 01-04) 

(1) Rti.JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Uc= 10 mAdc, le= Ol ~f!l_CEO 
Collector-Base Breakdown Voltage Uc= 10 µAde, IE = 0) ~f!l_CBO 
Emitter-Base Breakdown Voltage (IE = 10 µAde, le = Ol '1_Bf!l_EBO 

Collector Cutoff Current (Vee = 50 Vdc, IE = O) iceo 
(Vee= 50 Vdc, IE = 0, TA= 150°C) 

ON CHARACTERISTICS(2) 

DC Current Gain Uc = 0.1 mAdc, VcE = 10 Vdcl hFE 
Uc = 1.0 mAdc, VcE = 10 Vdc) 
Uc = 10 mAdc, VcE = 10 Vdcl 
Uc = 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage Uc = 150 mAdc, le = 15 mAdc) Vcfil_sa!l_ 

Base-Emitter Saturation Voltage Uc = 150 mAdc, le = 15 mAdc) VeE(sa!l_ 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance (Vee = 10 Vdc, IE = 0, f = 100 kHz) Cobo 

Input Capacitance (VeE = 2.0 Vdc, le = o, f = 100 kHz) Cibo 

(2) Pulse Test: Pulse Width "" 300 µs, Duty Cycle .;; 2.0%. 

MOTOROLA SEMICONDUCTORS 

5-42 

Symbol Value Unit 

VcEO 50 Vdc 

Vceo 60 Vdc 

VEBO 5.0 Vdc 

le 600 mAdc 

One Die All Die 

Po mW 
600 650 
350 400 
400 600 

mWl°C 
3.42 3.7 
2.0 2.28 
2.28 3.42 

Po Watts 
2.1 3.8 
1.25 2.5 
1.0 4.0 

mWl°C 
12 17.2 

7.15 14.3 
5.71 22.8 

TJ, Tstg -65 to +200 ·c 

All Die 
One Die Equal Power Unit 

'C/W 
83.3 58.3 
140 70 
175 43.8 

'C/W 
292 270 
500 438 
438 292 

Junction to Junction to 
Ambient Case 

% 
85 40 
75 0 
57 0 
55 0 

Min Typ Max Unit 

50 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

- - 0.020 µAde 
- - 20 

20 50 - -
25 75 -
35 90 -
40 60 -
- 0.25 0.5 Vdc 

- 0.88 1.4 Vdc 

200 320 - MHz 

- 5.8 8.0 pF 

- 16 30 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 
··--· 

Collector-Emitter Voltage VcEO 20 Vdc 

Collector-Base Voltage Vcso 40 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Both Die 
One Die Equal Power 

Total Device Dissipation @TA= Po 575 625 mW 
25°c 3.29 3.57 mW/°C 

Derate above 25°C 

Total Device Dissipation @Tc = 25°C Po 1.8 2.5 Watts 
Derate above 25°C 10.3 14.3 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 

Both Die 
Characteristic Symbol One Die Equal Power Unit 

Thermal Resistance, Junction to Case Rruc 97 70 0 ctw 
Thermal Resistance, Junction to R9JA(1) 304 280 0 ctw 

Ambient 

Junction to Junction to 
Ambient Case 

Coupling Factor 84 44 

(1) R9JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage Y(BR)EBO 
OE = 10 µAde, le= O) 

Collector Cutoff Current icso 
(Vcs = 20 Vdc, IE = 0) 
(Yes = 20 Vdc, IE = 0, TA= 150°C) 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
Uc= 10 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) 
Uc = 50 mAdc, Is = 5.0 mAdc)(2) 

Base-Emitter Saturation Voltage VsE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc= 20 mAdc, Vee = 20 Vdc, f = 100 MHz) 

(2) Pulse Test: Pulse Width "" 300 µs, Duty Cycle "" 2.0%. 

SMALL-SIGNAL DEVICES 
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MD984 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to MD3250 for graphs. 

Min Typ Max Unit 

20 - - Vdc 

40 - - Vdc 

5.0 - - Vdc 

- - 25 nAdc 
- - 30 µAde 

25 75 - -
Vdc 

- 0.18 0.3 
- 0.38 0.5 

- 0.8 0.9 Vdc 

250 550 MHz 

MOTOROLA SEMICONDUCTORS 

• 



i .. :. 

MD985,F 
MD985 

CASE 654-07, STYLE 5 

MD985F 
CASE 610A-04, STYLE 1 

COMPLEMENTARY DUAL 
GENERAL PURPOSE TRANSISTOR 

NPN/PNP SILICON 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Coupling Factor 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 

MD985 
MD985F 

Derate above 25°C 
MD985 
MD985F 

Total Device Dissipation 
@Tc = 25°c 

MD985 
MD985F 

Derate above 25°C 
MD985 
MD985F 

Operating and Storage Junction 
Temperature Range 

Symbol 

Rruc 
MD985 
MD985F 

Ro.JA(1) 
MD985 
MD985F 

MD985 
MD985F 

(1) Ro.JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = Ol 

Collector Cutoff Current le Bo 
(VcB = 50 Vdc, IE = 0) 
(VcB = 50 Vdc, IE = 0, TA= +150°c> 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 0.1 mAdc, VcE = 10 Vdc) 
Uc= 1.0 mAdc, VcE = 10 Vdc) 
Uc= 10 mAdc, VcE = 10 Vdc) 
Uc= 150 mAdc, VcE = 10 Vdcl 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 150 mAdc, IB = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Uc = 150 mAdc, IB = 15 mAdc) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 30 Vdc 

VcBo 60 Vdc 

VEBO 5.0 Vdc 

le 500 mAdc 

Both Die 
One Die Equal Power 

Po mW 

575 625 
350 400 

mWl°C 
3.29 3.57 
2.0 2.28 

Po Watts 

1.8 2.5 
1.0 2.0 

mWl°C 
10.3 14.3 
5.71 11.4 

TJ, Tstg -65 to +200 ·c 

Both Die 
One Die Equal Power Unit 

·cm 
97 70 
175 87.5 

·cm 
304 280 
500 438 

Junction to Junction to 
Ambient Case 

% 
84 44 
75 0 

Min Typ Max Unit 

30 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

- - 20 nAdc 
- - 20 µAde 

-
20 50 -
25 75 -
35 90 -
40 90 -
- 0.3 0.5 Vdc 

- 1.0 1.4 Vdc 

SMALL-SIGNAL DEVICES 



MD985,F 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 200 320 - MHz 
(le = 50 mAdc, VcE = 20 Vdc, I = 100 MHz) MD985 

Output Capacitance Cobo - 5.8 8.0 pF 
(Vea = 10 Vdc, IE = 0, I = 100 kHz) 

Input Capacitance Cibo - 20 - pF 
(VBE = 0.5 Vdc, le = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 25 - ns 
!Vee = 30 Vdc, le = 150 mAdc, ls1 = 15 mAdc) 

Turn-Off Time to ff - 75 - ns 
(Vee= 30 Vdc, le = 150 mAdc, ls1 = IB2 = 15 mAdc) 

(2) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

• 
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MAXIMUM RATINGS 

MD986,F ·Rating 

Collector-Emitter Voltage 

MD986 Collector-Base Voltage 

CASE 654-07, STYLE 5 Emitter-Base Voltage 

Collector Current - Continuous 

MD986F 
CASE 610A-04, STYLE 1 

COMPLEMENTARY DUAL 
GENERAL PURPOSE TRANSISTOR 

Total Device Dissipation 
@TA=25°C 

MD986 
MD986F 

Derate above 25°C 
MD986 
MD986F 

Total Device Dissipation 
@Tc= 25•c 

MD986 
MD986F 

Derate above 25°C 
MD986 
MD986F 

NPN/PNP SILICON Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case Rruc 
MD986 
MD986F 

Thermal Resistance, Junction to Ambient R9JA(1) 
MD986 
MD986F 

Coupling Factors 
MD986 
MD986F 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Uc = 10 mAdc, Is = O) V(BR)CEO 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = O) Y(BR)CBO 

Emitter-Base Breakdown Voltage !IE = 10 µAde, le= O) Y(BR)EBO 

Collector Cutoff Current (VcB = 20 Vdc, IE = 0) ICBO 
(Vcs = 20 Vdc, IE = 0, TA = 150°C) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 10 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc= 10 mAdc, 19 = 1.0 mAdc) 
Uc = 50 mAdc, lg = 10 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc= 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 
Uc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) MD986F 

Output Capacitance Cobo 
(Vcs = 10 Vdc, le = o. f = 100 kHz) 

(2) Pulse Test: Pulse Width "" 300 µ.s, Duty Cycle "" 2.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 15 Vdc 

Vcso 40 Vdc 

VEBQ 5.0 Vdc 

le 200 mAdc 

Both Die 
One Die Equal Power 

Po mW 

550 600 
350 400 

mW/"C 
3.14 3.42 
2.0 2.28 

Po Watts 

1.4 2.0 
0.7 1.4 

mW/"C 
8.0 11.4 
4.0 8.0 

TJ, Tstg -65 to +200 ·c 

Both Die 
One Die Equal Power Unit 

•ctw 
125 87.5 
250 125 

·ctw 
319 292 
500 438 

Junction to Junction to 
Ambient Case 

% 
83 40 
75 0 

Min Typ Max Unit 

15 - - Vdc 

40 - - Vdc 

5.0 - - Vdc 

- - 25 nAdc 
- - 30 µAde 

25 - - -

Vdc 
- - 0.3 
- - 0.5 

- - 0.9 Vdc 

MHz 
200 320 -
200 320 -
- - 4.0 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 30 

Collector-Base Voltage VcBo 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 500 

All Die 
Equal 

One Die Power 

Total Device Dissipation @ TA = 25°C Po 
MD1120, MD1121, MD1122 575 625 
MD1120F, MD1121F, MD1122F 350 400 
M01120 400 600 

Derate above 25°C 
MD1120, MD1121, MD1122 3.29 3.57 
MD1120F, MD1121F, MD1122F 2.0 2.28 
M01120 2.28 3.42 

Total Device Dissipation @Tc = 25°C Po 
MD1120, MD1121, MD1122 1.8 2.5 
MD1120F, MD1121F, MD1122F 1.0 2.0 
M01120 0.9 3.6 

Derate above 25°C 
MD1120, MD1121, MD1122 10.3 14.3 
MD1120F, MD1121F, MD1122F 5.71 11.4 
M01120 5.13 20.5 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
MD1120, MD1121, MD1122 
MD1120F, MD1121F, MD1122F 
M01120 

Thermal Resistance, Junction to Ambient 
MD1120, MD1121, MD1122 
MD1120F, MD1121 F, MD1122F 
M01120 

Coupling Factors 
MD1120, MD1121, MD1122 
MD1120F, MD1121F, MD1122F 
M01120 (01-02) 

(01-03 or 01-04) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

MD1120,F 
MD1121,F 
MD1122,F 
MQ1120 

mW 

MD1120, MD1121, MD1122 
CASE 654-07, STYLE 1 

mW/°C 

MD1120F ~ 
CASE 61 OA-04, STYLE 1 ffY 

MQ1120 ,. 

Watts 
CASE 607-04, STYLE 1·-j-

DUAL 
AMPLIFIER TRANSISTOR 

mwrc NPN SILICON 

Refer to MD2218,A for graphs. 
oc 

All Die 
Symbol One Die Equal Power Unit 

ReJC oc;w 
97 70 
175 87.5 
195 48.8 

RBJA(1) oc;w 
304 280 
500 438 
438 292 

Junction to Junction to 
Ambient Case Unit 

% 
84 44 
75 0 
57 0 
55 0 

(1) RBJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 30 - - Vdc 
Uc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 60 - - Vdc 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc 
(IE = 10 µAde, le = O) 

Collector Cutoff Current icso 
(VcB = 50 Vdc, IE = 0) - - 10 nAdc 
(VcB = 50 Vdc, IE = o. TA= 150°C) - - 10 µAde 

Emitter Cutoff Current IEBO - - 10 nAdc 
(VEB = 3.0 Vdc, le = O) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MD1120,F, MD1121,F, MD1122,F, MQ1120 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

ON CHARACTERISTICS 

DC Current Gain(2) 
!le = 10 µAde, VcE = 10Vdc) 
Uc = 100 µAde, VcE = 10 Vdc) 
Uc = 1.0 mAdc, VcE = 10 Vdc) 
Uc = 10 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
lie = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
lie = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(3) 
lie = 100 µAde, VcE = 10 Vdc) All Devices 
!le = 1.0 mAdc, VcE = 10 Vdc) MD1122, MD1122F 

Base-Emitter Voltage Differential 
lie = 100 µAde, VcE = 10 Vdc) All Devices 
lie= 1.0 mAdc, VcE = 10 Vdc) MD1122, MD1122F 

Base-Emitter Voltage Differential Change 
Due to Temperature - MD1121, MD1122 
(le = 100 µAde, VcE = 10 Vdc, TA= -55 to +25°C) 
Uc= 100µ,Adc, VcE = 10Vdc, TA= +25to +125°C) 

(2) Pulse Test: Pulse Width ,,; 300 µ,s, Duty Cycle ,,; 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

MOTOROLA SEMICONDUCTORS 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Cobo 

hFE11hFE2 

IVBE1-VBE2I 

A(VsE1-VsE2) 
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Min Typ Max Unit 

-
20 40 100 
30 50 120 
40 60 160 
50 65 200 

- 80 100 mVdc 

- 700 850 mVdc 

200 250 - MHz 

- 3.5 8.0 pF 

-
0.8 - 1.0 
0.9 - 1.0 

mVdc 
- - 10 
- - 5.0 

mVdc 

- - 0.8 
- - 1.0 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

R~ting Symbol Value Unit 

Collector-Emitter Voltage VcEO 40 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 200 mAdc 

One Die All Die 

Total Device Dissipation Po mW 
@TA= 25°C 

MD1123, MD1130 575 625 
MD1130F 350 400 

Derate above 25°C mW/'C 
MD1123, MD1130 3.29 3.57 
MD1130F 2.0 2.28 

Total Device Dissipation Po Watts 
@Tc= 25'C 

MD1123, MD1130 1.8 2.5 
MD1130F 1.0 2.0 

Derate above 25'C mW/'C 
MD1123, MD1130 10.3 14.3 
MD1130F 5.71 11.4 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case RoJC 
MD1123, MD1130 
MD1130F 

Thermal Resistance, Junction to Ambient R8JA(1) 
MD1123, MD1130 
MD1130F 

Coupling Factors 
MD1123, MD1130 
MD1130F 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Y(BR)CEO 
Oc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = 50 Vdc, IE = 0) 
(Vcs = 50 Vdc, IE = 0, TA= 150°C) 

Emitter Cutoff Current IEBO 
(VBE = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
Oc = 10 µAde, VcE = 10 Vdc) MD1130,F 

Oc = 100 µAde, VcE = 10 Vdc) MD1123 
MD1130F 

Oc = 1.0 mAdc, VcE = 10 Vdc) MD1130,F 

Oc = 10 mAdc, VcE = 10 Vdc) MD1123 
MD1130,F 

SMALL-SIGNAL DEVICES 
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MD1123 
MD1130,F 

MD1123 
MD1130 

CASE 654-07, STYLE 1 

MD1130F 
CASE 610-A04, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

PNP SILICON 

All Die 
One Die Equal Power Unit 

'C/W 
97 70 
175 87.5 

'C/W 
304 280 
500 438 

Junction to Junction to 
Ambient Case 

% 
84 44 
75 0 

Min Typ Max Unit 

40 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

- - 10 nAdc 
- - 10 µAde 

- - 10 nAdc 

-
60 100 -

30 80 120 
100 170 300 

100 180 -

50 75 200 
100 150 -

MOTOROLA SEMICONDUCTORS 
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MD1123, MD1130,F 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic 

Collector-Emitter Saturation Voltage 
!le= 10 mAdc, Is = 1.0 Ade) 

Base-Emitter Saturation Voltage 
!le= 10 mAdc, Is = 1;0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(3) 
!le = 100 µAde, VcE = 10 Vdc) 

Base-Emitter Voltage Differential 
Oc = 100 µAde, VcE = 10 Vdc) 
!le = 1.0 mAdc, VcE = 10 Vdc) 

Base-Emitter Voltage Differential Change 
Due to Temperature - MD1121, MD1122 
!le= 100 µAde, VcE = 10 Vdc, TA= +25 to +125'C) 

(2) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

MOTOROLA SEMICONDUCTORS 

Symbol 

VcE(sat) 

VsE(sat) 

tr 
MD1123 
MD1130,F 

Cobo 

hFE11hFE2 
MD1123 
MD1130,F 

1vsE1-VsE2I 
MD1123 
MD1130,F 

lilVBE1NsE2I 

MD1130,F 

5-50 

Min Typ Max Unit 

- 0.18 0.25 Vdc 

- 0.8 0.9 Vdc 

MHz 
250 600 -
200 550 -
- 3.5 4.0 pF 

-
0.8 - 1.0 
0.9 - 1.0 

mVdc 
- - 10 
- - 5.0 

mVdc 

- - 10 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 30 Vdc 

Collector-Base Voltage VcBo 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 500 mAdc 

All Die 
One Die Equal Power 

Total Power Dissipation Po 
@TA= 25'C mW 

MD1129 575 625 
MD129F 350 400 
M01129 400 600 

Derate above 25'C mWf'C 
MD1129 3.29 3.57 
MD1129F 2.9 2.28 
M01129 2.28 3.42 

Total Device Dissipation Po 
@Tc= 25'C Watts 

MD1129 1.8 2.5 
MD1129F 1.0 2.0 
M01129 0.9 3.6 

Derate above 25'C mWf'C 
MD1129 10.3 14.3 
MD1129F 5.71 11.4 
M01129 5.13 20.5 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case ROJc 
MD1129 
MD1129F 
M01129 

Thermal Resistance, Junction to Ambient ROJA(1) 

Coupling Factors 
MD1129 
MD1129F 
M01129 (01-02) 

(01-03 or 01-04) 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic J Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current le Bo 
(VCB = 50 Vdc, IE = O) 
(VCB = 50 Vdc, IE = 0, TA= 150'C) 

Emitter Cutoff Current IEBO 
(VBE = 3.0 Vdc, le = 0) 

SMALL-SIGNAL DEVICES 
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MD1129,F 
MQ1129 

MD1129 
CASE 654-07, STYLE 1 

MD1129F 
CASE 610A-04, STYLE ~ 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

All Die 
One Die Equal Power Unit 

'C/W 
97 70 
175 87.5 
195 48.8 

304 280 'C/W 
500 438 
438 292 

Junction to Junction to 
Ambient Case Unit 

% 
84 44 
75 0 
57 0 
55 0 

Min Typ Max Unit 

30 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

- - 10 nAdc 
- - 10 µAde 

- - 10 nAdc 

MOTOROLA SEMICONDUCTORS 
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MD1129,F, MQ1129 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25"C unless otherwise noted.) 

Characteristic J Symbol 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
(le = 10 !LA.de, VcE = 10 Vdc) 
Oc = 100 µ,Ade, VcE = 10 Vdc) 
Oc = 1.0 mAdc, VcE = 10 Vdc) 
Oc = 10 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) MD1129, MQ1129 

MD1129F 

Base-Emitter Saturation Voltage VsE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) tr 
(le = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = o. f = 100 kHz) 

MATCHING CHARACTERISTICS (M01129, MD1129F) 

DC Current Gain Ratio(3) hFE11hFE2 
(le = 100 !LA.de, VcE = 10 Vdc) 
Oc = 1.0 mAdc, VcE = 10 Vdc) 

Base-Emitter Voltage Differential IVsE1-VsE2I 
Oc = 100 !LA.de, VcE = 10 Vdc) 
Oc = 1.0 mAdc, VcE = 10 Vdc) 

Base-Emitter Voltage Differential Change Due to Temperature t.(VBE1-VBE2) 
Oc = 100 !LA.de, VcE = 10 Vdc, TA= -55 to +25"C) 
Oc = 100 !LA.de, VcE = 10 Vdc, TA= +25 to + 125"C) 

(1) RfJJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

MOTOROLA SEMICONDUCTORS 
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Min Typ Max Unit 

-
60 - -
100 - 300 
100 120 -
100 140 -

Vdc 
- 0.09 0.1 
- - 0.15 

- 0.7 0.85 Vdc 

200 250 - MHz 

- 3.5 8.0 pF 

-
0.9 - 1.0 
0.9 - 1.0 

mVdc 
- - 5.0 
- - 5.0 

mVdc 
- - 0.8 
- - 1.0 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 15 Vdc 

Collector-Base Voltage Vcso 30 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 50 mAdc 

One Die Both Die 

Total Device Dissipation @ TA = 25°C Po 550 600 mW 
Derate above 25°C 3.14 3.42 mW/°C 

Total Device Dissipation @ Tc = 25°C Po 1.4 2.0 Watts 
Derate above 25°C 8.0 11.4 mWl"C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Both Die 
Characteristic Symbol One Die Equal Power Unit 

Thermal Resistance, RoJC 125 87.5 oc!W 
Junction to Case 

Thermal Resistance, R8JA(1) 319 292 oc!W 
Junction to Ambient 

Junction to Junction to 
Ambient Case Unit 

Coupling Factors 83 40 % 

(1) RoJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Oc = 3.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage Uc= 1.0 µAde, IE = 0) 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) 

Collector Cutoff Current (Yes = 15 Vdc, IE = O) 
(Yes = 15 Vdc, IE = o, TA= 150°C) 

ON CHARACTERISTICS 

DC Current Gain(2) Oc = 1.0 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage Uc = 10 mAdc, 19 = 1.0 mAdc) 

Base-Emitter Saturation Voltage Oc = 10 mAdc, 19 = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance (Yes = 0, IE = o, f = 140 kHz) 
(Yes = 10 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance (VEB = 0.5 Vdc, le = 0, f = 140 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(3) (le = 1.0 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential Uc = 1.0 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential Change Due to Temperature 
Uc = 1.0 mAdc, VcE = 5.0 Vdc, TA = - 55 to + 25°C) 
(le = 1.0 mAdc, VcE = 5.0 Vdc, TA = +25to+125°C) 

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

SMALL-SIGNAL DEVICES 
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Symbol 

V(BR)CEO 

Y(BR)CBO 

Y(BR)EBO 

icso 

hFE 

VcE(sat) 

VsE(sat) 

tr 

Cobo 

Cibo 

hFE1ihFE2 

IVsE1-VsE2I 

A.!VsE1-VsE2l 

MD1132,F 
MD1132F 

CASE 610A-04, STYLE 1 

MD1132 
CASE 654-07, STYLE 1 

DUAL 
RF AMPLIFIER TRANSISTOR 

NPN SILICON • Refer to MD918 for graphs. 

Min Typ Max Unit 

15 - - Vdc 

30 - - Vdc 

5.0 - - Vdc 

- - 10 nAdc 
- - 1.0 µAde 

50 - - -
- 0.2 0.4 Vdc 

- 0.7 1.0 Vdc 

600 800 - -

- 1.5 3.0 pF 
- 1.3 1.7 

- 1.8 2.0 pF 

0.9 - 1.0 -
- - 5.0 mVdc 

mVdc 
- - 0.8 
- - 1.0 

MOTOROLA SEMICONDUCTORS 



MD2218,A,F,AF 
MD2219,A,F ,AF 

MQ2218,A 
MQ2219,A 

MD2218,A 
MD2219,A 

CASE 654-07, STYLE 1 

MD2218f,AF ~ 
MD2219f,AF 

CASE 610A-04, STYLE 1 

MQ2218,A 
M02219,A 

CASE 607-04, STYLE 1 .. 4\tJ 
DUAL 

AMPLIFIER TRANSISTOR 
NPN SILICON 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Coupling Factors 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 

MD2218,A. MD2219.A 
MD2218F.AF, MD2219F,AF 
M02218.A, M02219.A 

Derate above 25°C 
MD2218.A, MD2219.A 
MD2218F.AF, MD2219F.AF 
M02218.A, M02219.A 

Total Device Dissipation 
@Tc= 25°C 

MD2218.A, MD2219,A 
MD2218F,AF, MD2219F.AF 
M02218.A, M02219.A 

Derate above 25°C 
MD2218.A, MD2219.A 
MD2218F.AF, MD2219F.AF 
M02218.A, M02219.A 

Operating and Storage Junction 
Temperature Range 

Symbol 

RoJC 
MD2218.A. MD2219.A 
MD2218F.AF, MD2219F.AF 
M02218,A, M02219.A 

RoJA(1) 
MD2218.A. MD2219.A 
MD2218,F.AF. MD2219,F.AF 
M02218.A. M02219.A 

MD2218.A, MD2219.A 
MD2218F.AF, MD2219F.AF 
M02218.A. M02219.A (01-02) 

(01-03 or 01-04) 

(1) RoJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc = 10 mAdc, IB = O) 

MD2218,A,F, MD2219.A,F. M02218.A, 
M02219.A 
MD2218AF, MD2219AF 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, IE = O) 

MD2218,A,F, MD2219.A,F, M02218.A, 
MD2219.A 
MD2218AF, MD2219AF 

MOTOROLA SEMICONDUCTORS 
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MD2218.A.F 
MD2219,A,F 
MQ2218,A MD2218AF 

Symbol MQ2219,A MD2219AF Unit 

Vern 30 40 Vdc 

VcBo 60 75 Vdc 

VEBO 5.0 6.0 Vdc 

le 500 mAdc 

All Die 
Equal 

One Die Power 

Po mW 

575 625 
350 400 
400 600 mW!°C 

3.29 3.57 
2.0 2.28 

2.28 3.42 

Po Watts 

1.8 2.5 
1.0 2.0 
0.9 3.6 mWl°C 

10.3 14.3 
5.71 11.4 
5.13 20.5 

TJ, Tstg -65 to +200 oc 

All Die 
One Die Equal Power Unit 

oc/W 
97 70 
175 87.5 
195 48.8 

oc/W 
304 280 
500 438 
438 292 

Junction to Junction to 
Ambient Case 

% 
84 44 
75 0 
57 0 
55 0 

Min Typ Max Unit 

Vdc 

30 - -
40 - -

Vdc 

60 - -
75 - -

SMALL-SIGNAL DEVICES 



MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 

ELECTRICAL CHARACTERISTICS (continued) IT A = 25"C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
OE = 10 µAde, le = O) 

MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 5.0 - -
MD2218AF, MD2219AF 6.0 - -

Collector Cutoff Current ICEV nAdc 
(VcE = 50 Vdc, VEB(off) = 3.0 Vdc) 

MD2218,F, MD2219,F, MQ2218,A 20 - -
MD2218A,AF, MD2219A,AF, MQ2219,A 15 - -

Base Cutoff Current IBL 30 - - nAdc 
(VcE = 50 Vdc, VEB(off) = 3.0 Vdc) 

ON CHARACTERISTICS(2) 

DC Current Gain hfE -
lie = 0.1 mAdc, VcE = 1 o Vdc) 

MD2218,A,F,AF, MQ2218,A 20 50 -
MD2219,A,F,AF, MQ2219,A 35 45 -

lie = 1.0 mAdc, VcE = 10 Vdc) 
MD2218,A,F,AF, MQ2218,A 25 55 -
MD2219,A,F,AF, MQ2219,A 50 55 - • Oc = 10 mAdc, VcE = 10 Vdc) 
MD2218,A,F,AF, MQ2218,A 35 65 -
MD2219,A,F,AF, MQ2219,A 75 85 -

Oc = 150 mAdc, VcE = 1.0 Vdc) 
MD2218,A,F,AF, MQ2218,A 20 65 -
MD2219,A,F,AF, MQ2219,A 50 65 -

(le= 150 mAdc, VcE = 10 Vdc) 
MD2218,AF,AF, MQ2218,A 40 30 120 
MD2219,A,F,AF, MQ2219,A 100 120 300 

lie = 300 mAdc, VcE = 10 Vdc) 
MD2218,A, MQ2218,A 25 75 -
MD2219,A, MQ2219,A 30 75 -

Collector-Emitter Saturation Voltage VcElsat) Vdc 
(le = 150 mAdc, Is = 15 mAdc) 

MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A - 0.2 0.4 
MD2218AF, MD2219AF - - 0.3 

Oc = 300 mAdc, Is = 30 mAdc) 
MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A - 0.35 1.2 
MD2218AF, MD2219AF - - 0.9 

Base-Emitter Saturation Voltage VsE(sat) Vdc 
Oc = 150 mAdc, Is = 15 mAdc) 

MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A 0.6 0.95 1.3 
MD2218AF, MD2219AF 0.6 1.0 1.2 

(le = 300 mAdc, Is = 30 mAdc)MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A - - 2.0 
MD2218AF, MD2219AF - - 1.8 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 200 250 - MHz 
lie = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 3.5 8.0 pF 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo pF 
(VEB = 0.5 Vdc, le = 0, f = 100 kHz) 

MD2218,A,F, MD2219,A,F, MQ2218,A, 
MQ2219,A - 15 20 
MD2218AF, MD2219AF - 18 25 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 
ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, le = 150 mAdc, 
V0E(off) = 0.5 Vdc, 191 = 15 mAdc) 

MD2218,F, MD2219,F Id 
MD2218A,AF, MD2219A,AF 

Rise Time MD2218,F, MD2219,F t, 
MD2218A,AF, MD2219A,AF 

Storage Time (Vee= 30 Vdc, le= 150 mAdc, 
191 = 192 = 15 mAdc) 

MD2218,F, MD2219,F ts 
MD2218A,AF, MD2219A,AF 

Fall Time MD2218,F, MD2219,F tf 
MD2218A,AF, MD2219A,AF 

(2) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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FIGURE 2 - "ON" VOLTAGES FIGURE 3 - TEMPERATURE COEFFICIENTS 
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MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 
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SWITCHING TIME CHARACTERISTICS 

FIGURE 8 - TURN-ON TIME 
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MD2218,A,F,AF, MD2219,A,F,AF, MQ2218,A, MQ2219,A 

FIGURE 10 - TURN-OFF BEHAVIOR 
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FIGURE 11 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 
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FIGURE 12 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 

RISE TIME "' 3.0% 
DUTY CYCLE = 2.0% 

+16~Vf1 

> 2000ns-_:i-- - - -J-- 1N916 

-13 8 v 

5-58 

+30 v 

-3.0 v 

SCOPE 
Rin > 100 k ohms 

•Cin <; 12 pF 
RISE TIME<; 5.0 ns 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Base Voltage Vcso 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation Po 
@TA= 25°C 

MD2369,A,B 
MD2369F,AF,BF 
M02369 

Derate above 25°C 
MD2369,A,B 
MD2369F,AF,BF 
M02369 

Total Device Dissipation Po 
@Tc = 25°C 

MD2369,A,B 
MD2369F,AF,BF 
M02369 

Derate above 25°C 
MD2369,A,B 
MD2369F,AF,BF 
M02369 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Coupling Factor 

Value 

15 

40 

5.0 

500 

All Die 
One Die Equal Power 

550 600 
350 400 
400 600 

3.14 3.42 
2.0 2.28 

2.28 3.42 

1.4 2.0 
0.7 1.4 
0.7 2.8 

8.0 11.4 
4.0 80 
4.0 16 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mWl°C 

Watts 

mW/°C 

MD2369,A,B 
MD2369F,AF,BF 

MQ2369 

MD2369,A,B 
CASE 654-07, STYLE 1 

DUAL 
GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

-65 to +200 oc 

All Die 
Symbol One Die Equal Power Unit 

ReJC oc;w 
MD2369,A,B 125 87.5 
MD2369F,AF,BF 250 125 
M02369 250 62.6 

ROJA(1) oc;w 
MD2369.A.B 319 292 
MD2369F,AF,BF 500 438 
M02369 438 292 

Junction to Junction to 
Ambient Case 

MD2369.A.B 83 40 % 
MD2369F,AF,BF 75 0 
M02369 (01-02) 57 0 

(01-03 or 01-04) 55 0 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = 20 Vdc, IE = 0) 
(Vcs = 20 Vdc, IE = 0, TA= + 150°C) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Oc = 10 mAdc, VcE = 1.0 Vdcl 
(le= 10 mAdc, VcE = 1.0 Vdc, TA = -55°C) 

SMALL-SIGNAL DEVICES 
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Min 

15 

40 

5.0 

-
-

40 
20 

Typ 

-

-

-

-
-

95 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

µAde 
0.03 
30 

140 

MOTOROLA SEMICONDUCTORS 

• 



MD2369,A,B, MD2369F,AF,BF, MQ2369 

ELECTRICAL CHARACTERISTICS !continued) ITA = 25'C unless otherwise noted.I 

Characteristic 

Collector-Emitter Saturation Voltage 
lie= 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
lie= 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Productl21 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
IVc9 = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
IVsE = 1.0 Vdc, le= 0, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time 
!Vee = 10 Vdc, le = ls1 = 192 = 10 mAdc) 

Turn-On Time 
!Vee= 3.0 Vdc, VsE(off) = 1.5 Vdc, le = 10 mAdc, 191 = 3.0 mAdc) 

Turn-Off Time 
!Vee= 3.0 Vdc, le = 10 mAdc, 191 = 3.0 mAdc, 192 = 1.5 mAdc) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratiol3) 
lie= 3.0 mAdc, VcE = 1.0 Vdc) MD2369A, MD2369AF 

MD23698, MD2369BF 

Base-Emitter Voltage Differential 
lie = 3.0 mAdc, VcE = 1.0 Vdcl M D2369A, M D2369AF 

MD23698, MD2369BF 

Base-Emitter Voltage Differential Gradient 
lie= 3.0 mAdc, VcE = 1.0 Vdc, 
TA= -55 to + 125'CI M D2369A, M D2369AF 

MD2369B, MD2369BF 

(2) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle "' 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this test. 

Symbol 

VcElsatl 

V8Elsatl 

fT 

Cobo 

Cibo 

ts 

ton 

loft 

hFE1ihFE2 

IVBE1-VBE2I 

6.IVBE1-V8E2I 
6.TA 

FIGURE 1 - STORAGE TIME TEST CIRCUIT 
+10 v 

I 

Min 

-

0.7 

500 

-

-

-

-

-

0.9 
0.8 

-
-

-
-

+6:~ Q __ 
-4ov~-L ~ C5~3.0 pF 

Pulse Width "" 300 ns 

tf~1.0ns 
Duty Cycle~2.0% 

_J 

Typ Max 

- 0.25 

- 0.85 

800 -

- 4.0 

- 4.0 

- 13 

- 15 

- 20 

- 1.0 
- 1.0 

- 5.0 
- 10 

- 10 
- 20 

FIGURE 2 - TURN-ON TIME FIGURE 3 -TURN-OFF TIME 

If 

Unit 

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 

ns 

-

mVdc 

µ,Vrc 

2.0~~-~~-~~~~~~-~-~~~~~~ 
1.0 2.0 3.0 5.0 7 .0 10 20 30 50 70 100 

le. COLLECTOR CURRENT (mA) le, co LL ECTOR CURRENT (mA) 
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MD2369,A,B, MD2369F,AF,BF, MQ2369 
FIGURE 4 - TURN-ON TEST CIRCUIT 
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FIGURE 5 - TURN-OFF TEST CIRCUIT 
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FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 9 - "ON" VOLTAGES 
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MD2904,A,F ,AF 
MD2905,A,F,AF 

MQ2904, MQ2905A 
MD2904,A 
MD2905,A 

CASE 654-07, STYLE 1 

MD2904F,AF 
MD2905F,AF ~ 

CASE 610A-04, STYLE 1 ~ 

MQ2904 
MQ2905A 

CASE 607-04, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

PNP SILICON 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Coupling Factor 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25'C 

MD2904,A, MD2905,A 
MD2904F,AF, MD2905,AF 
M02904, M02905A 

Derate above 25°C 
MD2904,A, MD2905,A 
MD2904,F,AF, MD2905F,AF 
M02904, M02905A 

Total Device Dissipation 
@Tc= 25'C 

MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
M02904, M02905A 

Derate above 25°C 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
M02904, M02905A 

Operating and Storage Junction 
Temperature Range 

Symbol 

ReJC 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
M02904, M02905A 

ReJA(l) 
MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
M02904, M02905A 

MD2904,A, MD2905,A 
MD2904F,AF, MD2905F,AF 
M02904, M02905A (01-02) 

(01-03 or 01-04) 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
lie = 10 mAdc, Is = O) MD2904, MD2905 

MD2904A, MD2905A 

Collector-Base Breakdown Voltage V(BR)CBO 
lie = 10 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 10 µAde, le= O) 

Collector Cutoff Current lcso 
(Vcs = 50 Vdc, IE = O) 
(Vcs = 50 Vdc, IE = 0, TA = 150°C) 

MOTOROLA SEMICONDUCTORS 
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MD2904,F MD2904A,AF 
MD2905,F MD2905A,AF 

Symbol MQ2904 M02905A Unit 

Vern 40 60 Vdc 

Vcso 60 Vdc 

VEBO 5.0 Vdc 

ic 600 mAdc 

All Die 
One Die Equal Power 

Po mW 

575 625 
350 400 
400 600 mW/'C 

3.29 3.57 
2.0 2.28 

2.28 3.42 

Po Watts 

1.8 2.5 
1.0 2.0 
0.9 3.6 mW/'C 

10.3 14.3 
5.71 11.4 
5.13 20.5 

TJ, Tstg -65 to +200 'C 

All Die 
One Die Equal Power Unit 

'C/W 
97 70 
175 87.5 
195 48.8 

'C/W 
304 280 
500 438 
438 292 

Junction to Junction to 
Ambient Case 

% 
84 44 
75 0 
57 0 
55 0 

Min Typ Max Unit 

Vdc 
40 - -
60 - -

60 - - Vdc 

5.0 - - Vdc 

µ.Ade 
- - 0.020 
- - 30 

SMALL-SIGNAL DEVICES 



MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic 

Emitter Cutoff Current 
(VsE = 3.0 Vdc, le = o) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Oc = 0.1 mAdc, VcE = 10 Vdc) MD2904 

MD2904A 
MD2905 
MD2905A 

Oc = 1.0 mAdc, VcE = 10 Vdc) MD2904 
MD2904A 
MD2905 
MD2905A 

Oc = 10 mAdc, VcE = 10 Vdc) MD2904 
MD2904A 
MD2905 
MD2905A 

Oc = 150 mAdc, VcE = 1 o Vdc) MD2904,A, 
MD2905,A 

Oc = 500 mAdc, VcE = 10 Vdc) MD2904 
MD2904A 
MD2905 
MD2905A 

Collector-Emitter Saturation Voltage 
(le= 150 mAdc, Is = 15 mAdc) 
Oc = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage 
Oc = 150 mAdc, Is = 15 mAdc) 
Oc = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(3) 
(le = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(V0E = 2.0 Vdc, le = o, f = 1 oo kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vee = 30 Vdc, V0E = 0.5 Vdc, 
Delay Time le = 150 mAdc, 

Rise Time 191 = 15 mAdc) 

Turn-Off Time (Vee = 30 Vdc, 
Storage Time le = 150 mAdc, 

Fall Time 191 = 192 = 15 mAdc) 

(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
(3) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 

Symbol 

IEBO 

hfE 

VcE(sat) 

VsE(sat) 

IT 

Caba 

Ciba 

tan 

ld 

tr 

ta ff 

ts 

lf 
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Min Typ Max Unit 

- - 30 nAdc 

-
20 50 -
40 70 -
35 70 -
75 150 -
25 75 -
40 75 -
50 100 -
100 175 -

35 90 -
40 90 -
75 110 -
100 200 -

40 90 120 
100 200 300 • 20 60 -
40 80 -
30 130 -
50 150 -

Vdc 
- 0.25 0.4 
- 0.5 1.6 

Vdc 
- 0.88 1.3 
- 1.0 2.6 

200 320 - MHz 

- 5.8 8.0 pF 

- 16 30 pF 

- - 45 ns 

- - 12 ns 

- - 35 ns 

- - 130 ns 

- - 100 ns 

- - 40 ns 
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MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 
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MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 

FIGURE 6 - CURRENT-GAIN BANDWIDTH PRODUCT 
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FIGURE 7 - CAPACITAl\!CE 
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MD2904,A,F,AF, MD2905,A,F,AF, MQ2904, MQ2905A 

FIGURE 12 - DELAY AND RISE 
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FIGURE 13 - STORAGE AND FALL 
TIME TEST CIRCUIT 
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MAXIMUM RATINGS 
Rating Symbol Value 

··-
Collector-Emitter Voltage VcEO 40 

Collector-Base Voltage Vceo 50 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 50 

All Die 
One Die Equal Power 

Total Device Dissipation Po 
@TA= 25°C 

MD3250.A. MD3251,A 575 625 
MD3250F,AF, MD3251F,AF 350 400 
M03251 400 600 

Derate above 25°C 
MD3250.A. MD3251,A 3.29 3.57 
MD3250F,AF, MD3251F,AF 2.0 2.28 
M03251 2.28 3.42 

Total Device Dissipation Po 
@Tc= 25°C 

MD3250.A. MD3251.A 1.8 2.5 
MD3250F,AF, MD3251F,AF 1.0 2.0 
M03251 0.9 3.6 

Derate above 25°C 
MD3250.A. MD3251.A 10.3 14.3 
MD3250F,AF, MD3251F,AF 5.71 11.4 
M03251 5.13 20.5 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
MD3251.A. MD3251,A 
MD3250F,AF, MD3251F,AF 
M03251 

Thermal Resistance, Junction to Ambient 
MD3250,A, MD3251,A 
MD3250F,AF, MD3251F,AF 
M03251 

Coupling Factors 
MD3250.A. MD3251,A 
MD3250F,AF, MD3251F,AF 
M03251 (01-02) 

(01-03 or 01-04) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

MD3250,A,F,AF 
MD3251,A,F,AF 

MQ3251 
MD3250,A ~ 
MD3251,A 

CASE 654-07, STYLE 1 

MD3250f,AF ~ 
MD3251F,AF ~ 

mWf'C CASE 610A-04, STYLE 1 

Watts 

mWf'C 

•c 

Symbol 

R8Jc 

R8JA(1) 

MQ3251 .-ii... 
CASE 607--04, STYLE 1' --£...J 

DUAL 
AMPLIFIER TRANSISTOR 

PNPSIUCON 

All Die 
One Die Equal Power Unit 

"C/W 
97 70 
175 87.5 
195 48.8 

"C/W 
304 280 
500 438 
438 292 

Junction to Junction to 
Ambient case 

% 
84 44 
75 0 
57 0 
55 0 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BRICEO 40 - - Vdc 
nc = 10 mAdc, le = 01 

Collector-Base Breakdown Voltage V(BR)CBO 50 - - Vdc 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc 
ne = 10 µAde, le = o) 

Collector Cutoff Current iceo 
!Vee = 40 Vdc, le = 01 - - 10 nAdc 
(Vee = 40 Vdc, le = 0, TA = 150°C) - - 10 µAde 

Emitter Cutoff Current IEBO - - 10 nAdc 
(VBE = 3.0 Vdc, le = 0) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MD3250,A,F,AF, MD3?.5l ,A,F,At=, MQ3251 

ELECTRICAL .CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic f Symbol 

ON CHARACTERISTICS(2) 

DC Current Gain 
Uc = 10 µ.Ade, VcE = 5.0 Vdc) MD3250,A,F,AF 

MD3251,A,F.AF 

Uc = 100 µ.Ade, VcE = 5.0 Vdcl MD3250,A,F.AF 
MD3251,A,F.AF 
MQ3251 

Uc= 100 µ.Ade, VcE ; 5.0 Vdc, TA = -55'C) MD3250,A,F,AF 
MD3251,A,F,AF 

Uc = 1.0 mAdc, VcE = 5.0 Vdcl MD3250,A,F,AF 
MD3251,A,F,AF 
MQ3251 

Uc = 10 mAdc, VcE ;= 5.0 Vdc) MD3250,A,F,AF 
MD3251,A,F,AF 
MQ3251 

Uc = 50 mAdc, VcE = 5.0 Vdc) MD3250,A,F,AF 
MD3251,A,F,AF 
MQ3251 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, Is = 1.0 mAdc) 
Uc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= 10 mAdc, IB = 1.0 mAdc) 
Uc = 50 mAdc, IB = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MD3250,A,F,AF 

MD3251,A,F,AF 
MQ3251 

Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VBE = 1.0 Vdc, le = o, f = 100 kHz) 

MATCHING CHARACTERISTICS (MD3250,A,F,AF & MD3251,A,F,AF ONLY) 

DC Current Gain Ratio(3) 
Uc = 100 µ.Ade, VcE = 5.0 Vdc) 
Uc = 1.0 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential 
Uc = 100 µ.Ade, VcE = 5.0 Vdc) 
Uc = 10 µ.Ade. VcE = 5.0 Vdc) 
Uc = 10 mAdc, VcE = 5.0 Vdc) 

Base-Emitter Voltage Differential Change Due to Temperature 
Uc = 100 µ.Ade, VcE = 5.0 Vdc, TA= -55 to +25'C) 
Uc= 100 µ.Ade, VcE = 5.0Vdc, TA= +25to +125'C) 

(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

MOTOROLA SEMICONDUCTORS 
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hFE 

VcE(sat) 

VBE(sat) 

tr 

Cobo 

Cibo 

hFE1ihFE2 

IVsE1-VBE2I 

D.IVBE1NBE21 

Min Typ Max Unit 

-
25 75 -
50 100 -
50 82 150 
80 170 300 
80 170 -

25 35 -
50 75 -

50 87 150 
100 180 300 
100 180 -

50 92 -
100 190 -
100 190 300 

15 50 -
30 90 -
30 90 -

Vdc 
- 0.11 0.25 
- 0.18 0.5 

Vdc 
0.6 0.78 0.9 
- 0.88 1.2 

MHz 
200 600 -
250 600 -
300 600 -
- 2.5 6.0 pF 

- 6.0 8.0 pF 

-
0.9 - 1.0 
0.9 - 1.0 

mVdc 
- - 3.0 
- - 5.0 
- - 5.0 

mVdc 
- - 0.8 
- - 1.0 

SMALL-SIGNAL DEVICES 



MD3250,A,F,AF, MD3251,A,F,AF, MQ3251 
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MD3250,A,F,AF, MD3251,A,F,AF, MQ3251 
FIGURE 6 - "ON" VOLTAGE 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

-------
Collector-Emitter Voltage Vern 30 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Both Die 
Equal 

One Die Power 

Total Device Dissipation @ TA = 25°C Po 575 625 mW 
Derate above 25°C 3.29 3.57 mWl°C 

Total Device Dissipation@ Tc = 25°C Po 1.8 2.5 Watts 
Derate above 25°C 10.3 14.3 mW!°C 

Operating and Storage Junction TJ, Tstg -65 to +200 "C 
Temperature Range 

THERMAL CHARACTERISTICS 
Both Die 

Characteristic Symbol One Die Equal Power Unit 

Thermal Resistance, Rruc 97 70 "CIW 
Junction to Case 

Thermal Resistance, ROJA(1) 304 280 "C/W 
Junction to Ambient 

Junction to Junction to 
Ambient Case 

Coupling Factors 84 44 % 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le = 10 µAde, IB = O) V(BR)CEO 

Collector-Base Breakdown Voltage (le = 10 µAde, IE = O) V(BR)CBO 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) V(BR)EBO 

Collector Cutoff Current (Vcs = 50 Vdc, IE = O) le Bo 
(VcB = 50 Vdc, IE = 0, TA = 150°C) 

Emitter Cutoff Current (VBE = 3.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
lie = 10 µAde, VcE = 10 Vdc) MD3410 
Oc = 100 µAde, VcE = 10 Vdc) Both Devices 
Oc = 1.0 mAdc, VcE = 10 Vdc) Both Devices 
Oc = 10 mAdc, VcE = 10 Vdc) Both Devices 

Collector-Emitter Saturation Voltage (le = 10 mAdc, IB = 1.0 mAdc) VcE(sat) 

Base-Emitter Saturation Voltage (le = 10 mAdc. Is = 1.0 mAdc) VBE(sal) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
(le = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance (VcB = 10 Vdc, IE = 0, f = 1.0 MHz) Cobo 

Input Capacitance (VBE = 0.5 Vdc, le = 0, f = 1.0 MHz) Cibo 

MATCHING CHARACTERISTICS 

Base-Emitter Voltage Differential Change Due to Temperature IVBE1-VBE2I 
Oc = 100 µAde, VcE = 10 Vdc, MD3409 
TA= -55°Cto +25°C) MD3410 
(le = 100 µAde, VcE = 10 Vdc, MD3409 
TA = +25°C to + 125°C) MD3410 

(2) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle .; 2.0%. 
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MD3409 
MD3410 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MD2218 for graphs. 

Min Typ Max Unit 

30 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

- - 10 nAdc 
- - 10 µAde 

- - 10 nAdc 

-
20 40 100 
30 50 120 
40 60 160 
50 65 200 

- 0.09 0.15 Vdc 

- 0.7 0.85 Vdc 

200 250 - MHz 

- 3.5 8.0 pF 

- 15 25 pF 

mVdc 
- - 1.6 
- - 0.8 
- - 2.0 
- - 1.0 

MOTOROLA SEMICONDUCTORS 

• 



MD3467,F 
MQ3467 

MD3467 
CASE 654-07, STYLE 1 

~ 
MD3467F 

CASE 610A·04, STYLE 1 

~ 
MQ3467 

CASE 607-04, STYLE 1 
mi 

·-SJ 
DUAL 

AMPLIFIER TRANSISTOR 

PNPSILICON 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Coupling Factors 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA=25°C 

MD3467 
MD3467F 
MQ3467 

Derate above 25°C 
MD3467 
MD3467F 
MQ3467 

Total Device Dissipation 
@Tc=25°C 

MD3467 
MD3467F 
MQ3467 

Derate above 25°C 
MD3467 
MD3467F 
MQ3467 

Operating and Storage Junction 
Temperature Range 

Symbol 

Rruc 
MD3467 
MD3467F 
MQ3467 

ROJA(1) 
MD3467 
MD3467F 
MQ3467 

MD3467 
MD3467F 
MQ3467 (Q1-Q2) 

(Q1-Q3 or Q1-Q4) 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current tceo 
(Vee= 30 Vdc, IE = 0, TA= 100-C) 

Emitter Cutoff Current IEBO 
!VeE = 3.0 Vdc, tc = O) 

MOTOROLA SEMI.CONDUCTORS 
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Symbol Value Unit 

Vern 40 Vdc 

Vceo 40 Vdc 

VEBQ 5.0 Vdc 

le 1.5 Ade 

All Die 
One Die Equal Power 

Po mW 

600 650 
350 400 
400 600 

mW/"C 
3.42 3.7 
2.0 2.28 
2.28 3.42 

Po Watts 

2.1 3.0 
1.25 2.5 
1.0 4.0 

mw1·c 
12 17.2 

7.15 14.3 
5.71 22.8 

TJ, Tstg -65 to +200 ·c 

All Die 
One Die Equal Power Unit 

"CIW 
83.3 58.3 
140 70 
175 43.8 

0 c1W 
292 270 
500 438 
438 292 

Junction to Junction to 
Ambient Case 

% 
85 40 
75 0 
57 0 
55 0 

Min Typ Max Unit 

40 - - Vdc· 

40 - - Vdc 

5.0 - - Vdc 

- - 10 µAde 

- - 100 nAdc 

SMALL-SIGNAL DEVICES 



MD3467,F, MQ3467 

ELECTA!CAl CHAflACTERlSTICS icontinued) iTA = 25°(.; unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 
ON CHARACTERISTICS 

DC Current Gain 
!le= 500 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
!le = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage 
!le = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
IVcs = 10 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance 
IVBE = 0.5 Vdc, le = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time !Vee = 30 Vdc, VsE = 2.0 Vdc, 
Rise Time le = 500 mAdc, ls1 = 50 mAdc) 

Storage Time !Vee = 30 Vdc, le = 500 mAdc, 

Fall Time ls1 = ls2 = 50 mAdc) 

(2) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle "' 2.0%. 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3- "ON" VOLTAGE 
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FIGURE 2 - COLLECTOR SATURATION REGION 

±r 
[ill 

lUll 
lc•20mA lOOmA 400 mA 

~ ~ 
\ 

r-t-1 -
0.5 1.0 2.0 5.0 10 20 

19, BASE CURRENT (mA) 

1 TJ • 25°c 

~l.OA 

l'-. 
N 

I 
H 

50 100 200 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 6 - TURN-ON TIME 
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FIGURE 7 - RISE AND FALL TIME 
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FIGURE 10 - SWITCHING TIME TEST CIRCUIT 
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MD3725,F 
MQ3725 

MD3725 
CASE 654-07, STYLE 1 

MD3725F .~ 
CASE 610A-04, STYLE ~ 

MQ3725 " 
CASE 607-04, STYLE 1 · 4 > 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Coupling Factor 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 

MD3725 
MD3725F 
M03725 

Derate above 25°C 
MD3725 
MD3725F 
M03725 

Total Device Dissipation 
@Tc= 25°C 

MD3725 
MD3725F 
M03725 

Derate above 25°C 
MD3725 
MD3725F 
M03725 

Operating and Storage Junction 
Temperature Range 

Symbol 

Rruc 
MD3725 
MD3725F 
M03725 

ROJA(1) 
MD3725 
MD3725F 
M03725 

MD3725 
MD3725F 
M03725 (01-02) 

(01-03, 01-04) 

(1) RruA is measured with the device soldered into~ typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 10 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 
Oc = 10 µAde, VsE = Ol MD3725F 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 µAde, le = O) 

Collector Cutoff Current lcso 
(Vee = 40 Vdc, IE = 0) 
(Vee = 40 Vdc, le = o, TA= 100°c) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEQ 40 Vdc 

Vcso 65 Vdc 

VEBO 6.0 Vdc 

le 1.0 Ade 

All Die 
One Die Equal Power 

Po mW 

600 650 
350 400 
400 600 

mW/"C 
3.42 3.7 
2.0 2.28 
2.28 3.42 

Po Watts 

2.1 3.0 
1.25 2.5 
1.0 4.0 

mW/°C 
12 17.2 

7.15 14.3 
5.71 22.8 

TJ, Tstg -65 to +200 oc 

All Die 
One Die Equal Power Unit 

oc;w 
83.3 58.3 
140 70 
175 43.8 

oc;w 
292 270 
500 438 
433 292 

Junction to Junction to 
Ambient Case 

% 
85 40 
75 0 
57 0 
55 0 

Min Typ Max Unit 

40 - - Vdc 

65 - - Vdc 

65 - - Vdc 

6.0 - - Vdc 

- 0.12 1.7 µAde 
- - 120 µAde 

SMALL-SIGNAL DEVICES 
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ELECTRICAL CHARACTERISTICS (continued) ITA = 25'C unless otherwise noted.) 

Characteristic [ Symbol Min Typ Max Unit 

ON CHARACTERISTICS(2) 

DC Current Gain hFE -
lie = 100 mAdc, VcE = 1.0 Vdc) 50 - 150 
lie = 500 mAdc, VcE = 2.0 Vdc) 30 - -

Collector-Emitter Saturation Voltage VcE(satl Vdc 
lie= 100 mAdc, Is = 10 mAdcl - 0.19 0.26 
lie = 500 mAdc, Is = 50 mAdc) - 0.30 0.45 

Base-Emitter Saturation Voltage VsE(sat) Vdc 
lie= 100 mAdc, Is = 10 mAdcl - - 0.86 
lie = 500 mAdc, Is = 50 mAdc) 0.80 - 1.2 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 200 - - MHz 
lie = 50 mAdc, VcE = 10 Vdc, I = 100 MHz) 

Output Capacitance Cobo - - 10 pF 
(Vcs = 10 Vdc, IE = 0, I = 100 kHz) 

Input Capacitance C;bo - - 65 pF 
IVsE = 0.5 Vdc, le = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 20 45 ns 
!Vee = 30 Vdc, le = 500 mAdc, ls1 = 50 mAdc, VsE(offl = 3.8 Vdcl 

Turn-Off Time to ff - 50 75 ns 
!Vee = 30 Vdc, le = 500 mAdc, ls1 = ls2 = 50 mAdcl 

(2) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle .; 2.0%. 

TYPICAL DC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3- COLLECTOR SATURATION REGION 
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FIGURE 2 - "ON" VOLTAGES 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 5 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 7 - TURN-ON TIME 
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FIGURE 9 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 6 - CAPACITANCE 
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FIGURE 10 - COLLECTOR CUTOFF CURRENT 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Base Voltage VcBo 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

One Die 

Total Device Dissipation Po 
@TA= 25°C 

Value 

40 

40 

5.0 

1.5 

All Die 
Equal Power 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

mW 

MD3762,f 
MQ3762 

MD3762 
CASE 654-07, STYLE 1 

MD3762 600 650 
MD3762F 350 400 
M03762 400 600 

MD3762F 
CASE 610A-04, STYLE ~ 

Derate above 25°C mW/°C 
MD3762 3.42 3.7 
MD3762F 2.0 2.28 
M03762 2.28 3.42 

Total Device Dissipation Po Watts 
@Tc = 25°C 

MD3762 2.1 3.0 
MD3762F 1.25 2.5 
M03762 1.0 4.0 

Derate above 25°C mW/°C 
MD3762 12 17.2 
MD3762F 7.15 14.3 
M03762 5.71 22.8 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case RoJC 
MD3762 
MD3762F 
M03762 

Thermal Resistance, Junction to Ambient RoJA(1) 
MD3762 
MD3762F 
M03762 

Coupling Factors 
MD3762 
MD3762F 
M03762 (01-02) 

(01-03, 01-04) 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = 01 

Collector Cutoff Current lcBo 
(VcB = 30 Vdc, IE = 0) 
(VcB = 30 Vdc, IE = o, TA= 100°CI 

Emitter Cutoff Current IEBO 
(VBE = 3.0 Vdc, le = 0) 

SMALL-SIGNAL DEVICES 
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MQ3762 
CASE 607-04, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

PNP SILICON 

All Die 
One Die Equal Power Unit 

oc/W 
83.3 58.3 
140 70 
175 43.8 

OC/W 
292 270 
500 438 
438 292 

Junction to Junction to 
Ambient Case 

% 
85 40 
75 0 
57 0 
55 0 

Min Typ Max Unit 

40 - - Vdc 

40 - - Vdc 

5.0 - - Vdc 

- - 100 nAdc 
- - 10 µAde 

- - 100 nAdc 

MOTOROLA SEMICONDUCTORS 
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MD3762,F, MQ3762 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic 

ON CHARACTERISTICS(2) 

DC Current Gain 
Uc = 1.0 Ade, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 1.0 Ade, IB = 0.1 Ade) 

Base-Emitter Saturation Voltage 
Uc = 1.0 Ade, IB = 0.1 Ade) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance 
(V8E = 0.5 Vdc, le = o, t = 140 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, V8E(offl = 2.0 Vdc, 

Rise Time le= 1.0 Ade, IB1 = 100 mAdcl 

Storage Time !Vee = 30 Vdc, le = 1.0 Ade, 

Fall Time IB1 = IB2 = 100 mAdc) 

(2) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 
(3) fy is defined as the frequency at which lhtel extrapolates to unity. 

FIGURE 1 - DC CURRENT GAIN 

20.___.__..__._.._ ........ ....__....__.._..L...1....U..LJ...l-__J.--Jc..J....L..L ....... 

1.0 2.0 5.0 10 20 50 100 200 500 1000 
le. COLLECTOR CURRENT lmA) 

FIGURE 3 - "ON" VOLTAGE 
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~o.ar-+v911•t11~ I--'"'" ~ 

~ o.6 r- v~1on1 ~ vcr}~ ...._._,_..._..___,_ _ _,___,__,_+-+-+-+-< 
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le, COLLECTOR CURRENT (mA) 
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Symbol Min Typ Max Unit 

hFE 20 40 - -

VcE(sat) - 0.52 1.0 Vdc 

VBE(sat) - 1.05 1.4 Vdc 

IT 150 220 - MHz 

Cobo - 8.5 20 pF 

Cibo - 22 80 pF 

Id - 5.0 10 ns 

tr - 18 30 ns 

ls - 45 80 ns 

If - 18 30 ns 

FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 4 - TEMPERATURE COEFFICIENTS 
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flGUllE;; - ACTIVE llEGIOlll SAl'E OPERATING AREA 
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FIGURE 8 - TURN.QN TIME 
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FIGURE 8 - STORAGE TIME 
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FIGURE 10 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 7 - RISE ANO FALL TIME 
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FIGURE 9 - FALL TIME 
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FIGURE 11 - CAPACITANCE 
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MD4260 
MD4261 

CASE 654-07, STYLE 1 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Symbol Value 

VcEO 12 

Vcso 12 

VEBO 4.0 

le 50 

One Die Both Die 

Total Device Dissipation @ TA = 25°C Po 550 600 
Derate above 25°C 3.14 3.42 

Total Device Dissipation @ Tc = 25°C Po 1.4 2.0 
Derate above 25°C 8.0 11.4 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

DUAL THERMAL CHARACTERISTICS 

RF AMPLIFIER Junction to Junction to 
Characteristic Ambient Case 

PNP SILICON Thermal Resistance 
One Die 319 125 
Effective, Both Die 292 87.5 

Coupling Factor 83 40 

Refer to 2N4260 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Uc = 10 mAdc, Is = OI V(BfilCEO 12 -
Collector-Base Breakdown Voltage Uc = 10 µAde, IE = 0) \iBR)CBO 12 -
Emitter-Base Breakdown Voltage OE = 10 µAde, le = OI V(BfilEBO 4.0 -
Collector Cutoff Current (VcE = 12 Vdc, Is = 0) lcEO - 1.0 

Collector Cutoff Current (Vcs = 10 Vdc, IE = 0) icso - 10 

ON CHARACTERISTICS 

DC Current Gain Uc = 10 mAdc, VcE = 1.0 Vdc) (le = 30 mAdc, VcE = 2.0 Vdc) hFE 30 200 
20 -

Collector-Emitter Saturation Voltage Uc= 10 mAdc, Is = 1.0 mAdc) VcE(sat) - 0.3 

Base-Emitter Saturation Voltage Uc = 10 mAdc, 19 = 1.0 mAdc) Vs§_sat) - 1.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (le = 0.5 mAdc, VcE = 4.0 Vdc, f = 100 MHz) fr 1.0 -
Uc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 1.5 -

Output Capacitance (Vcs = 3.0 Vdc, IE = 0, f = 100 kHz) Cobo - 2.5 

Input Capacitance (VsE = 0.5 Vdc, le = o, f = 100 kHz) Cibo - 2.5 

Collector Base Time Constant Uc = 5.0 mAdc, VcE = 4.0 Vdc, f = 31.8 MHz) rb'Cc - 35 
Uc = 10 mAdc, VcE = 10 Vdc, f = 31.8 MHz) - 30 

MATCHING CHARACTERISTICS (MD4261 only) 

DC Current Gain Ratio(1) hFE1ihFE2 0.8 1.0 
Uc = 10 mAdc, VcE = 1.0 Vdc) 

Base-Emitter Voltage Differential IVsE1-VsE2I - 10 
Uc = 10 mAdc, VcE = 1.0 Vdc) 

(1) The lowest hFE reading is taken as hFE1 for this ratio. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

Watts 
mW/"C 

oc 

Unit 

°C!W 

% 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

nAdc 

-

Vdc 

Vdc 

GHz 

pF 

pF 

ps 

-

mVdc 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO 15 

Collector-Base Voltage Vceo 20 

Emitter-Base Voltage VEBO 5.0 

Collector Current Continuous le 50 

Both 
One Side Sides 

Total Device Dissipation @ TA = 25°C Po 300 400 
Derate above 25°C 1.7 2.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le = 3.0 mAdc, le = O) 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage (IE = 10 µAde, le = O) 

Collector Cutoff Current (Vee = 15 Vdc, IE = 0) 
(Vee = 15 Vdc, IE = o. TA = 150°C) 

ON CHARACTERISTICS 

DC Current Gain Uc= 3.0 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage Uc = 10 mAdc, le = 1.0 mAdc) 

Base-Emitter Saturation Voltage Uc = 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 140 kHz) 

Input Capacitance 
(VeE = 0.5 Vdc, le = o. t = 140 kHz) 

Noise Figure 
Uc = 1.0 mAdc, VcE = 6.0 Vdc, f = 60 MHz. Rs = 400 ohms) 

FUNCTIONAL TEST 

Amplifier Power Gain 
Uc = 6.0 mAdc, Vee = 12 Vdc, RG = RL = 50 ohms, f = 200 MHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(1) 
Uc "" 4.0 mAdc, VcE = 10 Vdc) MD5000 

MD5000A 
MD50008 

Base-Emitter Voltage Differential 
Uc= 4.0 mAdc, VcE = 10 Vdc) MD5000 

MD5000A 
MD5000B 

Base-Emitter Voltage Differential Gradient 
Uc= 4.0 mAdc, VcE = 10 Vdc, TA= -55 to +125°C) MD5000 

MD5000A 
MD5000B 

(1) The lowest hFE reading is taken as hFE1 for this ratio. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

·c 

Symbol 

V(Bl!l_CEO 

~BR)CBO 

V_illl!l_EBO 

lceo 

hFE 

VcE(sa!l_ 

Ve!iliiatl_ 

,,. 
Cobo 

Cibo 

NF 

Gpe 

hFE1ihFE2 

1veE1-VeE2I 

a(VeE1-VeE2l 
aTA 

MDSOOO,A,B 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

PNPSILICON 

Refer to 2N3307 for graphs. 

Min Typ Max Unit 

15 - - Vdc 

20 - - Vdc 

5.0 - - Vdc 

- - 0.010 µAde 
- - 1.0 

20 50 - -
- - 0.4 Vdc 

- - 1.0 Vdc 

600 900 - MHz 

- - 1.7 pF 

- - 2.0 pF 

- 3.0 6.0 dB 

15 20 dB 

-
- 0.7 -
0.9 - 1.0 
0.8 - 1.0 

mVdc 
- 5.0 -
- - 5.0 
- - 10 

µ.V/"C 
- 10 -
- - 10 
- - 20 
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MD6001,F 
MD6002,F 
MD6003,F 

MQ6001, MQ6002 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

MD6002 r' MD6001 ~ 
Collector Current - Continuous 

MD6003 
CASE 654·07, STYLE 5 

MD6001F 
MD6002F ~ 
MD6003F~ 

Total Device Dissipation @ TA = 25°C 
MD6DD1,2,3 
MD6DD1 F,2F,3F 

CASE 610A•04, STYLE 1 
MQ6001 ....,,. 

MQ6D01,2 
Derate above 25°C 

MD6001,2,3 
MD60D1 F,2F,3F 
MQ6DD1,2 

MQ6002 ' --£__,
CASE 607-04, STYLE 1 

COMPLEMENTARY DUAL 
GENERAL PURPOSE 

TRANSISTOR 

Total Device Dissipation@ Tc = 25°C 
MD6DD1,2,3 
MD60D1 F,2F,3F 

NPN/PNP SILICON 
MQ6DD1,2 

Derate above 25°C 
MD6D01,2,3 
MD6D01 F,2F,3F 
MQ6DD1,2 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case ReJC 
MD6DD1,2,3 
MD6DD1 F,2F,3F 
MQ6DD1,2 

Thermal Resistance, Junction to Ambient R11JA(1) 
MD6DD1,2,3 
MD6DD1 F,2F,3F 
MQ6DD1,2 

Coupling Factor 
MD6001,2,3 
MD6D01 F,2F,3F 
MQ6DD1,2 (Q1-Q2) 

(Q1-Q3 or Q1-Q4) 

(1) RllJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BRICEO 
Uc = 1D mAdc, Is = DI 

Collector-Base Breakdown Voltage V(BRICBO 
(le = 10 µAde, IE = 0) MD6D03,F 

MD6001,F, MD60D2,F, MQ6D01, MQ6DD2 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 µAde, le = DI 

Base Cutoff Current IBEV 
(VcE = 3D Vdc, VsE = 3.D Vdc) MD6D03,F 
(VcE = 5D Vdc, VEB = 3.D Vdc) MD6DD1,F,2,F, MQ60D2,F 

MOTOROLA SEMICONDUCTORS 
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MD6001,F 
MD6003 MD6002,F 

Symbol MD6003F MQ6001,2 Unit 

Vern 3D Vdc 

Vcso 50 6D Vdc 

VEBO 5.D Vdc 

le 500 mAdc 

All Die 
Equal 

One Die Power 

Po mW 
575 625 
35D 4DD 
40D 6DD 

3.29 3.57 mW/°C 
2.D 2.28 

2.28 3.42 

Po Watts 
1.8 2.5 
1.0 2.0 
D.9 3.6 

mW/°C 
1D.3 14.3 
5.71 11.4 
5.13 2D.5 

TJ, Tstg -65 to +2DD oc 

All Die 
One Die Equal Power Unit 

oc/W 
97 7D 
175 87.5 
195 48.8 

oc/W 
3D4 28D 
5DO 438 
438 292 

Junction to Junction to 
Ambient Class 

% 
84 44 
75 D 
57 D 
55 D 

Min Typ Max Unit 

3D - - Vdc 

Vdc 
5D - -
6D - -
5.D - - Vdc 

nAdc 
- - 5D 
- - 30 

SMALL-SIGNAL DEVICES 



MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 

ELECTRICAL CHARACTERISTICS (continued) (TA - 2z0 c unless 01herwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Collector Cutoff Current lcEV 
(VcE = 30 Vdc, VsE(off) = 3.0 Vdc) MD6003,F - - 30 nAdc 
IVcE = 50 Vdc, VEB(off) = 3.0 Vdc) MD6001,F,2,F, MQ6001,2 - - 20 nAdc 
IVcE = 50 Vdc, VEB(off) = 3.0 Vdc, MD6001,F,2,F, MQ6001,2 - - 30 µAde 
TA= 150°C) 

Collector Cutoff Current lcso - - 100 nA 
(Vcs = 40 Vdc, IE = O) MD6003,F 

ON CHARACTERISTICS(21 

DC Current Gain hFE -
Oc = 0.1 mAdc, VcE = 10 Vdc) MD6001,F, MQ6001 20 80 -

MD6002,F, MQ6002 35 70 -

Uc= 1.0 mAdc, VcE = 10 Vdc) MD6001,F, MQ6001 25 90 -
MD6003,F 40 70 -
MQ6002,F, MQ6002 50 100 -

Oc = 10 mAdc, VcE = 10 Vdc) MD6001,F, MQ6001 35 70 -
MD6002,F, MQ6002 75 110 -

Uc = 150 mAdc, VcE = 10 Vdc) MD6001,F, MQ6001 40 - 120 
MD6003,F 70 110 -
MD6002,F, MQ6002 100 200 300 

Uc = 300 mAdc, VcE = 10 Vdc) MD6001,F, MQ6001 20 - -
All Other Devices 30 90 -

Oc = 150 mAdc, VcE = 10 Vdc) MD6001,F, MQ6001 20 80 -
MD6002,F, MQ6002 50 - -

Collector-Emitter Saturation Voltage VcE(sat) Vdc 
Uc = 150 mAdc, Is = 15 mAdc) All Devices - 0.3 0.4 
Uc = 300 mAdc, Is = 30 mAdc) MD6001, MD6002,F, MQ6002, 1 - 0.59 1.4 

Base-Emitter Saturation Voltage VsE(sat) Vdc 
(le= 150 mAdc, Is = 15 mAdc) All Devices - 1.02 1.3 
Oc = 300 mAdc, Is = 30 mAdc) MD6001, MD6002,F, MQ6001,2 - 1.25 2.0 

(2) Pulse Test: Pulse Width .,; 300 µ,s, Duty Cycle .,; 2.0%. 

FIGURE 1 - DC CURRENT GAIN 
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 

FIGURE Z - .. ON" VOLTAGES FIGURE 3 - TEMPERATURE COEFFICIENTS 
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FIGURE 6 - CURRENT-GAIN BANDWIDTH PRODUCT FIGURE 7 - CAPACITANCE 
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 

i'IGUl'll: 8 - TURN ON TIME 
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Diode and all Voltage Polarities. 
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MD7000 

CASE 654-07, STYLE 1 

DUAL 
GENERAL PURPOSE 

TRANSISTOR 

NPNSILICON 

Refer to MD2218 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25•c 
Derate above 25°C 

Total Device Dissipation 
@Tc= 25°C 
Derate above 25°C 

Operating and Storage.Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to 
Ambient 

Coupling Factor 

Symbol 

VcEO 

Vceo 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Symbol 

Rruc 

RruA(1) 

Value Unit 

30 Vdc 

50 Vdc 

5.0 Vdc 

500 mAdc 

One Die Both Die 

575 625 mW 
3.29 3.57 mW/"C 

1.8 2.5 Watts 
10.3 14.3 mW/"C 

-65 to +200 ·c 

One Die Both Die Unit 

97 70 •cJW 
304 280 ·c!W 

Junction to Junction to 
Ambient Case 

84 44 % 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 30 - - Vdc 
Oc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 50 - - Vdc 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc 
OE = 10 µAde, le = O) 

Collector Cutoff Current lceo - - 100 nAdc 
(Vee = 40 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain(2) hFE -
Oc = 1.0 mAdc, VcE = 10 Vdc) 40 60 -
Oc = 150 mAdc, VcE = 10 Vdc) 70 80 -
Oc = 300 mAdc, VcE = 10 Vdc) 30 50 -

Collector-Emitter Saturation Voltage VcE(sat) - 0.2 0.4 Vdc 
Uc = 150 mAdc, le = 15 mAdc) 

Base-Emitter Saturation Voltage VeE(sat) - 0.95 1.3 Vdc 
Uc = 150 mAdc, le = 15 mAdc) 

SMALL-stGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product '1 200 250 - MHz 
Oc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 3.5 8.0 pF 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo - 15 30 pF 
(VEB = 2.0 Vdc, le = 0, f = 100 kHz) 

(2) Pulse Test: Pulse Width Ei 300 µs, Duty Cycle Ei 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage VcEO 

Collector-Base Voltage Vceo 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation @ TA = 25°C Po 
MD7001 
MD7001F 

Value 

30 

50 

5.0 

600 

One Die All Die 

600 650 
350 400 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

MD7001,f 
MQ7001 

MD7001 
CASE 654-07, STYLE 1 

M07001 400 600 
Derate above 25°C mWl°C 

MD7001 3.42 3.7 

MD7001F 
CASE 610A-04, STYLE ~ 

MD7001F 2.0 2.28 
M07001 2.28 3.42 

Total Device Dissipation @ Tc = 25°C Po Watts 
MD7001 2.1 3.8 
MD7001F 1.25 2.5 
M07001 1.0 4.0 

Derate above 25°C mWl°C 
MD7001 12 17.2 
MD7001F 7.15 14.3 
M07001 5.71 22.8 

Operating and Storage Junction TJ, Tstg -65 to +200 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case Rruc 
MD7001 
MD7001F 
M07001 

Thermal Resistance, Junction to Ambient R8.JA(1) 
MD7001 
MD7001F 
MQ7001 

Coupling Factor 
MD7001 
MD7001F 
M07001 (01-02) 

(01-03 or 01-04) 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc= 10 mAdc, le = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE= 10 µAde, le = Ol 

Collector Cutoff Current iceo 
(Vee = 40 Vdc, IE = O) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
Uc = 1.0 mAdc, VcE = 10 Vdc) 
Uc= 150 mAdc, VcE = 10 Vdc) 
Uc = 300 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 150 mAdc, le = 15 mAdc) 

SMALL-SIGNAL DEVICES 
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MQ7001 -
CASE 607-04, STYLE 1 · ~· 

DUAL 
AMPLIFIER TRANSISTOR 

PNP SILICON 

All Die 
One Die Equal Power Unit 

"C!W 
83.3 58.3 
140 70 
175 43.8 

"C!W 
292 270 
500 438 
438 292 

Junction to Junction to 
Ambient Case 

% 
85 40 
75 0 
57 0 
55 0 

Min Typ Max Unit 

30 - - Vdc 

50 - - Vdc 

6.0 - - Vdc 

- - 100 nAdc 

-
40 50 -
70 90 -
30 60 -
- 0.25 0.4 Vdc 

MOTOROLA SEMICONDUCTORS 
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MD7001,F, MQ7001 

ELECTRICAL CHARACTERISTICS (continued) (TA= 2s0c unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Base-Emitter Saturation Voltage VBE(sat) - 0.88 1.3 Vdc 
(le = 150 mAdc, la = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fr 200 320 - MHz 
(le = 20 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 5.8 8.0 pF 
(Vea = 10 Vdc, IE = o. f = 100 kHz) 

Input Capacitance Cibo - 16 30 pF 
(Vae = 2.0 Vdc, le = o. f = 100 kHz) 

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 40 Vdc 

Collector-Base Voltage Vceo 50 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 30 mAdc 

Both Die 
One Die Equal Power 

Total Device Dissipation Po 
@TA= 25°C 575 625 mW 
Derate above 25°C 3.29 3.57 mWl°C 

Total Device Dissipation Po 
@Tc= 25·c 1.8 2.5 Watts 
Derate above 25°C 10.3 14.3 mWl°C 

Operating and Storage Junction TJ, Tstg -65 to +200 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 

Both Die 
Characteristic Symbol One Die Equal Power Unit 

Thermal Resistance, Ro.JC 97 70 ·crw 
Junction to Case 

Thermal Resistance, R9JA(1) 304 280 ·crw 
Junction to Ambient 

Junction to Junction to 
Ambient Case 

Coupling Factors 84 44 % 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Oc = 10 mAdc, la = O) 

Collector-Base Breakdown Voltage (le = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = Ol 

Collector Cutoff Current (Vee = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain(2) Uc = 100 µAde, VcE = 10 Vdc) 
Uc= 10 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage Uc= 10 mAdc, la= 1.0 mAdc) 

Base-Emitter Saturation Voltage Uc = 10 mAdc, la = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 5.0 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vea = 10 Vdc, IE = o. f = 100 kHz) 

Input Capacitance 
(VeE = 2.0 Vdc, le = o, f = 100 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(3) 
Uc = 100 µAde, VcE = 10 Vdcl 

Base-Emitter Voltage Differential 
Uc = 100 µAde, VcE = 10 Vdc) 

(2) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

SMALL-SIGNAL DEVICES 

MD7002A 
MD7002B 

MD7002A 
MD7002B 

5-91 

Symbol 

~Bfill:EO 
~BR)CBO 

V(BM:BO 

lcao 

hFE 

Vc§_sa!l. 

VaE(sat) 

tr 

Cobo 

Cibo 

hFE1ihFE2 

IVaE1-VaE2I 

MD7002,A,B 

CASE 654-07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N2919 for graphs. 

Min Typ Max Unit 

40 - - Vdc 

50 - - Vdc 

5.0 - - Vdc 

- - 100 nAdc 

40 130 - -
50 170 -
- 0.2 0.35 Vdc 

- 0.8 1.0 Vdc 

200 260 - MHz 

- 2.6 6.0 pF 

- 2.3 8.0 pF 

-
0.75 - 1.0 
0.85 - 1.0 

- - 25 mVdc 
- - 15 
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MD7003,A,B,F,AF · 
.MQ700~ 

MD7003.A.B ~ 
CASE 654-07, STYLE 1 ~ 

MD7003F,AF 
CASE 610A-04,STYLE ~ 

MQ7003 -~ 
CASE 607-04, STYLE 1 ~ 

DUAL 
AMPLIFIER TRANSISTOR 

PNPSIUCON 

Refer to 2N3810 for curves. 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Coupling Factor 

MAXIMUM RATINGS. 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25·c 

MD7003,A,B 
MD7003F,AF 
M07003 

Darate above 25°C 
MD7003.A.B 
MD7003F.AF 
M07003 

Total Device Dissipation 
@Tc= 25°C 

MD7003.A.B 
MD7003F.AF 
M07003 

Derate above 25°C 
MD7003.A.B 
MD7003F,AF 
M07003 

Operating and Storage Junction 
Temperature Range 

SVmbol 

R8JC 
MD7003,A,B 
MD7003F,AF 
M07003 

R8JA(1) 
MD7003,A,B 
MD7003F,AF 
M07003 

MD7003,A,B 
MD7003F,AF 
M07003 (01-02) 

(01-03 or 01-04) 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc = 10 mAdc, le = 01 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, le = 01 

Emitter-Base Breakdown Voltage 
Ue = 10 µAde, le = 01 

Collector Cutoff Current 
!Vee = 30 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain(2) 
Uc = 100 µAde, Vee = 10 Vdcl 
Uc = 10 mAdc, Vee = 10 Vdc) 

MOTOROLA SEMICONDUCTORS 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 
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Symbol Velua. 

VcEo 40 

Vceo 50 

VEBO 5.0 

le 50 

All Dia 
Ona Dia Equal Power 

Po 

550 600 
350 400 
400 600 

3.14 3.42 
2c0 . 2.28 
2.28 3.42 

Po 

1.4 2.0 
0.7 1.4 
0.7 2.8 

8.0 11.4 
4.0 8.0 
4.0 16 

TJ, Tstg -65 to +200 

All Die 
Ona Die Equal Power 

125 87.5 
250 125 
250 62.6 

319 292 
500 438 
438 292 

Junction to Junction to 
Ambient 

83 
75 
57 
55 

Min 

40 

50 

5.0 

-

40 
50 

Typ 

-

-

-

-

350 
350 

Case 

40 
0 
0 
0 

Max 

-
-

-

100 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mWl°C 

Watts 

mWl°C 

·c 

Unit 

·ctw 

°C/W 

% 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
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MD7003,A,B,F,AF, MQ7003 

!ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 5.0 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE =0, f = 100 kHz) 

Input Capacitance 
(VsE = 2.0 Vdc, le = o, f = 1 oo kHz) 

Noise Figure 
(le = 100 µ.Ade, VcE = 10 Vdc, Rs = 3.0 kohms, 
f = 10 Hz to 15.7 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(3) 
Uc = 100 µ.Ade, VcE = 10 Vdcl 

Base-Emitter Voltage Differential 
(le = 100 µ.Ade, VcE = 10 Vdcl 

(2) Pulse Test: Pulse Width .; 300 µs, Duty Cycle .; 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

SMALL-SIGNAL DEVICES 

Symbol 

VcE(sat) 

VBE(sat) 

tr 

Cobo 

Cibo 

NF 

hFE1ihFE2 
MD7003A.AF 
MD7003B 

IVBE1-VsE2I 
MD7003A.AF 
MD7003B 
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Min Typ Max Unit 

- 0.25 0.35 Vdc 

- 0.6 1.0 Vdc 

200 300 - MHz 

- 3.0 6.0 pF 

- 2.0 8.0 pF 

- 2.0 - dB 

-
0.75 - 1.0 
0.85 - 1.0 

mV • - - 25 
- - 15 
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MD7007 ,A,B,F,BF 
MQ7007 

MD7007.A,B 
CASE 654-07, STYLE 1 

MD7007F,BF 
CASE 610A-04, STYLE ~ 

MQ7007 ~ 
CASE 607-04, STYLE 1 , "'4Qlii >-

DUAL 
AMPLIFIER TRANSISTOR 

PNP SILICON 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Coupling Factors 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 

MD7007,A,B 
MD7007F,BF 
M07007 

Derate above 25°C 
MD7007,A,B 
MD7007F,BF 
M07007 

Total Device Dissipation 
@Tc= 25°C 

MD7007,A,B 
MD7007F,BF 
MQ7007 

Derate above 25°C 
MD7007,A,B 
MD7007F,BF 
M07007 

Operating and Storage Junction 
Temperature Range 

Symbol 

ReJC 
MD7007,A,B 
MD7007F,BF 
M07007 

Re.JA(1) 
MD7007,A,B 
MD7007F,BF 
M07007 

MD7007,A,B 
MD7007F,BF 
M07007 (01-02) 

(01-02 or 01-04) 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 µAde, IE = 01 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current le Bo 
(VcB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
Oc = 100 µAde, VcE = 10 Vdc) 
Oc = 1.0 mAdc, VcE = 10 Vdc) 
Oc = 10 mAdc, VcE = 10 Vdc) 
Oc = 50 mAdc, VcE = 10 Vdc) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value 1,Jnit 

VcEO 40 Vdc 

Vcso 50 Vdc 

VEBO 5.0 Vdc 

le 200 mAdc 

All Die 
One Die Equal Power 

Po mW 

575 625 
350 400 
400 600 

mwrc 
3.29 3.57 
2.0 2.28 

2.28 3.42 

Po Watts 

1.8 2.5 
1.0 2.0 
0.9 3.6 

mwrc 
10.3 14.3 
5.71 11.4 
5.13 20.5 

TJ, Tstg -65to +200 oc 

All Die 
One Die Equal Power Unit 

"C/W 
97 70 
175 87.5 
195 48.8 

"C/W 
304 280 
500 438 
438 292 

Junction to Junction to 
Ambient Case 

% 
84 44 
75 0 
57 0 
55 0 

Min Typ Max Unit 

40 - - Vdc 

50 - - Vdc 

5.0 - - Vdc 

- - 100 nAdc 

-
30 110 -
30 130 -
30 75 -
15 25 -
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MD7007,A,B,F,BF, MQ7007 

ELECTRICAL CHARACTERISTICS (continued) (TA - 25°C unless otherwise noted.) 

Characteristic 

Collector-Emitter Saturation Voltage 
!le = 50 mAdc, IB = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
!le = 50 mAdc, IB = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
!le = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VBE = 2.0 Vdc, le = o, f = 100 kHz) 

MATCHING CHARACTERISTICS 

DC Current Gain Ratio(3) 
Oc = 1.0 mAdc, VcE = 10 Vdc) 

Base-Emitter Voltage Differential 
(le = 1.0 mAdc, VcE = 10 Vdc) 

(2) Pulse Test: Pulse Width "" 300 µ.s, Duty Cycle "" 2.0%. 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

SMALL-SIGNAL DEVICES 

Symbol 

VcE(sat) 

VBE(sat) 

tr 

Cobo 

Cibo 

hFE11hFE2 
MD7007A 
MD7007B 

IVBE1-VBE2i 
MD7007A 
MD7007B 

5-95 

Min Typ Max Unit 

- 0.38 1.0 Vdc 

- 0.9 1.5 Vdc 

300 600 - MHz 

- 4.0 8.0 pF 

- 3.8 10 pF 

-
0.75 - 1.0 
0.85 - 1.0 

mVdc 
- - 20 
- - 10 • 
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MD7021,F 
MQ7021 

MD7021 
CASE 654-07, STYLE 5 

MD7021F 
CASE 610A"04, STYLE 1~ 

MQ7021 ·· 
CASE 607-04, STYLE 1 · 04'J 

COMPLEMENTARY 
GENERAL PURPOSE TRANSISTOR 

NPN/PNP SILICON 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Coupling Factor 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 

MD7021 
MD7021F 
M07021 

Derate above 25°C 
MD7021 
MD7021F 
M07021 

Total Device Dissipation 
@Tc= 25°C 

MD7021 
MD7021F 
M07021 

Derate above 25°C 
MD7021 
MD7021F 
M07021 

Operating and Storage Junction 
Temperature Range 

Symbol 

Rruc 
MD7021 
MD7021F 
M07021 

RruA(1) 
MD7021 
MD7021F 
M07021 

MD7021 
MD7021F 
M07021 (01-02) 

(01-03 or 01-04) 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcB = 30 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 100 µAde, Vee = 10 Vdcl 
Uc = 10 mAdc, VcE = 10 Vdc) 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

Symbol Value 

Vern 40 

VcBo 50 

VEBO 5.0 

le 50 

All Die 
One Die Equal Power 

Po 

550 600 
350 400 
400 600 

3.14 3.42 
2.0 2.28 

2.28 3.42 

Po 

1.4 2.0 
0.7 1.4 
0.7 2.8 

8,0 11.4 
4.0 8.0 
4.0 16 

TJ, Tstg -65 to +200 

All Die 
One Die Equal Power 

125 87.5 
250 125 
250 62.6 

319 292 
500 438 
438 292 

Junction to Junction to 
Ambient 

83 
75 
57 
55 

Min 

40 

50 

5.0 

-

40 
50 

Typ 

-
-

-
-

65 
70 

Case 

40 
0 
0 
0 

Max 

-

-

-

100 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/°C 

Watts 

mWi°C 

·c 

Unit 

0ctw 

0ctw 

% 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

SMALL-SIGNAL DEVICES 



MD7021,F, MQ7021 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Collector-Emitter Saturation Voltage VcE(sat) - - 0.35 Vdc 
Oc = 10 mAdc, ts = 1.0 mAdc)(2) 

Base-Emitter Saturation Voltage VBE(sat) - - 1.0 Vdc 
Uc= 10 mAdc, 19 = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 200 320 - MHz 
Oc = 5.0 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Caba - - 6.0 pF 
(VcB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Ciba - - 8.0 pF 
(VBE = 2.0 Vdc, le = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time tan - 28 - ns 
(Vee = 30 Vdc, VBE(off) = 0.5 Vdc, le = 150 mAdc, IB1 = 15 Adel 

Turn-Off Time loft - 72 - ns 
(Vee = 30 Vdc, tc = 150 mAdc, IB1 = IB2 = 15 mAdc) 

(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. • 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 

5-97 



• 

MD8001 
MD8002 
MD8003 

CASE 654·07, STYLE 1 

DUAL 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N2920 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
MD8001 
MD8002 
MD8003 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25'C 
Derate above 25'C 

Total Device Dissipation 
@Tc= 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, 
Junction to Case 

Thermal Resistance, 
Junction to Ambient 

Coupling Factor 

Symbol 

Vern 

le 

Po 

Po 

TJ, Tstg 

Symbol 

Rruc 

Ro.JA(1) 

Value Unit 

Vdc 
40 
50 
60 

30 mAdc 

Both Die 
One Die Equal Power 

575 625 mW 
3.29 3.57 mW/'C 

1.8 2.5 Watts 
10.3 14.3 mW/'C 

-65 to +200 'C 

Both Die 
One Die Equal Power 

Max Max Unit 

97 70 'C/W 

304 280 'C/W 

Junction to Junction to 
Ambient Case 

84 44 % 

(1) Ro.JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Oc = 10 mAdc, IB = O) 

Collector Cutoff Current 
(Vee = 40 Vdc, IE = O) 

Emitter Cutoff Current 
(VEe = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 1.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(le = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = o. f = 100 kHz) 

Input Capacitance 
(VBE = 2.0 Vdc, le = 0, f = 100 kHz) 

MATCHING CHARACTERISTICS 

Base-Emitter Voltage Differential 
(le= 1.0 mAdc, VcE = 10 Vdc) 

(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS 

MD8001 
MD8002 
MD8003 

5-98 

Symbol 

V(BR)CEO 

le Bo 

IEBO 

tr 

Cobo 

Cibo 

Min Typ Max Unit 

Vdc 
40 - -
50 - -
60 - -
- - 50 nAdc 

- - 50 nAdc 

100 200 

- 260 - MHz 

- 2.6 - pF 

- 2.3 - pF 

15 mVdc 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 15 

Collector-Base Voltage Vceo 30 

Emitter-Base Voltage Veeo 3.0 

Collector Current - Continuous le 50 

Each Total 
Transistor Device 

Total Device Dissipation Po 
@TA= 25"C 0.65 1.9 
Derate above 25°C 3.72 10.88 

Total Device Dissipation Po 
@Tc= 25•c 1.3 4.6 
Derate above 25°C 7.43 26.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
lie = 3.0 mAdc, le = O) 

Collect(lr-Base Breakdown Voltage 
Uc= 1.0 µAde, le = Ol 

Emitter-Base Breakdown Voltage 
lie = 10 µAde, le = o) 

Collector Cutoff Current 
!Vee = 15 Vdc, le = o) 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie= 0.1 mAdc, Vee = 1.0 Vdc) 
lie = 3.0 mAdc, Vee = 1.0 Vdc) 
lie= 10 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie= 10 mAdc, le= 1.0 mAdc) 

Base-Emitter Saturation Voltage 
lie= 10 mAdc, le = 1.0 mAdc) 

SMAU-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 4.0 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, le = o, f = 140 kHz) 

Input Capacitance 
(Vee = o.5 Vdc, le = o, f = 140 kHz) 

Noise Figure 
lie= 1.0 mAdc, Vee= 6.0 Vdc, Rs= 400 Ohms, f = 60 MHz) 

(1) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle .;; 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mWl°C 

Watts 
mwrc 

·c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

hFE 

Vce(sat) 

Vee(satl 

tr 

Cobo 

Cibo 

NF 

MHQ918 

CASE 632-02, STYLE 1 
T0-116 

•• 1 

QUAD 
AMPLIFIER TRANSISTOR 

NPNSILICON 

Refer to MD918 for graphs. 

Min Typ Max 

15 - -

30 
., - -

3.0 - -

Unit 

Vdc 

Vdc 

Vdc 

- - 10 nAdc 

-
- 110 -
20 80 -
- 50 -
- 0.11 0.4 Vdc 

- 0.84 1.0 Vdc 

600 850 - MHz 

- 0.75 2.0 pF 

- 1.4 2.5 pF 

- 4.0 6.0 dB 

MOTOROLA SEMICONDUCTORS 

• 



' • 

4 
1 

.l 

1 
J 

MHQ2221 
MHQ2222 
MPQ2221* 
MPQ2222* 

MH02221 ~ 
MH02222 ~~n()llll 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 
CASE 632-02, STYLE 1 

T0-116 Collector Current - Continuous 

MP02221 ~ 
MP02222 ,~HI! 

CASE 646; STYLE 1 
Total Device Dissipation 

@TA=25'C 
Derate above 25°C 

MHQ2221, MH02222 
QUAD MPQ2221, MP02222 

GENERAL PURPOSE TRANSISTOR Operating and Storage Junction 
Temperature Range 

NPNSILICON 

Refer to MD2218 for graphs. 

ELECTRICAL CHARACTERISTICS <TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(!) Uc = 10 mAdc, le = Ol 
Collector-Base Breakdown Voltage Uc = 10 ,,Ade, IE = 0) 

Emitter-Base Breakdown Voltage UE = 10 ,,Ade, le = Ol 
Collector Cutoff Current (Vee = 50 Vdc, IE = 0) 

Emitter Cutoff Current (VeE = 3.0 Vdc, le = Ol 
ON CHARACTERISTICS 

DC Current Gain(1) 
Uc = 10 mAdc, VcE = 10 Vdcl MH02221, MP02221 

MHQ2222, MP02222 

Uc= 150 mAdc, VcE = 10 Vdcl MH02221, MP02221 
MH02222, MP02222 

Uc= 300 mAdc, VcE = 10 Vdcl MH02221, MP02221 
MH02222, MP02222 

Collector-Emitter Saturation Voltage 
Uc = 150 mAdc, le = 15 mAdcl 
Uc= 300 mAdc, le= 30 mAdcl 

Base-Emitter Saturation Voltage 
Uc = 150 mAdc, le = 15 mAdcl 
Uc = 300 mAdc, le = 30 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain "."" Bandwidth Product(1) 
Uc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VeE = 0.5 Vdc, le = o, t = 100 kHzl 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vee = 30 Vdc, VeE(offl = o.5 Vdc, 
le = 150 mAdc, le1 = 15 mAdcl 

Turn-Off Time 
(Vee= 30 Vdc, le= 150 mAdc, 
le1 = le2 = 15 mAdc) 

(1) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle .;; 2.0%. 
*MP02221A and MP02222A also available. 

MOTOROLA SEMICONDUCTORS 

5-100 

MH02221,22 
MP02221,22 

Symbol 

V(Bf!l_CEO 

~f!l_CBO 

~R)EBO 
iceo 

IEBO 

hFE 

VcE(satl 

VeE(satl 

fy 

Cobo 

Cibo 

ton 

!off 

Symbol Value Unit 

VcEO 40 Vdc 

Vceo 60 Vdc 

VEBO 5.0 Vdc 

le 500 mAdc 

Each Total 
Transistor Device 

Po 0.65 1.9 Watts 

3.72 10.88 mW/"C 
5.2 15.2 

TJ, Tstg 'C 
-65 to +200 
-55to +150 

Min Typ Max Unit 

40 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

- - 50 nAdc 

- - 50 r!Adc 

-
35 - -
75 - -
40 - -
100 - -
20 - -
30 - -

Vdc 
- - 0.4 
- - 1.6 

Vdc 
- - 1.3 
- - 2.6 

200 350 - MHz 

- 4.5 8.0 pF 

- 17 30 pF 

- 25 - ns 

- 250 - ns 

SMALL-SIGNAL DEVICES 



MHQ2221, MHQ2222, MPQ2221, MPQ2222 

FIGURE 1 -·DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

GENERATOR RISE TIME,;; 2.0 ns 
PW<; 200 ns 
DUTY CYCLE= 2.0% 

n9V 

o-- - 0.5 v 

SMALL-SIGNAL DEVICES 

+30 v 

SCOPE 
Rin > 100 k ohms 
C;0 .;12pF 
RISE TIME..; 5.0 ns 

DUTY CYCLE = 2.0% 

FIGURE 2 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 

+30 v 

1-rrr~.:o::~ 
+16 2 v 

0-"llVlr-<..+--t 

-13.8 v 

~ 500µs --j 

5-101 

-3.0 v 

SCOPE 
R;0 > 100 k ohms 
C;n<; 12 pF 
RISE TIME<; 5.0 ns 

MOTOROLA SEMICONDUCTORS 

• 



MHQ2369 
MPQ2369 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

MPQ2369 Collector-Base Voltage 

Emitter-Base Voltage CASE 646-05, STYLE 1 
T0-116 Collector Current - Continuous 

- Total Device Dissipation 
@TA= 25°C 
Derate above 25'C MHQ2369 

1 MPQ2369 
QUAD 

SWITCHING TRANSISTOR 
NPNSILICON 

Operating and Storage Junction 
Temperature Range MHQ2369 

MPQ2369 
Refer to MD2369 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc = 10 mAdc, le = Ol VlBR)CEO 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = O) V(Bf!l_CBO 

Emitter-Base Breakdown Voltage HE = 10 µAde, le = Ol ~BlfilBO 
Collector Cutoff Current (Vee = 20 Vdc, IE = 0) iceo 

Emitter Cutoff Current (VeE = 3.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain(1) (Jc= 10 mAdc, VcE = 1.0 Vdc) hFE 
Uc= 100 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage Uc= 10 mAdc, le = 1.0 mAdc) VCE(sa.!l_ 

Base-Emitter Saturation Voltage Uc = 10 mAdc, le = 1.0 mAdc) VeJili;atl 
SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Uc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vee = 5.0 Vdc, IE = 0, f = 140 kHz) 

Input Cepacitance Cibo 
(VeE = 0.5 Vdc, le = o, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
(Vee= 3.0 Vdc, VeE = 1.5 Vdc, le= 10 mAdc, le1 = 3.0 mAdc) 

Turn-Off Time loff 
(Vee = 3.0 Vdc, le = 10 mAdc, le1 = 3.0 mAdc, le2 = 1.5 mAdc) 

(1) Pulse Test: Pulse Width"" 300 µs, Duty Cycle = 2.0%. 

MOTOROLA SEMICONDUCTORS 

5-102 

Symbol Value Unit 

VcEO 15 Vdc 

Vceo 40 Vdc 

VEBO 4.5 Vdc 

Jc 500 mAdc 

Each Total 
Transistor Device 

Po 
0.5 1.5 Watts 
2.86 8.58 mW/'C 
5.0 15 

TJ, Tstg 
-65 to +200 

·c 

-5510 +125 

Min Typ Max Unit 

15 - - Vdc 

40 - - Vdc 

4.5 - - Vdc 

- - 0.4 µAde 

- - 0.5 µAde 

40 - - -
20 - -
- - 0.25 Vdc 

- - 0.9 Vdc 

450 550 - MHz 

- 2.5 4.0 pF 

- 3.0 5.0 pF 

- 9.0 - ns 

- 15 - ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage Vceo 40 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage Ve so 6.0 

Collector Current - Continuous ic 50 

Each Total 
Transistor Device 

Total Device Dissipation Po 
@TA= 25'C 0.6 1.8 
Derate above 25'C 3.42 10.3 

Total Device Dissipation Po 
@Tc=25'C 1.2 4.2 
Derate above 25'C 6.85 24 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage 
(le = 10 µAde, le = O) 

Emitter-Base Breakdown Voltage 
Oe = 10 µAde, le= O) 

Collector Cutoff Current 
!Vee = 45 Vdc, le = o) 

Emitter Cutoff Current 
(Vee = 3.0 Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 0.1 mAdc, Vee = 5.0 Vdc) MHQ2483 

MH02484 

Oc = 1.0 mAdc, Vee = 5.0 Vdc) MHQ2483 
MH02484 

Uc = 10 mAdc, Vee = 5.0 Vdc) MHQ2483 
MHQ2484 

Collector-Emitter Saturation Voltage 
Oc = 1.0 mAdc, le = 0.1 mAdc) 
(le = 10 mAdc, le = 1.0 mAdc) 

Base-Emitter On Voltage 
Uc = 100 µAde, Vee = 5.0 Vdc) 
Uc = 10 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 500 µAde, Vee = 5.0 Vdc, f = 20 MHz) 

Input Capacitance 
(Vee = 0.5 Vdc, le = o, t = 100 kHz) 

Collector-Base Capacitance 
(Vee = 5.0 Vdc, le = o, t = 1 oo kHz) 

Noise Figure 
Uc = 10 µAde, Vee = 5.0 Vdc, Rs = 10 kohms, MHQ2483 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) MHQ2484 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW/'C 

Watts 
mW/'C 

'C 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

leeo 

hFE 

Vce(sat) 

VBE(on) 

IT 

Cibo 

Ccb 

NF 

MHQ2483 
MHQ2484 

CASE 632-02, STYLE 1 
T0-116 

·a· 
!r1~ ,. rinru~uu 

1 

QUAD 
AMPLIFIER TRANSISTOR 

·NPN SILICON 

Refer to 2N2919 for graphs. 

Min Typ Max Unit 

40 - - Vdc 

60 - - Vdc 

6.0 - - Vdc 

- - 20 nAdc 

- - 20 nAdc 

-
100 - -
200 - -
150 - -
300 - -
150 - -
300 - -

Vdc 
- 0.13 0.35 
- 0:15 0.5 

Vdc 
- 0.58 0.7 
- 0.70 0.8 

50 100 - MHz 

- 4.0 8.0 pF 

- 1.8 6.0 pF 

dB 
- 3.0 -
- 2.0 -

MOTOROLA SEMICONDUCTORS 

• 



MHQ2906 
MHQ2907 
MPQ2906* 
MPQ2907* 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

MHQ2906, MH02907 
CASE 632"02, STYLE 1 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

MPQ2906 
MP02907 

CASE 646-05, STYLE 1 
T0-116 

Total Device Dissipation 
@TA= 25°C 
Derate above 25"C MH02906, 

MH02907 
MP02906, 
MP02907 

QUAD 
GENERAL PURPOSE 

TRANSISTOR Operating and Storage Junction 
Temperature Range 

PNP SILICON 

Refer to MD2904 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage Oc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) 

Collector Cutoff Current (Vcs = 30 Vdc, IE = 0) 

Emitter Cutoff Current (Vcs = 3.0 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 10 mAdc, VcE = 10 Vdc) MH02906, MP02906 

MH02907, MP02907 

Oc = 150 mAdc, VcE = 10 Vdc) MH02906, MP02906 
MH02907, MP02907 

Oc = 300 mAdc, VcE = 10 Vdc) MH02906, MP02906 
MH02907, MP02907 

Collector-Emitter Saturation Voltage(1) 
Oc = 150 mAdc, Is = 15 mAdc) 
Oc = 300 mAdc, Is = 30 mAdc) 

Base-Emitter Saturation Voltage(1) 
Oc = 150 mAdc, Is = 15 mAdc) 
Oc = 300 mAdc, Is = 30 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = o, f = 100 kHz) 

Input Capacitance 
(VsE = 2.0 Vdc, le = o, f = 1 oo kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vee = 30 Vdc, le = 150 mAdc, ls1 = 15 mAdc) 

Turn-Off Time 
(Vee = 6.0 Vdc, le = 150 mAdc, ls1 = ls2 ~ 15 mAdc) 

(1) Pulse Test: Pulse Width ""300 µ,s, Duty Cycle = 2.0%. 
*MP02906A and MP02907A also available. 

MOTOROLA SEMICONDUCTORS 

5-104 

MH02906,07 
MP02906,07 

Symbol 

~BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hfE 

VcE(sat) 

VBE(sat) 

fr 

Cobo 

Cibo 

ton 

loft 

Symbol Value Unit 

Vern 40 Vdc 

Vcso 60 Vdc 

VEBO 5.0 Vdc 

le 600 mAdc 

Each Total 
Transistor Device 

Po 0.65 1.9 Watts 

3.72 10.88 mWf'C 

6.5 19 

TJ, Tstg "C 
-65 to +200 
-55 to + 125 

Min Typ Max Unit 

40 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

- - 50 nAdc 

- - 50 nAdc 

-
35 - -
75 - -

40 - -
100 - -

30 - -
50 - -

Vdc 
- - 0.4 
- - 1.6 

Vdc 
- - 1.3 
- - 2.6 

200 350 - MHz 

- 6.0 8.0 pf 

- 20 30 pf 

- 30 - ns 

- 100 - ns 

SMALL-SIGNAL DEVICES 



MHQ2906, MHQ2907, MPQ2906, MPQ2907 

FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 

INPUT 
Z.,=50n 
PRF = 150 PPS 
RISE TIME.; 2.0 ns 

-30 

200 

o:u
_j200nsL 

1.0 k 
TO OSCILLOSCOPE 
RISE TIME <: 5.0 ns 

50 

SMALL-SIGNAL DEVICES 

5-105 

INPUT 
lo= 50 u 
PRF = 150 PPS 
RISE TIME..; 2.0"' 

FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 

+15 v -6.0 

TO OSCILLOSCOPE 
RISE TIME .; 5.0 111 

MOTOROLA SEMICONDUCTORS 

• 



MHQ3467 

CASE 632-02, STYLE 1 
T0-116 

fif!i'11. 14 
1 

QUAD 
MEMORY DRIVER TRANSISTOR 

PNPSILICON 

Refer to MD3467 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 
Derate above 25°C 

Total Device Dissipation 
@Tc= 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µ.Ade, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current le Bo 
(VcB = 30 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
!VBE = 3.0 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain( 1) hfE 
Uc = 500 mAdc, VcE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
Uc = 500 mAdc, IB = 50 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
Uc = 500 mAdc, IB = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) tr 
Oc = 50 mAdc, VcE = 10 Vdc, I = 100 MHz) 

Output Capacitance Cobo 
(VcB = 10 Vdc, IE = 0, I = 100 kHz) 

Input Capacitance Cibo 
(VBE = 0.5 Vdc, le = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
Oc = 500 mAdc, ls1 = 50 mAdc) 

Turn-Off Time loff 
Oc = 500 mAdc, ls1 = ls2 = 50 mAdc) 

(1) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle .;; 2.0%. 

MOTOROLA SEMICONDUCTORS 

5-106 

Symbol Value Unit 

Vern 40 Vdc 

VcBo 40 Vdc 

VEBO 5.0 Vdc 

le 1.0 Ade 

Each Total 
Transistor Device 

Po 
0.9 2.7 Watts 
5.14 15.4 mWFC 

Po 
1.8 6.3 Watts 
10.3 36 mWFC 

TJ, Tstg -55 to +200 oc 

Min Typ Max Unit 

40 - - Vdc 

40 - - Vdc 

5.0 - - Vdc 

- - 200 nAdc 

- - 200 nAdc 

20 - - -
- 0.23 0.5 Vdc 

- 0.9 1.2 Vdc 

125 190 - MHz 

- 10 25 pf 

- 55 80 pf 

- - 40 ns 

- - 90 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEQ 12 

Collector-Base Voltage Vcao 15 

Emitter-Base Voltage VEBO 4.5 

Collector Current - Continuous le 200 

Each Total 
Transistor Device 

Total Device Dissipation Po 
@TA= 25°C 0.5 1.5 
Derate above 25'C MH03546 2.86 8.58 

MP03546 4.0 12 

Operating and Storage TJ, Tstg 
Junction MH03546 -65 to +200 
Temperature Range MP03546 -55 to +150 

ELECTRICAL CHARACTERISTICS <TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc = 10 mAdc, la = O) 

Collector-Base Breakdown Voltage Uc= 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) 

Collector Cutoff Current (Vea = 10 Vdc, IE = 0) 

Emitter Cutoff Current (VBE = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 10 mAdc, VcE = 1.0 Vdc) 
Oc = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, la = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(!) 
Uc = 10 mAdc, VcE = 10 Vdc, t = 100 MHz) 

Output Capacitance 
(Vea = 10 Vdc, IE = o, f = 1.0 MHz) 

Input Capacitance 
(Vee = 0.5 Vdc, le= o, t = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vee = 2.0 Vdc, VBE(off) = 3.0 Vdc, 
le= 30 mAdc, 101 = 1.5 mAdc) 

Turn-Off Time 
(Vee = 2.0 Vdc, le = 30 mAdc, 
191 = 192 = 1.5 mAdc) 

(1) Pulse Test: Pulse Width ,,;; 300 µ,s, Duty Cycle ,,;; 2.0%. 

SMALL-SIGNAL DEVICES 

5-107 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 

mwrc 

'C 

Symbol 

~lll_CEO 

~Blll_CBO 

~R)EBO 

icso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Cobo 

Cibo 

Ion 

toff 

MPQ3546 

cu-~· 
1 

QUAD 
SWITCHING TRANSISTOR 

PNPSIUCON 

Min Typ Max Unit 

12 - - Vdc 

15 - - Vdc 

4.5 - - Vdc 

- - 0.1 µAde 

- - 0.1 µAde 

-
30 - -
15 - -
- - 0.25 Vdc 

- - 0.9 Vdc 

600 1000 - MHz 

- 2.0 6.0 pF 

- 3.5 8.0 pF 

- 15 - ns 

- 25 - ns 

MOTOROLA SEMICONDUCTORS 

• 



· .. :· 

MHQ3798 
MHQ3'799 

CASE 632·02. SJYLE 1 
T0-11&'· 

MAXIMUM RATINGS 

Rating 

Collei:tor-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

~ 
,!'~fl(11U u 

Collector Current - Continuous 

1 ;. 

QUAD 
AMPLIFIER TRANSISTOR 

PNPSILICON 

Total Device Dissipation 
@TA= 25'C 
Derate above 25'C 

Total Device Dissipation 
@Tc= 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N3810 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, le = O) MH03798 

MH03799 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = 0) VJ!lf!l_CBO 

Emitter-Base Breakdown Voltage UE = 10 µAde, le = O) '0if!l_EBO 
Collector Cutoff Current (Vee = 50 Vdc, IE = 0) lceo 

Emitter Cutoff Current (VBE = 3.0 Vdc, le = 0) IEBO 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Uc = 10 µAde, VcE = 5.0 Vdc) MH03798 

MH03799 

Uc = 100 µAde, VcE = 5.0 Vdc) MH03798 
MH03799 

Uc = 500 µAde, VcE = 5.0 Vdc) MH03798 
MH03799 

Uc= 10 mAdc, VcE = 5.0 Vdc) MH03798 
MH03799 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc= 100 µAde, le= 10 µAde) 
Uc = 1.0 mAdc, le = 100 µAde) 

Base-Emitter Saturation Voltage VeE(sat) 
Uc = 100 µAde, le = 10 µAde) 
Uc = 1.0 mAdc, le = 100 µAde) 

SMALL-81GNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vee = 6.0 Vdc, IE = o. f = 100 kHz) 

Input Capacitance Cibo 
IVeE = 0.5 Vdc, le = o, f = 100 kHz) 

Noise Figure NF 
Uc = 100 µAde, VcE = 10 Vdc, Rs = 3.0 kohms, MH03798 
f = 10 Hz to 15.7 kHz) MH03799 

(1) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle .;; 2.0%. 

MOTOROLA SEMICONDUCTORS 

5-108 

Symbol MH03798 MHQ3799 Unit 

VcEO 40 60 Vdc 

Vceo 60 Vdc 

liEBO 5.0 Vdc 

le 50 mAdc 

Each Total 
Transistor Device 

Po Watts 
0.5 1.5 mW/'C 
2.86 8.58 

Po Watts 
1.0 3.5 mW/'C 

6.71 20 

TJ, Tstg -65 to +200 'C 

Min Typ Max Unit 

Vdc 
40 - -
60 - -
60 - - Vdc 

5.0 - - Vdc 

- - 10 nAdc 

- - 20 nAdc 

-
100 - -
225 - -
150 - -
300 - -
150 - -
300 - -
125 - -
250 - -

Vdc 
- - 0.2 
- - 0.25 

Vde 
- - 0.7 
- - 0.8 

- 130 - MHz 

- 2.3 - pF 

- 5.5 - pF 

dB 
- 2.5 -
- 1.5 -

SMALL~SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol MH04001A MH04002A 

Collector-Emitter Voltage VcEO 40 46 

Collector-Emitter Voltage .VCES 60 70 

Collector-Base Voltage Vcso 60 70 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 1.5 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA=25°C 750 2500 
Derate above 25°C 4.3 14.3 

Total Device Dissipation Po 
@Tc=25°C 1.2 4.0 
Derate above 25°C 6.86 22.8 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +200 

ELECTRICAL CHARACTERISTICS ff A= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
!le = 10 mAdc, Is = OJ MH04001A 

MH04002A 

Collector-Emitter Breakdown Voltage 
!le = 10 µAde, VsE = OJ MH04001A 

MH04002A 

Collector-Base Breakdown Voltage 
!le = 10 µAde, IE = O) MH04001A 

MH04002A 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain !le= 100 mAdc, VcE = 1.0 Vdc) 
Uc = 500 mAdc, VcE = 1.0 Vdc) 
!le= 1.0 Ade, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage Uc = 100 mAdc, Is = 10 mAdc) 
!le= 500 mAdc, Is = 50 mAdc) 
!le= 1.0 Ade, Is= 100 mAdc) 

Base-Emitter Saturation Voltage lie = 100 mAdc, Is = 10 mAdc) 
Uc = 500 mAdc, Is = 50 mAdc) 
Uc = 1.0 Ade, Is = 100 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
!le = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VBE = 0.5 Vdc, le = 0, f = 100 kHz) 

swrrcHING CHARACTERISTICS 

Turn-On Time 
(Vee = 30 Vdc, le = 0.5 Ade, VsE = 3.B Vdc, 101 = 50 mAdcl 

Turn-Off Time 
(Vee = 30 Vdc, le = o.5 Ade, 101 = ls2 = 50 mAdcl 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 

5-109 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

mW 
mwrc 

MHQ4001A 
MHQ4002A 

CASE 632-02, STYLE 1 
T0-116 

-1 

QUAD 

Watts 
MEMORY DRIVER TRANSISTOR 

mwrc NPN SILICON 
·c 

Refer to MD3725 for graphs. 

Symbol Min Typ Max Unit 

V(BR)CEO Vdc 
40 - -
45 - -

V(BR)CES Vdc 
60 - -
70 - -

V(BR)CBO Vdc 
60 - -
70 - -

V(BR)EBO 6.0 - - Vdc 

icso - - 500 nAdc 

hfE 50 100 250 -
30 60 -
20 45 -

VcE(sat) - 0.14 0.26 Vdc 
- 0.23 0.52 
- 0.36 0.95 

VBE(sat) - 0.75 0.86 Vdc 
0.8 0.88 1.1 
- 1.0 1.7 

fr 200 275 - MHz 

Cobo - 5.0 10 pf 

Cibo - 55 70 pf 

ton - 30 40 ns 

loff - 60 75 ns 

MOTOROLA SEMICONDUCTORS 

• 



MHQ4013 
MHQ4014 

CASE 632-02, STYLE 1 
T0-116 

MAXIMUM RATINGS 
Rating_ 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

-
Collector Current - Continuous 

1 

Total Device Dissipation 
QUAD @TA= 25°C 

MEMORY DRIVER TRANSISTOR Derate above 25°C 

Total Device Dissipation 
NPN SILICON @Tc= 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Refer to MD3725 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, le = 01 MH04013 

MH04014 

Collector-Emitter Breakdown Voltage V(BR)CES 
Uc = 10 µAde, VeE = 01 MH04013 

MH04014 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, IE = 0) MH04013 

MH04014 

Emitter-Base Breakdown Voltage OE = 10 µAde, le= Ol '1_BfilEBO 
Collector Cutoff Current (Vee = 50 Vdc, IE = 0) fceo 

ON CHARACTERISTICS(1) 

DC Current Gain Uc = 100 mAdc, VcE = 1.0 Vdc) hFE 
Uc= 500 mAdc, VcE = 1.0 Vdc) 
Uc = 1.0 Ade, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage Uc = 100 mAdc, le = 10 mAdc) VcE(sat) 
Uc = 500 mAdc, le = 50 mAdc) 
Uc = 1.0 Ade, le = 100 mAdc) 

Base-Emitter Saturation Voltage Uc = 100 mAdc, le = 10 mAdc) VeE(sat) 
Uc = 500 mAdc, le = 50 mAdc) 
Uc= 1.0 Ade, le= 100 mAdc) 

SMAU-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) IT 
Uc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VeE = 0.5 Vdc, le = o, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(Vee = 30 Vdc, le = 0.5 Ade, Ve~f:!l = 3.8 Vdc, le1 = 50 mAdc) 

Turn-Off Time to ff 
(Vee = 30 Vdc, le = 0.5 Ade, le1 = le2 = 50 mAdcl 

(1) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle "'· 2.0%. 

MOTOROLA SEMICONDUCTORS 

5-110 

Symbol MH<l4013 MH<l4014 Unit 

Vern 40 45 Vdc 

VcES 60 70 Vdc 

Vceo 60 70 Vdc 

VEBO 6.0 Vdc 

le 1.5 Ade 

Four 
Transistors 

Each Equal 
Transistor Power 

Po 
750 2500 mW 
4.3 14.3 mWf'C 

Po 
1.2 4.0 Watts 

6.86 22.8 mWf'C 

TJ, Tstg -55 to +200 ·c 

Min Typ Max Unit 

Vdc 
40 - -
45 - -

Vdc 
60 - -
70 - -

Vdc 
60 - -
70 - -
6.0 - - Vdc 

- - 500 nAdc 

60 100 250 -
35 65 -
25 50 -
- 0.14 0.26 Vdc 
- 0.23 0.52 
- 0.36 0.95 

- 0.75 0.86 Vdc 
0.8 0.88 1.1 
- 1.0 1.7 

200 275 - MHz 

- 5.0 10 pF 

- 50 70 pF 

- 20 36 ns 

- 50 60 ns 

SMALL-SIGNAL DEVICES 



MH04013, MHQ4014 

FIGURE 1 - TURN-ON AND TURN·OFF SWITCHING TIMES TEST CIRCUIT 

'°"'I 

SMALL-SIGNAL DEVICES 

5-111 

TO SAMPLING 
OSCILLOSCOPE 
Zin;a, 100kH 

tr<l.Ons 

MOTOROLA SEMICONDUCTORS 

• 



MHQ6001 
MHQ6002 

CASE 632-02, TYPE 1 
T0-116 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

QUAD 
COMPLEMENTARY TRANSISTOR 

NPN/PNP SILICON 

Total Device Dissipation 
@TA= 25°C 
Derate above 25°C 

Total Device Dissipation 
@Tc= 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Refer to MH02222 for NPN graphs.• 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage{1 I Oc = 10 mAdc, Is = OI 

Collector-Base Breakdown Voltage Oc = 10 µAde, IE = 01 

Emitter-Base Breakdown Voltage llE = 10 µAde, le = 01 

Collector Cutoff Current (Vea = 50 Vdc, IE = 0) 

Emitter Cutoff Current (VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1 I 
(le = 1.0 mAdc, VcE = 10 Vdc) MH06001 

MH06002 

Oc = 10 mAdc, Vee = 10 Vdcl MH06001 
MH06002 

Oc = 150 mAdc, Vee = 10 Vdcl MHQ6001 
MHQ6002 

Oc = 300 mAdc, VcE = 10 Vdcl MHQ6001 
MHQ6002 

Collector-Emitter Saturation Voltage(1) (le = 150 mAdc, 19 = 15 mAdc) 
lie = 300 mAdc, la = 30 mAdc) 

Base-Emitter Saturation Voltage(1) (le = 150 mAdc, la = 15 mAdc) 
(le = 300 mAdc, la = 30 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) (le = 50 mAdc, VcE = 20 Vdc, 
f = 100 kHz) 

Output Capacitance (Vea = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance (VaE = 2.0 Vdc, le = o, t = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vee = 30 Vdc, VBE = 0.5 Vdc, 
le = 150 mAdc, la1 = 15 mAdcl 

Turn-Off Time (Vee = 30 Vdc, le = 150 mAdc, 
191 = la2 = 15 mAdc) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
*Refer to MHQ2907 for PNP graphs. 

MOTOROLA SEMICONDUCTORS 

NPN 
PNP 

NPN 
PNP 

5-112 

Symbol 

V(BRICEO 

V(Bfll.CBO 

V(BR)EBO 

lcao 

IEBO 

hFE 

VcE(sat) 

VaE(sat) 

IT 

Cobo 

Cibo 

Ion 

to ff 

Symbol Value Unit 

Vern 30 Vdc 

Vcso 60 Vdc 

VEBO 5.0 Vdc 

le 500 mAdc 

Each Total 
Transistor Device 

Po 
0.65 1.9 Watts 
3.72 10.88 mW/°C 

Po 
1.3 4.6 Watts 

7.43 26.3 mW/°C 

TJ, Tstg -65 to +200 oc 

Min Typ Max Unit 

30 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

- - 20 nAdc 

- - 30 nAdc 

-
25 - -
50 -

-
35 -
75 - -

-
40 -
100 - -

-
20 -
30 -
- - 0.4 Vdc 
- - 1.4 

- - 1.3 Vdc 
- - 2.0 

- 400 - MHz 

- 6.0 - pF 
- 4.5 -
- 20 - pF 
- 17 -

- 30 - ns 

- 225 - ns 
- - -

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol MHQ6100 MHQ6100A 

Collector-Emitter Voltage VcEO 40 45 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 50 

Each Total· 
Transistor Device 

Total Device Dissipation @ TA =. 25°C Po 0.5 1.5 
Derate above 25°C 2.86 8.58 

Total Device Dissipation @ Tc = 25°C Po 1.0 3.5 
Derate above 25°C 5.71 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1). 
lie = 10 mAdc, le = O) MH06100 

MH06100A 

Collector-Base Breakdown Voltage 
lie= 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 50 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 100 µAde, VcE = 5.0 Vdc) MH06100 

MH06100A 

Oc = 500 µAde, VcE = 5.0 Vdcl MH06100 
MH06100A 

Oc = 1.0 mAdc, VcE = 5.0 Vdc) MH06100 
MH06100A 

Oc = 10 mAdc, VcE = 5.0 Vdcl MH06100 
MH06100A 

Collector-Emitter Saturation Voltage 
lie= 1.0 mAdc, le =~0.1 mAdc) 

Base-Emitter Saturation Voltage 
lie= 1.0 mAdc, le= 0.1 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) NPN 

PNP 

Output Capacitance 
(Vee = 5.0 Vdc, IE = 0, f = 100 kHz) NPN 

PNP 

Input Capacitance 
!VeE = o.5 Vdc, le = o, f = 1 oo kHz) NPN 

PNP 

(1) P~lse Test: Pulse Width .;; 300 µ,s, Duty Cycle.;; 2.0%. 

SMALL-SIGNAL DEVICES 

5-113 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW/"C 

Watts 
mW/"C 

·c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

hFE 

VcE(sat) 

VeE(sat) 

tr 

Cobo 

Cibo 

MHQ6100,A 

CASE 632-02, TYPE 2 
To~11s 

P.lllllllllfti 
flfl(i()(lf P 

1 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

NPN/PNP SILICON 

Refer to MH02"83 for NPN graphs: 
Refer to MHQ3798 for PNP graphs. 

Min Typ Max Unit 

Vdc 
40 - -
45 - -
60 - - Vdc 

5.0 - - Vdc 

- - 10 nAdc 

-
50 - -
100 - -
75 - -
150 - -
75 - -. 
150 - -
60 - -
125 - -
- - 0.25 Vdc 

- - 0.8 Vdc 

MHz 
- 175 -
- 130 -

pF 
- 4.5 -
- 2.3 -

pF 
- 6.0 -
- 5.5 -

MOTOROLA SEMICONDUCTORS 

• 
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MPQ918 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
AMPLIFIER TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 
Derate above 25°C 

Total Device Dissipation 
@Tc= 25°C 
De rate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Symbol 

Vern 
Vcso 
VEBO 

le 

Po 

Po 

TJ, Tstg 

Value Unit 

15 Vdc 

30 Vdc 

3.0 Vdc 

50 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

500 900 mW 
4.0 7.2 mWFC 

6.7 2.4 Watts 
0.825 19.2 mW/°C 

-55 to +150 oc 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance Each Die 151 250 oc;w 

Refer to MD918 for graphs. Effective, 4 Die 52 134 oc;w 

Coupling Factors Q1-Q4 or Q2-Q3 34 70 % 
Q1-Q2 or Q3-Q4 2.0 26 % 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 3.0 mAdc, Is = O) V(BR)CEO 15 - - Vdc 

Collector·Base Breakdown Voltage (le = 1.0 µAde, IE = O) V(Bf!l._CBO 30 - - Vdc 

Emitter-Base Breakdown Voltage (IE = 10 µAde, le = O) V(BR)EBO 3.0 - - Vdc 

Collector Cutoff Current (Vee = 15 Vdc, IE = 0) lcso - - 10 nAdc 

ON CHARACTERISTICS(1) 

DC Current Gain Oc = 0.1 mAdc, VcE = 1.0 Vdcl hFE - 110 - -
Oc = 3.0 mAdc, VcE = 1.0 Vdc) 20 80 -
Oc = 10 mAdc, VcE = 1.0 Vdcl - 50 -

Collector-Emitter Saturation Voltage (le = 10 mAdc, IB = 1.0 mAdc) Vcfilsa.tl_ - 0.11 0.4 Vdc 

Base-Emitter Saturation Voltage (le = 10 mAdc, Is = 1.0 mAdc) VBE(sat) - 0.84 1.0 Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 4.0 mAdc, VcE = 10 Vdc, tr 600 850 - MHz 
f = 100 MHz) 

Output Capacitance (Vee = 10 Vdc, IE = o, f = 140 kHz) Cobo - 0.75 1.7 pF 

Input Capacitance (VBE = 0.5 Vdc, le = 0, f = 140 kHz) Cibo - 1.1 2.0 pF 

Noise Figure (le = 1.0 mAdc, VcE = 6.0 Vdc, RG = 400 Ohms, f = 60 MHz) NF - 4.0 6.0 dB 

(1) Pulse Test: Pulse Width .; 300 µs, Duty Cycle .; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

5-114 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage vceo 20 Vdc 

Collector-Base Voltage VcBo 40 Vdc 

Emitter-Base Voltage Ve Bo 4.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C 650 1250 mW 
Derate above 25°C 5.18 10 mW/°C 

Total Device Dissipation Po 
@Tc= 25°C 1.0 3.0 Watts 
Derate above 25°C 8.0 24 mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 oc 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance(1) Each Die 125 193 oc/W 
Effective, 4 Die 41.6 100 oc/W 

Coupling Factors 01-04 or 02-03 30 60 % 
01-02 or 03-04 2.0 24 % 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= 10 µAde, le = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 
Ue = 10 µAde, le = Ol 

Collector Cutoff Current 'cBo 
(VcB = 30 Vdc, le = Ol 

Emitter Cutoff Current IEBO 
(VeB = 2.0 Vdc, le = o) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
Uc = 10 mAdc, Vee = 10 Vdc) 
(le = 50 mAdc, Vee = 10 Vdc) 
(le = 150 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 150 mAdc, IB = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Oc = 150 mAdc, IB = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(le = 20 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(VcB = 10 Vdc, le = o, f = 100 kHz) 

Input Capacitance Cibo 
(VBE = 0.5 Vdc, le = o, f = 100 kHz) 

(2) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 

SMALL-SIGNAL DEVICES 
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MPQl.000 

CASE 646-05, STYLE 1 
T0-116 

• 1 

QUAD 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MD2218 for graphs. 

Min Typ Max 

20 - -

40 - -

4.0 - -

- - 50 

- - 50 

50 - -
50 - -
40 - -
- - 0.5 

- - 1.3 

175 - -

- - 8.0 

- - 30 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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MPQlSOO 

CASE 646-05, STYLE 1 
T0-116 

• 1 

QUAD 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 
Derate above 25°C 

Total Device Dissipation 
@Tc=25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Symbol 

Vern 

Vcso 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Value Unit 

20 Vdc 

40 Vdc 

4.0 Vdc 

500 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

0.65 1.25 Watts 
5.18 8.0 mwrc 

1.0 3.0 Watts 
8.0 24 mwrc 

-55to +150 oc 

PNP SILICON Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance(1) oc/W 

Refer to MPQ2907 for graphs. 
Each Die 125 193 
Effective, 4 Die 41.6 100 

Coupling Factor % 
01-04 or 02-03 30 60 
01-02 or 03-04 2.0 24 

(1) Junction to ambient data applies for typical printed circuit board mounting. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 10 µAde, le = Ol 

Collector Cutoff Current lcso 
(Vcs = 30 Vdc, IE = 0) 

Emitter Cutoff Current iEBO 
IVEB = 2.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hfE 
Uc = 10 mAdc, VcE = 10 Vdc) 
Uc = 50 mAdc, VcE = 10 Vdc) 
Uc = 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Uc = 150 mAdc, Is = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) fy 
Uc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VsE = o.5 Vdc, le = o, f = 1 oo kHz) 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle"' 2.0%. 

MPQ2221, MPQ2222 For Specifications, See MHQ2221 Data. 

MPQ2369 For Specifications, See MHQ2369 Data. 
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Min Typ Max Unit 

20 - - Vdc 

40 - - Vdc 

4.0 - - Vdc 

- - 50 nAdc 

- - 50 nAdc 

-
50 100 -
50 120 -
40 80 -
- 0.22 0.5 Vdc 

- 0.89 1.3 Vdc 

150 300 -" MHz 

- 4.5 8.0 pf 

- 17 30 pf 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 50 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@ TA = 25'C(1) 500 900 
Derate above 25'C 4.0 7.2 

Total Device Dissipation Po 
@Tc= 25'C 0.825 2.4 
Derate above 25'C 6.7 19.2 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 134 

Coupling Factors Q1-Q4 or Q2-Q3 34 70 
Q1-Q2 or Q3-Q4 2.0 26 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
!le = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vea = 45 Vdc, IE = 0) 

Emitter Cutoff Current 
(VsE = 3.0 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain(2) 
!le= 0.1 mAdc, VcE = 5.0 Vdc) MP02483 

MP02484 

!le = 1.0 mAdc, VcE = 5.0 Vdc) MPQ2483 
MPQ2484 

!le = 10 mAdc, VcE = 5.0 Vdc) MP02483 
MPQ2484 

Collector-Emitter Saturation Voltage 
!le= 1.0 mAdc, Is = 0.1 mAdc) 
!le = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage(2) 
!le = 100 µAde, VcE = 5.0 Vdc) 
!le = 10 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 500 µAde, VcE = 5.0 Vdc, I = 20 MHz) 

Input Capacitance 
(VsE = 0.5 Vdc, le = o, f = 1 oo kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'C/W 
'C/W 

% 
% 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

fr 

Cibo 

MPQ2483 
MPQ2484 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N2919 for graphs. 

Min Typ Max 

40 - -

60 - -

6.0 - -

- - 20 

- - 20 

100 - -
200 - -

150 - -
300 - -

150 - -
300 - -

- 0.13 0.35 
- 0.15 0.5 

- 0.58 0.7 
- 0.70 0.8 

50 100 -

- 4.0 8.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 
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MPQ2483, MPQ2484 

ELECTRICAL CHARACTERISTICS (continued) !TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 
. ' 

Collector-Base Capacitance Ccb - 1.8 6.0 pF 
(Vee = 5.0 Vdc, IE = 0, f = 100 kHz) 

Noise Figure NF dB 
Uc= 10 µAde, VcE = 5.0 Vdc, Rs= 10 kohms, MP02483 - 3.0 -
f = 10 Hz to 15.7 kHz, BW = 10 kHz) MP02484 - 2.0 -

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0% . 

• 

MPQ2906, MPQ2907 For Specifications, See MHQ2906 Data. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEQ 12 Vdc 

Collector-Base Voltage Vcso 25 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25'C 650 1250 mW 
Derate above 25'C 5.2 10 mWt'C 

Total Device Dissipation Po 
@Tc=25'C 1.0 3.0 Watts 
Derate above 25°C 8.0 24 mWt'C 

Operating and Storage Junction TJ, Tstg -55 to + 150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance Each Die 125 193* 'C!W 
Effective, 4 Die 41.6 100* 'C!W 

Coupling Factors 01-04 or 02-03 30 60 % 
01-02 or 03-04 2.0 25 % 

(1) RoJA 1s measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Oc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 100 µAde, le = O) 

Collector Cutoff Current ICES 
(VcE = 15 Vdc, VsE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 100 mAdc, VcE = 0.5 Vdc) 
Oc = 300 mAdc, VcE = 0.5 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = 300 mAdc, Is = 30 mAdc) 
Oc = 1.0 Ade, Is = 0.1 Ade) 

Base-Emitter Saturation Voltage VBE(sat) 
(le = 300 mAdc, Is = 30 mAdc) 
Oc = 1.0 Ade, Is = 0.1 Adel 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Oc = 100 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vee = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VsE = 0.5 Vdc, le = o. f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(Vee = 12 Vdc, le = 1.0 Ade, VsE(offl = 4.0 Vdc, ls1 = 100 mAdc) 

Turn-Off Time to ff 
(Vee = 12 Vdc, le = 1.0 Ade, ls1 = ls2 = 100 mAdcl 

SMALL-SIGNAL DEVICES 
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MPQ3303 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
SWITCHING TRANSISTOR 

NPN SILICON 

Min Typ Max 

12 - -
25 - -

4.0 - -
- - 100 

30 45 -
40 55 200 

- 0.22 0.33 
- 0.52 0.7 

- 0.87 1.1 
- 1.04 1.4 

400 500 -

- 5.0 10 

- 22 30 

- 12 15 

- 18 25 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 
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MPQ3467 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
MEMORY DRIVER TRANSISTOR 

PNP SILICON 

Refer to MD3467 for graphs. 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage VcBO 40 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 1.0 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 2s0 c(1) 650 1500 
Derate above 25°C 5.2 12 

Total Device Dissipation Po 
@Tc= 25°C 1.25 3.2 
Derate above 25°C 10 25.6 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 2 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Rruc Rll.JA 
Junction to Junction to 

Characteristic Case Ambient 

Therma I Resista nee Each Die 100 193 
Effective, 4 Die 39 83.2 

Coupling Factors 01-04 or 02-03 45 55 
01-02 or 03-04 5.0 10 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 40 - -
Uc = 10 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 40 - -
Uc= 10 µAde, le = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - -
Oe = 10 µAde, le= 01 

Collector Cutoff Current le BO - - 200 
(VcB = 30 Vdc, IE = 0) 

Emitter Cutoff Current IEBO - - 200 
(VBE = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 20 - -
Uc = soo mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(2) VcE(sat) - 0.23 0.5 
Uc = 500 mAdc, IB = 60 mAdc) 

Base-Emitter Saturation Voltage(2) VBE(sat) - 0.90 1.2 
Uc = 500 mAdc, IB = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 125 190 -
Uc = 50 mAdc, Vee = 10 Vdc, t = 100 MHz) 

Output Capacitance Cobo - 10 25 
(VcB = 10 Vdc, le = o, f = 100 kHz) 

Input Capacitance Cibo - 55 80 
(VBE = 0.5 Vdc, le = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - - 40 
Uc = 500 mAdc, IB1 = 50 mAdc) 

Turn-Off Time to ff - - 90 
Uc= 500 mAdc, IB1 = IB2 = 50 mAdc) 

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

mW 
mWl°C 

Watts 
mW/°C 

·c 

Unit 

0 c1W 
0c1W 

% 
% 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pf 

pF 

ns 

ns 
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MPQ3546 For Specifications, See MHQ3546 Data. 

MAXIMUM RATINGS 

Rating Symbol MP03725 MPQ3725A Unit 

Collector-Emitter Voltage VcEO 40 50 Vdc 

Collector-Emitter Voltage VcES 60 70 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous tc 1.0 Ade 

Four 
Transistors 

One Equal 
Transistor Power 

Total Device Dissipation Po 
@TA= 25°C 1.0 2.5 Watts 
Derate above 25°C 8.0 20 mW!°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics J Symbol Max Unit 

Effective 
One For Four 

Transistor Transistors 

Therma~ Resistance, I RllJA 125 50 oc!W 

Junction to Ambient(1) 

(1) RllJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(le = 10 mAdc, ts = O) MP03725 

MPQ3725A 

Collector-Emitter Breakdown Voltage V(BR)CES 
Oc = 100 µAde, VBE = O) MP03725 

MP03725A 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, tc = O) 

Collector Cutoff Current tcBo 
(VCB = 40 Vdc, IE = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
(le= 100 mAdc, VcE = 1.0 Vdc) MP03725 

MP03725A 

(le = 500 mAdc, VcE = 2.0 Vdc) MP03725 
MPQ3725A 

Collector-Emitter Saturation Voltage VCE(sat) 
(le = 500 mAdc, ts = 50 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(le = 500 mAdc, IB = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = 50 mAdc, VcE = 10 Vdc, t = 100 MHz) MP03725 

MP03725A 

Output Capacitance Cobo 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VBE = 0.5 Vdc, tc = o. f = 100 kHz) 

SMALL-SIGNAL DEVICES 
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MPQ3725,A 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
CORE DRIVER TRANSISTOR 

NPNSILICON 

Refer to MD3725 for graphs. 

Min Typ Max Unit 

Vdc 
40 - -
50 - -

Vdc 
60 - -
70 - -
5.0 - - Vdc 

- - 0.5 µAde 

-
35 75 200 
40 80 -

25 45 -
30 50 -
- 0.32 0.45 Vdc 

0.8 0.9 1.0 Vdc 

MHz 
250 275 -
200 250 -
- 5.1 10 pF 

- 62 80 pF 

MOTOROLA SEMICONDUCTORS 
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MPQ3725,A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic J Symbol Min 

SWITCHING CHARACTERISTICS 

Turn-On Time ton -
Uc= 500 mAdc, 191 = 50 mAdc, V9~ff) = 3.8 Vdc) 

Turn-Off Time lo ff -
Uc = 500 mAdc, 191 = 192 = 50 mAdc) 

(2) Pulse Test: Pulse Width "' 390 µs, Duty Cycle "' 2.0%. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

Pulse Generator 

tr, tf ~ 1.0 ns 
PW:::::: 1.0 µs 

Ztn = 50 fl, 
Duty Cycle< 2.0% 

MOTOROLA SEMICONDUCTORS 

~3.8 v +30 v 

1.0 µF 

i: 

15 
l.O µF 

1.0k (--<>To 

43 

100 

5-122 

Sampling 

Oscilloscope 

Zin;;<= 100 krl 

tr <1.0 ns 

Typ Max Unit 

20 35 ns 

50 60 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Base Voltage VcBo 40 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 1.5 Ade 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25'C 750 1700 mW 
Derate above 25'C 5.98 13.6 mW/'C 

Total Device Dissipation Po 
@Tc=25'C 1.25 3.2 Watts 
Derate above 25°C 10 25.6 mW/'C 

Operating and Storage Junction TJ, Tstg -55 to + 150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance(1) Each Die 100 167 'C/W 
Effective, 4 Die 39 73.5 'C/W 

Coupling Factors Q1-Q4 or Q2-Q3 46 56 % 
Q1-Q2 or Q3-Q4 5.0 10 % 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(le = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = 10 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 µ.Ade, le = Ol 

Collector Cutoff Current lcso 
(Vcs = 30 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
Uc= 150 mAdc, VcE = 1.0 Vdc) 
(le = 500 mAdc, VcE = 2.0 Vdcl 
Uc = 1.0 Ade, VcE = 2.0 Vdcl 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 500 mAdc, Is = 50 mAdc) 
Uc= 1.0 Ade, Is = 100 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Uc = 500 mAdc, Is = 50 mAdc) 
Uc= 1.0 Ade, Is = 100 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fy 
(le = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Caba 
(Vcs = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Ciba 
(VEB = 0.5 Vdc, le = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time tan 
(Vee = 30 Vdc, le = 1.0 Ade, IB1 = 100 mAdc, VsE(off) = 2.0 Vdc) 

Turn-Off Time la ff 
(Vee = 30 Vdc, le = 1.0 Ade, ls1 = ls2 = 100 mAdc) 

(2) Pulse Test: Pulse Width .; 300 µ.s, Duty Cycle .; 2.0%. 

SMALL-SIGNAL DEVICES 
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MPQ3762 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
MEMORY DRIVER TRANSISTOR 

PNP SILICON 

Refer to MD3467 for graphs. 

Min Typ Max Unit 

40 - - Vdc 

40 - - Vdc 

5.0 - - Vdc 

- - 100 nAdc 

- - 100 nAdc 

-
35 70 -
30 65 -
20 35 -

Vdc 
- 0.3 0.55 
- 0.6 0.9 

Vdc 
- 0.9 1.25 
- 1.0 1.4 

150 275 - MHz 

- 9.0 15 pF 

- 55 80 pF 

- - 50 ns 

- - 120 ns 

MOTOROLA SEMICONDUCTORS 
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MPQ3762 

EQUIVALENT TEST CIRCUITS 
FIGURE 1 - TURN-ON 

-30 v 

+2.0V1f~ o- -
30 

Scope 
100 

-11., v 
?W = 200 ns 
Rise Time ~2.0 ns 
DC ,,;;;2.0% -:-

MOTOROLA SEMICONDUCTORS 

5-124 

FIGURE 2 - TURN-OFF ill89'V 

I 0 -

I 
-11.1V ~I It, t2 f4-

,3 i--1 
10 <•1 < 500µs 

t2 < 10 ns 
t3> 1.0 µ.s 

-30 v 
30 

Scope 

+4.0 v 
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MAXIMUM RATINGS 

I---
Rating Symbol MPQ3798 MPQ3799 

Collector-Emitter Voltage VcEQ 40 60 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 50 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA = 25°C(1) 0.5 0.9 
Derate above 25°C 4.0 7.2 

Total Device Dissipation Po 
@Tc= 25°C 0.825 2.4 
Derate above 25°C 6.7 19.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Rruc RruA 
Junction to Junction to 

Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
lie = 10 mAdc, Is = O) MP03798 

MP03799 

Collector-Base Breakdown Voltage 
lie = 10 ~de, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 10 ~de, le = O) 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = 0) 

Emitter Cutoff Current 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain 
lie = 10 ~de, VcE = 5.0 Vdc) MP03798 

MP03799 

lie = 100 ~de, VcE = 5.0 Vdc) MP03798 
MP03799 

lie = 500 ~de, VcE = 5.0 Vdc) MP03798 
MP03799 

lie = 10 mAdc, VcE = 5.0 Vdc) MP03798 
MP03799 

Collector-Emitter Saturation Voltage 
lie = 100 ~de, Is = 10 ~de) 
lie= 1.0 mAdc, Is = 100 ~de) 

Base-Emitter Saturation Voltage 
lie = 100 ~de, IB = 10 ~de) 
lie= 1.0 mAdc, Is = 100 ~de) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWl°C 

Watts 
m/°C 

oc 

Unit 

oc/W 
oc/W 

% 
% 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VCE(sat) 

VBE(sat) 

MPQ3798 
MPQ3799 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
AMPLIFIER TRANSISTOR 

PNPSILICON 

Refer to 2N3810 for graphs. 

Min Typ Max 

40 - -
60 - -
60 - -
5.0 - -

- - 10 

- - 20 

-
100 - -
225 -

-
150 - -
300 -

-
150 - -
300 -

-
125 - -
250 -

- 0.12 0.2 
- 0.07 0.25 

- 0.62 0.7 
- 0.68 0.8 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MOTOROLA SEMICONDUCTORS 
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MPQ3798,99 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Cha~actaristlc I Symbol Min Typ Max Unit 

SMALL.SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 60 250 - MHz 
Uc = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 2.1 4.0 pF 
(Vee = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo - 5.5 8.0 pF 
!VeE = 0.5 Vdc, le = o, f = 100 kHz) 

Noise Figure NF dB 
Uc = 100 µAde, VcE = 10 Vdc, Rs = 3.0 kohms, MPQ3798 - 2.5 -
f = 10 Hz to 15.7 kHz) MPQ3799 - 1.5 -

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating -~!mbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous re 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA=25"C 500 900 
Derate above 25°C 4.0 7.2 

Total Device Dissipation Po 
@Tc= 25°C 825 2.4 
Derate above 25°C 6.7 19.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA= 2s•c unless otheiwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 1.0 mAdc, le= O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
Ue = 10 µAde, re = 01 

Collector Cutoff Current 
(Vee = 40 Vdc, re = 01 

Emitter Cutoff Current 
(VBE = 40 Vdc, le = 0) 

ON CHARACTERISTICS(!) 

DC Current Gain 
Uc = 0.1 mAdc, Vee = 1.0 Vdc) 
Uc= 1.0 mAdc, Vee = 1.0 Vdc) 
Uc= 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
<Vee = 5.0 Vdc, re = o, f = 140 kHz) 

Input Capacitance 
(Vee = o.5 Vdc, le = o, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
Uc = 10 mAdc, Vee = 0.5 Vdc, 101 = 1.0 mAdc) 

Turn-Off Time 
(le = 10 mAdc, 101 = 102 = 1.0 mAdc) 

(1) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.00A.. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWf'C 

Watts 
mWf'C 

•c 

Unit 

·ctw 
·ctw 

% 
% 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Cobo 

Cibo 

Ion 

toff 

MPQ3904 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
AMPLIFIER/SWITCHING 

TRANSISTOR 

NPNSILICON 

Refer to 2N3904 for graphs. 

Min Typ Max 

40 - -

60 - -
6.0 - -

- - 50 

- - 50 

30 90 -
50 160 -
75 200 -
- 0.1 0.2 

- 0.65 0.85 

250 300 -

- 2.0 4.0 

- 4.0 8.0 

- 37 -

- 136 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 
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MPQ3906 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
AMPLIFIER/SWITCH TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation 
@TA= 25°C 
Derate above 25°C 

Total Device Dissipation 
@Tc=25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Symbol 

VcEO 

VcBo 

VEBO 

le 

Po 

Po 

TJ, Tstg 

Value Unit 

40 Vdc 

40 Vdc 

5.0 Vdc 

200 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

500 900 mW 
4.0 7.2 mW!°C 

825 2.4 Watts 
6.7 19.2 mW!°C 

-55 to + 150 oc 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance Each Die 151 250 °C/W 

'Refer to 2N3906 for graphs. Effective, 4 Die 52 139 oc/W 

Coupling Factors 01-04 or 02-03 34 70 % 
o 1-02 or 03-04 2.0 26 % 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 40 - - Vdc 
Oc = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 40 - - Vdc 
Uc = 10 µ.Ade, le = o) 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc 
Oe = 10 µ.Ade, le = O) 

Collector Cutoff Current lcBo - - 50 nAdc 
(VcB = 30 Vdc, le = o) 

Emitter Cutoff Current le Bo - - 50 nAdc 
(VBE = 4.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE -
Oc = 0.1 mAdc, Vee = 1.0 Vdc) 40 160 -
(le = 1.0 mAdc, Vee = 1.0 Vdc) 60 180 -
Oc = 10 mAdc, Vee = 1.0 Vdc) 75 200 -

Collector-Emitter Saturation Voltage Vce(satl - 0.1 0.25 Vdc 
Uc= 10 mAdc, IB = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) - 0.65 0.85 Vdc 
Oc = 10 mAdc, IB = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 200 250 - MHz 
Uc = 10 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 3.3 4.5 pF 
(VcB = 5.0 Vdc, le = o, f = 140 kHz) 

Input Capacitance Cibo - 4.8 10 pF 
(VBE = o.5 Vdc, le = o, t = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 43 - ns 
Uc = 10 mAdc, VBE(off) = 0.5 Vdc, IB1 = 1.0 mAdc) 

Turn-Off Time to ff - 155 - ns 
Oc = 10 mAdc, IB1 = IB2 = 1.0 mAdc) 

(1) Pulse Test: Pulse Width "" 300 µ.s, Duty Cycle "" 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPQ3906 

SMALL-SIGNAL DEVICES 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

-, r-< l.Ons 275 •OSVn 10. 
-- IO 6 V ::::;; i.- 300 ns 

DUTY CYCLE - 2% -

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

~·~'T<rl~:: _,., 
10 < t, < 500 µ.S 10.6 V 

DUTY CYCLE = 2% _.., t, !-

*Total shunt capacitance of test jig and connectors 
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MPQ6001 
MPQ6002 

TYPE 1 

MPQ6501 
MPQ6502 

TYPE 2 

CASE 646-05 

-1 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 
PNP/NPN SILICON 

THERMAL CHARACTERISTICS 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Base Voltage Vceo 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation Po 
@TA= 25'C(1) 
MP06001, MP06002, MP06501, 
MP06502 

Derate above 25'C 
MP06001, MP06002, MP06501, 
MP06502 

Total Device Dissipation Po 
@Tc=25'C 
MP06001, MP06002, MP06501, 
MP06502 

Derate above 25'C 
MP06001, MP06002, MP06501, 
MP06502 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

Junction to 
Characteristic Case 

Thermal Resistance 125 
Each Die MP06001, MP06002, MP06501, MP06502 
Effective, 4 Die MP06001, MP06002, MP06501, MP06502 41.6 

Coupling Factors 30 
MP06001, MP06002 30 

01-04 or 02-03 MP06501, MP06502 30 
30 

MP06001, MP06002 
01-02 or 03-04 MP06501, MP06502 20 

20 
20 
2.0 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Oc = 10 mAdc, le= Ol "'l_Blll_CEO 30 

Collector-Base Breakdown Voltage (le = 10 µAde, IE = O) V(BR)CBO 60 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = O) V(B!lli=BO 5.0 

Collector Cutoff Current (Vee = 50 Vdc, IE = 0) lceo -
Emitter Cutoff Current (VEe = 3.0 Vdc, le = O) IEBO -
ON CHARACTERISTICS 

DC Current Gain(2) hFE 
(le = 1.0 mAdc, VcE = 10 Vdcl MP06001, MP06501 25 

MP06002, MP06502 50 

Oc = 10 mAdc, VcE = 10 Vdcl MP06001, MP06501 35 
MP06002, MP06502 75 

Uc = 150 mAdc, VcE = 10 Vdc) MP06001, MP06501 40 
MP06002, MP06502 100 

Uc = 300 mAdc, VcE = 10 Vdc) MP06001, MP06501 20 
MP06002, MP06502 30 

MOTOROLA SEMICONDUCTORS 
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Value Unit 

30 Vdc 

60 Vdc 

5.0 Vdc 

500 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Watts 

0.65 1.25 
mW/"C 

5.18 10 

Watts 

1.0 3.0 
mW/"C 

8.0 24 

-55to +150 'C 

Junction to 
Ambient Unit 

193 'C/W 

100 

60 % 
60 
60 
60 

24 
24 
24 
24 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- 30 nAdc 

- 30 nAdc 

-
- -
- -

- -
- -
- -
- -

- -
- -

SMALL-SIGNAL DEVICES 



MPQ6001 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Collector-Emitter Saturation Voltage(2) VcE(sat) Vdc 
(le = 150 mAdc, IB = 15 mAdc) - - 0.4 
(le = 300 mAdc, IB = 30 mAdc) - - 1.4 

Base-Emitter Saturation Voltage(2) VBE(sat) Vdc 
(le= 150 mAdc, IB = 15 mAdc) - - 1.3 
(le = 300 mAdc, IB = 30 mAdc) - - 2.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) tr 200 350 - MHz 
(le = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo pF 
(VcB = 10 Vdc, IE = o, f = 100 kHz) PNP - 6.0 8.0 

NPN - 4.5 8.0 

Input Capacitance Cibo pF 
(VEB = 2.0 Vdc, le = 0, f = 100 kHz) PNP - 20 30 

NPN - 17 30 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 30 - ns 
(Vee = 30 Vdc, VBE = 0.5 Vdc, le = 150 mAdc, 
IB1 = 15 mAdc, Figure 1) 

Turn-Off Time tott 
!Vee = 30 Vdc, le = 150 mAdc, 
IB1 = IB2 = 15 mAdc) 

(1) Second Breakdown occurs at power levels greater than 3 times the power d1ss1pat1on rating. 
(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

NPN DATA 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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le, COLLECTOR CURRENT (mA) 

FIGURE 2 - "ON" VOLTAGES FIGURE 3 - TEMPERATURE COEFFICIENTS 

1.4 

1.2 
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k1".l 
~ 
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MPQ6001 

NOISE FIGURE 
(Vee= 10 Vdc, TA= 25°C) 

FIGURE 4 - FREQUENCY EFFECTS 
~o 

5.0 

~ 4.0 
w 

"' 5 
~ 3.0 
w 

"' i5 
z 2.0 
~-
z 

1.0 

0 

~ 

~ 
~ N 

~ 

IC• 10µA 
Rs, 4.3 kil 

,..._ I J_ 

l 
I'-.. 
~ 

lc•lOOµA 
Rs· 11kn 

I 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

t, FREQUENCY (kHz) 

MOTOROLA SEMICONDUCTORS 

5-132 

FIGURE 5 - SOURCE RESISTANCE EFFECTS 
10 

~·1.0kHz Lll1 
Kl le• 1.0 mAJl 100µA .1_ ID 

]\ l71 _L ~nl 
~ V1 l7 

v _L v 
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\ Dr vv 
~ I" 
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2.0 ~ ~ 

0 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

Rs, SOURCE RESISTANCE (k OHMS) 
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MAXIMUM RATINGS 

MP06100 MP08100A 
Rating Symbol MPQ6600 MPQ6600A Unit 

Collector-Emitter Voltage VCEO 40 45 Vdc 

Collector-Base Voltage Vceo 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25'C 500 900 mW 
Derate above 25'C 4.0 7.2 mWf'C 

Total Device Dissipation Po 
@Tc= 25'C 0.825 2.4 Watts 
Derate above 25'C 6.7 19.2 mWf'C 

Operating and Storage Junction 
Temperature R~nge 

TJ, Tstg -55to+150 'C 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance(!) Each Die 151 250 'CIW 
Effective, 4 Die 52 139 'CIW 

Coupling Factors 01-04 or 02-03 34 70 % 
01-02 or 03-04 2.0 26 % 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc = 10 mAdc, le = O) MP06100,6600 

MP06100A.6600A 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
UE = 10 µAde, le = O) 

Collector Cutoff Current lceo 
(Vee = 50 Vdc, IE = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
Uc = 100 µAde, VcE = 5.0 Vdc) MPQ6100,6600 

MPQ6100A,6600A 

Uc = 500 µAde, VcE = 5.0 Vdcl MPQ6100,6600 
MPQ6100A.6600A 

Uc= 1.0 mAdc, VcE = 5.0 Vdc) MPQ6100,6600 
MPQ61 OOA.6600A 

Uc = 10 mAdc, VcE = 5.0 Vdc) MPQ6100,6600 
MPQ6100A.6600A 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 1.0 mAdc, le = 100 µAde) 

Base-Emitter Saturation Voltage VeE(sat) 
Uc= 1.0 mAdc, le= 100 µAdel 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vee = 5.0 Vdc, IE = 0, f = 100 kHz) PNP 

NPN 

SMALL-SIGNAL DEVICES 
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MPQ6100,A TYPE 1 
MPQ6600,A TYPE 2 

CASE 646-05 

T0-116 

-1 

QUAD 

COMPLEMENTARY PAIR 

TRANSISTOR 

PNP/NPN SILICON 

Refer to MHQ2483 for NPN Curves. 

Refer to MHQ3798 for PNP Curves. 

Min Typ Max Unit 

Vdc 
40 - -
45 - -
60 - - Vdc 

5.0 - - Vdc 

- - 10 nAdc 

-
50 - -
100 - -
75 - -
150 - -
75 - -
150 - -
60 - -
125 - -
- - 0.25 Vdc 

- - 0.8 Vdc 

50 - - MHz 

pF 
- 1.2 4.0 
- 1.8 4.0 

MOTOROLA SEMICONDUCTORS 
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MPQ6100,A, MPQ6600,A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min Typ Max Unit 

Input Capacitance Cibo pF 
(VsE = 0.5 Vdc, le = o, t = 1 oo kHz) PNP - - 8.0 

NPN - - 8.0 

Noise Figure NF - 4.0 - dB 
Oc = 100 µAde, VcE = 5.0 Vdc, Rs = 10 kohms, 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 

(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle ,,;; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rati~g Symbol Value 

Collector-Emitter Voltage VcEQ 
MP06426 30 
MP06427 40 

Collector-Base Voltage VcBo 
MP06426 40 
MP06427 50 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous le 500 

Four Die 
Each Die Equal Power 

Total Device Dissipation Po 
@TA= 25'C(1) 500 900 
Derate above 25'C 4.0 7.2 

Total Device Dissipation Po 
@Tc= 25'C 825 2400 
Derate above 25'C 6.7 19.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

mW 
mW!'C 

'C 

Characteristic Case Ambient Unit 

Thermal Resistance Each Die 151 250 'CIW 
Effective, 4 Die 52 139 'CIW 

Coupling Factors 01-04 or 02-03 34 70 % 
01-02 or 03-04 2.0 26 % 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc = 10 mAdc, Is = O) MP06426 

MP06427 

Collector-Base Breakdown Voltage 
Uc = 1 oo 1-<Adc, le = Ol MP06426 

MP06427 

Emitter-Base Breakdown Voltage 
(le = 1 o /LAdc, le = Ol 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(Vse = 10 Vdc, le = Ol 

ON CHARACTERISTICS(2) 

DC Current Gain 
(le = 10 mAdc, Vee = 5.0 Vdc) 
Uc = 100 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= 100 mAdc, Is = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc = 100 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= 10 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, le = o, f = 100 kHz) 

Input Capacitance 
(Vse = o.5 Vdc, le = o, f = 100 kHz) 

(2) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 
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MPQ6426 
MPQ6427 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
DARLINGTON TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
30 -
40 

V(BR)CBO Vdc 
40 -
50 

V(BR)EBO 12 - Vdc 

lcso - 100 nAdc 

leso - 100 nAdc 

hFE -
5000 -

10,000 -
VcE(sat) - 1.5 Vdc 

VsE(on) - 2.0 Vdc 

tr 125 - MHz 

Cobo - 8.0 pF 

Cibo - 15 pF 

MOTOROLA SEMICONDUCTORS 
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MPQ6426, MPQ6427 

FIGURE 1 - NOISE VOLTAGE 
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FIGURE 6 :-- HIGH FREQUENCY CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation 'Po 
@TA = 25'C(1) 500 900 
Cerate above 25'C 4.0 7.2 

Total Device Dissipation Po 
@Tc=25'C 825 2400 
Cerate above 25'C 6.7 19.2 

Operating and Storage Junction TJ, Tstg -55to+150 
Temperature Range 

(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 
Junction to Junction to 

Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc = 10 mAdc, Is = Ol 

Collector-Base Breakdown Voltage 
Uc= 10 µAde, IE= 0) 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le= Ol 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = O) 

Emitter Cutoff Current 
IVEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Uc= 0.1 mAdc, VcE = 1.0 Vdcl 
Uc = 1.0 mAdc, VcE = 1.0 Vdcl 
Uc= 10 mAdc, VcE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage 
Uc= 10 mAdc, le= 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
IVEe = 0.5 Ydc, le = o, f = 100 kHz) PNP 

NPN 

(2) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 

SMALL-SIGNAL DEVICES 
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Un ii 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

mW 
mwrc 

·c 

Unit 

'C!W 
'C/W 

% 
% 

MPQ6700 

CASE 646-05, TYPE 2 
T0-116 

-1 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

PNP/NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)CBO 40 - Vdc 

V(BR)EBO 5.0 - Vdc 

iceo - 50 nAdc 

IEBO - 50 nAdc 

hFE -
3·0 -
50 -
70 -

VCE(sat) - 0.25 Vdc 

VBE(sat) - 0.9 Vdc 

fy 200 - MHz 

Cobo - 4.5 pF 

Cibo pF 
- 10 
- 8.0 

MOTOROLA SEMICONDUCTORS 
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MPQ6700 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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MPQ6700 
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FIGURE 7 -CURRENT-GAIN - BANDWIDTH PRODUCT 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEQ 30 

Collector-Base Voltage VcBO 30 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C(1) 500 900 
Derate above 25°C 4.0 7.2 

Total Device Dissipation Po 
@Tc= 25•c 825 2400 
Derate above 25°C 6.7 19.2 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Oc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = 10 µAde, le = Ol 

Collector Cutoff Current (VcB = 20 Vdc, IE = O) 

Emitter Cutoff Current (VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain Uc = 0.5 mAdc, VcE = 1.0 Vdc) 
Uc= 1.0 mAdc, VcE = 1.0 Vdc) 
Uc= 10 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage Oc = 0.5 mAdc, IB = 0.05 mAdc, 
o·c "' T "' 10-c) 

Base-Emitter Saturation Voltage Oc = 0.5 mAdc, Is = 0.05 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 10 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(VcB = 5.0 Vdc, le = o, f = 1 oo kHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = o, f = 100 kHz) PNP 

NPN 

SWITCHING CHARACTERISTICS (TA= 25°C, Vee= 5.0 Vdc) 

Propagation Delay Time 
(50% Points TP1 to TP3) 
(50% Points TP2 to TP4) 

Rise lime 
(0.3 V to 4.7 V, TP3 or TP4) 

Fall Time 
(4.7 V to 0.3 V, TP3 or TP4) 

(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

mW 
mwrc 

•c 

Unit 

•CfW 
•CfW 

% 
% 

Symbol 

V(Bl!J..CEO 

~Bfill:BO 
~R)EBO 

ICBC 

IEBO 

hfE 

VcE(sat) 

VBl~J.!'at) 

tr 

Cobo 

Cibo 

tPLH 
tPHL 

tr 

tf 

MPQ6842 

CASE 646-05, TYPE 2 
T0-116 

-1 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

PNP/NPN SILICON 

Min Typ Max 

30 - -
30 - -
4.0 - -
- - 50 

- - 50 

30 - -
50 - -
70 - - .. 
- 0.05 0.15 

- 0.65 0.9 

200 350 -

- 3.0 4.5 

- 5.0 10 
- 4.0 8.0 

- 15 25 
- 6.0 15 

5.0 25 35 

5.0 10 20 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 

ns 
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TP1 

1/4 MC3000 
(74HOO) 

SMALL-SIGNAL DEVICES 

J 0.1 µF Ceramic 
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I 160pF· 

14 = = 

5-143 

NOTES: 
1. Unless otherwise noted, all resistors 

carbon composition% W ±5%, all 
capacitors dipped mica ±2%. 

2. Use short interconnect wiring with 
good power and ground busses. 

3. TP1 thru TP4 are coaxial connectors to 
accept scope probe tip and provide a 
good ground. 

4. Device under test is MPQ6842. 
5. 160 pF load does not include stray 

or scope probe capacitance. 
6. Scope probe resistance > 5 kS'l. 

Scope probe capacitance< 10 pF. 

TP1orTP2 ~ / 

~H~ ~ ~~ 

TP3 or TP4 
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MPQ7041 
MPQ7042 
MPQ7043 

CASE 646-05, STYLE 1 
T0-116 

• 1 

QUAD 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPQ7051 for graphs. 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VcEO 

Collector-Base Voltage VcBo 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation Po 
@TA= 25°C 
Derate above 25°C 

Total Device Dissipation Po 
@Tc=25°C 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance Each Die 
Effective, 4 Die 

Coupling Factors Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-Q4 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic J Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Oc = 1.0 mAdc, Is = O) MPQ7041 

MPQ7042 
MPQ7043 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAde, IE = O) MPQ7041 

MPQ7042 
MPQ7043 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 100 µAde, le = O) 

Collector Cutoff Current le Bo 
(Vee = 120 Vdc, IE = 0) MPQ7041 
(VcB = 150 Vdc, IE = 0) MPQ7042 
(VcB = 180 Vdc, IE = 0) MPQ7043 

ON CHARACTERISTICS 

DC Current Gain hFE 
(le= 1.0 mAdc, VcE = 10 Vdc) 
(le = 10 mAdc, VcE = 10 Vdc) 
(le = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(le = 20 mAdc, la = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vea = 20 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = 3.0 Vdc, le = o. f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 

MPQ7041 MPQ7042 MPQ7043 Unit 

150 200 250 Vdc 

150 200 250 Vdc 

5.0 Vdc 

500 mAdc 

Each Four Die 
Die Equal Power 

750 1700 mW 
5.98 13.6 mWl°C 

1.25 3.2 Watts 
10 25.6 mWl°C 

-55 to + 150 oc 

Junction to Junction to 
Case Ambient Unit 

100 167 oc/W 
39 73.5 oc/W 

46 56 % 
5.0 10 % 

Min Typ Max Unit 

Vdc 
150 - -
200 - -
250 - -

Vdc 
150 - -
200 - -
250 - -
5.0 - - Vdc 

nAdc 
- - 100 
- - 100 
- - 100 

-
25 45 -
40 60 -
40 80 -
- 0.3 0.5 Vdc 

- 0.7 0.9 Vdc 

50 80 - MHz 

- 2.5 5.0 pF 

- 40 50 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol MPQ7051 MPQ7052 MPQ7053 

Collector-Emitter Voltage VcEO 150 200 250 

Collector-Base Voltage Vcso 150 200 250 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 500 

Four Die 
Equal 

Each Die Power 

Tota.I Device Dissipation Po 
@TA= 25°C 750 1700 
Derate above 25°C 5.98 13.6 

Total Device Dissipation Po 
@Tc= 25°C 1.25 3.2 
Derate above 25°C 10 25.6 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 100 167 
Effective, 4 Die 39 73.5 

Coupling Factors 01-04 or 02-03 46 56 
01-02 or 03-04 5.0 10 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, Is = O) MP07051 

MP07052 
MP07053 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) MP07051 

MP07052 
MP07053 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 120 Vdc, IE = O) MP07051 
(Vcs = 150 Vdc, IE = 0) MP07052 
(Vcs = 180 Vdc, IE = O) MP07053 

Emitter Cutoff Current 
(VBE = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain Oc = 1.0 mAdc, VcE = 10 Vdc) 
(le = 10 mAdc, VcE = 10 Vdc) 
Oc = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage Oc = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter Saturation Voltage Oc = 20 mAdc, Is = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vea = 20 Vdc, le = o, f = 1.0 MHz) 

Input Capacitance 
(VEB = 3.0 Vdc, le = 0, f = 1.0 MHz) NPN 

PNP 

SMALL-SIGNAL DEVlCES 

5-145 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWi°C 

Watts 
mW!°C 

"C 

Unit 

"C!W 
"C!W 

% 
% 

MPQ7051 
MPQ7052 
MPQ7053 

CASE 646-05, TYPE 2 
T0-116 

-1 

QUAD 
COMPLIMENTARY PAIR 

TRANSISTOR 

NPN/PNP SILICON 

Symbol Min Max 

V(BR)CEO 
150 -
200 -
250 -

V(BR)CBO 
150 -
200 -
250 -

V(BR)EBO 5.0 -

lcso 
- 250 
- 250 
- 250 

IEBO - 100 

hfE 25 -
35 -
25 -

VcE(sat) - 0.7 

Vs~at) - 0.9 

IT 50 -

Cobo - 6.0 

Cibo 
- 50 
- 75 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

MOTOROLA SEMICONDUCTORS 

• 
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MPQ7051, MPQ7052, MPQ7053 

DC CHARACTERISTICS 

NPN I PNP 

FIGURE 1-DCCURRENTGAIN 
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SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol MPQ7091 MPQ7092 MPQ7093 

Collector-Emitter Voltage VcEO 150 200 250 

Collector-Base Voltage Vcso 150 200 250 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 500 

Each Four Die 
Die Equal Power 

Total Device Dissipation Po 
@TA= 25°C 750 1700 
Derate above 25°C 5.98 13.6 

Total Device Dissipation Po 
@Tc= 25°C 1.25 3.2 
Derate above 25°C 10 25.6 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 100 167 
Effective, 4 Die 39 73.5 

Coupling Factors 01-04 or 02-03 46 56 
01-02 or 03-04 5.0 10 

ELECTRICAL CHARACTERISTICS (TA = 25°c unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, Is = O) MPQ7091 

MPQ7092 
MPQ7093 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = 0) MP07091 

MP07092 
MPQ7093 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 120 Vdc, IE = 0) MPQ7091 
(Vcs = 150 Vdc, IE = O) MPQ7092 
(Vee = 180 Vdc, IE = O) MPQ7093 

Emitter Cutoff Current 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain Uc = 1.0 mAdc, VcE = 10 Vdc) 
Oc = 10 mAdc, VcE = 10 Vdc) 
lie = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage Uc = 20 mAdc, 19 = 2.0 mAdc) 

Base-Emitter Saturation VOitage Uc = 20 mAdc, Is = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 20 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 3.0 Vdc, le = 0, f = 1.0 MHz) 

MQ982 For Specifications, See MD982 Data. 

SMALL-SIGNAL DEVICES 

5-147 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 
oc/W 

% 
% 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hfE 

VcE(sat) 

VsE(sat) 

fy 

Cobo 

Cibo 

MPQ7091 
MPQ7092 
MPQ7093 

CASE 646-05, STYLE 1 
T0-116 

-1 

QUAD 
AMPLIFIER TRANSISTOR 

PNPSILICON 

Refer to MPQ7051 for graphs. 

Min Typ Max 

150 - -
200 - -
250 - -

150 - -
200 - --
250 -

5.0 - -

- - 250 
- - 250 
- - 250 

- - 100 

25 40 -
35 55 -
25 50 -
- 0.3 0.5 

- 0.7 0.9 

50 70 -

- 3.0 5.0 

- 60 75 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pf 

pF 

MOTOROLA SEMICONDUCTORS 

• 



\ 



CASE 20-03 CASE 22-03 CASE 27-02 CASE 29-02 
T0-72 T0-18 T0-52 T0-92 

L!..~~ 
T0-92 T0-39 MACRO-X T0-116 

The data sheets on the following pages are designed to em
phasize those FET's that by virtue of widespread industry use, 
ease of manufacture, and consequently low relative cost, merit 
first consideration for new equipment design. Package options 
from low-cost plastic to metal packages are available. 

CAUTION: 

Static electricity is a surface phenomenon which most com
monly occurs when two dissimilar materials come into contact 
and then separate. Electro Static Discharge (ESD) damage of 
semiconductor components by operating personnel is quickly 
becoming a very prominent and significant problem. From simple 
bipolar designs to sensitive MOSFET structures, ESD has its 
unforgiving effect of degradation or destruction. 

Motorola believes it is important to extend an emphasizing 
note of cautiousness when handling and testing ANY FET prod
uct. Precautions include, but are not limited to, the implemen
tation of static safe workstations and proper handling techniques 
(see below). Additionally, it is very importantto keep FET devices 
in their antistatic shipping containers and away from any static
generating materials. 

HANDLING CONSIDERATIONS: 

MOS Field-Effect Transistors, due to their extremely high input 
resistance, are subject to potential damage by the accumulation 
of excess static charge. To avoid possible damage to the devices 
while handling, testing, or in actual operation, the following pro
cedure should be followed: 

1. The leads of the devices should remain wrapped in the 
shorting spring except when being tested or in actual op
.eration to avoid the build-up of static charge. 

2. Avoid unnecessary handling; when handled, the devices 
should be picked up by the can instead of the leads. 

3. The devices should not be inserted or removed from cir
cuits with the power on as transient voltages may cause 
permanent damage to the devices. 

6-1 

Field-Effect 
Transistors • 
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2N2608 
2N2609 

CASE 22-03, STYLE 12 
T0-18 (T0-206AA) 

JFET 
GENERAL PURPOSE 

P-CHANNEL - DEPLETION 

Refer to 2N5460 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Gate Current 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG ,, 1.0 µ.A) 

Gate Reverse Current 
(VGS = 5.0 V) 

Gate Source Cutoff Voltage 
(Vos= -5.o v.10 = -1.0 µ.Al 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = -5.0 v. VGs = 0 V) 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= -5.0 v. f = 1.0 kHz) 

Input Capacitance 
(Vos = -5.0 v. VGs = 1.0 v. f = 140 kHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos= -5.0 V, f = 1.0 kHz, R = 1.0 meg) 

*Pulse Width .;; 100 msec .. Duty Cycle.;; 10%. 

MOTOROLA SEMICONDUCTORS 

6-2 

2N2608 
2N2609 

2N2608 
2N2609 

2N2608 
2N2609 

Symbol 

V(BR)GSS 

IGSS 

VGs(off) 

toss* 

IYfsl* 

Ciss 

NF 

Symbol Value Unit 

Vos 30 Vdc 

VoG 30 Vdc 

VGS 30 Vdc 

IG 50 mA 

Po 300 mW 
1.7 mW/'C 

Ts.!!!_ - 60 to + 200'C 'C 

Min Max Unit 

30 - Vdc 

- 10 nA 

1.0 4.0 Vdc 

mA 
-0.9 -4.5 
-2.0 -10.0 

µmhos 
1000 -
2500 -

pF 
- 17 
- 30 

3.0 dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Drain Current lo 50 mA 

Total Device Dissipation @ TA = 25'C Po 300 mW 
Derate above 25'C 1.7 mW/'C 

Storage Temperature Range Ts!l!_ - 60 to + 200'C 'C 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 1.0 µA) 

Gate Reverse Current 
(VGs = 5.0 V) 

Gate Source Cutoff Voltage 
(Vos = -5.o v, 10 = -1.0 µA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = - 5.o Vl 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = -5.0 v, t = 1.0 kHz) 

Input Capacitance 
(Vos = -5.0 V, VGs = 1.0 V, f = 140 kHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = -5.0 V, f = 1.0 kHz, RG = 1.0 meg) 

*Pulse Width "' 630 ms, Duty Cycle = 10%. 

SMALL-SIGNAL DEVICES 

6-3 

2N2843 
2N2844 

2N2843 
2N2844 

2N2843 
2N2844 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss* 

IYtsl* 

Cjss 

NF 

2N2843 
2N2844 

CASE 22-03, STYLE 22 
T0-18 (T0-206AA) 

JFET 
GENERAL PURPOSE 

P-CHANNEL - DEPLETION 

Min 

30 

-

-

200 
440 

540 
1400 

-
-

Max 

-

10 

1.7 

1000 
2200 

-
-

17 
30 

3.0 

Unit 

Vdc 

nA 

Vdc 

µA 

µ.mhos 

pf 

dB 

MOTOROLA SEMICONDUCTORS 
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2N33~0 

CASE 20-03, STYLE 5 
T0-72 (T0~206Afl 

I 
JFET 

AMPLIFIER 

P.atANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Gate Current 

Total Device Dissipation @TA= 25°C 
Derate above 25"C 

Storage Temperature Range 

Refer to 2N5460 ,for graphs • 

ELECTRICAL CHARACTERISTICS (TA= 25•c unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISUCS 

Gate-Source Breakdown Voltage V(BRJGSS 
UG = 10 µAde, Vos = OJ 

Gate Reverse Current IGSS 
(VGs = 10 Vdc, Vos = OJ 
!Vos= 10 Vdc, Vos= o. TA= 150°C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
(Vos = -10 Vdc, Vos = 01 

Gate-Source Voltage Vos 
!Voo = -15Vdc,lo = 10µAdcl 

Drain-Source Resistance ros 
Uo = 100 µAde, Vos = oJ 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(1) IYtsl 
(Vos= -10 Vdc, lo= 2.0 mAdc, f = 1.0 kHz) 
(Vos = -10 Vdc, lo = 2.0 mAdc, f = 10 MHz) 

Output Admittance IYosl 
!Vos = -10 Vdc, lo = 2.0 mAdc, f = 1.0 kHz) 

Reverse Transfer Conductance IYrsl 
(Vos = -10 Vdc, lo = 2.0 mAdc, f = 1.0 kHz) 

Input Conductance IYisl 
(Vos= -10 Vdc, lo= 2.0 mAdc, f = 1.0 kHz) 

Input Capacitance Ciss 
(Vos = -10 Vdc, Vos = 1.0 Vdc, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(Vos = -5.0 Vdc, lo = 1.0 mAdc, RG = 1.0 Megohm, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width"' 630 ms, Duty Cycle"' 10%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VoG 20 Vdc 

VGSR 20 Vdc 

IG 10 mAdc 

Po 0.3 Watts 
1.7 mwrc 

Ts!Q_ -65 to +200 •c 

Min Max Unit 

20 - Vdc 

- 10 nAdc 
- 10 µAde 

2.0 6.0 niAdc 

- 6.0 Vdc 

- 800 Ohms 

µmhos 
1500 3000 
1350 -
- 40 µmhos 

- 0.1 µmhos 

- 0.2 µmhos 

- 20 pf 

3.0 dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 20 Vdc 

Drain-Gate Voltage VoG 20 Vdc 

Gate-Source Voltage VGs 20 Vdc 

Total Device Dissipation @ TA = 25'C Po 300 mW 
Derate above 25'C 1.7 mW/'C 

Storage Temperature Range Ts.!ll_ -65 to +200 'C 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 10 µA) 

Gate Reverse Current 
<VGs = 10 v. Vos = o> 

Gate Source Cutoff Voltage 
<Vos= -15v,10 = -10µ.AI 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos= -10 v. VGs = 0 VI 

Drain-Source Resistance 
(lo= -100 µA, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
<Vos= -10 v. lo= -5.0 mA, f = 1.0 kHzl 

Output Admittance 
(Vos= -10 v.10 = -2.0 mA. f = 1.0 kHz) 

Forward Transfer Admittance 
!Vos= -10 v. lo= -2.0 mA, f = 10 MHz) 

Input Capacitance 
(Vos= -10 v. VGs = 1.0 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = -5.0 v. lo = -1.0 mA. RG = 1.0 Mil, f = 1.0 kHz) 

*Pulse Width "' 300 JLS, Duty Cycle "' 10%. 

SMALL-SIGNAL DEVICES 

6-5 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss* 

ros 

IYfsl* 

IYosl* 

Yfs* 

Ciss 

NF 

2N3331 

CASE 20-03, STYLE 5 
T0-72 (T0-206AF) 

I 
JFET 

LOW-FREQUENCY 

P-CHANNEL - DEPLETION 

Refer to 2N5460 for graphs. 

Min Max 

20 -
- 10 

- 8.0 

-5.0 -15.0 

- 800 

2000 4000 

- 100 

1350 -
- 20 

4.0 

Unit 

Vdc 

nA 

Vdc 

mA 

ohms 

µmhos 

µmhos 

µmhos 

pF 

dB 

MOTOROLA SEMICONDUCTORS 

• 
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2N3436 
2N3437 
2N3438 

CASE 22-03, STYLE 4 
T0-18 (T0-206AA) 

JFET 
LOW-FREQUENCY 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Gate Voltage 

Gate-Source Voltage 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
OG = 1.0 µA) 

Gate Reverse Current IGss 
(VGS = -30 V) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 20 v, lo = 1.0 nAl 2N3436 

2N3437 
2N3438 

Gate Source Voltage VGS 
(Vos = 20 v, 10 = 1.0 µAl 2N3436 

2N3437 
2N3438 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss* 
(Vos= 20 Vl 2N3436 

2N3437 
2N3438 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYtsl 
(Vos = 20 v, t = 1.0 kHz) 2N3436 

2N3437 
2N3438 

Output Admittance IYosl 
(Vos = 30 v, t = 1.0 kHz) 2N3436 

2N3437 
2N3438 

Input Capacitance Cjss 
(Vos= 10 Vl 2N3436 
(Vos= 6.o Vl 2N3437 
(Vos = 4.0 v, f = 1.0 MHz) 2N3438 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(Vos = 10 v, Rd = 1.0 mn, f = 1.0 kHz) 

*Pulse Width "' 630 msec, Duty Cycle "' 10%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VoG 50 Vdc 

VGS 50 Vdc 

IG 10 mA 

Po 300 mW 
1.7 mWf'C 

Ts.!9_ -65 to +200 oc 

Min Max Unit 

50 - Vdc 

- 0.5 nA 

Vdc 
- 10.0 
- 5.0 
- 2.5 

Vdc 
- 9.8 
- 4.8 
- 2.3 

mA 
3.0 15 
0.8 4.0 
0.2 1.0 

µ.mhos 
2500 10000 
1500 6000 
800 4500 

µ,mhos 
- 35 
- 20 
- 5 

- 18 pf 

2.0 dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Gate Voltage VoG 50 Vdc 

Gate-Source Voltage VGS 50 Vdc 

Gate Current IG 10 mA 

Total Device Dissipation @ TA = 25°C Po 300 mW 
Derate above 25°C 1.7 mWfC 

Storage Temperature Range Ts.!9_ -65 to +200 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 1.0 µA) 

Gate Reverse Current 
(VGS = -30 V) 

Gate Source Cutoff Voltage 
!Vos = 20. 10 = 1.0 µA) 2N3458 

2N3459 
2N3460 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain 
(Vos = 20 Volts) 2N3458 

2N3459 
2N3460 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 20 Volts, t = 1.0 kHz) 2N3458 

2N3459 
2N3460 

Output Admittance 
(Vos = 30 Volts, f = 1.0 kHz) 2N3458 

2N3459 
2N3460 

Input Capacitance 
(Vos = 10 V) 

Output Capacitance 
!Vos= 30 V) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 10 v. f = 20 Hz. RG = 1.0 Mn) 2N3458 

2N3459 
2N3460 

*Pulse Width « 100 msec, Duty Cycle« 10%. 

SMALL-SIGNAL DEVICES 
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Symbol 

V(BR)GSS 

IGss 

VGS(off) 

loss* 

IYtsl* 

IYosl 

Ciss 

Coss 

NF 

2N3458 
2N3459 
2N3460 

CASE 22-03, STYLE 4 
T0-18 (T0-206AAI 

! 
JFET 

LOW-FREQUENCY/ 
LOW NOISE 

N-CHANNEL - DEPLETION 

Min Max 

-50 -

- -.25 

- -7.8 
- -3.4 
- -1.8 

3.0 15.0 
0.8 4.0 
0.2 1.0 

2500 10000 
1500 6000 
800 4500 

- 35 
- 20 
- 5 

- 18 

- 5.0 

- 6.0 
- 4.0 
- 4.0 

Unit 

Vdc 

nA 

Vdc 

mA 

,,mhos 

,,mhos 

pF 

pF 

dB 

MOTOROLA SEMICONDUCTORS 
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2N3796 
2N3797 

CASE 22-03, STYLE 2 
T0-18 (T0-206AA) 

! 
MOSFET 

LOW-POWER AUDIO 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 
2N3796 
2N3797 

Gate-Source Voltag"I 

Drain Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Junction Temperature Range 

Storage Channel Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
!VGs = -4.o v, 10 = 5.o µA) 2N3796 
(VGS = - 7.0 V, lo = 5.0 µA) 2N3797 

Gate Reverse Current(1) IGSS 
!VGs = -10 v, Vos= o) 
!VGs = -1ov, Vos= o, TA= 150°c) 

Gate Source Cutoff Voltage VGS(off) 
no = o.s µA, Vos = 10 Vl 2N3796 
no = 2.0 µA, Vos = 10 Vl 2N3797 

Drain-Gate Reverse Current(1) loGO 
(VoG = 10 V, Is = 0) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss 
(Vos = 10 V, VGs = 0) 2N3796 

2N3797 

On-State Drain Current lo( on) 
(Vos= 10 v, VGs = +3.5 V) 2N3796 

2N3797 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance lvtsl 
!Vos = 10 v, VGs = o, f = 1.0 kHz) 2N3796 

2N3797 

(Vos = 10 v. VGs = 0, f = 1.0 MHz) 2N3796 
2N3797 

Output Admittance lvosl 
!Vos = 10 v, VGs = o, t = 1.0 kHz) 2N3796 

2N3797 

Input Capacitance Ciss 
(Vos = 10 V, VGs = o. f = 1.0 MHz) 2N3796 

2N3797 

Reverse Transfer Capacitance Crss 
(Vos = 10 v, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(Vos = 10 V, VGs = o, f = 1.0 kHz, Rs = 3 megohms) 

Symbol Value Unit 

Vos Vdc 
25 
20 

VGS ±10 Vdc 

10 20 mAdc 

Po 200 mW 
1.14 mWf"C 

TJ +175 •c 

TS!e_ -65to +200 ·c 

Min Typ Max Unit 

Vdc 
25 30 -
20 25 -

pAdc 
- - 1.0 
- - 200 

Vdc 
- -3.0 -4.0 
- -5.0 -7.0 

- - 1.0 pAdc 

mAdc 
0.5 1.5 3.0 
2.0 2.9 6.0 

mAdc 
7.0 8.3 14 
9.0 14 18 

p.mhos 
900 1200 1800 
1500 2300 3000 

900 - -
1500 - -

p.mhos 
- 12 25 
- 27 60 

pF 
- 5.0 7.0 
- 6.0 8.0 

- 0.5 0.8 pF 

3.8 dB 

(1) This value of current includes both the FET leakage current as well as the leakage current associated with the test socket and fixture 
when measured under best attainable conditions. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N3796, 2N3797 

TYPICAL DRAIN CHARACTERISTICS 
FIGURE 1 - 2N3796 FIGURE 2 - 2N3797 

+3 

+2 • ~~~L-~-+--+--+~f--t-1V-Gs-~t:-:1l==---i VGs~ D V 

-·0.5 

-1.0 
-1.5 
-2.0 

0 2 8 10 12 14 16 18 20 22 24 26 10 12 14 16 18 2D 
Vos. DRAIN-SOURCE VOLTAGE !VOLTS} Vos, DRAIN-SOURCE VOLTAGE IVOLTSI 

COMMON SOURCE TRANSFER CHARACTERISTICS 
FIGURE 3 - 2N3796 FIGURE 4 - 2N3797 

J11 t-
Vos~ lOV 1-t- TA~25'C 

llit 
Vos~ lOV 
TA~ 25'C JL 

Ll 
.II v 

kj 

~ 
I"' 

iZ1 
J.d-1 ...., 

.... 
-2 

-3 
!-H 

-2 

-3 

-4 -4 
0.02 O.o3 0.05 0.1 0.2 0.3 D.5 1.0 2.0 3.0 5.0 10 20 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 

lo. DRAIN CURRENT lmAI 10, DRAIN CURRENT lmAI 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N3796,2N3797 

FIGURE 5 - FORWARD TRANSFER ADMITTANCE FIGURE 6 - OUTPUT ADM,ITTANCE 

500 t----+--+--+-t-+-J-t+t---t---+-+-t-++++t----J 

5000 l---+--+-+-11-H++l-__,l--+-l-+++l++-........-1---1 

2N3797 i,.. L 

l~Ot----t-t-1-t--tt-ttT---L~V~t17r"-t-t~~t--I 
~ ~ 2N3796 

i 1000 l---+--+-hl'9+1*[:,,1--l---l--+++H++---I 
I ~ ... P2" / 
1. 500 v~~ 
~ v 

5.0 1----+--+--+--J-t++---+--+-+-t-+++tt----J 
Vos -1ov 

200 1---+--+-+-11-H++l-__,l--TA-25'C++tt----J 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

2.0v 
1.0 

0.1 0.2 0.3 
lo, DRAIN CURRENT lmA) 

FIGURE 7 - NOISE FIGURE 

14 

12 

10 

~ ]IT 
Yos-lOV 

~ 
Yas-0 - +--

TA-25'C _ t-
~ 

f-lkHz 

' ~ 
f\ 

~ 

1. 
~ 
~ _L'l 

~ ~ 

0.1 ·0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 
R~ SOURCE RESISTANCE lmegollmsl 
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lo, DRAIN CURRENT lmAl 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 50 Vdc 

Drain-Gate Voltage VoG 50 Vdc 

Gate-Source Voltage VGS -50 Vdc 

Drain Current 10 10 mAdc 

Total Device Dissipation @ TA = 25"C Po 300 mW 
Derate above 25"C 2.0 mW/"C 

Junction Temperature Range TJ 175 "C 

Storage Temperature Range T st_g_ -65 to +200 "C 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = -1.0 µAde, Vos= O) 

Gate Reverse Current 
(VGs = -30 Vdc, Vos = 01 
(VGs = -30 Vdc, Vos = 0, TA= 150°C) 

Gate Source Cutoff Voltage 
(lo = o.5 nAdc, Vos = 15 Vdc) 2N3821 

2N3822 

Gate Source Voltage 
Uo = 50 µAde, Vos= 15 Vdc) 2N3821 
Uo = 200 µAde, Vos= 15 Vdcl 2N3822 

Drain Cutoff Current 
(Vos = 15 Vdc, VGs = -8.0 Vdc) 2N3824 
(Vos= 15 Vdc, VGs = -8.0 Vdc, TA= 150°C) 2N3824 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 15 Vdc, VGs = O) 2N3821 

2N3822 

Static Drain-Source On Resistance 
(VGs = o, lo = o, f = 1.0 kHz) 2N3824 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 Vdc, VGs = o, f = 1.0 kHz)(1) 2N3821 

2N3822 

(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 2N3821 
2N3822 

Output Admittance(1) 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz) 2N3821 

- 2N3822 

Input Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 15 Vdc, VGS = 0, f = 1.0 MHz) 2N3821 

2N3822 

(VGs = -8.0 Vdc, Vos = 0, f = 1.0 MHz) 2N3824 

SMALL-SIGNAL DEVICES 
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2N3821 
2N3822 
2N3824 

CASE 20-03, STYLE 1 
T0-72 (T0-206AFI 

I 
JFET 

LOW FREQUENCY, LOW NOISE 

N-CHANNEL - DEPLETION 
JAN 2N3821 AND JAN 2N3822 AVAILABLE 

Refer to 2N4220 for graphs. 

Symbol Min Max Unit 

V(BR)GSS -50 - Vdc 

IGSS nAdc 
- -0.1 
- -100 

VGS(off) Vdc 
- -4.0 
- -6.0 

VGS Vdc 
-0.5 -2.0 
-1.0 -4.0 

lo(off) nAdc 
- 0.1 
- 100 

loss mAdc 
0.5 2.5 
2.0 10 

ros(on) - 250 Ohms 

lvtsl ,.mhos 
1500 4500 
3000 6500 

1500 -
3000 -

IYosl ,.mhos 
- 10 
- 20 

Ciss - 6.0 pF 

Crss pF 
- 3.0 
- 3.0 

- 3.0 

MOTOROLA SEMICONDUCTORS 

• 



2N3821,2N3822,2N3824 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

. Ch•racterlstic J Symbol Min Max Unit 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF - 5.0 dB 
!Vos = 15 Vdc, VGs = o, Rs = 1.0 megohm, 2N3821, 2N3822 
f = 10 Hz, Noise Bandwidth = 5,0.Hz) 

Equivalent Input Noise. Voltage en - 200 nv/Hz'h 
(Vos = 15 Vdc, VGs = o, f = 10 Hz, 2N3821, 2N3822 
Noise Bandwidth = 5.0 Hz) 

(1) Pulse Test: Pulse Width"" 100 ms, Duty Cycle"" 10%. 

-I 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 30 

Drain-Gate Voltage VoG 30 

Gate-Source Voltage VGs -30 

Gate Current IG 10 

Total Device Dissipation @TA = 25°C Po 300 
Derate above 25°C 2.0 

Junction Temperature Range TJ 175 

Storage Temperature Range Ts.!ll -65 to +200 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = -1.0 µAde, Vos= O) 

Gate Reverse Current 
(VGs = -20 Vdc, Vos = O) 
(VGs = -20 Vdc, Vos = o. TA = 150°c) 

Gate Source Cutoff Voltage 
Uo = 0.5 nAdc, Vos = 15 Vdc) 

Gate Source Voltage 
Uo = 0.4 mAdc, Vos= 15 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
!Vos= 15 Vdc, VGs = o) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz)(1) 
(Vos= 15 Vdc, VGs = 0, f = 200 MHz) 

Input Admittance 
(Vos= 15 Vdc, VGs = o. f = 200 MHz) 

Output Conductance 
!Vos= 15 Vdc, Vos = o, t = 1.0 kHz)(1) 
!Vos = 15 Vdc, Vos = o. t = 200 MHz) 

Input Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 Vdc, VGs = o, Rs = 1000 ohms, f = 100 MHz) 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle.; 10%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

·c 

·c 

2N3823 

JAN, JANTX AVAILABLE 
CASE 20~03, STYLE 1 

T0-72 (T0-206AFI 

I 
JFET 

VHF AMPLIFIER 

N-CHANNEL - DEl>LETION 

Refer to 2N4416 for graphs. 

Symbol Min Max Unit 

V(BR)GSS -30 - Vdc 

IGSS nAdc 
- -0.5 
- -500 

VGS(off) - -8.0 Vdc 

VGS -1.0 -7.5 Vdc 

ioss 4.0 20 mAdc 

IYtsl µ.mhos 
3500 6500 
3200 -

Re(Yisl - 800 µ.mhos 

µ.mhos 
IYosl - 35 

Re!vosl - 200 

Ciss - 6.0 pF 

Crss - 2.0 pf 

NF 2.5 dB 

MOTOROLA SEMICONDUCTORS 
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2N3909,A 

CASE 20-03, STYLE 5 
T0-72 (T0-206AF) 

I 
JFET 

AMPLIFIER 

P-CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

Forward Gate-Source Voltage 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Storage Temperature Range 
Refer to 2N5460 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) (1) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!IG = 10 µAde, Vos = O) 

Gate Reverse Current 
(VGs = 10 Vdc, Vos = O) 
!VGs = 10 Vdc, Vos= o, TA= 100°c) 

Gate Source Cutoff Voltage 
(Vos = -10 Vdc, lo = 10 µAde) 

Gate Source Voltage 
!Vos = -10 Vdc, lo = 30 µAde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(2) 
(Vos = -10 Vdc, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(2) 
!Vos = -10 Vdc, VGs = o, t = 1.0 kHz) 

(Vos = -10 Vdc, VGs = 0, f = 10 MHz) 

Output Admittance 
!Vos= -10 Vdc, VGs = o, t = 1.0 kHz) 

Input Capacitance 
(Vos = -10 Vdc, VGs = o, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = -10 Vdc, VGs = 0, f = 1.0 MHz) 

2N3909 
2N3909A 

2N3909 
2N3909A 

2N3909 
2N3909A 

2N3909 
2N3909A 

2N3909 
2N3909A 

2N3909 
2N3909A 

(1) The fourth lead (case) is connected to the source for all measurements. · 
(2) Pulse Test: Pulse Width "' 630 ms, Duty Cycle "' 10%. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

loss 

IYtsl 

IYosl 

Ciss 

Crss 

Symbol 

Vos 

VoG 

VGSR 

IGF 

VGSF 

Po 

Tsj!l 

Min 

20 

-
-
-
-
0.3 

0.3 
1.0 

1000 
2200 

900 
2000 

-

-
-
-
-

Value 

-20 

-20 

20 

10 

20 

300 
2.0 

-65 to +200 

Max 

-

10 
1.0 

8.0 
8.0 

7.9 

15 
15 

5000 
5000 

-
-
100 

32 
9.0 

16 
3.0 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Vdc 

mW 
mWi°C 

oc 

Unit 

Vdc 

nAdc 
µAde 

Vdc 

Vdc 

mAdc 

µmhos 

µmhos 

pF 

pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Gate Current IG 10 mA 

Total Device Dissipation @ TA = 25°C Po 300 mW 
Derate above 25°C (Free Air) 1.71 mWf'C 

Lead Temperature TL 300 oc 
(1/16" from Case for 10 Seconds) 

Storage Temperature Range Ts.!!!. -55 to 200 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!IG = 1.0 µ.A, Vos = O) 

Gate Reverse Current 
(VGs = 20 v, Vos = O) 

Drain Cutoff Current 
(Vos = 10 v, VGs = -7.0 v, TA = 150°C) 

Gate Source Cutoff Voltage 
!lo = 10 nA, Vos = 10 V) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 20 v, VGs = O) 

Drain-Source "ON" Voltage 
!lo = 1.0 mA, VGs = o V) 

Drain Reverse Current 
(VoG = 20 V, Is = 0 A) (25°C) 

(150°C) 

Static Drain-Source On Resistance 
(VGs = 0 V, lo = o, f = 1.0 kHz) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(Vos = 20 V, VGs = 0 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 0 V, VGs = 7.0 V, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (See Figure 1) 

Rise Time (See Figure 1) 

Turn-Off Time (See Figure 1) 

SMALL-SIGNAL DEVICES 

6-15 

2N3966 

CASE 20-03, STYLE 1 
TO-72 (T0-206AF) 

I 
JFET 

HIGH-FREQUENCY AMPLIFIER 

N-CHANNEL - DEPLETION 

Symbol Min Max Unit 

V(BR)GSS -30 - Vdc 

IGSS - 0.1 nA 

lo(off) - 2.0 µ.A 

VGS(off) 4.0 6.0 Vdc 

loss 2.0 - mA 

Vos( on) - 0.25 Vdc 

IDGO 
- 0.1 nA 
- 0.2 µ.A 

ros(on) - 220 n 

Ciss - 6.0 pF 

Crss - 1.5 pF 

1d - 0.02 µsec 

tr - 100 nsec 

1off - 100 nsec 

MOTOROLA SEMICONDUCTORS 
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2N3970 
2N3971 
2N3972 

CASE 22-03, STYLE 4 
T0-18 (T0-206AA) 

! 
MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current JFET 
SWITCHING 

N-CHANNEL - DEPLETION 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage OG = 1.0 µAde, VGs = 0) V(BR)GSS 

Gate Reverse Current (VGs = 20 Vdc, Vos = O) IGSS 

Drain Reverse Current (VoG = 20 Vdc, Is = 0) loGO 
(VoG = 20 Vdc, Is = O, TA = 150°C) 

Drain Cutoff Current (Vos = 20 Vdc, VGs = -12 Vdc) lo( off) 
(Vos= 20 Vdc, VGs = -12Vdc, TA= 150°C) 

Gate Source Voltage (Vos = 20 Vdc, lo = 1.0 nAdc) 2N3970 VGs 
2N3971 
2N3972 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) !Vos = 20 Vdc, VGs = o) 2N3970 loss 
2N3971 
2N3972 

Drain-Source On-Voltage Oo = 20 mAdc, VGs = O) 2N3970 Vos( on) 
Oo = 10 mAdc, VGs = O) 2N3971 
Oo = 5.0 mAdc, VGs = O) 2N3972 

Static Drain-Source On Resistance Oo = 1.0 mAdc, VGs = O) 2N3970 ros(on) 
2N3971 
2N3972 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance (VGs = o, lo = o, t = 1.0 kHz) 2N3970 rds(on) 
2N3971 
2N3972 

Input Capacitance (Vos = 20 Vdc, VGs = o, f = 1.0 MHz) Ciss 

Reverse Transfer Capacitance (Vos = 0, VGs = -12 Vdc, f = 1.0 MHz) Crss 

SWITCHING CHARACTERISTICS 

Turn-On Test Condition for 2N3970: td(on) 
Delay Time (Voo = 10 Vdc, VGS(on) = O, 2N3970 

lo(on) = 20 mAdc, VGS(off) = 10 Vdc) 2N3971 
2N3972 

Test Condition for 2N3971: tr 
Rise Time (Voo = 10 Vdc, VGS(on) = o, 2N3970 

lo(on) = 10 mAdc, VGS(on) = 5.0 Vdc) 2N3971 
2N3972 

Test Condition for 2N3972: to ff 
Turn-Off Time (Voo = 10 Vdc, VGS(on) = O, 2N3970 

ID(on) = 5.0 mAdc, VGS(off) = 3.0 Vdc) 2N3971 
2N3972 

(1) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 3.0%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 40 Vdc 

VoG 40 Vdc 

VGSR 41) Vdc 

IGF 50 mAdc 

Po 1.8 Watts 
10 mW/°C 

Tsjg_ -65 to +200 "C 

Min Max Unit 

40 - Vdc 

- 250 pAdc 

- 250 pAdc 
- 500 nAdc 

- 250 • pAdc 
- 500 nAdc 

4.0 10 Vdc 
2.0 5.0 
0.5 3.0 

50 150 mAdc 
25 75 
5.0 30 

- 1.0 Vdc 
- 1.5 
- 2.0 

- 30 Ohms 
- 60 
- 100 

- 30 Ohms 
- 60 
- 100 

- 25 pF 

- 6.0 pF 

ns 
- 10 
- 15 
- 40 

ns 
- 10 
- 15 
- 40 

ns 
- 30 
- 60 
- 100 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage Vos -25 Vdc. 

Drain-Gate Voltage VoG -25 Vdc 

Reverse Gate-Source Voltage VGSR 25 Vdc 

Forward Gate Current IGF 10 mAdc 

Total Device Dissipation @ TA = 25°C Po 300 mW 
Derate above 25"C 2.0 mwrc 

Storage Temperature Range Tst.Ji -65 to +20Q ·c 

ELECTRICAL CHARACTERISTICS ITA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = 1.0 µAde, Vos = O) 

Drain Reverse Current 
(VoG = -15 Vdc, Is = 0) 
(VoG = -15Vdc, ls= o. TA= 150°C) 

Drain Cutoff Current 
(Vos = -10 Vdc, VGs = 10 Vdcl 
(Vos = -10 Vdc, VGs = 6.0 Vdc) 
(Vos = -10 Vdc, VGs = 10 Vdc, TA = 150°) 
(Vos = -10 Vdc, VGs = 6.0 Vdc, TA= 150°) 

Gate Source Voltage 
(Vos= -10Vdc,10 = -1.0 µAde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = -10 Vdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance 
(VGs = 0.10 = o, t = 1.0 kHz) 

Forward Tran~er Admittance(!) 
(Vos= -10 Vdc, VGs = o. t = 1.0 kHz) 

Input Capacitance 
(Vos = -10 Vdc, VGS = 0, f = rn MHz) 

Reverse Transfer Capacitance 
(Vos = 0, VGs = 10 Vdc, f = 1.0 MHz) 

(Vos= 0, VGs = 6.0 Vdc, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle "" 10%. 

SMALL-SIGNAL DEVICES 

2N3993, 2N3993A 
2N3994, 2N3994A 
2N3993, 2N3993A 
2N3994, 2N3994A 

2N3993, 2N3993A 
2N3994, 2N3994A 

2N3993, 2N3993A 
2N3994, 2N3994A 

2N3993, 2N3993A 
2N3994, 2N3994A 

2N3993 
2N3993A 
2N3994 
2N3994A 

2N3993, 2N3994 
2N3993A, 2N3994A 

2N3993 
2N3993A 

2N3994 
2N3994A 
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Symbol 

V(BR)GSS 

loGo 

lo( off) 

VGS 

loss 

rds(on) 

IYtsl 

Ciss 

Crss 

2N3S93,A 
2N3994,A 

CASE 20-03, STYLE 5 
T0-72 (T0-206AF) 

I 
JFET 

SWITCHING 

P-CHANNEL - DEPLETION 

Min 

25 

-
-

-
-
-
-
4.0 
1.0 

10 
2.0 

-
-
6.0 
7.0 
4.0 
6.0 

-
-

-
-
-
-

Mex 

-

1.2 
1.2 

1.2 
1.2 
1.0 
1.0 

9.6 
5.5 

150 
300 

12 
12 
10 
10 

16 
12 

4.5 
3.0 

5.0 
~.5 

Unit 

Vdc 

nAdc 
µAde 

nAdc 

µAde 

Vdc 

mAdc 

Ohms 

mm hos 

pF 

pF 

MOTOROLA SEMICONDUCTORS 
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2N409l-
2N4092 
2N4o93-

JAN, JTX AVAILABLE 
CASE 22-03, STYLE 3 

T0-18 (T0-206AA) 

! 
JFET 

SWITCHING 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Gate Current 

Total Device Dissipation@ TA = 25°C 
Derate above 25'C 

Junction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
UG = 1.0 µAde, Vos = O) 

Drain-Gate Breakdown Voltage V(BR)DGO 
Uo = 1.0 µAde, Is = O) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 20 Vdc, lo = 1.0 nAdc) 2N4091 

2N4092 
2N4093 

Source Reverse Current ISGO 
!VsG = 20 Vdc, 10 = Ol 

Drain Reverse Current IDGO 
(VoG = 20 Vdc, Is = 0) 
(VoG = 20 Vdc, lo = 0, TA = 150'C) 

Drain-Cutoff Current lo(offl 
(Vos = 20 Vdc, VGs = 12 Vdc) 2N4091 
(Vos = 20 Vdc, VGs = 8.o Vdc) 2N4092 
(Vos = 20 Vdc, VGs = 6.o Vdcl 2N4093 
(Vos = 20 Vdc, VGs = 12 Vdc, TA = 150'C) 2N4091 
(Vos= 20 Vdc, VGs = 8.0 Vdc, TA= 150'C) 2N4092 
(Vos= 20 Vdc, VGs = 6.0 Vdc, TA= 150'C) 2N4093 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* ioss* 
!Vos = 20 Vdc, VGs = Ol 2N4091 

2N4092 
2N4093 

Drain-Source On,Voltage Vos( on) 
Uo = 6.6 mAdc, VGs·= O) 2N4091 
Uo = 4.0 mAdc, VGs = O) 2N4092 
Uo = 2.5 mAdc, VGs = O) 2N4093 

Static Drain-Source On Resistance ros(on) 
(le) = 1.0 mAdc, VGS = 0) 2N4091 

2N4092 
2N4093 

::-

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 40 Vdc 

VoG 40 Vdc 

VGS 40 Vdc 

IG 10 mAdc 

Po 1.8 Watts 
10 mW/'C 

TJ -65to +175 'C 

Tstg_ -65to +175 'C 

Min Max Unit 

40 - Vdc 

40 - Vdc 

Vdc 
5.0 10 
2.0 7.0 
1.0 5.0 

- 0.2 nAdc 

nAdc 
- 0.2 
- 0.4 µAde 

- 0.2 nAdc 
- 0.2 
- 0.2 
- 0.4 µAde 
- 0.4 
- 0.4 

mAdc 
30 -
15 -
8.0 -

Vdc 
- 0.2 
- 0.2 
- 0.2 

Ohms 
- 30 
- 50 
- 80 

SMALL-SIGNAL DEVICES 



2N4091,2N4092,2N4093 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance rds(on) 
(V(;s = o. lo = o, f = 1.0 kHz) 2N4091 -

2N4092 -
2N4093 -

Input Capacitance Ciss -
(Vos = 20 Vdc, Vos = o, t = 1.0 MHz) 

Reverse Transfer Capacitance Crss -
(Vos = o. Vos = 20 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (See Figure 1) Id 
(ID(on) = 6.6 mAdc) 2N4091 -
llD(on) = 4.0 mAdc) 2N4092 -
llD(oi:!l._ = 2.5 mAdc) 2N4093 -

Rise Time (See Figure 1) tr 
llo(on) = 6.6 mAdc) 2N4091 -
llo(on) = 4.0 mAdc) 2N4092 -
(112!9'!)_ = 2.5 mAdc) 2N4093 -

Turn-Off Time (See Figure 1) !off 
(VOS(off) = 12 Vdc) 2N4091 -
(VOS(off) = 8.0 Vdc) 2N4092 -
(VOS(ofil_ = 6.0 Vdc) 2N4093 -

*Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 3.0%. 

FIGURE 1 -SWITCHING TIMES TEST CIRCUIT 

3.0VDC VGS(on) = 0 ID%--'l+-----+f-

SKLMOOEL 
503A 

OR EQUIV 

TEKTRONIX 
561 

SAMPLING 
SCOPE 

OR EQUIVALENT 

R=-~ 
IDfonl 

1NPUTWAVEFORM 

OUTPUT WAVEFORM 

Max Unit 

Ohms 
30 
50 
80 

16 pF 

5.0 pF 

ns 
15 
15 
20 

ns 
10 
20 
40 

ns 
40 
60 
80 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4117,A 
2N4118,A 
2N4119,A 

CASE 20-03, STYLE 1 
T0-72 (T0-206AF) 

! 
JFET 

AMPLIFIER 

N..CHANNEL - DEPLETION 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate Current 

Total Device Dissipation@ TA = 25°C 
Derate above 25°C 

Lead Temperature 
(1/16" from case for 10 s) 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
HG= -1.0 µAde, Vos = Ol 

Gate Reverse Current IGSS 
IVGS = 20 Vdc, Vos = 0) 2N4117,4118,4119 

2N4117A,4118A,4119A 

(VGS = 20 Vdc, Vos = o. TA = 150°C) 2N4117,4118,4119 
2N4117A,4118A,4119A 

Gate Source Cutoff Voltage VGS(off) 
Ho = 1.0 nAdc, Vos = 10 Vdc) 2N4117,A 

2N4118,A 
2N4119,A 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
!Vos = 10 Vdc, VGs = Ol 2N4117,A 

2N4118,A 
2N4119,A 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance Ciss 
(Vos = 10 Vdc, VGs = o. f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = 10 Vdc, VGs = 0, f = 1.0 MHz) 

Forward Transconductance 9fs 
(Vos = 10 Vdc, VGs = o, f = 1.0 kHz) 2N4117,A 

2N4118,A 
2N4119,A 

Output Conductance 9os 
!Vos = 10 Vdc, VGs = o. f = 1.0 kHz) 2N4117,A 

2N4118,A 
2N4119,A 

Symbol Value Unit 

Vos -40 Vdc 

VoG -40 Vdc 

IG 50 mAdc 

Po 300 mW 
2.0 mW!°C 

TL 255 ·c 

Ts!ll.. -65 to +175 ·c 

Min Max Unit 

-40 - Vdc 

- -10 pAdc 
- -1.0 

- -25 nAdc 
- -2.5 

Vdc 
-0.6 -1.8 
-1.0 -3.0 
-2.0 -6.0 

mAdc 
0.03 0.09 
0.08 0.24 
0.20 0.60 

- 3.0 pF 

- 1.5 pF 

µ.mhos 
70 210 
80 250 
100 330 

µ.mhos 
- 3.0 
- 5.0 
- 10 

(1) loss is measured during a 2.0-ms interval 100 ms after power is applied. (NOT a JEOEC condition.) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N4117,A, 2N4118,A, 2N4119,A 

FIGURE 1 - TRANSFER CHARACTERISTICS 

Vas= 10 Vdc 
4001.-~--+---+--+---<t---+--+---t- TC = 25'C -

l ~ 
!;; f'... 
~ 300 "' a i--_,f----+..,.._-+--+--+--+-_,---+--+--~ 

~2001--_,f----+-~---',..,..._,.----+--+---+--+--I--_, 
" ~ 
ptOO~~A ~,A 

I ~2N4117,A 

-0.5 -1.0 -1.5 -2.0 -2.5 

VGs. GATE-SOURCE VOLTAGE (VOLTS) 

SMALL-SIGNAL DEVICES 
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FIGURE 2 - TRANSCONDUCTANCE CHARACTERISTICS 

500,--,---,--.---..--,----.---,---.--,----, 

Vos= 10 vac 
~ 400 t----<---+--+---+--+--t---+- Tc = 25oc -

~ 
0 300~ i l----l~--=t'--~~l----l--+t---+---+--+--1----1 
~ 200t--...f--""t.....,-t-+--f"-...±--f--t--+-+--1 
~ ~ ~ ~ 
~ 100 "'l :s ~ 
~ ::S.2N4117.~2N4118,A IS2N4119,A 

0~o---'--~--o~.5,.__.__"i:: __ ~t.~o..._.._ __ ~,~.5~""-~_,fS:~_o=-"""'"~-~2.·5 
VGs. GATE·SOURCE VOLTAGE (VOLTS) 
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2N4220 
thru 

2N4222 

2N4220,A 
thru 

2N4222,A 
CASE 20-03, STYLE 3 

T0-72 (T0-206AFI 

JFET 
LOW-FREQUENCY, LOW NOISE 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Junction Temperature Range 

Storage Channel Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
UG = -10 µAde, Vos = o) 

Gate Reverse Current IGSS 
(VGs = -15 Vdc, Vos = O) 
(VG'S = -15Vdc, Vos= o. TA= 150°C) 

Gate Source Cutoff Voltage VGS(off) 
Uo = 0.1 nAdc, Vos= 15 Vdc) 2N4220,A 

2N4221,A 
2N4222.A 

Gate Source Voltage VGS 
Uo = 50 µAde, Vos= 15 Vdc) 2N4220.A 
Uo = 200 µAde, Vos = 15 Vdc) 2N4221,A 
Uo = 500 µAde, Vos = 15 Vdc) 2N4222.A 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* loss 
(Vos = 15 Vdc, VGs = O) 2N4220,A 

2N4221,A 
2N4222,A 

Static Drain-Source On Resistance ros(on) 
(Vos = o. VGs = O) 2N4220,A 

2N4221,A 
2N4222,A 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance Common Source* lvtsl 
(Vos= 15Vdc,VGS = 0.f= 1.0kHz) 2N4220,A 

2N4221,A 
2N4222,A 

Output Admittance Common Source IYosl 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz) 2N4220,A 

2N4221,A 
2N4222.A 

Input Capacitance Ciss 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Common-Source Output Capacitance Cosp 
(Vos = 15 Vdc, VGs = 0, f = 30 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 30 Vdc 

VoG 30 Vdc 

VGS -30 Vdc 

10 15 mAdc 

Po 300 mW 
2 mWl°C 

TJ 175 ·c 
TS!a -65 to +200 •c 

Min Typ Max Unit 

-30 - - Vdc 

nAdc 
- - -0.1 
- - -100 

Vdc 
- - -4 
- - -6 
- - -8 

Vdc 
-0.5 - -2.5 
-1.0 - -5.0 
-2.0 - -6.0 

mAdc 
0.5 - 3.0 
2.0 - 6.0 
5.0 - 15 

Ohms 
- 500 -
- 400 -
- 300 -

imihos 
1000 - 4000 
2000 - 5000 
2500 - 6000 

µmhos 
- - 10 
- - 20 
- - 40 

- 4.5 6.0 pF 

- 1.2 2.0 pF 

- 1.5 - pF 

SMALL-SIGNAL DEVICES 



2N4220 thru 2N4222, 2N4220A thru 2N4222A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.I 

Characteristic I Symbol Min Typ Max Unit 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 Vdc, VGs = o, Rs = 1.0 megohm, 2N4220A 
f = 100 Hz) 2N4221A 

2N4222A 

*Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10%. 

1.2 

1.0 

0.8 

~ 
Ei 
iii 

0.6 a 
z 

~ 
.§ 

0.4 

0.2 

FIGURE I - NOISE FIGURE versus FREQUENCY 

f, FREQUENCY CkHzl 

FIGURE 3 - TYPICAL DRAIN CHARACTERISTICS 
VGS(off) "'-1.2 VOLTS 

T 
Vss = OV 

-0.2V 

v-

-0.4V 

IC 

-0.SV 

v-
-0.8V 

Ir -1.0V 

k::: 
10 15 20 

Vos. ORAIN-SOURCE VOLTAGE CVOLTSI 

SMALL-SIGNAL DEVICES 

25 

~ 
Ei 
~ 
z 

~ 
.§ 
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14 

12 

0 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

NF dB 
- - 2.5 
- - 2.5 
- - 2.5 

FIGURE 2 - NOISE FIGURE versus SOURCE RESISTANCE 

)\ I"" Ti I 
Vos= 15V 

I\ Vss= 0 
f = 1 kHz 

~ 

~ 

~ 
t--

.001 .01 0.1 

Rs, SOURCE RESISTANCE !Megohms) 

FIGURE 4 - COMMON SOURCE TRANSFER CHARACTERISTICS 
VGS(off)"" -1.2 VOLTS 

10 

Vos= lSV I 
v 

L 

-1.2 -0.8 -0.4 

Vss. GATE.SOURCE VOLTAGE CVOLTSI 

MOTOROLA SEMICONDUCTORS 
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2N4220 thru 2N4222, 2N4220A thru 2N4222A 

10 

FIGURE 5 - TYPICAL DRAIN CHARACTERISTICS 
VGS(off) = -3.5 VOLTS 

FIGURE 6 - COMMON SOURCE TRANSFER CHARACTERISTICS 
VGS( off) = -3. 5 VOLTS 

LI 
I 

VGs = 0 

7 
-IV 

L] 
I/ 

-2V 

r 
-3V 

10 15 20 25 

Vos, DRAIN-SOURCE VOLTAGE !VOLTS) 

0 
-5 -4 

I L Vos - 15V 

I 
T 

L v 
V1 _,,,,, 

-3 -2 -I 

V,.s, GATE·SOURCE VOLTAGE !VOLTS) 

FIGURE 7 - TYPICAL DRAIN CHARACTERISTICS 
VGS(off) = -5.8 VOLTS 

FIGURE 8 - COMMON SOURCE TRANSFER CHARACTERISTICS 
VGS(off) = -5.8 VOLTS 

t 
T_{_ 
T 

fL_ 

v 
v 

T 10 

V,.s-0 

I j_ Vos= 15V 

L 
-IV v 

z 
-2V v z 
-3V x 
-4V v 

10 15 20 

-5V 

25 
0 
-7 

[7 _.,,,.,, 
-6 -5 -4 -3 -2 

Vos. DRAIN.SOURCE VOLTAGE IVOLTSI V,.s, GATE-SOURCE VOLTAGE IVOLTSI 

NOTES: 1. Graphical data is presented for de conditions. Tabular data is 
given for pulsed conditions (Pulse Width= 630 ms, Duty Cycle"' 
10%). Under de conditions, self heating in higher loss units re
duces loss (See FigurelO). 

2. Figures 8, 9, 10: Data taken in a standard printed circuit with a 
T0-18 type socket mounting and 1 /4" lead length. 

-I 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 30 

Drain-Gate Voltage VoG 30 

Gate-Source Voltage VGs -30 

Drain Current lo 20 

Total Device Dissipation @ TA = 25°C Po 300 
Derate above 25°C 2.0 

Operating and Junction Temperature Range TJ -65to +175 

Storage Temperature Range Ts!9._ -65to +175 

ELECTRICAL CHARACTERISTICS ITA = 25°c unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = -10 µAde, Vos = Ol 

Gate Reverse Current 
IVGs = -20 Vdc, Vos = O) 

IVGs = -20 Vdc, Vos = o, TA= 100°C) 

Gate Source Cutoff Voltage 
llo = 0.25 nAdc, Vos = 15 Vdc) 
!lo = 0.50 nAdc, Vos = 15 Vdc) 

Gate Source Voltage 
!lo = 0.3 mAdc, Vos = 15 Vdc) 
!lo = 0.2 mAdc, Vos = 15 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
!Vos = 15 Vdc, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
!Vos = 15 Vdc, VGs = o. t = 1.0 kHz)* 

!Vos = 15 Vdc, VGs = o, f = 200 MHz) 

Input Conductance 
!Vos = 15 Vdc, VGs = 0, f = 200 MHz) 

Output Conductance 
!Vos = 15 Vdc, VGs = 0, f = 200 MHz) 

Input Capacitance 
!Vos= 15 Vdc, VGs = o, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 
2N4224 

2N4223 
2N4224 

6-25 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

oc 

oc 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

loss 

IYtsl 

RelYisl 

RelYosl 

Ciss 

Crss 

2N4223 
2N4224 

CASE 20-03, STYLE 3 
T0-72 (T0-206AF) 

I 
JFET 

VHF AMPLIFIER 

N-CHANNEL - DEPLETION 

Min 

-30 

-
-

-
-

-1.2 
-

-1.0 
-1.0 

3.0 
2.0 

3000 
2000 

2700 
1700 

-

-

-

-

Max 

-

-0.25 
-0.50 

-250 
-500 

-8.0 
-8.0 

-7.0 
-7.5 

18 
20 

7000 
7500 

-
-
800 

200 

6.0 

2.0 

Unit 

Vdc 

nAdc 

Vdc 

Vdc 

mAdc 

µmhos 

µmhos 

µmhos 

pF 

pf 

MOTOROLA SEMICONDUCTORS 
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2N4223, 2N4224 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF - 5.0 dB 
(Vos = 15 Vdc, VGs = o, Rs = 1.0 k ohm, t = 200 MHz) 2N4223 

Small-Signal Power Gain Common Source Gps 10 - dB 
(Vos = 15 Vdc, VGs = 0, f = 200 MHz) 2N4223 

*Pulse Test: Pulse Width"' 630 ms, Duty Cycle,;; 10%. 

FIGURE 1-NOISE FIGURE AND POWER GAIN TEST CIRCUIT 
2N4223 2.0-8.0pf 

4.7 pf ,._., ___ .,_ _____ .,__.....,~---F.,_--<. RL = 50.11 

Rs= son >>--'f"~-----111-----+----tt-L-1 --.o--+->1-h,:l 
1.0·lOpF 

1.0-10pf 

Ll = 11/2TURNS#20 AWG TINNED WIRE, 1/4" I. 0., LENGTH= 3/8" 0.001 µFI 
L2 = 31/2 TURNS#18 AWG TINNED WIRE, 3/8" I. 0., LENGTH= 1/2", 

TAPPED Ai 11/4 TURNS FROM DRAIN "'="" 

FIGURE 2-

L2 

RFC= 0.47 µH 

1 0.0lµF 

+15 Vdc 

FIGURE 3-
DRAIN CURRENT versus GATE-SOURCE VOLTAGE 

25 ,_~-+--+--+--+--+--+--+-vJs • 15 ~de~ 
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FIGURE 7 -COMMON SOURCE 
NOISE FIGURE versus SOURCE RESISTANCE 
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FIGURE 12 - POWER GAIN versus FREQUENCY 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage Vos 50 Vdc 

Drain-Gate Voltage VoG 50 Vdc 

Gate-Source Voltage VGS 50 Vdc 

Reverse Gate-Source Voltage VGSR 50 Vdc 

Gate Current IG 50 mA 

Total Device Dissipation @ TA = 25°C Po 300 mW 
Derate above 25°C 2.0 mW!°C 

Storage Temperature Range TS!li -65 to +200 ·c 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = -1.0 µA) 

Gate Reverse Current 
(VGS = -30V) 

Gate Source Cutoff Voltage 
(Vos= 15 v, 10 = 0.1 µAl 2N4338 

2N4339 
2N4340 
2N4341 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos= 15Vl 2N4338 

2N4339 
2N4340 
2N4341 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 v, t = 1.0 kHzl 2N4338 

2N4339 
2N4340 
2N4341 

Output Admittance 
(Vos= 15 v, t = 1.0 kHzl 2N4338 

2N4339 
2N4340 
2N4341 

Input Capacitance 
!Vos = 15 v, t = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos= 15 Volts, f = 1.0 kHz, RG = 1.0 MO) 

*Pulse Test: Pulse Wid1h "" 630 msec, Duty Cycle "" 10%. 

SMALL-SIGNAL DEVICES 
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2N4338 
2N4339 
2N4340 
2N4341 

CASE 22-03, STYLE 3 
T0-18 (T0-206AA) 

! 
JFET 

LOW-FREQUENCY, LOW NOISE 

N..CHANNEL - DEPLETION 

Symbol Min Max Unit 

V(BR)GSS 50 - Vdc 

IGSS - 0.1 nA 

VGS(off) Vdc 
-0.3 -1.0 
-0.6 -1.8 
-1.0 -3.0 
-2.0 -6.0 

ioss* mA 
0.2 0.6 
0.5 1.5 
1.2 3.6 
3.0 9.0 

lvtsl* µ.mhos 
600 1800 
800 2400 
1300 3000 
2000 4000 

IYosl µmhos 
- 5.0 
- 15 
- 30 
- 60 

Ciss - 6.0 pF 

Crss - 2.0 pF 

NF 1.0 dB 

MOTOROLA SEMICONDUCTORS 

• 



2N4342 

CASE 29·02, STYLE 7 
T0-92 (T0·226AA) 

I 
JFET 

HIGH FREQUENCY, LOW NOISE 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

P-CHANNEL - DEPLETION Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Refer to 2N5460 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 10 µAde, Vos = O) 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = O) 
(VGs = 15 Vdc, Vos = o, TA= 65°C) 

Gate Source Cutoff Voltage 
(Vos= -10 Vdc, lo= 1.0 µAdel 

Gate Source Voltage 
(Vos = -10 Vdc, lo = 0.4 mAdc) 
(Vos= -10Vdc,lo = 1.omAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = -10 Vdc, VGs = o) 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance 
(VGs = o, lo= o, f = 1.0 kHz) 

Forward Transfer Admittance 
(Vos= -10 Vdc, VGs = o, f = 1.0 kHz) 

Output Admittance 
(Vos= -10 Vdc, VGs = o, t = 1.0 kHz) 

Common Source Forward Transconductance 
(Vos= -10 Vdc, VGs = 0, f = 1.0 MHz) 

Input Capacitance 
(Vos = -10 Vdc, Vcs = o, t = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= -10 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = -10 Vdc, VGS = 0, RG = 1.0 Megohm, f = 100 Hz, BW = 15 Hz) 

Equivalent Short-Circuit Input Noise Voltage 
(Vos= -10 Vdc, VGs = 0, f = 100 Hz, BW = 15 Hz) 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)GSS 

IGss 

VGS(off) 

VGs 

loss 

rds(on) 

IYtsl 

IYosl 

Re(Yfs) 

Ciss 

Crss 

NF 

En 

Symbol Value Unit 

Vos -25 Vdc 

VoG -25 Vdc 

VGSR 25 Vdc 

IGF 50 mAdc 

Po 310 mW 
2.82 mWl°C 

TJ, Tstg -55 to + 125 oc 

Min Max Unit 

25 - Vdc 

- 10 nAdc 
- 0.5 µAde 

1.0 5.5 Vdc 

0.7 5.0 Vdc 

4.0 12 mAdc 

- 700 Ohms 

2000 6000 µmhos 

- 75 µmhos 

1500 - µmhos 

- 20 pF 

- 5.0 pF 

- 1.5 dB 

- 0.08 µV/VHz 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Drain-Gate Voltage VoG 30 

Gate-Source Voltage* VGs 30 

Drain Current lo 30 

Total Device Dissipation @ TA = 25°C Po 300 
Derate above 25°C 1.7 

Total Device Dissipation @ Tc = 25°C Po 800 
Derate above 25°C 4.56 

Junction Temperature Range TJ 175 

Storage Temperature Range Ts!l!_ -65 to +175 

*Transient potentials of ± 75 Volt will not cause gate-oxide failure. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unle.ss otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
llo = 10 µA, VGs = o) 

Zero-Gate-Voltage Drain Current 
(Vos = 10 V, VGs = 0) TA= 25°C 

TA= 150°c 

Gate Reverse Current 
IVGs = ±15Vdc, Vos= O) 

ON CHARACTERISTICS 

Gate Threshold Voltage 
!Vos = 10 v, 10 = 10 µAl 

Drain-Source On-Voltage 
llo = 2.0 mA. VGs = 10 V) 

On-State Drain Current 
(VGs = 10 V, Vos = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 10 v, lo = 2.0 mA. f = 1.0 kHz) 

Input Capacitance, 
!Vos = 10 V, VGs = 0, f = 140 kHz) 

Reverse Transfer Capacitance 
!Vos = o, VGs = o, f = 140 kHz) 

Drain-Substrate Capacitance 
IVDISUB) = 10 V, f = 140 kHz) 

Drain-Source Resistance 
(VGs = 10 V, lo = 0, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Delay (Fig. 5) 

Rise Time !Fig. 6) lo = 2.0 mAdc, Vos = 10 Vdc, 

Turn-Off Delay (Fig. 7) 
VGs = 10 Vdc) 
!See Figure 9; Times Circuit Determined) 

Fall Time !Fig. 8) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

mW 
mwrc 

·c 

·c 

2N4351 

CASE 20-03, STYLE 2 
T0-72 (T0-206AF) 

MOS FET 
SWITCHING 

N-CHANNEL - ENHANCEMENT 

Symbol Min Max Unit 

V(BR)DSX 25 - Vdc 

loss 
- 10 nAdc 
- 10 µAde 

IGSS - ±10 pAdc 

VGSITh) 1.0 5 Vdc 

Vos1on) - 1.0 v 

IDlon) 3.0 - mAdc 

IYfsl 1000 - µrnho 

Ciss - 5.0 pf 

Crss - 1.3 pf 

cdlsub) - 5.0 pf 

rdslon - 300 ohms 

td1 - 45 ns 

tr - 65 ns 

td2 - 60 ns 

If - 100 ns 

MOTOROLA SEMICONDUCTORS 
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FIGURE 4 - "ON" DRAIN-SOURCE VOLTAGE 
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FIGURE 9 - SWITCHING CIRCUIT and WAVEFORMS 
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The switching characteristics shown above were measured in 
a test circuit similar to Figure 10. At the beginning of the switch
ing interval, the gate voltage is at ground and the gate-source 

capacitance (Cgs = Ciss - Crss> has no charge. The drain volt
age is at Voo. and thus the feedback capacitance (Crss> is 
charged to Voo· Similarly, the drain-substrate capacitance 
(Cd(sub)l is charged to Voo since the substrate and source are 
connected to ground. 

During the turn-on interval, Cgs is charged to VGs (the input 
voltage) through Rs (generator impedance). Crss must be dis
charged to VGs - Vo(on) through Rs and the parallel combi
nation of the load resistor (Ro) and the channel resistance (rds>· 
In addition, Cd(sub) is discharged to a low value (Vo(on)l 
through Ro in parallel with rds· During turn-off this charge flow 
is reversed. 

Predicting turn-on time proves to be somewhat difficult since 
the channel resistance (rdsl is a function of the gate-source volt
age (VGs). As Cgs becomes charged, VGs is approaching Yin 
and rds decreases (see Figure 4) and since Crss and Cd(sub) are 
charged through rds· turn-on time is quite non-linear. 

If the charging time of Cgs is short compared to that of Crss 
and Cd(sub)• then rds (which is in parallel with Ro) will be low 
compared to Ro during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn-off 
rds will be almost an open circuit requiring Crss and Cd(sub) to 
be charged through Ro and resulting in a turn-off time that is 
long compared to the turn-on time. This is especially noticeable 
for the curves where Rs = 0 and Cgs is charged through the 
pulse generator impedance only. 

The switching curves shown with Rs = Ro simulate the 
switching behavior of cascaded stages where the driving source 
impedance is normally the same as the load impedance. The set 
of curves with Rs = O simulates a low source impedance drive 
such as might occur in complementary logic circuits. 

FIGURE 10 - SWITCHING CIRCUIT MOSFET EQUIVALENT MODEL 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Drain-Gate Voltage VoG 30 

Gate-Source Voltage VGs ±30 

Drain Current 10 30 

Total Device Dissipation @ TA = 25°C Po 300 
Derate above 25°C 1.7 

Total Device Dissipation@ Tc = 25°C Po 800 
Derate above 25°C 4.56 

Junction Temperature Range TJ 175 

Storage Temperature Range Tsjg_ -65to+175 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
Oo = -10 µA, VGs = 01 

Zero-Gate-Voltage Drain Current 
(Vos= -10 v. VGs = O) TA= 25°C 

TA= 150°C 

Gate Reverse Current 
(VGs = ±30 V, Vos = 0) 

ON CHARACTERISTICS 

Gate Threshold Voltage 
(Vos= -10 v.10 = -10 µAl 

Drain-Source On-Voltage 
Oo = -2.0 mA, VGS = -10 V) 

On-State Drain Current 
(VGs = -10Vos = -10V) 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source Resistance 
(VGs = -10 v. lo = o, f = 1.0 kHz) 

Forward Transfer Admittance 
(Vos= -10 v.10 = 2.0 mA, f = 1.0 kHz) 

Input Capacitance 
(Vos = -10 v. VGs = o, f = 140 kHz) 

Reverse Transfer Capacitance 
(Vos = o, VGs = o. f = 140 kHz) 

Drain-Substrate Capacitance 
(VD(SUB) = -10 V, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Delay 
(Figures 5) 

Rise Time 
(Figures 6) lo = - 2.0 mAdc, Vos = - 1 o Vdc, 

Turn-Off Delay 
VGs = -10V) 
(See Figure 9, Times Circuit Determined) 

(Figures 7) 

Fall Time 
(Figures 8) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

mW 
mwrc 

oc 

oc 

2N4352 

CASE 20-03, STYLE 2 
T0-72 (T0-206AF) 

MOS FET 
SWITCHING 

P-CHANNEL - ENHANCEMENT 

Symbol Min Max 

V(BR)DSX -25 -

loss 
- -10 
- -10 

IGSS - ±10 

VGS(Th) -1.0 -5.0 

Vos(on) - -1.0 

lo(on) -3.0 -

rds(on) - 600 

IYfsl 1000 -

Ciss - 5.0 

Crss - 1.3 

Cd(sub) - 4.0 

ld1 - 45 

tr - 65 

ld2 - 60 

If - 100 

Unit 

Vdc 

nAdc 
µAde 

pAdc 

Vdc 

v 

mA 

ohms 

µ,mho 

pF 

pF 

pF 

ns 

ns 

ns 

ns 

MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - FOWARD TRANSFER ADMIITANCE 
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FIGURE 4 - "ON" DRAIN-SOURCE VOLTAGE 
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SWITCHING CHARACTERISTICS 
(TA= 25°C) 

FIGURE 5 - TURN-ON DELAY TIME 
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FIGURE 7 - TURN-OFF DELAY TIME 
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FIGURE 6 - RISE TIME 
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FIGURE 8 - FALL TIME 
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IN 0 

FIGURE 9 - SWITCHING CIRCUIT and WAVEFORMS 

Voo 

8.2k 
10 k SET Vos~ 10 V ..... _,,..,,,.._., __ -o 

4~~k I ~N4352 50 

OUTPUT TO SAMPLING 
OSCILLOSCOPE 

o~-+o:::--t-~~~~~~~-+---...~~

V;, 

Vos 

t, -

t,~t1 "'2ns 
PW~ 10 µ,s 

DUTY CYCLE"' 2% 

The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at wound and the gate-source capacitance (C9 1 == C;u -Cm) has no charge. The 
dram voltage is at Voo, and thus the feedback capacitance (Cm) is charged to 
Yoo. Similarly, the drain-substrate capacitance (Cd(1ubJ) is charged to Voo since 
the substrate and source are connected to ground. 

During the turn-on interval, C9 , is charged to Vss (the input voltage) through 
Rs (generator impedance) (Figure 11). Cru must be discharged to VGs - Vo(onl 
through Rs and the parallel combination of the load resistor (RD) and the channel 
resistance(rd,). In addition, Cd!•u!>I is discharged to a tow value(VDfonJ) through RD 
in parallel with rd,, During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (rd,) is a function of the gate-source voltage (VGs). As C9s becomes 

i~~r~;~u~G~r!s ci~~~~~cr~~~u~h" r~~.d t~~~-~~cff~~efs ~~ftefing~~-1i~Ja~~d since c.u 
If the charging time of C9 , is short compared to that of Cm and Cd(•ll!>I, then 

rds(which is in parallel with Ro) will be low compared to Ro during the switching 
interval and will largely determine the turn-on time. On the other hand, during 

~~~~~~~ ~~ ~~~ ~:s~\V~:t i~n a 0f~~n-~ff~l~~e~u~fir; l~~g ac~dm~~~;~ :g ~hee ct~ar~~~~ 
time. This is especially noticeable for the curves where Rs= O and C9, is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs= Ro simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs= O simulates a low source im· 
pedance drive such as might occur in complementary logic circuits. 

FIGURE 10 - SWITCHING CIRCUIT with MOSFET EQUIVALENT 
MODEL 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 20 

Drain-Gate Voltage VoG 20 

Gate-Source Voltage VGs 20 

Total Device Dissipation @ TA = 25°C Po 310 
Derate above 25°C 2.82 

Storage Temperature Range T S.!lL -55to +125 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 10 µAl 

Gate Reverse Current 
(VGS = 15) 

Gate Source Cutoff Voltage 
(Vos= -10 v. 10 = 1.0 µAl 

Gate Source Voltage 
Oo = 0.3 mA, Vos= -10 Vl 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = -10 V, VGs = 0 V) 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON'' Resistance 
Oo = o. VGs = o. f = 1.0 kHz) 

Forward Transfer Admittance 
(Vos= -10 V, VGs = 0 V, f = 1.0 kHz) 

Output Admittance 
(Vos= -10 v, VGs = 0 V, f = 1.0 kHz) 

Common Source Forward Transconductance 
(Vos= -10 V, VGs = 0 V, f = 1.0 MHz) 

Input Capacitance 
(Vos = -10 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= -10 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos= -1ov, lo= 1.0 mA, AG= 1.0 mn,f = 100 Hz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mW 
mWl°C 

oc 

2N4360 

CASE 29-02, STYLE 7 
T0-92 (T0-226AAI 

I 
JFET 

LOW-FREQUENCY/LOW-NOISE 

P-CHANNEL - DEPLETION 

Refer to 2N5460 for graphs. 

Symbol Min Max Unit 

V(BR)GSS 20 - Vdc 

IGSS - 10 nA 

VGS(off) 0.7 10.0 Vdc 

VGs 0.4 9.0 Vdc 

loss 3.0 30 mA 

rds - 700 Ohms 

IYfsl 2000 8000 µmhos 

IYosl - 100 µmhos 

Re(Yfsl 1500 - µmhos 

C;ss - 20 pF 

Crss - 5.0 pF 

NF 5.0 dB 

MOTOROLA SEMICONDUCTORS 

II 



2N4391 
2N4392 
2N4393 

CASE 22-03, STYLE 4 
T0-18 (T0-206AAI 

!/ 
JFET 

SWITCHING 

N-CHANNEL - DEPLETION 

Refer to MPF4391 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating Junction Temperature Range 

Storage Temperature Range 

*ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
OG = 1.0 µAde, Vos = O) 

Gate Reverse Current IGSS 
(VGs = 20 Vdc, Vos = O) 
(VGs = 20 Vdc, Vos = o. TA = 150°c1 

Gate Source Voltage VGs 
(Vos = 20 Vdc, lo = 1.0 nAdcl 2N4391 

2N4392 
2N4393 

Gate-Source Forward Voltage VGS(f) 
OG = 1.0 mAdc, Vos = O) 

Drain-Cutoff Current lo(off) 
(Vos = 20 Vdc, VGs = 12 Vdc) 2N4391 
(Vos = 20 Vdc, VGs = 7.0 Vdcl 2N4392 
(Vos = 20 Vdc, VGs = 5.0 Vdcl 2N4393 
(Vos = 20 Vdc, VGs = 12 Vdc, TA= 150°C) 2N4391 
(Vos = 20 Vdc, VGs = 7.0 Vdc, TA= 150°C) 2N4392 
(Vos = 20 Vdc, VGs = 5.0 Vdc, TA= 150°C) 2N4393 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
(Vos = 20 Vdc, VGs = 01 2N4391 

2N4392 
2N4393 

Drain-Source On-Voltage Vos( on) 
Oo = 12 mAdc, VGs = Ol 2N4391 
Oo = 6.0 mAdc, VGs = Ol 2N4392 
Oo = 3.0 mAdc, VGs = O) 2N4393 

Static Drain-Source On Resistance ros(on) 
Oo = 1.0 mAdc, VGs = 01 2N4391 

2N4392 
2N4393 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance rds(on) 
(VGs = o, lo = o, t = 1.0 kHz) 2N4391 

2N4392 
2N4393 

MOTOROLA SEMICONDUCTORS 

6-40 

Symbol Value Unit 

Vos 40 Vdc 

VoG 40 Vdc 

VGs 40 Vdc 

IGF 50 mAdc 

Po 1.8 Watts 
10 mW/"C 

TJ -65 to + 175 oc 

Ts!!L -65to +175 "C 

Min Max Unit, 

40 - Vdc 

nAdc 
- 0.1 
- 0.2 µAde 

Vdc 
4.0 10 
2.0 5.0 
0.5 3.0 

- 1.0 Vdc 

nAdc 
- 0.1 
- 0.1 
- 0.1 
- 0.2 µAde 
- 0.2 
- 0.2 

mAdc 
50 150 
25 75 
5.0 30 

Vdc 
- 0.4 
- 0.4 
- 0.4 

Ohms 
- 30 
- 60 
- 100 

Ohms 
- 30 
- 60 
- 100 

SMALL-SIGNAL DEVICES 



2N4391,2N4392, 2N4393 

*ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless ctherwiso nctod.) 

Characteristic 

Input Capacitance 
(Vos = 20 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= o, VGs = 12 Vdc, f = 1.0 MHz) 
(Vos = 0, VGs = 7.0 Vdc, f = 1.0 MHz) 
(Vos = o, VGs = 5.0 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time 
Oo(on) = 12 mAdc) 
Oo(on) = 6.0 mAdc) 
Oo(on) = 3.0 mAdc) 

Fall Time 
(VGS(off) = 12 Vdc) 
(VGS(off) = 7.0 Vdc) 
(VGS(off) = 5.0 Vdc) 

Turn-On Time 
Oo(on) = 12 mAdc) 
Oo(on) = 6.0 mAdc) 
Oo(on) = 3.0 mAdc) 

Turn-Off Time 
(VGS(off) = 12 Vdc) 
(VGS(off) = 7.0 Vdc) 
(VGS(off) = 5.0 Vdc) 

(1) Pulse Test: Pulse Width,;;;; 100 µs, Duty Cycle,;;;; 1.0%. 
*In addition to JEDEC Registered Data. 

SMALL-SIGNAL DEVICES 

2N4391 
2N4392 
2N4393 

2N4391 
2N4392 
2N4393 

2N4391 
2N4392 
2N4393 

2N4391 
2N4392 
2N4393 

2N4391 
2N4392 
2N4393 

6-41 

Symbol Min Max Unit 

Ciss - 14 pF 

Crss pF 
- 3.5 
- 3.5 
- 3.5 

tr ns 
- 5.0 
- 5.0 
- 5.0 

If ns 
- 15 
- 20 
- 30 

ton ns 
- 15 
- 15 
- 15 

lo ff ns 
- 20 
- 35 
- 50 • 

MOTOROLA SEMICONDUCTORS 



2N4416,A 

CASE 20-03, STYLE 1 
T0-72 (T0-206AF) 

JFET 
VHF/UHF AMPLIFIER 

N-CHANNEL - DEPLETION 

JAN JTX JTXV AVAILABLE 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 2N4416 
2N4416A 

Gate-Source Voltage 

Gate Current 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1.0 µAde, Vos = O) 

Gate Reverse Current 
IVGs = 20 Vdc, Vos = 0) 
(VGs = 20 Vdc, Vos = 0, TA = 

Gate Source Cutoff Voltage 
llo = 1.0 nAdc, Vos = 15 Vdcl 

Gate Source Voltage 
!lo = 0.5 mAdc, Vos = 15 Vdcl 

Gate-Source Forward Voltage 
llG = 1.0 mAdc, Vos = OI 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 15 Vdc, VGs = O) 

Characteristic 

+150'CI 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(1) 
<Vos = 15 Vdc, VGs = o, f = 1.0 kHz) 

Real Part of Forward Transfer Admittance 
(Vos = 15 Vdc, VGs = 0, f = 400 MHz) 

Real Part of Input Admittance 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 
(Vos = 15 Vdc, VGs = 0, f = 400 MHz) 

Output Admittance 
!Vos = 15 Vdc, VGs = a, f = 1.0 kHz) 

Real Part of Output Admittance 
!Vos = 15 Vdc, VGs = 0, f = 100 MHz) 
(Vos = 15 Vdc, VGs = 0, f = 400 MHz) 

Imaginary Part of Input Admittance 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 
(Vos = 15 Vdc, VGs = 0, f = 400 MHz) 

Imaginary Part of Output Admittance 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 
(Vos = 15 Vdc, VGs = 0, f = 400 MHz) 

MOTOROLA SEMICONDUCTORS 

Symbol 

V(BR)GSS 
2N4416 
2N4416A 

IGSS 

VGS(off) 

VGS 

VGS(f) 

loss 

IYfsl 

Yfs(real) 

Yis(real) 

IYosl 

Yos(real) 

Yis(imag) 

Yos(imag) 

6-42 

Symbol Value Unit 

Vos 30 Vdc 

VoG Vdc 
35 
30 

VGS 30 Vdc 

IG 10 mAdc 

Po 300 mW 
1.71 mW/'C 

TJ, Tstg -65 to + 175 'C 

Min Max Unit 

Vdc 
30 -
35 -

pAdc 
- 100 
- 200 

- 6.0 Vdc 

1.0 5.5 Vdc 

- 1.0 Vdc 

5.0 15 mAdc 

4500 7500 µmhos 

4000 - µmhos 

µmhos 
- 100 
- 1000 

- 50 µmhos 

µmhos 
- 75 
- 100 

µmhos 
- 2500 
- 10,000 

µmhos 
- 1000 
- 4000 

SMALL-SIGNAL DEVICES 



2N4416,A 

EU:CTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

Input Capacitance Ciss 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Common Source Output Capacitance Coss 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure (Figures 3 and 4) NF 
!Vos = 15 Vdc, lo = 5.0 mAdc, Rg = 1000 Ohms, f = 100 MHz) 
(Vos = 15 Vdc, lo = 5.0 mAdc, ~ = 1000 Ohms, f = 400 MHz) 

Small-Signal Power Gain Common Source (Figure 1) 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 100 MHz) 

Gps 

(Vos = 15 Vdc, lo = 5.0 mAdc, f = 400 MHz) 

(1) Pulse Test: Pulse Width ,;; 300 µ.s, Duty Cycle,;; 1.0%. 

POWER GAIN 

FIGURE 1 - EFFECTS OF DRAIN CURRENT 

Adjust V GS for 
lo= 50mA 

Vos< o Volts 

20 f--+--+~t=+-'10~0rM~Hz'+".-i=-+!--1~++--~f--+--+~f--+--+--l 
= ~ 
; 161--+>"'~V"'"--+~l--+--+-+--+-..-!"',..'-+i--"""1-+-+--l!--l 
:;; ~ 
~ 12t--+-_,>----+-_,~~kd~+P""-+--+-+--+--t--+-_,>---~ 
;E y 400MHz 

a.o 1-+_,...,..L~V-+--+--t--+-+--+T channel= 25 C-+-
V vas= 15 Vdc 

v vr~ l-+-
4"0 '="o-~°'"2."°o~~..,.4.70~_,6,.,.o=-~-:a'°'.o,-~_,,~o-~..,,.,.2_,~..,.,4· 

la, DRAIN CURRENT (mA) 

FIGURE 2 - 100 MHz and 400 MHz NEUTRALIZED TEST CIRCUIT 

NOTE: The noise source is a hot-cold body 
(AIL type 70 or equivalent) with a 
test receiver (AIL type 136 or equivalent). 

Reference 
Designation 

C1 

C2 

C3 

C4 

C5 

cs 
C7 

L1 

L2 

L3 

Min Max Unit 

- 4.0 pf 

- 0.8 pF 

- 2.0 pf 

dB 
- 2.0 
- 4.0 

dB 
18 -
10 -

VALUE 

100 MHz 400 MHz 

7.0 pf 1.8 pf 

1000 pF 17 pF 

3.0pf 1.0pF 

1-12 pf 0.8-8.0pF 

1-12 pF 0.8-8.0 pF 

0.0015 µF 0.001 µF 

0.0015 µF 0.001 µF 

3.0µ.H• 0.2µH•• 

0.15µH• 0.03µH•• 

0.14µH• 0.022 µH•• 

• L 1 17 turns, (approx. - depends upon circuit layout) AWG #28 
enameled copper wire, close wound on 9/32" ceramic coil 
form. Tuning provided by a powdered iron slug. 

• • L 1 6 turns, (approx. - depends upon circuit layout) AWG #24 
enameled copper wire, ctose Wound on 7132" ceramic coil 
form. Tuning provided bv an aluminum slug. 

L2 4"-1/2 turns, AWG #18 enameled copper wire, 5/16" long, 
3/8" 1.D. (AIR CORE). 

L3 3-1/2 turns, AWG #18 enameled copper wire, 1/4" long, 
3/8" l.D. (AIR CORE). 

SMALL-SIGNAL DEVICES 
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L2 1 turn, AWG #16 enameled copper wire, 3/8" 1.0. (Al R 
CORE). 

L3 1/2 turn, AWG #16 enameled copper wire, 1/4" 1.0. (AIR 
CORE). 

MOTOROLA SEMICONDUCTORS 
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2N4416,A 

NOISE FIGURE 
(T channel = 25oC) 

FIGURE 3 - EFFECTS OF DRAIN-SOURCE VOLTAGE FIGURE 4 - EFFECTS OF DRAIN CURRENT 
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INTERMODULATION CHARACTERISTICS 

FIGURE 5-THIRD ORDER INTERMODULATION DISTORTION 
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COMMON SOURCE CHARACTERISTICS 
ADMITTANCE PARAMETERS 

I Vos= 15 Vdc, T channel = 25°c1 
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FIGURE 6 - INPUT ADMITTANCE (y;5) FIGURE 7 - REVERSE TRANSFER ADMITTANCE (y,5) 
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2N4416,A 

FIGURE 8 - FORWARD TRANSADMITTANCE (yfs) FIGURE 9 - OUTPUT ADMITTANCE lYosl 
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2N4416,A 

FIGURE 12 - S21s FIGURE 13 - S22s 
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2N4416,A 

FIGURE 16 - FORWARD TRANSFER ADMITTANCE IYtgl FIGURE 17 - OUTPUT ADMITTANCE (y09) 
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2N4416,A 

FIGURE 20 - S21g 
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MAXIMUM RATINGS 

2N4856,A 2N4859,A 
2N4857,A 2N4860,A 

Rating Symbol 2N4858.A 2N4861,A Unit 

Drain-Source Voltage Vos +40 +30 Vdc 

Drain-Gate Voltage VDG +40 +30 Vdc 

Reverse Gate-Source Voltage VGSR -40 -30 Vdc 

Forward Gate Current IGF 50 mAdc 

Total Device Dissipation Po 
@TA= 25°C 360 mW 
Derate above 25°C 2.4 mwrc 

Storage Temperature Range Ts!9_ -65 to + 175 "C 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1.0 µAde, Vos = O) 2N4856.A, 2N4857.A, 2N4858.A 

2N4859.A, 2N4860.A, 2N4861.A 

Gate Reverse Current 
(VGs = -20 Vdc, Vos = O) 2N4856.A 2N4857,A. 2N4858.A 
(VGs = -15 Vdc, Vos= O) 2N4859.A, 2N4860.A. 2N4861.A 
(VGs = -20 Vdc, Vos = o, TA = 150°C) 2N4856.A. 2N4857.A, 2N4858.A 
(VGs = -15 Vdc, Vos = o. TA= 150°C) 2N4859.A. 2N4860.A. 2N4861.A 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 0.5 nAdc) 2N4856.A, 2N4859.A 

2N4857 .A 2N4860.A 
2N4858.A. 2N4861.A 

Drain Cutoff Current 
(Vos = 15 Vdc, VGs = -10 Vdcl 
(Vos= 15 Vdc, VGs = -10 Vdc, TA= 150°C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 15 Vdc, VGs = Ol 2N4856,A. 2N4859.A 

2N4857.A, 2N4860.A 
2N4858.A, 2N4861.A 

Drain-Source On-Voltage 
Oo = 20 mAdc, VGs = O) 2N4856.A, 2N4859.A 
Oo = 10 mAdc, VGs = O) 2N4857,A. 2N4860.A 
Oo = 5.0 mAdc, VGs = O) 2N4858,A. 2N4861.A 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance 
(VGs = 0, ID = 0, f = 1.0 kHz) 2N4856,A. 2N4859.A 

2N4857,A. 2N4860.A 
2N4858.A, 2N4861.A 

Input Capacitance 
!\'.DS = 0, VGS = -10 Vdc, f = 1.0 MHz) 2N4856 thru 2N4861 

2N4856A thru 2N4861A 

Reverse Transfer Capacitance 
(Vos= 0, VGs = -10Vdc,f = 1.0 MHz) 2N4856thru 2N4861 

2N4856A. 2N4859A 
2N4857A, 2N4858A, 2N4860A, 2N4861A 

SMALL-SIGNAL DEVICES 
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Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

ID( off) 

loss 

Vos( on) 

rds(on) 

Ciss 

Crss 

2N4856,A 
thru 

2N4861,A 

JAN, JTX AVAILABLE 
CASE 22-03, STYLE 4 

T0-18 (T0-206AA) 

! 
JFET 

SWITCHING 

N-CHANNEL - DEPLETION 

Min Max 

-40 -
-30 -

- 0.25 
- 0.25 
- 0.5 
- 0.5 

-4.0 -10 
-2.0 -6.0 
-0.8 -4.0 

- 0.25 
- 0.5 

50 -
20 100 
8.0 80 

- 0.75 
- 0.5 
- 0.5 

- 25 
- 40 
- 60 

- 18 
- 10 

- 8.0 
- 4.0 
- 3.5 

Unit 

Vdc 

nAdc 

µAde 

Vdc 

nAdc 
µAde 

mAdc 

Vdc 

Ohms 

pF 

pF 

MOTOROLA SEMICONDUCTORS 

II 



• 

2N4856,A thru 2N4861,A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max 

SWITCHING CHARACTERISTICS (See Figure 1) (2) 

Turn-On Delay Time Conditions for 2N4856.A, 2N4859,A: 2N4856, 2N4859 1d(on) - 6.0 
2N4856A, 2N4859A - 5.0 

(Voo = 10 Vdc, ID(onl = 20 mAdc, 2N4857, 2N4860 - 6.0 
VGS(on) = 0, VGS(off) = -10 Vdc) 2N4857 A, 2N4860A - 6.0 

2N4858, 2N4861 - 10 
2N4858A, 2N4861 A - 8.0 

Rise Time Conditions for 2N4857.A, 2N4860.A: 2N4856.A, 2N4859.A tr - 3.0 
2N4857,A, 2N4860.A - 4.0 

(VDD = 10 Vdc, ID(on) = 10 mAdc, 2N4858, 2N4861 - 10 
VGS(on) = 0, VGS(off) = -6.0 Vdc) 2N4858A, 2N4861A - 8.0 

Turn-Off Time 2N4856, 2N4859 to ff - 25 
Conditions for 2N4858.A, 2N4861.A: 2N4856A, 2N4859A - 20 

2N4857, 2N4860 - 50 
(VoD = 10 Vdc, ID(on) = 5.0 mAdc, 2N4857A, 2N4860A - 40 
VGS(on) = 0, VGS(off) = -4.0 Vdc) 2N4858, 2N4861 - 100 

2N4858A; 2N4861A - 80 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle"' 10%. 
(2) The lo(on) values are nominal; exact values vary slightly with transistor parameters . 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

(2N4856.A. 2N4859,A) 
(2N4857,A, 2N4860,A) 
(2N4858,A, 2N4861,A) 

OUTPUT 

(2N4856.A,2N4859.A) -IOVlO---~; ZOOns ~N;~~lon) 
(2N4857,A,2N4860,A) -6.0V ~ ~---~rVGS(off) 
(2N4858,A, 2N4861,A) -4.0 V ---i Ion l--j !off 1-.--

ld(on) __, h-J H-td(off) 

tr~ :- I-: ~tf 

TEST CIRCUIT 

10% : I \ 10% 
1 I OUTPUT 

NOTES: a. The input waveforms are supplied by a generator with the following characteristics: 
Zout • 50 ohms, Duty Cycle~ 2.0%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: 
tr< 0.75 ns, Rin > 1.0 megohm, Cin < 2.5 pF. 

VOLTAGE WAVEFORMS 

Unit 

ns 

ns 

ns 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VoG 30 

Gate-Source Voltage VGS -30 

Gate Current IG 50 

Total Device Dissipation @ TA = 25°C Po 360 
Derate above 25°C (Free Air) 2.88 

Total Device Dissipation@ Tc = 25°C Po 500 
Derate above 25°C 4.0 

Lead Temperature TL 260 
(1/16" from Case for 10 Seconds) 

Storage Temperature Range Ts!9_ -65to +150 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = -1.0 µA, Vos= o) 

Gate Reverse Current 
(VGs = -20 v. Vos = O) 

Gate 1 Leakage Current 
(VG1s = -20 v. Vos = o, TA = 100°c) 

Gate Source Cutoff Voltage 
(Vos = 15 V, lo = 10 mA) 2N5245 

2N5246 
2N5247 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos= 15 V, VGs = o, Pulsed: See Note 1) 2N5245 

2N5246 
2N5247 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 v. VGs = o, f = 1.0 kHz) 2N5245 

2N5246 
2N5247 

Input Admittance 
(Vos = 15 v. VGs = o) (100 MHz) 

(400 MHz) 

Output Admittance 
(Vos = 15 v. VGS = o. f = 1.0 kHz) 2N5245 

2N5246 
2N5247 

Output Conductance 
(Vos = 15 v. VGs = O) 2N5245 (100 MHz) 

2N5246 
2N5247 
2N5245 (400 MHz) 
2N5246 
2N5247 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mA 

mW 
mwrc 

mW 
mWl°C 

oc 

oc 

Symbol 

V(BR)GSS 

IGSS 

IG1ss 

VGS(off) 

loss 

IYtsl 

Re(Yisl 

IYosl 

Re(Yosl 

2N5245 
2N5246 
2N5247 

CASE 29-02, STYLE 23 
T0-92 (T0-226AA) 

JFET 
HIGH-FREQUENCY 

AMPLIFIER 

N-CHANNEL - DEPLETION 

Refer to 2N4416 for graphs. 

Min Max 

-30 -

- -1.0 

- -0.5 

-1.0 -6.0 
-0.5 -4.0 
-1.5 -8.0 

5.0 15 
1.5 7.0 
8.0 24 

4500 7500 
3000 6000 
4500 8000 

- 100 
- 1000 

- 50 
- 50 
- 70 

- 75 
- 75 
- 100 
- 100 
- 100 
- 150 

Unit 

Vdc 

nA 

µA 

Vdc 

mA 

I'm hos 

I'm hos 

I'm hos 

I'm hos 

MOTOROLA SEMICONDUCTORS 
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2N5245,2N5246,2N5247 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Forward Transconductance Re(Yfs) µmhos 
(Vos = 15 v, VGs = 0, f = 400 MHz) 2N5245 4000 -

2N5246 2500 -
2N5247 4000 -

input Capacitance Ciss - 4.5 pf 
(Vos = 15 V, VGs = o, f = 1.0 Mhz) 

Reverse Transfer Capacitance Crss - 1.0 pf 
(Vos = 15 V, VGs = 0, f = 1.0 MHz) 

Input Susceptance IM(Yis) mmho 
(Vos = 15 v, VGs = O) (100 MHz) - 3.0 

(400 MHz) - 12.0 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF dB 
(Vos = 15 V, lo = 5.0 mA, R'G = 1.0 kfi) - 2.0 

- 4.0 

Common Source Power Gain Gps dB 
(Vos= 15 V, lo = 5.0 mA, R'G = 1.0 kll) 2N5245 (100 MHz) 18 -

2N5245 (400 MHz) 10 -
Output Susceptance IM(Yos) µmho 

(Vos = 15 V, VGs = 0) (100 MHz) - 1000 
(400 MHz) - 4000 

Note 1: tp = 100 ms, Duty Cycle = 10%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 60 Vdc 

Drain-Gate Voltage VoG 60 Vdc 

Reverse Gate-Source Voltage VGSR 60 Vdc 

Drain Current lo 20 mAdc 

Forward Gate Current IGF 10 mAdc 

Total Device Dissipation @ TA = 25°C Po 300 mW 
Derate above 25°C 2.0 mW/"C 

Junction Temperature Range TJ -65to +175 ·c 
Storage Temperature Range Ts.!ll -65 to +200 ·c 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 10 µAde, Vos = O) 

Gate Reverse Current 
IVGs = 30 Vdc, Vos = 0) 
!VGs = 30 Vdc, Vos = o, TA= 150°c) 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 1.0 µAde) 2N5265, 2N5266 

2N5267, 2N5268 
2N5269, 2N5270 

Gate Source Voltage 
(Vos = 15 Vdc, lo = o.05 mAdc) 2N5265 
(Vos = 15 Vdc, lo = 0.08 mAdc) 2N5266 
!Vos= 15Vdc,lo = 0.15mAdc) 2N5267 
(Vos = 15 Vdc, lo = 0.25 mAdc) 2N5268 
(Vos = 15 Vdc, lo = 0.4 mAdc) 2N5269 
!Vos = 15 Vdc, lo = 0.7 mAdc) 2N5270 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 Vdc, VGs = O) 2N5265 

2N5266 
2N5267 
2N5268 
2N5269 
2N5270 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
!Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 2N5265 

2N5266 
2N5267 
2N5268 
2N5269 
2N5270 

Output Admittance Common Source 
(Vos= 15 Vdc, VGs = o, t = 1.0 kHz) 

SMALL-SIGNAL DEVICES 
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Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGs 

loss 

IYtsl 

IYosl 

2N5265 
thru 

2N5270 

CASE 20-05, STYLE 5 
TO-72 (T0-206AF) 

JFET 
GENERAL PURPOSE 

P-CHANNEL - DEPLETION 

Min Max 

60 -

- 2.0 
- 2.0 

- 3.0 
- 6.0 
- 8.0 

0.3 1.5 
0.4 2.0 
1.0 4.0 
1.0 4.0 
2.0 6.0 
2.0 6.0 

0.5 1.0 
0.8 1.6 
1.5 3.0 
2.5 5.0 
4.0 8.0 
7.0 14 

900 2700 
1000 3000 
1500 3500 
2000 4000 
2200 4500 
2500 5000 

- 75 

Unit 

Vdc 

nAdc 
µAde 

Vdc 

Vdc 

mAdc 

µ.mhos 

µ,mhos 

MOTOROLA SEMICONDUCTORS 
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2N5265 thru 2N5270 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless othervilise noted) 

Characteristic Symbol Min Max Unit 

Common Source Forward Transconductance Re(yfs) µmhos 
(Vos = 15 Vdc, VGs = o, f = 100 MHz) 2N5265 800 -

2N5266 900 -
2N5267 1400 -
2N5268 1700 -
2N5269 1900 -
2N5270 2100 -

Input Capacitance Ciss - 7.0 pF 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 2.0 pF 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF - 2.5 dB 
(Vos = 15 Vdc, VGs = 0, RG = 1.0 M ohm, 
f = 100 Hz, BW = 1.0 Hz) 

Equivalent Short-Circuit Input Noise Voltage en - 115 nV!v'Hz 
(Vos= 15 Vdc, VGs = o, f = 100 Hz, BW = 1.0 Hz) 

FIGURE 1-6 TRANSFER CHARACTERISTIC CURVES 
FOR MIN/MAX loss LIMITS 

FIGURE 1 FIGURE 2 
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2N5265 thru 2N5270 
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FIGURE 5 
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FIGURES 7-12 -TYPICAL AND MINIMUM FORWARD TRANSFER ADMITTANCE 
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2N5265 thru 2N5270 

FIGURE 11 
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FIGURE 14 - CAPACITANCE versus 
DRAIN-SOURCE VOLTAGE 

10,---..,.--.-----,----r----,--r--.----. 

9.0 11---t---+----+---+---t---t----+----t 

8.0~ 
~7.0 ~ 
~ s.o 1---+:...._.;i~i::::--t---1---t---+-=-c-+---t 
~ 1--+--~'C.-..:: ~::::)::::::t::::::::i::::::=t~ia~====l s 5.01-
<C 
~ 4.0 ~ 
..; 3.0 1:-1\."<:. ,--t---t--+---t----r---r---t----1 

2.0 ""-.. - Coss r--
1.0 i-:*~~*~~*~~*~ o~-------+--~-~---:'!="-C~ra~---:-' 

0 10 20 30 40 

10 

9.0 

8.0 

co 7.0 :s 
~ 6.0 
:0 ... 
u::: 5.0 

~ 4.0 
z 
~ 3.0 
z 

2.0 

1.0 
0 

1.0 

~ 

Vos. DRAIN-SOURCE VOLTAGE (VOLTS) 

FIGURE 16 - NOISE FIGURE versus 
SOURCE RESISTANCE 

.JJsJ 1H 
VGs=OV 

I' I• 1.0 kHz 

rs 
lb 

N 
b-

l 
10 100 

Rs, SOURCE RESISTANCE lk OHMS) 

1000 

SMALL-SIGNAL DEVICES 



2N5265 thru 2N5270 

FIGURE 17 - DRAIN CURRENT TEMPERATURE 
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2N5457 
2N5458 
2N5459 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

/ 
JFET 

GENERAL PURPOSE 

N-CHANNEL - DEPLETION 

Refer to 2N4220 for graphs. 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Junction Temperature Range 

Storage Channel Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
UG = -10 µ.Ade, Vos = O) 

Gate Reverse Current IGSS 
(VGs = -15Vdc, Vos= O) 
(VGs = -15 Vdc. Vos = o, TA= 1oo·ci 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 15 Vdc, lo = 10 nAdcl 2N5457 

2N5458 
2N5459 

Gate Source Voltage VGS 
(Vos = 15 Vdc, lo = 100 µ.Adel 2N5457 
(Vos = 15 Vdc, lo= 200 µ.Adel 2N5458 
(Vos = 15 Vdc, lo = 400 µ.Adel 2N5459 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* loss 
(Vos = 15 Vdc, VGs = O) 2N5457 

2N5458 
2N5459 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance Common Source* IYtsl 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz) 2N5457 

2N5458 
2N5459 

Output Admittance Common Source• IYosl 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz) 

Input Capacitance Ciss 
(Vos = 15 Vdc, VGs = o. I = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 15 Vdc, VGS = 0, f = 1.0 MHz) 

*Pulse Test: Pulse Width "'630 ms; Duty Cycle"' 10%. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 25 Vdc 

VoG 25 Vdc 

VGSR -25 Vdc 

IG 10 mAdc 

Po 310 mW 
2.82 mW!"C 

TJ 125 ·c 

Ts!a_ -65to +150 ·c 

Min Typ Max Unit 

-25 - - Vdc 

nAdc 
- - -1.0 
- - -200 

Vdc 
-0.5 - -6.0 
-1.0 - -7.0 
-2.0 - -8.0 

Vdc 
- -2.5 -
- -3.5 -
- -4.5 -

mAdc 
1.0 3.0 5.0 
2.0 6.0 9.0 
4.0 9.0 16 

µmhos 
1000 - 5000 
1500 - 5500 
2000 - 6000 

- 10 50 µmhos 

- 4.5 7.0 pF 

- 1.5 3.0 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

2N5460 2N5463 
2N5461 2N5464 

Rating Symbol 2N5462 2N5465 

Drain-Gate Voltage VoG 40 60 

Reverse Gate-Source Voltage VGSR 40 60 

Forward Gate Current IG(f) 10 

Total Device Dissipation @ TA = 25°C Po 310 
Derate above 25°C 2.82 

Junction Temperature Range TJ -65 to + 135 

Storage Channel Temperature Range Ts!l!_ -65 to +150 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = 10 µAde, Vos = Ol 2N5460, 2N5461, 2N5462 

2N5463, 2N5464, 2N5465 

Gate Reverse Current 
(VGs = 20 Vdc, Vos = O) 2N5460, 2N5461, 2N5462 
(VGs = 30 Vdc, Vos = O) 2N5463, 2N5464, 2N5465 
(VGs = 20 Vdc, Vos = 0, TA= 100°C) 2N5460, 2N5461, 2N5462 
(VGs = 30 Vdc, Vos = 0, TA= 100°C) 2N5463, 2N5464, 2N5465 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo= 1.0 µAde) 2N5460, 2N5463 

2N5461, 2N5464 
2N5462, 2N5465 

Gate Source Voltage 
(Vos = 15 Vdc, lo = 0.1 mAdc) 2N5460, 2N5463 
(Vos = 15 Vdc, lo = 0.2 mAdc) 2N5461, 2N5464 
(Vos = 15 Vdc, lo = 0.4 mAdc) 2N5462, 2N5465 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
!Vos = 15 Vdc, VGs = o, 2N5460, 2N5463 
f = 1.0 kHz) 2N5461, 2N5464 

2N5462, 2N5465 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
!Vos = 15 Vdc, VGs = o, f = 1.0 kHz) 2N5460, 2N5463 

2N5461, 2N5464 
2N5462, 2N5465 

Output Admittance 
(Vos = 15 Vdc, VGs = o, f = 1.0 kHz) 

Input Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 Vdc, VGS = 0, RG = 1.0 Megohm, f = 100 Hz, BW = 1.0 Hz) 

Equivalent Short-Circuit Input Noise Voltage 
(Vos = 15 Vdc, VGs = 0, f = 100 Hz, BW = 1.0 Hz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

"C 

"C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

loss 

IYfsl 

IYosl 

Ciss 

Crss 

NF 

en 

2N5460 
thru 

2N5465 

CASE 29-02, STYLE 7 
T0-92 (T0-226AA) 

I 
JFET 

AMPLIFIER 

P-CHANNEL - DEPLETION 

Min Typ Max 

40 - -
60 - -

- - 5.0 
- - 5.0 
- - 1.0 
- - 1.0 

0.75 - 6.0 
1.0 - 7.5 
1.8 - 9.0 

0.5 - 4.0 
0.8 - 4.5 
1.5 - 6.0 

1.0 - 5.0 
2.0 - 9.0 
4.0 - 16 

1000 - 4000 
1500 - 5000 
2000 - 6000 

- - 75 

- 5.0 7.0 

- 1.0 2.0 

- 1.0 2.5 

- 60 115 

Unit 

Vdc 

nAdc 

µAde 

Vdc 

Vdc 

mAdc 

µmhos 

µmhos 

pF 

pF 

dB 

nV/VHz 

MOTOROLA SEMICONDUCTORS 

• 
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2N5460 thru 2N5465 

DRAIN CURRENT versus GATE 
SOURCE VOLTAGE 

FIGURE 1 -VGS(off) = 2.0 VOLTS 
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FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 
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2N5460 thru 2N5465 

FIGURE 7 - OUTPUT RESISTANCE 

VERSUS DRAIN CURRENT 

FIGURE 8 - CAPACITANCE VERSUS 
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FIGURE 11 - EQUIVALENT LOW FREQUENCY CIRCUIT 
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y Parameters for Frequencies 
Below 30 MHz ,. I ·~ '"I 
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*Cosp is Coss in parallel with Series Combination of Ciss and Crss. 

NOTE: 
1. Graphical data is presented for de conditions. Tabular data is 

given for pulsed conditions (Pulse Width "' 630 ms, Duty Cycle "' 
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Yos = jwCosp * + 1/ross 

Yts= Yts I 
Yrs= -jwCrss 
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2N5484 
thru 

2N5486 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

JFET 
VHF/UHF AMPLIFIER 

N-CHANNEL - DEPLETION 

Refer to 2N4416 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Drain Current 

Forward Gate Current 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
!la = -1.0 µAde, Vos = o) 

Gate Reverse Current lass 
!Vas = -20 Vdc, Vos = O) 
!Vas = -20 Vdc, Vos = o. TA= 100°c) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 15 Vdc, lo = 10 nAdc) 2N5484 

2N5485 
2N5486 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss 
!Vos = 15 Vdc, Vas = O) 2N5484 

2N5485 
2N5486 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance lvtsl 
!Vos = 15 Vdc, Vas = o, t = 1.0 kHz) 2N5484 

2N5485 
2N5486 

Input Admittance Re(Yisl 
(Vos = 15 Vdc, Vas = o, I = 100 MHz) 2N5484 
!Vos = 15 Vdc, Vas = o, t = 400 MHz) 2N5485, 2N5486 

Output Admittance lvosl 
!Vos = 15 Vdc, Vas = o, f = 1.0 kHz) 2N5484 

2N5485 
2N5486 

Output Conductance Re!vosl 
(Vos = 15 Vdc, Vas = o, I = 100 MHz) 2N5484 
!Vos = 15 Vdc, Vas = o, t = 400 MHz) 2N5485, 2N5486 

Forward Transconductance Re(Yfs) 
!Vos = 15 Vdc, Vas = o, I = 100 MHz) 2N5484 

!Vos = 15 Vdc, Vas = o, I = 400 MHz) 2N5485 
2N5486 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VoG 25 Vdc 

VasR 25 Vdc 

lo 30 mAdc 

IG(fL 10 mAdc 

Po 310 mW 
2.82 mWl°C 

TJ, Tstg -65 to + 150 ·c 

Min Typ Max Unit 

-25 - - Vdc 

- - -1.0 nAdc 
- - -0.2 µAde 

Vdc 
-0.3 - -3.0 
-0.5 - -4.0 
-2.0 - -6.0 

mAdc 
1.0 - 5.0 
4.0 - 10 
8.0 - 20 

µmhos 
3000 - 6000 
3500 - 7000 
4000 - 8000 

µmhos 
- - 100 
- - 1000 

µmhos 
- - 50 
- - 60 

- - 75 

µmhos 
- - 75 
- - 100 

µmhos 
2500 - -
3000 - -
3500 - -

SMALL-SIGNAL DEVICES 



2N5484 thru 2N5486 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ MBX Unit 

Input Capacitance Ciss - - 5.0 pF 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - - 1.0 pF 
(Vos = 16 Vdc, VGs = 0, f = 1.0 MHz) 

Output Capacitance Coss - - 2.0 pF 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF dB 
(Vos = 15 Vdc, VGs = o, RG = 1.0 Megohm, f = 1.0 kHz) - - 2.5 
(Vos = 15 Vdc, lo = 1.0 mAdc, 2N5484 - - 3.0 
RG = 1.0 k ohm, f = 100 MHz) 
(Vos= 15 Vdc, lo= 1.0 mAdc, 2N5484 - 4.0 -
RG = 1.0 k ohm, f = 200 MHz) 
(Vos = 15 Vdc, lo = 4.0 mAdc, 2N5485, 2N5486 - - 2.0 
RG = 1.0 k ohm, f = 100 MHz) 
(Vos = 15 Vdc, lo = 4.0 mAdc, 2N5485, 2N5486 - - 4.0 
RG = 1.0 k ohm, f = 400 MHz) 

Common Source Power Gain Gps dB 
(Vos = 15 Vdc, lo = 1.0 mAdc, f = 100 MHz) 2N5484 16 - 25 
(Vos= 15 Vdc, lo= 1.0 mAdc, f = 200 MHz) 2N5484 - 14 -
(Vos = 15 Vdc, lo = 4.0 mAdc, f = 100 MHz) 2N5485, 2N5486 18 - 30 
(Vos= 15 Vdc, lo= 4.0 mAdc, f = 400 MHz) 2N5485, 2N5486 10 - 20 

• 
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2N5555 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

JFET 
SWITCHING 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Forward Gate Current 

N-CHANNEL - DEPLETION Total Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Junction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
!IG = 10 µAde, Vos = o) 

Gate Reverse Current IGSS 
(VGs = 15 Vdc, Vos = O) 

Drain Cutoff Current lo( off) 
(Vos = 12 Vdc, VGs = -10 V) 
(Vos= 12 Vdc, VGs = -10 V, TA= 100'C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* loss 
(Vos = 15 Vdc, VGs = O) 

Gate-Source Forward Voltage VGS(f) 
!IG(f) = 1.0 mAdc, Vos = O) 

Drain-Source On-Voltage Vos( on) 
!lo = 1.0 mAdc, VGs = Ol 

Static Drain-Source On Resistance ros(on) 
!lo= 0.1 mAdc, VGS = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Drain-Source "ON" Resistance rds(on) 
(VGs = o. lo = o, t = 1.0 kHzl 

Input Capacitance Ciss 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = o, VGs = 10 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time (Voo = 10 Vdc, lo(on) = 7.0 mAdc, tqi_on) 
Rise Time VGS(on) = 0, VGS(off) = -10 Vdc) lr 

(See Figure 1) 

Turn-Off Delay Time (Voo = 10 Vdc, lo(on) = 7.0 mAdc, ld(off) 

Fall Time VGS(on) = 0, VGS(off) = -10 Vdc) If 
(See Figure 1) 

*Pulse Test: Pulse Width < 300 µ,s, Duty Cycle < 3.0%. 

MOTOROLA SEMICONDUCTORS 

6-64 

Symbol Value Unit 

Vos 25 Vdc 

VoG 25 Vdc 

VGS 25 Vdc 

IGF 10 mAdc 

Po 310 mW 
2.82 mW/'C 

TJ -65 to + 150 'C 

Ts!9_ -65 to + 150 'C 

Min Max Unit 

25 - Vdc 

- 1.0 nAdc 

nAdc 
- 10 
- 2.0 µAde 

15 - mAdc 

- 1.0 Vdc 

- 1.5 Vdc 

- 150 Ohms 

- 150 Ohms 

- 5.0 pF 

- 1.2 pF 

- 5.0 ns 

- 5.0 ns 

- 15 ns 

- 10 ns 

SMALL-SIGNAL DEVICES 



2N5555 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

INPUT PULSE 
RiseTime<l.Ons 
Fell Time <1.Dns 
Nominal YllUe of "on" Pvl• Widlh • 400 ns 
DutyCycle~l.0% 
Generator Source lmp1danct =SO Ohms 

SMALL-SIGNAL DEVICES 

voo 

TEKTRONIX .., 
SAMPLING 

SCOPE 

Rin=SOOhms 

6-65 

INPUT 
I 
I 

-1 
I 
I 
I 
I 

-1 
OUTPUT 

Pul•Wid1h---I 
90% I- --- VGS(on) 

I 
YGS(off) 

I 
lnputPui. -1 1--· .... -
Ri•Tim1 I I FallTlmt 

I 
I 
I 

I_ I I 
Id( on) --l•dloffll-

I I 10% 

I 
I 
I 

I ... . ... 
-1 •rl- -: 
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2N5638 
2N5639 
2N5640 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

JFET 
SWITCHING 

N-CHANNEL - DEPLETION 

Refer to 2N5653 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Junction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(IG = 10 µAde, Vos = 01 

Gate Reverse Current IGSS 
(VGs = -15 Vdc, Vos = O) 
(VGs = -15 Vdc, Vos= o, TA= 100°CI 

Drain Cutoff Current lo(offl 
(Vos = 15 Vdc, VGs = -12 Vdcl 2N5638 
(Vos = 15 Vdc, VGs = -8.0 Vdcl 2N5639 
(Vos = 15 Vdc, VGs = -6.0 Vdcl 2N5640 
(Vos = 15 Vdc, VGs = -12 Vdc, TA= 100°c1 2N5638 
(Vos = 15 Vdc, VGs = -8.0 Vdc, TA= 100°c1 2N5639 
(Vos = 15 Vdc, VGs = -6.0 Vdc, TA= 100°c1 2N5640 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1 I loss 
(Vos = 20 Vdc, VGs = 01 2N5638 

2N5639 
2N5640 

Drain-Source On-Voltage Vos(onl 
Oo = 12 mAdc, VGs = O) 2N5638 
Oo = 6.0 mAdc, VGs = O) 2N5639 
Oo = 3.0 mAdc, VGs = O) 2N5640 

Static Drain-Source On Resistance ros(on) 
Oo = 1.0 mAdc, VGs = O) 2N5638 

2N5639 
2N5640 

SMALL-SIGNAL CHARACTERISTICS 

Static Drain-Source ''.ON" Resistance rds(on) 
(VGs = 0, lo = 0, I = 1.0 kHz) 2N5638 

2N5639 
2N5640 

Input Capacitance Ciss 
(Vos = o, VGs = -12 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = o, VGs = -12 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 30 Vdc 

VoG 30 Vdc 

VGSR 30 Vdc 

IGF 10 mAdc 

Po 310 mW 
2.82 mWl°C 

TJ -65 to + 150 oc 

Ts!!L -65to +150 oc 

Min Max Unit 

30 - Vdc 

- 1.0 nAdc 
- 1.0 µAde 

- 1.0 nAdc 
- 1.0 
- 1.0 
- 1.0 µAde 
- 1.0 
- 1.0 

mAdc 
50 -
25 -
5.0 -

Vdc 
- 0.5 
- 0.5 
- 0.5 

Ohms 
- 30 
- 60 
- 100 

Ohms 
- 30 
- 60 
- 100 

- 10 pf 

- 4.0 pF 

SMALL-SIGNAL DEVICES 



2N5638,2N5639,2N5640 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic j Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Turn-On Delay ID(onl = 12 mAdc 2N5638 Id( on) - 4.0 ns 
Time 6.0 mAdc 2N5639 - 6.0 

3.0 mAdc 2N5640 - 8.0 

Rise Time VDo = 10Vdc, ID(on) = 12 mAdc 2N5638 t, - 5.0 ns 
6.0 mAdc 2N5639 - 8.0 

VGS(on) = 0, 3.0 mAdc 2N5640 - 10 

Turn-Off Delay VGS(off) = -10 Vdc, ID(onl = 12 mAdc 2N5638 Id( off) - 5.0 ns 
TI me 6.0 mAdc 2N5639 - 10 

RG' = 50 ohms 3.0 mAdc 2N5640 - 15 

FallTime ID(on) = 12 mAdc 2N5638 If - 10 ns 
6.0 mAdc 2N5639 - 20 
3.0 mAdc 2N5640 - 30 

(1) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle .;; 3.0%. 

• 
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2N5653 
2N5654 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

SWITCHING 

N·CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(IG = 10 µAde, Vos = O) 

Gate Reverse Current lass 
(Vas = -15 Vdc, Vos = Ol 
(Vas= -15 Vdc, Vos= o, TA= 100°ci 

Drain Cutoff Current lo(offl 
(Vos = 15 Vdc, Vas = -12 Vdc) 2N5653 
(Vos = 15 Vdc, Vas= -8.0 Vdc) 2N5654 
(Vos= 15Vdc,Vas = -12Vdc, TA= 100°c) 2N5653 
(Vos = 15 Vdc, Vas = -8.o Vdc, TA= 100°Cl 2N5654 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
(Vos = 20 Vdc, Vas = Ol 2N5653 

2N5654 

Drain-Source On-Voltage Vos( on) 
Oo = 10 mAdc, Vas = O) 2N5653 
Oo = 5.0 mAdc, Vas = O) 2N5654 

SMALL-SIGNAL CHARACTERISTICS 

Static Drain-Source "ON" Resistance rds(on) 
(Vas = o, lo = 1.0 mAdc) 2N5653 

2N5654 

(Vas = o. lo = o, t = 1.0 kHz) 2N5653 
2N5654 

Input Capacitance Ciss 
(Vos= o, Vas= -12 Vdc, t = 1.0 MHzl 

Reverse Transfer Capacitance Crss 
(Vos = o, Vas = -12 Vdc, t = 1.0 MHz) 2N5653 
(Vos= o, Vas= -8.0 Vdc, t = 1.0 MHz) 2N5653 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VoG 30 Vdc 

VasR 30 Vdc 

IGF 10 mAdc 

Po 310 mW 
2.82 mWl°C 

Ts!ll -65to +150 ·c 

Min Max Unit 

30 - Vdc 

- 1.0 nAdc 
- 1.0 µAde 

- 1.0 nAdc 
- 1.0 
- 1.0 µAde 
- 1.0 

mAdc 
40 -
15 -

Vdc 
- 0.75 
- 0.75 

Ohms 
- 50 
- 100 

- 50 
- 100 

- 10· pF 

pF 
- 3.5 
- 3.5 

SMALL-SIGNAL DEVICES 



2N5653, 2N5654 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Test Condition for 2N5653: 
Turn-On Delay Time (VDD = 10 Vdc, VGS(on) = o, 2N5653 td(on) 

VGS(off) = -12 Vdc, 2N5654 
Rise Time ID(on) = 10 mAdc, 2N5653 

tr 
RG' = 50 Ohms) 2N5654 

Test Condition for 2N5654: 
Turn-Off Delay Time (VDD = 10 Vdc, VGS(on) = O, 2N5653 

td(off) 
VGS(off) = -12 Vdc, 2N5654 

Fall Time ID(on) = 5.0 mAdc, 2N5653 
RG' = 50 Ohms) 2N5654 tf 

(Figure 1) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 3.0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

INPUT PULSE: 
tr<>l.Ons 
f ~ 1.0 kHz 

Duty Cycle..: 1.0% 

SMALL-SIGNAL DEVICES 

AL: V1o0o -(rds(on) + 50) 

PULSE 
GENERATOR 

SCOPE 
TEKTRONIC 567A 
OR EQUIVALENT 

6-69 

-
-
-
-

-
-
-
-

vao 

4.0 ns 
6.0 

5.0 ns 
8.0 

5.0 ns 
10 

10 ns 
20 

O.OOlµF 

E-L__ TO 50 OHM 
~ - SCOPES 

0.1 µF 
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2N5668 
2N5669 
2N5670 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

VHF AMPLIFIER 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

DrainMSource Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Drain Current 

Forward Gate Current 

Total Device Dissipation @TA = 25'C 
Derate above 25'C 

Storage Channel Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
OG = 10 µAde, Vos = O) 

Gate Reverse Current IGSS 
(VGs = -15 Vdc, Vos = O) 
(VGs = -15 Vdc, Vos= 0, TA= 100'C) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 15 Vdc, lo = 10 nAdc) 2N5668 

2N5669 
2N5670 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
!Vos = 15 Vdc, VGs = O) 2N5668 

2N5669 
2N5670 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYfsl 
(Vos = 15 Vdc, VGS = 0, f = 1.0 kHz) 2N5668 

2N5669 
2N5670 

Input Admittance Re(Yis) 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 

Output Admittance !Yosl 
!Vos= 15 Vdc, VGs = o, f = 1.0 kHz) 2N5668 

2N5669 
2N5670 

Output Conductance Re(Yosl 
(Vos = 15 Vdc, VGs = o, f = 100 MHz) 2N5668 

2N5669 
2N5670 

Forward Transconductance Re(vfs) 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 2N5668 

2N5669 
2N5670 

Input Capacitance Ciss 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = 15 Vdc, VGs = o, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 25 Vdc 

VoG 25 Vdc 

VGSR 25 Vdc 

10 20 mAdc 

IG(f) 10 mAdc 

Po 310 mW 
2.82 mWl°C 

T s.!lJ._ -65 to + 150 'C 

Min Typ Max Unit 

25 - - Vdc 

- - 2.0 nAdc 
- - 2.0 µAde 

Vdc 
0.2 - 4.0 
1.0 - 6.0 
2.0 - 8.0 

mAdc 
1.0 - 5.0 
4.0 - 10 
8.0 - 20 

I'm hos 
1500 - 6500 
2000 - 6500 
3000 - 7500 

- 125 800 I'm hos 

I'm hos 
- - 20 
- - 50 
- - 75 

I'm hos 
- 10 50 
- 25 100 
- 35 150 

I'm hos 
1000 - -
1600 - -
2500 - -
- 4.7 7.0 pf 

- 1.0 3.0 pf 

SMALL-SIGNAL DEVICES 



2N5668,2N5669,2N5670 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Capacitance Coss - 1.4 4.0 pF 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure (Figure 1) NF - - 2.5 dB 
(Vos = 15 Vdc, VGs = o, f = 100 MHz at RG' = 1.0 k ohm) 

Common Source Power Gain (Figure 1) Gps 16 - - dB 
(Vos = 15 Vdc, VGs = o. f = 100 MHz) 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle.;; 10%. 

FIGURE 1 - 100 MHz. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

1000pF 

~ 

Cl 

Rs~so Ohms 
1.0-lOpF r-•,F 

L1"'8.5Turnsofl14AWGTinnedCopper;Dia."'3/8'',"'0.9" Long 
Tapped Bt"' 2·1/2 Turns(adjust to give R13' ~ 1.0 k ohm); 
F'Braltel Resistance= 40 k ohms; tunes at"' 8.0pF. 

L2"' 13.5 Tumsl16 AWG Tinned Copper; Dia."' 3/8","' 1.2" Long 
Tappedat.,5Turns;Parallel Aesistance=40kohms; 
tunesat">4,0pF 

SMALL-SIGNAL DEVICES 

Shield 

\ 
G ' 

s l 
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C2 
1.0-lOpF 

O.OlµF 

L3"' 17 Turns of 128 AWG Enameled 
CopperWire,CloseWoundon9/32" 
Ceramic Form. Tuning Pm~ided by a 
PowderedlrnnSlug. 

Rt =500hms 

O.OOlµF 

O.OlµF O.lµF 
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2N6659 
2N6660 
2N6661 

MPF6659 
MPF6660 
MPF6661 
2N6659,60,61 

CASE 79-02, STYLE 6 
T0-39 (T0-205AD) 

MPF6659,60,61 I 
CASE 29-03, STYLE 22 

T0-226AE 

TMOS 
SWITCHING TRANSISTOR 

N..CHANNEL - ENHANCEMENT 

MAXIMUM RATINGS 

2N6659 2N6660 2N6661 
Rating· Symbol MPF6659 MPF6660 MPF6661 Unit 

DraiA-Source Voltage Vos 35 60 90 Vdc 

Drain-Gate Voltage VoG 35 60 90 Vdc 

Gate-Source Voltage VGS ± 30 Vdc 

Drain Current - Ade 
Continuous (1) lo 2.0 
Pulsed (2) loM 3.0 

2N6659 MPF6659 
2N6660 MPF6660 
2N6661 MPF6661 

Total Device Dissipation Po Watts 
@Tc=25°C 6.25 2.5 mWFC 
Derate above 25°C 50 20 

Total Device Dissipation Po Watts 
@TA= 25°C - 1.0 mWFC 
Derate above 25°C - 8.0 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 
Temperature Range 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 
--"-

Zero-Gate-Voltage Drain Current loss - - 10 µAde 
(Vos = Maximum Rating, VGs = O) 

Gate-Body Leakage Current IGSS - - 100 nAdc 
(VGs = 15 v. Vos = O) 

Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(VGs = o, 10 = 10 µAl 2N6659, MPF6659 35 - -

2N6660, MPF6660 60 - -
2N6661, MPF6661 90 - -

ON CHARACTERISTICS(1) 

Gate Threshold Voltage VGS(Th) 0.8 1.4 2.0 Vdc 
(Vos = VGS· lo = 1.0 mA) 

Drain-Source On-Voltage Vos( on I Vdc 
(VGs = 10 V, lo = 1.0 Al 2N6659, MPF6659 - - 1.8 

2N6660, MPF6660 - - 3.0 
2N6661, MPF6661 - - 4.0 

(VGs = 5.0 v. lo = 0.3 A) 2N6659, MPF6659 - 0.8 1.5 
2N6660, MPF6660 - 0.9 1.5 
2N6661, MPF6661 - 0.9 1.6 

Static Drain-Source On Resistance ros(on) Ohms 
(VGs = 10 Vdc, lo = 1.0 Ade) 2N6659, MPF6659 - - 1.8 

2N6660, MPF6660 - - 3.0 
2N6661, MPF6661 - - 4.0 

On-State Drain Current lo(on) 1.0 2.0 - Amps 
(Vos = 25 v. VGs = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance Ciss - 30 50 pF 
(Vos = 25 v. VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 3.6 10 pF 
(Vos= 25 v, VGs = 0, f = 1.0 MHz) 

Output Capacitance Coss - 20 40 pF 
(Vos = 25 v. VGs = o. f = 1.0 MHz) 

Forward Transconductance gfs 170 - - mm hos 
(Vos = 25 v. 10 = o.5 Al 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N6659, 2N6660, 2N6661, MPF6659, MPF6660, MPF6661 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

SWITCHING CHARACTERISTICS(1) 

Rise Time t, - - 5.0 ns 

Fall Time If - - 5.0 ns 

Turn-On Time Ion - - 5.0 ns 

Turn-Off Time loft - - 5.0 ns 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

RESISTIVE SWITCHING 

FIGURE 1 - SWITCHING TEST CIRCUIT 

+ 25 v 
FIGURE 2 - SWITCHING WAVEFORMS 

To Sampling Scope 
50 0 Input 

ton !off 

Pulse Generator 
r----.., 

1----+I---++ Vout 90% 

son I 
1= 

__ J 

FIGURE 3 - VGS(th) NORMALIZED versus TEMPERATURE 

1.0 

t---+---+--+--+---+-Vos = VGS ~ 1.6 10 = 1.0 mA +---
§;? 
0 1.1 r---=-r-----;---1t---+--+---t----+--1 
B I --

~ ---+--.J <= 0.8 f--+---+---+--+--="l""-d:t---i---lf-._---; 
£ 
~ 0.4 1---+---+--+--f---+---+---i---i 

o.__ _ _,_ _ _,_ _ __.. __ ...__ _ _._ _ _,_ _ __. _ ____, 

Output Vout 
Inverted 

Input Vin 

Pulse 
Width 

FIGURE 4 - ON-REGION CHARACTERISTICS 

1.0 -----------~----1--
,__ _ _,_ _ _,_ _ __, __ ,___-+---+-VGS ~ 

4.0V_ 

-50 0 50 100 150 l'CI 1.0 1.0 3.0 4.0 
TJ, JUNCTION TEMPERATURE 

FIGURE 5 - OUTPUT CHARACTERISTICS 
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VGS = 10 V 

9.0V 

8.0V 

7.0V 

6.0 v 

5.0V 

4.0V 

40 

Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE &-CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 

100 

80 
VGs = 0 V 
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2N6659, 2N6660, 2N6661, MPF6659, MPF6660, MPF6661 

FIGURE 7 - ON-VOLTAGE versusTEMPERATURE 

10~~~~~~~~~~~~~~~~ JD..- 1.SA 

-~ S.O~Vqs-10V 1.0A 

.....+-- .....r---: 
l!J _i-- I·~ 
~ --• --- · 1 o.s~ g .....- .........., 
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I ~:: t---+--+---+--+---+--+---+--+---+---t 
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.... 0.2 1----+-l----+-l----+-l----+-l---+---i 

I 0.1 ~-------------~ 
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TJ, JUNCTION TEMPERATURE l°C) 
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MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Source Voltage Vos +20 

Drain-Gate Voltage VoG +20 

Gate-Source Voltage VGs ±10 

Drain Current lo 50 

Total Device Dissipation @ TA = 25'C Po 330 
Derate above 25'C 2.2 

Operating and Storage Junction TJ, Tstg -65 to + 175 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage(1) 
HG = -10 JLAdc, Vos = O) 

Gate Reverse Current 
(VGs = -8.0 Vdc, Vos = O) 
(VGs = -8.0 Vdc, Vos = 0, TA= 125'C) 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 50 JLAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(2) 
(Vos = 15 Vdc, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 Vdc, lo= 5.0 mAdc, f = 1.0 kHz) 

Input Admittance 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 200 MHz) 

Output Conductance 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 200 MHz) 

Forward Transconductance 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 200 MHz) 

Input Capacitance 
(Vos = 15 Vdc, lo = 5.0 mAdc, t = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, lo = 5.0 mAdc, t = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 Vdc, lo = 5.0 mAdc, t = 200 MHz) 

Power Gain 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 200 MHz) 

(1) Caution Destructive Test, can damage gate oxide beyond operation. 
(2) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

'C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

IYfsl 

Re(Yisl 

Re(Yosl 

Re(ytsl 

Ciss 

Crss 

NF 

PG 

3N128 

CASE 20-03, STYLE 7 
T0-72 (T0-206AF) 

MOSFET 
AMPLIFIER 

N-CHANNEL - DEPLETION 

Min Max 

-50 -

- 0.05 
- 5.0 

-0.5 -8.0 

5.0 25 

5000 12,000 

- 800 

- 500 

5000 -

- 7.0 

0.05 0.35 

- 5.0 

13.5 23 

Unit 

Vdc 

nAdc 

Vdc 

mAdc 

µmhos 

µmhos 

µmhos 

µmhos 

pf 

pf 

dB 

dB 
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• 



3N128 

TYPICAL CHARACTERISTICS 
ITA = 25°Cl 

FIGURE 1 - DRAIN CHARACTERISTICS 
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FIGURE 2 - TRANSFER CHARACTERISTICS 
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3N128 

FIGURE 7 - REVERSE TRANSADMITTANCE (yrs) COMPONENTS 
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FIGURE 10 - POWER GAIN AND NOISE FIGURE 
versus DRAIN VOLTAGE 
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FIGURE 11- THIRD ORDER INTERMODULATION DISTORTION 
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Figure 11 shows the typical third order intermodulation dis
tortion (I MD) performance of the 3N 128 at 200 MHz. 

Both fundamental output and third order IMO output charac
teristics are plotted. The curves have been extrapolated to show 
the third order intermodulation output intercept point. 

Performance for drain currents from I DSS to 0.1 I DSS· is given. 
The power gain and noise figure test amplifier shown in Figure 12 
was used to generate the IMO data. 

FIGURE 12 - POWER GAIN, NOISE FIGURE AND INTERMODULATION DISTORTION TEST CIRCUIT 

0.5-3.0 pF 

3N128 

1.0-9.0 pF 

1000 pF 33 pF 
3.0 k 

-14V 
1000 pF 1000 pF 
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3.0 pF 

RFC 
0.82µH 

+16V 

OUTPUT 
RL ~ 50 ll 

L 1=4·112 turns#20 AWG wire, 3/16" diameter, 
approximately 1/2" long, tapped 1 turn from 
ground end. 

L2"' 3· 1/2 turns #20 AWG wire, 3/8" diameter, 
approximately 1/2" long 

*Leadless·type disc capacitor 
.t..Neutralizatlon fixed for a Transistor having a 

Typical value of Crss (0.13 pF) 

MOTOROLA SEMICONDUCTORS 
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3N155 
3N156 

CASE 20-03, STYLE 2 
T0-72 (T0-206AF) 

I 
MOSFET 

SWITCHING 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current 

P-CHANNEL - ENHANCEMENT 
Total Device Dissipation @TA = 25°C 

Derate above 25"C 

Junction Temperature Range 

Storage Channel Temperature Range 

Refer to 3N157 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (lo= -10 µAde, VG= Vs= O) ~BR)DSX 
Zero-Gate-Voltage Drain Current (Vos = -10 Vdc, VGs = O) loss 

!Vos= -10 Vdc, VGs = 0, TA= 125°C) 

Gate Reverse Current <VGs = +50 Vdc, Vos = o) IGSS 
<VGs = +25 Vdc, Vos = o) 

Resistance Drain Source (lo = 0, VGs = O) ros(off) 

Resistance Gate Source Input (VGs = -25 Vdc) RGS 

Gate Forward Leakage Current (VGs = -50 Vdc, Vos= O) IG(f) 
IVGs = -25 Vdc, Vos = O) 

ON CHARACTERISTICS 

Gate Threshold Voltage !Vos = -10 Vdc, lo = -10 µAde) 3N155 VGS(Th) 
3N156 

Drain-Source On-Voltage Oo = -2.0 mAdc, VGs = -10 Vdc) Vofilon) 

Static Drain-Source On Resistance Oo = O mAdc, VGs = -10 Vdc) ros(on) 

On-State Drain Current <Vos= -15 Vdc, VGs = -10 Vdc) lo( on) 

SMALL-SIGNAL CHARACTERISTICS 

Drain~Source Resistance rdslon) 
(VGs = -10 Vdc, lo= o, f = 1.0 kHz) 
(VGs = -15 Vdc, lo = o, f = 1.0 kHz) 

Forward Transfer Admittance IYfsl 
(Vos= -15 Vdc, lo= -2.0 mAdc, f = 1.0 kHz) 

Input Capacitance Ciss 
!Vos = -15 Vdc, VGs = -10 Vdc, f = 140 kHz) 

Reverse Transfer Capacitance Crss 
<Vos = o, VGs = o, f = 140 kHz) 

Drain-Substrate Capacitance Cd(sub) 
IVD(SUB) = -10 Vdc, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Delay Id 

Rise Time IVoo = -10 Vdc, lo(on) = -2.0 mAdc, tr 

Turn-Off Delay VGS(on) = -10 Vdc, VGS(off) = 0) Is 

Fall Time If 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos ±35 Vdc 

VoG ±50 Vdc 

VGS ±50 Vdc 

10 30 mAdc 

Po 300 mW 
2.0 mWl°C 

TJ -65to +175 "C 

Ts!lJ.. -65 to +175 "C 

Min Typ Max Unit 

-35 - - Vdc 

- - -1.0 nAdc 
- - -1000 

- - +1000 pAdc 
- - +10 

1x10+10 - - Ohms 

- 1x10+16 - Ohms 

- - -1000 pAdc 
- - -10 

-1.5 - -3.2 Vdc 
-3.0 - -5.0 

- - -1.0 Vdc 

- - 600 Ohms 

-5.0 - - mAdc 

Ohms 
- - 400 
- - 350 

1000 - 4000 µmhos 

- - 5.0 pF 

- - 1.3 pF 

- - 4.0 pF 

- - 45 !LS 

- - 65 ns 

- - 60 ns 

- - 100 ns 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Source Voltage• Vos ±35 

Drain.Gate Voltage* VoG ±50 

Gate-Source Voltage* VGS ±50 

Drain Current* 10 30 

Total Device Dissipation @ TA = 25°C Po 300 
Derate above 25°C* 1.7 

Junction Temperature Range* TJ -65 to + 175 

Storage Channel Temperature Range* Ts.!Jl_ -65to +175 

*JEDEC Registered Limits 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (lo= -10 µAde, VG= Vs= Ol 

Zero-Gate-Voltage Drain Current (Vos = -15 Vdc, VGs = O) 
(Vos = -35 Vdc, VGs = o) 

Gate Reverse Current* (VGs = +25 Vdc, Vos = O) 
(VGs = +50 Vdc, Vos = o) 

Input Resistance (VGS = -25 Vdc) 

Gate Source Voltage• 
(Vos= -15 Vdc, lo= -0.5 mAdc) 3N157 

3N158 

Gate Forward Current* (VGs = -25 Vdc, Vos = o) 
(VGs = -50 Vdc, Vos = o) 
(VGs = -25 Vdc, Vos= o, TA= +55°C) 
(VGs = -50 Vdc, Vos = o, TA = +55°C) 

ON CHARACTERISTICS 

Gate Threshold Voltage* 
(Vos = -15 Vdc, lo = -10 µAde) 3N157 

3N158 

On-State Drain Current• 
(Vos = -15 Vdc, VGs = -10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance* 
(Vos = -15 Vdc, lo = - 2.0 mAdc, f = 1.0 kHz) 

Output Admittance* 
(Vos= -15 Vdc, lo= - 2.0 mAdc, f = 1.0 kHz) 

Input Capacitance* 
(Vos = -15 Vdc, VGs = o, t = 140 kHz) 

Reverse Transfer Capacitance* 
(Vos = -15 Vdc, VGs = o, t = 140 kHz) 

Drain-Substrate Capacitance 
(VO(SUB) = -10 Vdc, f = 140 kHz) 

Noise Voltage 
(Rs= 0, BW = 1.0 Hz, 
Vos= -15 Vdc, lo= -2.0 mAdc, t = 100 Hz) 
(Rs = 0, BW = 1.0 Hz, 
Vos= -15 Vdc, lo= -2.0 mAdc, t = 1.0 kHz) 

*JEDEC Registered Limits 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

oc 
oc 

Symbol 

V(BF\l_DSX 

loss 

IGSS 

RGS 

VGS 

IG(f) 

VGS(Th) 

lo(on) 

IYtsl 

IYosl 

Ciss 

Crss 

Cd(sub) 

en 

3N157 
3N158 

CASE 20-03, STYLE 2 
T0-72 (T0-206AF) 

I 
MOSFET 

AMPLIFIER AND SWITCHING 

P-CHANNEL - ENHANCEMENT 

Min Typ Max Unit 

-35 - - Vdc 

- - -1.0 nAdc 
- - -10 µAde 

- - +10 pAdc 
- - +10 nAdc 

- 1x10+12 - Ohms 

Vdc 
-1.5 - -5.5 
-3.0 - -7.0 

- - -10 pAdc 
- - -1.0 nAdc 
- - -10 nAdc 
- - -1.0 µAde 

Vdc 
-1.5 - -3.2 
-3.0 - -5.0 

-5.0 - - mAdc 

1000 - 4000 µmhos 

- - 60 µmhos 

- - 5.0 pF 

- - 1.3 pF 

- - 4.0 pF 

NVIYHz 

- 300 -
- 120 500 

MOTOROLA SEMICONDUCTORS 

• 
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3N157,3N158 

FIGURE 1 - FORWARD TRANSCONDUCTANCE 
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FIGURE 2- OUTPUT TRANSCONDUCTANCE 
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3N157, 3N158 

SWITCHING CHARACTERISTICS 
(TA =25°C) 

FIGURE 7 - TURN-ON DELAY TIME 
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FIGURE 9 - TURN-OFF DELAY TIME 
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FIGURE 11 - SWITCHING CIRCUIT and WAVEFORMS 
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FIGURE 8 - RISE TIME 
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FIGURE 10 - FALL TIME 
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The switching characteristics shown above were measured 
in a test circuit similar to Figure 11. At the beginning of the 
switching interval, the gate voltage is at ground and the gate 
source capacitance (Cgs • Crss • Crssl has no charge. The drain 
voltage is at Voo and thus the feedback capacitance (Crssl is 
charged to Voo. Similarly, the drain substrate capacitance 
(Cd(sub)l is charged to Voo since the substrate and source are 
connected to ground. 

During the turn-on interval Cgs is charged to VGs (the input 
voltage) through RG (generator impedance) (Figure 12). Crss 
must be discharged to VGs • Vo(on) through RG and the par
allel combination of the load resistor (Ro) and the channel 
resistance (rdsl· In addition, Cd(sub) is discharged to a. low 
value (Vo(on)l through Ro in parallel with rds· During turn-off 
this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since 
the channel resistance (rdsl is a function of the gate source 
voltage (VGsl. As Cgs becomes charged VGs is approaching 
Vin and rds decreases (see Figure 5) and since Crss and Cd(sub) 
are charged through rds• turn-on time is quite non-linear. 

If the charging time of Cgs is short compared to that of Crss 
and Cd(sub)• then rds (which is in parallel with Ro) will be low 
compared to Ro during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn· 
off rds will be almost an open circuit requiring Crss and Cd( sub) 
to be charged through Ro and resulting in a turn-off time that 
is long compared to the turn-on time. This is especially no
ticeable for the curves where RG • 0 and Cgs is charged through 
the pulse generator impedance only. 

The switching curves shown with RG • Ro simulate the 
switching behavior of cascaded stages where the driving 
source impedance is normally the same as the load impedance. 
The set of curves with RG • O simulates a low source impedance 
drive such as might occur in complementary logic circuits. 

MOTOROLA SEMICONDUCTORS 

• 



3N169 
3N170 
3N171 

CASE 20-03, STYLE 2 
T0-72 (T0-206AF) MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current I Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

MOSFET 
SWITCHING 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

N-CHANNEL - ENHANCEMENT Junction Temperature Range 

Storage Temperature Range 

Refer to 2N4351 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
Uo = 10 µ.Ade, VGS = O) 

Zero-Gate-Voltage Drain Current loss 
(Vos = 10 Vdc, VGs = 01 
(Vos = 10 Vdc, VGs = o. TA= 125°C) 

Gate Reverse Current IGSS 
(VGS = -35 Vdc, Vos = O) 
(VGs = -35 Vdc, Vos = 0, TA= 125°C) 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(Th) 
(Vos = 10 Vdc, lo = 10 1<Adcl 3N169 

3N170 
3N171 

Drain-Source On-Voltage Vos( on) 
Uo = 10 mAdc, VGs = 10 Vdcl 

On-State Drain Current lo( on) 
(VGs = 10 Vdc, Vos = 10 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source Resistance 'ds(on) 
(VGS = 10 Vdc, lo = 0, f = 1.0 kHz) 

Forward Transfer Admittance IYtsl 
(Vos = 1 o Vdc. lo = 2.0 mAdc, f = 1.0 kHz) 

Input Capacitance Ciss 
(Vos = 10 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= o. VGs = o. f = 1.0 MHz) 

Drain-Substrate Capacitance Cd(sub) 
(Vo(SUB) = 10 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time 
(Voo = 10 Vdc, ID(on) = 10 mAdc, 

td(on) 

Rise Time VGS(on) = 10 Vdc, VGS(off) = 0, tr 

Turn-Off Delay Time RG' = 50 Ohms) tcfu>f!l_ 
See Figure 1 

Fall Time tf 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 25 Vdc 

VoG ±35 Vdc 

VGS ±35 Vdc 

10 30 mAdc 

Po 300 mW 
1.7 mWl°C 

Po 800 mW 
4.56 mWl°C 

TJ 175 "C 

Ts.!ll_ -65to +175 "C 

Min Max Unit 

25 - Vdc 

- 10 nAdc 
- 1.0 µ.Ade 

pAdc 
- 10 
- 100 

Vdc 
0.5 1.5 
1.0 2.0 
1.5 3.0 

- 2.0 Vdc 

10 - mAdc 

- 200 Ohms 

1000 - I'm hos 

- 5.0 pF 

- 1.3 pF 

- 5.0 pF 

- 3.0 ns 

- 10 ns 

- 3.0 ns 

- 15 ns 

SMALL-SIGNAL DEVICES 



3N169,3N170,3N171 

INPUT 
(SCOPE A) 

OUTPUT 
(SCOPE Bl 

INPUT PULSE: 
tr<0.33ns 
t1<0.33n1 
PW•0.4111 
Duty Cycle< 1.0!6 

SMALL-SIGNAL DEVICES 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

-VGS(on) 

PULSE 
GENERATOR 

RL = voo -(rds(onl +50) 
10 

voo 

--+------TD 50 OHM 

DSCI LLDSCOPE: 
tr<0.4111 
Zin <60 Ohms 

SCOPE A 

SCOPE 
TEKTRONIX 567A 
DR EQUIVALENT 

MOTOROLA SEMICONDUCTORS 

• 



• 

3N201 
3N202 
3N203 

CASE 20-03, STYLE 9 
T0-72 (T0-206AF) 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Drain Current 

Gate Current I Total Device Dissipation @ TA = 25°C 
Derate above 2!i°C 

DUAL-GATE MOSFET 
VHF AMPLIFIER 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Lead Temperature 

N-CHANNEL - DEPLETION Junction Temperature Range 

Storage Channel Temperature Range 

Refer to MPF201 for additional graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
Uo = io µAde, Vs = o. Vais = Va2s = -5.o Vdc) 

Gate 1-Source Breakdown Voltage(1) 
UG1 = ± 10 mAdc, va2s = Vos = O) 

Gate 2-Source Breakdown Voltage(i) 
Ua2 = ±10 mAdc, VG1s =Vos= O) 

Gate i Leakage Current 
(VG1s = ±5.0 Vdc, Va2s = Vos = O) 
(Va1s = -5.o Vdc, va2s = Vos = o. TA = 150°c) 

Gate 2 Leakage Current 
(Va2s = ±5.0Vdc, Vais= Vos= o) 
(Va2s = -5.0 Vdc, va1s = Vos = o, TA = i50°c) 

Gate i to Source Cutoff Voltage 
(Vos = 15 Vdc, Va2s = 4.0 Vdc, lo = 20 µAde) 

Gate 2 to Source Cutoff Voltage 
(Vos = i5 Vdc, Vais = o. lo = 20 µAde) 

ON CHARACTI;RISTICS 

Zero-Gate-Voltage Drain Current(2) 
(Vos= 15 Vdc, VG1s = o. Va2s = 4.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(3) 
(Vos= 15 Vdc, Va2s = 4.0 Vdc, VG1s = o. f = 1.0 kHz) 

Input Capacitance 
(Vos= i5 Vdc, Va2s = 4.o Vdc, 10 = loss. t = i.o MHz) 

Reverse Transfer Capacitance 

3N20i ,3N202 
3N203 

3N20i,3N202 
3N203 

(Vos = 15 Vdc, Va2s = 4.0 Vdc, lo = io mAdc, t = 1.0 MHz) 

Output Capacitance 
(Vos= 15 Vdc, Va2s = 4.0 Vdc, lo= loss. t = i.o MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure i) 
(Voo = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)DSX 

V(BR)G1SO 

V(BR)G2SO 

IG1SS 

1a2ss 

Vais(off) 

Va2S(off) 

loss 

IYtsl 

Ciss 

Crss 

Coss 

NF 

Symbol 

Vos 

Voai 
Voa2 

lo 

IG1 
1a2 

Po 

Po 

TL 

TJ 

Ts!e._ 

Min 

25 

±6.0 

±6.0 

-
-

-
-

-0.5 

-0.2 

6.0 
3.0 

8.0 
7.0 

-

0.005 

-

Value 

25 

30 
30 

50 

±io 
±io 

360 
2.4 

i.2 
8.0 

300 

-65 to + i75 

-65 to + i75 

Typ 

-

±i2 

±i2 

±.040 
-

±.050 
-

-i.5 

-i.4 

13 
1i 

12.8 
12.5 

3.3 

O.Oi4 

1.7 

i.8 
5.3 

Max 

-
±30 

±30 

±io 
-io 

±io 
-io 

-5.0 

-5.0 

30 
i5 

20 
i5 

-
0.03 

-

4.5 
6.0 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mW 
mWl°C 

Watt 
mWl°C 

•c 

·c 

•c 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
µAde 

nAdc 
µAde 

Vdc 

Vdc 

mAdc 

mm hos 

pf 

pf 

pf 

dB 

SMALL-SIGNAL DEVICES 



3N201,3N202,3N203 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Common Source Power Gain Gps dB 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) 3N201 15 20 25 
IVoo = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) 3N203 20 25 30 
(Voo = 18 Vdc, fLQ = 245 MHz, fRF = 200 MHz) (Figure 2) 3N202 Gc(5) 15 19 25 

Bandwidth BW MHz 
IVoo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) 3N201 5.0 - 9.0 
IVoo = 18 Vdc, fLQ = 245 MHz, fRF = 200 MHz) (Figure 2) 3N202 4.5 - 7.5 
IVoo = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) 3N203 3.0 - 6.0 

Gain Control Gate-Supply Voltage(4) VGG(GC) Vdc 
IVoo = 18 Vdc, Ll.Gps = -30 dB, f = 200 MHz) (Figure 1) 3N201 0 -1.0 -3.0 
IVoo = 18 Vdc, Ll.~s = -30 dB, f = 45 MHz) (Figure 3) 3N203 0 -0.6 -3.0 

(1) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting 
network is functioning properly. 

(2) Pulse Test: Pulse Width = 300 µs, Duty Cycle .; 2.0%. 
(3) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 
(4) il.Gps is defined as the change in Gps from the value at VGG = 7.0 volts (3N201) and VGG = 6.0 volts (3N203). 
(5) Power Gain Conversion 

From 75-H 
Source 

560 k 

245-MHz I 
Loca:~p~~\l~~or 

From 50-fl 
Source 

~----· 
200-MHz 
RF Input 

Source 

FIGURE 1 - 200-MHz TEST CIRCUIT SCHEMATIC 
FOR 3N201 

~---... ----0 +18 v 

0.001 µF J 
10 k 

L 1 

C1 8.2 pf 

TUT 

270 

0.001 
µF C2 

C1 4.0-30 pf, E R1 E Variable Ceramic, Set for ;::;:- 22 pF 
C2 4.0-30 pF, ERIE Variable Ceramic, Set for;;::; 10 pF 
L 1 4 Turns, #14 AWG Cooper, 1/4" 1.0., 1/6" Pitch 
L2 3 Turns, #14 AWG Cooper, 1/4" l.D., 1/8" Pitch 

AFC DELEVAN No. 153712, 1.0 µ,H 

L2 

FIGURE 2 - 200-MHz-to-45-MHz TEST CIRCUIT SCHEMATIC 
FOR 3N202 

TUT 

D 

0.001 0.001 270 2.2 

RFC 

0.001 pF 

39 pF 

10 k 27 pF C1 µF µF pF 

(1) Amplitude at Input from Local Oscillator~ 3 V AMS 

110 k 
e-------JV'V\r-------e------0+18V 

91 k 
C1 

L 1 

1.5-7.0 pF, ERIE Variable Ceramic, Set for :::::: 4. 7 pf 

4 Turns, #14 AWG Copper, 1/4" 1.0., 1/6" Pitch 

To 1s.n 
Load 
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3N201,3N202,3N203 

FIGURE 3 - 45-MHz TEST CIRCUIT SCHEMATIC 
3N203 

From 50-.0 
Source 

9., k 

L1 

0.001 µF 

6.2 k 

+18 v 

To 50-!1 
Load 

L1 14 Turns, #30 AWG Copper, Close-Wound 7/32" OD form with 
ARNOLD ENGINEERING "J" Tuning Core 

L2 10 Turns, #30 AWG Copper, Close-Wound 7/32" OD form with 
ARNOLD ENGINEERING "J" Tuning Core 

TYPICAL CHARACTERISTICS 

< 
~ 

i 
G 
z 

~ 
9 

18 

16 
14 

11 

10 

18 

16 

14 

12 

10 

8.0 

6.0 

4.0 

1.0 
0 

FIGURE 4 - DRAIN CURRENT versus 
DRAIN to SOURCE VOLTAGE 

VG1S • 4.0 V IOSS • 11.8 mA 1 
L VG1S • +1.0 V 

i I/ 

rT +0.5 v 

1 
01 

I 

-i71 -051 

i. 1 
~ -1.0 v 

0 1.0 4.0 6.0 8.0 10 11 14 16 18 10 

Vos. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 

FIGURE 6 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 

DRAIN CURRENT 

]" 14 Vos: 15 v VG1S: +4.0 v ! ~i 1-- ioss = 11.8 mA I ---- 2 r-... 
~ 11 r- ]:' 1.0 k~ 4_-4---..i__.[_o_v-+--+---+[Z_.ll-< 
~ 10 ~ ~ ~--

90 VG1s•_..L._~~,,-,""-lt..+--+---~l-">.L_~f-----l----l-.A--; 
ii · -1.ov-zz-r A /+o5v 
~ 8.0 ~t-~ v l\. zv 
~ i.o A K "\.. 
~6.0 _L ::"-. L VGJS•l.OVL 

~ 5·~ r 7.. 'bl: 7 """' J7" ~\L11Yvf;1s·ov:2_S, L k"+lov-
~ ~:o~ .Y ~ .-+-"" ~ 
~ 1.oll V ~ _.. ~,_;:o~ IS 
~ 0 1.0 4.0 6.0 8.0 10 11 14 16 18 10 

lo, DRAIN CURRENT (mA) 

MOTOROLA SEMICONDUCTORS 

6-86 

18 

16 
14 

11 
< 10 ~ 

~ 
18 

16 

~ 14 

z 11 

~ 10 
"'. 8.0 

FIGURE 5 - DRAIN CURRENT versus GATE-ONE to 
SOURCE VOLTAGE 

1----1 
1----1 

T T 
vos·1sv 
IDSS = 11.8 mA 

VG1s=+4.0V_,,.P" 

..ziz-
c 
- 6.0 OV-+---J 

4.0 

1.0 VG1s- -1.0 V-+---1 
1.0 

-1.5 -1.0 -0.5 0 +0.5 

VGJS, GATE-ONE·TO·SOURCE VOLTAGE !VOLTS) 

+1.0 

FIGURE 7 - SMALL-SIGNAL COMMON-SOURCE GATE·ONE 
FORWARD TRANSFER ADMITTANCE versus 

GATE-ONE to SOURCE VOLTAGE 

c 14 T T 
~ 13 f- Vos: 15 v -+-·+--+--=~--..... ~ IVG2S: 4.0 v 
;;; 12 f- loss: 12.8 mA -+----+~-i=l---+-+----"'+....,...,,.-::0::.,--i 
~ 

11 
f-1.0kHz _L" .........__, 

~10 :zS: ~ - --
~9·0 17 _,, K 

~~:~ -zr7~ ~ 
~ 6.0 -n ~ ' 
g 50 f/7.p 1': +- °"' ""'20V 

:i! 4 ~ r// ""'- K ~ 
~ 3· I "" ~ 1.0V g; 1.0 -n ......,__ t---
":, 1.017...U ov 
~ 0 
- -1.5 -1.0 -0.5 +0.5 

VG JS, GA TE-ONE to SOURCE VOLTAGE IVO L TS) 

+1.0 
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3N201,3N202,3N203 

FIGURE 8 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 

GATE-TWO to SOURCE VOLTAGE 
14,---,--,--,--,--,--.---.--,--,---, 

e 13 1---+ vo~ = 15 J 
: 121---+ loss=12.8mA-,.--;--;VG1S=OV --r
- 11 t---+ t = 1.0 kHz -t--t--t--:;.,,.J,.--::::f--::=~:'"""li--"---t 
~ !Ot--t-----1---t--t--t-:::..-t-~_,,,t:...=cr--t---r-~0.5~V+-~ ......... 
~ 9.0 t---+-+---1--+lL--,."f'--.J.--¥--1-----+-+---1 
.. 8.0 r--r--r--+----Y---t-zTJ--t--1--t----1 

~ 1 .o r-----r----r-~r-L-.-A.,.._---r-JL:l'--1--r----r----i-----1 
!"1 6.0 t-----+--+-+JL-r-t---if ./'---t--+---1--+--I 
~ 5.0 r---+--+----Y----t-7'-"'-Y--t---t--t---+---1 

~ 4.o 1---+-+k"...,2,c.+L---:;.,,,~'---+---1--+--+--+--1 
i 3.o L .L 
~ 2.0t--+7'~.L.-+y..,..'-+---+--t--t---t--t---+--" 

1.0 t--...... t-o.""""!---t---t---+--+--+--+--+-~ 

i -~. '=o _ _._ _ _,,__ ..... _+-:-:1c':.o:---'--.::12.""o -..J...-+73.':::o--'--."""4.o 

VG2s. GATE-TWO to SOURCE VOLTAGE (VOLTS) 

FIGURE 9 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
INPUT AND OUTPUT CAPACITANCE versus 

GATE-TWO-to-SOURCE VOLTAGE 

7.0,--,--.--,--.--,--,--,---,--~-~ 

f---1 
u: 6.01----1 

Vos= 15 v 
va 1s = o v 
ioss = 12.8 

~~ r-1 t = 1.0 MHz 
;:;-~ 5.0f--+---+--+--+ Ciss -t---+---+---+--+--1 
'-'< 
Zt-g ~ 4.0 t--+--+---+---+---+---+---+---+---+1'"--=""I 

~5 
~ !:; 3.0 t--+---+---t---t---+---+----+---+--+---j 
t-o. 
=> ... 
~ 5 2.0 t--+--+--+--+ Coss 

jj 
1.0t--+--+--+---+---+---+---+---+--+---j 

o~_..___...__,.,_ _ _._ _ _._ _ _._ _ _,__.,.._ _ _._ _ _, 
-5.0 -4.0 -3.0 -2.0 -1.0 +1.0 +2.0 +3.0 +4.0 +5.0 

Va2s. GATE-TWO-to-SOURCE VOLTAGE (VOLTS) 

TYPICAL CHARACTERISTICS 

FIGURE 10 - COMMON-SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus DRAIN CURRENT 

28 

26 
24 
22 

~i 20 
~; 18 

~~ 16 
~ffi 14 
~3: 12 
oo 
zo._ 10 

.12".: 
L 

~-J- 8.0 

6.0 
4.0 
2.0 

lL 

ls: 
0 
0 

...... 

2.0 

Gps 

I-

vos=15V 
v02s = 4.o v 

t=200MHz 
Adjusted VG1s for lo 
IDSS = 12.8 mA 

NF 

4.0 6.0 8.0 10 12 14 16 
lo, DRAIN CURRENT lmA) 

FIGURE 12 - COMMON-SOURCE POWER GAIN 

versus DRAIN SUPPLY CURRENT - 3N201 

+30 

+20 t-Voo = 1B v -t-- loss= 12.8 mA 

t- Circ~~ ~o~i:~: 1 
Ot- BW = 7.0 MHz ./ 

.L 
L 

0 

i2-0 lZ 
o~ 
oV 

-3 

-4 

18 20 

0 1.0 2.D 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

loo. DRAIN SUPPLY CURRENT (mA) 
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+30 

+20 

-30 

FIGURE 11 - COMMON-SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus GAIN CONTROL 

GATE-SUPPLY VOLTAGE - 3N201 

1 
Gps -~ v6o = 18 1vdc !---

t=200MHz 1-----1 
/ L! Circuit in Figure 1 

~ 
8W = 7.0 MHz 1----1 

~ 
toss= 12.8 mA f---1 

jJ ~ 

rI NF -...;;;; 

14 

12 

10 ~ 
w 
<c 

8.0~ 

6.0~ 
4.0~-

2.0 

-40 i::,::::;;' 
-3.0 -2.0 -1.0 0 +1.0 +2.0 +3.0 +4.0 +5.0 +6.0 

0 
+7.0 

VGG(GC), GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 

20 

"'18 

~ 16 

"' "'1 
~ 
~ 1 
2 
0 

~ 
~ 8. 

4 

2 

0 

0 

FIGURE 13 - SMALL-SIGNAL COMMON-SOURCE 
CONVERSION POWER GAIN versus 

LOCAL OSCILLATOR INPUT VOLTAGE - 3N202 

_l 

z 
7 vcio = 1Jv 

I 

I frf = 200 MHz 
fLD = 245 MHz 
Circuit in Figure2 

8W =6.0 MHz 
loss= 12.8 ·mA 

s 6. 

~ 4. 
8 

l 0 

07 

oI J-2. 
0 !j_ 

1.0 2.0 3.0 4.0 

VRMS. LOCAL OSCILLATOR INPUT VOLTAGE (VOLTS) 

5.0 
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3N201,3N202,3N203 

+30 

+20 

!+19 
z 
;;: 0 ., 
"' ~ -10 
ii! 
J-20 

-30 

-40 

FIGURE 14 - SMALL-SIGNAL COMMON SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 

GATE-SUPPLY VOLTAGE - 3N203 

I- vori= 1el 

t- Ci~ui~ ~5 F~~~e 3 L' I- QW = 4.5 MHz 
'iL loss= 12.e mA _.ti 

t 
7 

i 
L 

i--
-3.0 -2.0 -1.0 +1.0 +2.0 +3.0 +4.0 +5.0 +6.0 +7.0 

VGG(GC), GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 

TYPICAL CHARACTERISTICS 

FIGURE 15 - SMALL-SIGNAL GATE ONE FORWARO 
TRANSFER ADMITTANCE versus FREQUENCY 

FIGURE 16 - SMALL-SIGNAL GATE ONE INPUT 
ADMITTANCE versus FREQUENCY 

f!! 
iii 15 z 

vos·15V 
VG2S • 4 V 

ii! 10 = 10 mA .. 10 0 
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100 
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~ 5.0 

I= Vos=15V I= VGZS = 4 V 
1- ID= 10 mA 

Lk'.'. 
~ j 3.0 

,b/ 

b.J 2.0 
i,..-

f"'. 
1.0 ~ [L1 

100 300 500 1000 40 60 100 
f. FREQUENCY (MHz) f, FREQUENCY (MHz) 

1.0 
0.7 

0.5 

FIGURE 17 - SMALL-SIGNAL GATE ONE OUTPUT 
ADMITTANCE versus FREQUENCY 

v~~~ = ~\v 7.o [~~~~~~~~~~~~~~~~~~1 ID= 10 mA :;a L 5.0 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 25 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Drain Current lo 50 mA 

Reverse Gate Current IG -10 mA 

Forward Gate Current IGF 10 mA 

Total Device Dissipation @ TA = 25°C Po 360 mW 
Derate above 25°C 2.4 mW/"C 

Total Device Dissipation @ Tc = 25°C Po 1.2 mW 
Derate above 25°C 0.8 mWl"C 

Lead Temperature TL 300 'C 

Operating and Storage Junction TJ, Tstg -65°C to 'C 
Temperature Range +175°C 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
Oo = 10 µA, VG1 = VG2 = -5.0 V) 

Gate 1-Source Breakdown Voltage 
0G1 = ±10 mA) Note 1 

Gate 2-Source Breakdown Voltage 
0G2 = ± 10 mA) Note 1 

Gate 1 Leakage Current 
(VG1S = ±5.0 V, VG2s = Vos = O) 

Gate 2 Leakage Current 
(VG2S = ±5.0 V, VG1S = Vos = 0) 

Gate 1 to Source Cutoff Voltage 
(Vos = 15 V, VG2s = 4.0 V, lo = 20 µA) 

Gate 2 to Source Cutoff Voltage 
(Vos = 15 v. VG1S = 0 V, lo = 20 µA) 

ON CHARACTERISTICS 

Zero-Gate.Voltage Drain Current* 
(Vos = 15 V, VG2S = 4.0 V, VG1S = 0 V) 

SMALL·SIC:.NAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 V, VG2S = 4.0 V, VG1S = 0 V, f = 1.0 kHz) Note 2 

Input Capacitance 
(Vos = 15 v, VG2s = 4.0 v, lo = loss. f = 1.0 Mhzl 

Reverse Transfer Capacitance 
(Vos = 15 V, VG2S = 4.0 V, lo = 10 mA, f = 1.0 MHz) 

Output Capacitance 
(Vos = 15 v, VG2s = 4.0 v, lo = loss. f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vob = 18 V, VGG = 7.0 V, f = 200 MHz) 3N204 
(Vos = 15 V, VG2S = 4.0 v. lo = 10 mA, f = 450 MHz) 3N204 

Common Source Power Gain 
(Voo = 18 V, VGG = 7.0 V, f = 200 MHz) 3N204 
(Vos = 15 v, VG2S = 4.0 V, lo = 10 mA, f = 450 MHz) 3N204 

SMALL-SIGNAL DEVICES 

6-89 

Symbol 

V(BR)DSX 

V(BR)G1SO 

V(BR)G2SO 

IG1SS 

IG2SS 

VG1S(off) 

VG2S(off) 

ioss* 

IYfsl 

Ciss 

Crss 

Coss 

NF 

Gps 

3N204 
3N205 

CASE 20-03, STYLE 9 
T0-72 (T0-206AF) 

I 
DUAL GATE 

MOS-FET 

N·CHANNEL - DEPLETION 

Min Max 

25 -
±6 ±30 

±6 ±30 

- ±10 

- ±10 

-0.5 -4.0 

-0.2 -4.0 

6 30 

10 l 22 

Typ. 
3.0 

0.005 l 0.03 

Typ. 
1.4 

- 3.5 
- 5.0 

20 28 
14 -

Unit 

Vdc 

Vdc 

Vdc 

nA 

nA 

Vdc 

Vdc 

mA 

mm hos 

pF 

pF 

pF 

dB 

dB 
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3N204,3N205 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25"C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Bandwidth BW MHz 
(Yoo = 18 V, VGG = 7.0 V, f = 200 MHz) 3N3204 7.0 12 
(Yoo = 18 V, fLQ = 245 MHz, fRF = 200 MHz) (Note 4) 3N205 4.0 7.0 

Gain Control Gate-Supply Voltage (Note 3) VGG(GC) 0 -2.0 Vdc 
(Yoo = 18 V, AGPS = 300 dB, f = 200 MHz) 3N204 

Conversion Gain (Note 4) G(conv.) 17 28 dB 
(Yoo = 18 V, fLQ = 245 MHz, fRF = 200 MHz) 3N205 

*PW = 30 µ.sec, Duty Cycle "' 2.0%. 
(1) All gate breakdown voltages are measured while tile device is conducting rated gate current. This insures that the gate voltage limiting 

network is functioning propertly. 
(2) This parameter must be measured with bias voltages applied for less than five (5) seconds to avoid overheating. 
(3) AGps is defined as the change in Gps from the value at VGG = 7.0 V. 
(4) Amplitude at input from local oscillator is 3 volts RMS . 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Drain-Gate Voltage VDG1 30 
VDG2 30 

Drain Current 10 30 

Gate Current IG1R -10 
IG1F 10 
IG2R -10 
IG2F 10 

3N209 MPF209 

Total Device Dissipation Po 
@TA=25°C 300 -
Derate above 25°C 1.71 -

Total Device Dissipation Po 
@Tc= 25°C 300 
Derate above 25°C 2.4 

Lead Temperature, 1/16" From Seated TL 260 200 
Surface for 10 seconds 

Storage Channel Temperature Range Tstg -65to -65 to 
+175 +150 

Operating Channel Temperature Tchannel 175 150 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(lo = 10 µAde, VG1S = -4.0 Vdc, VG2S = 4.0 Vdc) 

Gate 1 - Source Forward Breakdown Voltage 
OG1 = 10 mAdc, VG2s = Vos = Ol 

Gate 1 - Source Reverse Breakdown Voltage 
OG1 = -10 mAdc, VG2s =Vos= O) 

Gate 2 - Source Forward Breakdown Voltage 
OG2 = 10 mAdc, VG1S = Vos = 0) 

Gate 2 - Source Reverse Breakdown Voltage 
0G2 = -10 mAdc, VG1S = Vos = 0) 

Gate 1 - Terminal Forward Current 
(VG1S = 6.0 Vdc, VG2S = Vos = 0) 

Gate 1 - Terminal Reverse Current 
(VG1S = -6.0 Vdc, VG2S =Vos= 0) 
(VG1S = -6.0 Vdc, VG2S =Vos = 0, TA= 150°C) 

Gate 2 - Terminal Forward Current 
(VG2S = 6.0 Vdc, VG1S = Vos = 0) 

Gate 2 - Terminal Reverse Current 
(VG2S = -6.0 Vdc, VG1s =Vos = 0) 
(VG2S = -6.0 Vdc, VG1S =Vos = o. TA= 150°C) 

ON CHARACTERISTICS 

Gate 1 - Zero Voltage Drain Current 
(Vos = 15 Vdc, VG1S = 0, VG2S = 4.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo = 10 mAdc, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo"' 5.0 mAdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo"' 5.0 mAdc, f = 1.0 MHz) 

Output Capacitance 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo"' 5.0 mAdc, f = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mW 
mW/°C 

mW 
mWl°C 

oc 

oc 

oc 

Symbol 

V(BR)DSX 

V(BR)G1SSF 

V(BR)G1SSR 

V(BR)G2SSF 

V(BR)G2SSR 

IG1SSF 

IG1SSR 

IG2SSF 

IG2SSR 

loss 

Yfs 

Ciss 

Crss 

Coss 

3N209 
MPF209 

3N209 
CASE 20-03, STYLE 9 

T0-72 (T0-206AF) 

~ 
MPF209 

CASE 317-01, STYLE 1 

DUAL-GATE 
MOSFET 

UHF COMMUNICATIONS 

N-CHANNEL - DEPLETION 

Min Typ Max Unit 

25 - - Vdc 

7.0 - 22 Vdc 

-7.0 - -22 Vdc 

7.0 - 22 Vdc 

-7.0 - -22 Vdc 

- - 20 nAdc 

- - -20 nAdc 
- - -10 µAde 

- - 20 nAdc 

- - -20 nAdc 
- - -10 µAde 

5.0 30 mAdc 

10 13 20 mm hos 

- 3.3 7.0 pF 

0.005 0.023 0.03 pF 

0.5 2.0 4.0 pF 

MOTOROLA SEMICONDUCTORS 

• 



3N209, MPF209 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF - 4.0 6.0 dB 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo= 10 mAdc, f = 500 MHz) 

Common Source Power Gain (Figure 12) Gps 10 13 20 dB 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo = 10 mAdc, f = 500 MHz) 

*Bandwidth BW 7.0 - 17 MHz 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo = 10 mAdc, f = 500 MHz) 

FIGURE 1 - MOS FET CIRCUIT SCHEMATIC 

D 
G2 

G1 

TYPICAL SCATTERING PARAMETERS 

FIGURE 2-S11.INPUT REFLECTION COE.FFICIENT 
versus FREQUENCY 

FIGURE 3 - S12. REVERSE TRANSMISSION COEFFICIENT 
versus FREQUENCY 

3300 3400 3SO• 0 111• 200 30• 30• 20• 1 o• o Jso• 340• 330• 

400 400 

so• so• 

so• so• Joo• 

10• 10• 

so• soo 

so• so• 2700 

jQQO 100° 2SOO 

110• 110• 2SOO 

2400 

1300 1300 2300 

140° 140• 2200 

210• 200• 1so• 1so• 110• 1so• 1so• 1so• 1so• 110• 1so• 1so• 200• 2100 
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3N209, MPF209 

FIGURE 4 -S21. FORWARD TRANSMISSION FIGURE 5 -S22. O.UTPUT REFLECTION 
COEFFICIENT versus FREQUENCY COEFFICIENT versus FREQUENCY 

3300 340° 350° 0 100 20° 30° 30° 20° 100 

40° 

50° 

so• 

10• 

90• 

so• 

100° 

110° 

120° 

1300 

140° 

2100 2000 190• 180• 110• 1600 150• 1500 1600 1700 180• 190° 2000 2100 

TYPICAL COMIAON-SOURCE ADMITTANCE PARAMETERS 
(Vos= 15 Vdc, VGs2 = 4.0 Vdc, lo= 10 mAdcl 

FIGURE 6-Y11. INPUT ADMITTANCE 
versus FREQUENCY 

FIGURE 7 - Y12. REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 

320° 

3100 

300° 

290° 

280• 

2700 

2600 

250• 

2400 

2300 

2200 
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FIGURE 8- Y21. FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 

FIGURE 9 - Y22. OUTPUT ADMITTANCE 
versus FREQUENCY 

+15~-,-~--,------------r-~+1s s 2.4.--,--.--,--.--.--.--.--,,--,,---1 

j r----. E ~ LL -; 
E +101---+--F"-t---f--f--f--f--f--f---1+10 .§ E 2.11--t--l--t--l--l--1---1-~~lfrYf--tl0.5~ 
.§ ~ ~ .§ .4"'1" E 

~ +5:0 ~ I ms +s.o~ ~ 1.s I ~ s.o~ i I -."l o ~ ~ 1.5 ~ 1.5 ~ z ~ ~-~ ibosVV ~ 
~ -5.0 ~ ibfs ~ -5.0~ 8 1.2 v I / gos 6.0~ 
~ -10 ~ ~ -10~ s o.9 ,..-1V.LI ~ 4.5~ 
:i ~ __ \_ t-~ L_J ~ g 
~ -15 1-t--+- -15 ~ 1 0.6 / 7 3.0 i 
i -20 -20 ~ 0.3 .---pv~-::P .... ~~r---r--r--i--.--.--.---il.5 
~ -2s._ _ _.__,_ _ _.__,__,__,__,__,__,_~ 25 " 
ii 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0- .Ji 

o~_,__,__,__,__,__~-~-~-~~o 

I, FREQUENCY !GHz) 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
I, FREQUENCY !GHz) 

FIGURE 10 - POWER GAIN AND NOISE FIGURE versus SOURCE RESISTANCE 

(See Schematic Figure 12) 

11 JU 14 

I- voo • 15 Vdc 
I- 10 = 10 mAdc 

VG2= 6 Vdc I Gp ~ I- I= 500 MHz z ~ 
IL 

t. 

13 

12 

11 

10 

1. 10 

£ y 
lZ ~ L 

NF 
f.:::: 

30 50 70 100 300 500 7 00 1 000 3000 
Rs. SOURCE RESISTANCE (OHMS) 

The Test Circuit shown in Figure 12 was used to generate Power Gain 
and Noise Figure as a function of Source Resistance curves. 

FIGURE 11 - THIRD ORDER INTERMODULATION DISTORTION 
(See Schematic Figure 12) 

j,d orler 1Jerce~t::::: 
201--+--,+--1+--}+--1+--+--t--+- Point -+"-

la= 5.0 to 10 mAdc 

,.._!1'! Vos= 15 Vdc ,...i-7 
_ t--t-- fl= 499 MHz -+--+-+--+-+--17,_,,"'+--it-_, 
w 12 = 500 MHz I ./' I 
:5 -2011--+-1---+--+-+--+--t--+--+v-.i-:_1---+--+lL1--+--4 

:;; Fu~dame~tal V _j_ 
~ -40ll--+-+---+ output ,~ ... ...:1 ~7""t--t--i--i-V-t-t--t---1 

3rd Order 
~ -60 I ~ IMO Output Pi...._/"<--+-->-_, 

~ -so1r--i---r--r7 Yr--r-r--r--ir--r---iLL-r--r--t-+--1 
5 v v 
0 -100 ~ .L1 
-120~ v 

-120 -100 -80 -60 -40 -20 

INPUT POWER PER TONE (dBM) 

Figure 11 shows the typical third order intermodulation distortion 
(IMO) performance of the 3N209 and 3N210 at 500 MHz. 

Both fundamental output and third order IMO output characteristics 
·are plotted. The curves have been extrapolated to show the third order 
intermodulation output intercept point. 

The performance is typical for lo between 5-0 mAdc and 10 mAdc. 
The test circuit shown in Figure 12 was used to generate the IMO Data. 

MOTOROLA SEMICONDUCTORS 

6-94 

"' ~ 
z 
;;: 
"' "' ~ 
~ 
0: 

"' 

SMALL-SIGNAL DEVICES 



3N209, MPF209 

FIGURE U - TEST CIRCUIT FOR POWER GAIN, NOISE FIGURE 
AND THIRD ORDER INTERMODULATION DISTORTION 

l500 Voo 
Input 

C3 J 
-= 

L 1 

C2 

-= 
0.15 µH 

C9 

C1 = 1.0-20 p~, JOHANSON Air Variable Cap. (14.5 pf Nominal) 

C2 = 1.0-10 pF, JOHANSON Air Variable Cap (5.4 pF Nominal) 

C3, C11 • 470 pf, Low Inductance Feadthru Cap. 

220 

100k 

C4, CS, C9, C10"" 250 pf, Low Inductance, UNDERWOOD Cap. (J-101) 
C5 • 0.4-6.0 pf, JOHANSON Air Variable Cap. (0.92 pf Nominal) 

C6 • 1.0-10 pf, JOHANSON Air Variable Cap. (5.9 pf Nominal) 

C7 • 1.0-10 pf, JOHANSON Air Variable Cap (3.0 pf Nominal) 

L1 = 2.52 x 0.1 Inches } ® 
L2 ... 0 _4 x O. t inches On~ sided glass Teflon, 1 oz. copper clad, 1/16" 

L3 • 1.23 x 0.2 inches €A - 2·55 

®Trademark of E.I. Dupont, OeNemours and Co., Inc. 

J 

Voo 

C10 

son 
Output 
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3N211 
3N212 
3N213 

CASE 20-03, STYLE 9 
T0-72 (T0-206AF) 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Drain Current 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

DUAL-GATE 
MOSFET 

VHF AMPLIFIER 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Lead Temperature, 1/16" From Seated 
Surface for 10 seconds 

N-CHANNEL - DEPLETION 
Junction Temperature Range 

Storage Temperature Range 

Refer to MPF211 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
!lo = 10 ;<Ade, VG1S = VG2S = -4.0 Vdc) 

Instantaneous Drain-Source Breakdown Voltage)(1) 
!lo = 10 ;<Ade, VG1S = VG2S = -4.0 Vdc) 

Gate 1-Source Breakdown Voltage(2) 
!IG1 = ± 10 mAdc, VG2s = Vos = O) 

Gate 2-Source Breakdown Voltage(2) 
!IG2 = ±10 mAdc, VG1s =Vos= O) 

Gate 1 Leakage Current 
(VG1S = ±5.0 Vdc, VG2S = Vos = 0) 
!VG1s = -5.0 Vdc, VG2s = Vos = o, TA= 150°Cl 

Gate 2 Leakage Current 
(VG2s = ±5.0 Vdc, VG1S = Vos = 0) 
(VG2S = -5.0 Vdc, VG1S = Vos = 0, TA= 150'C) 

Gate 1 to Source Cutoff Voltage 
(Vos = 15Vdc, VG2S = 4.0 Vdc, lo = 20 µAde) 

Gate 2 to Source Cutoff Voltage 
!Vos = 15 Vdc, VG1s = o, lo = 20 ;<Adel 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(3) 
!Vos = 15 Vdc, VG1s = o, VG2s = 4.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(4) 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, VG1s = 0, f = 1.0 kHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VG2s = 4.0 Vdc, lo = 10 mAdc, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) 
(Voo = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) 

MOTOROLA SEMICONDUCTORS 

3N211,212 
3N213 

3N211,212 
3N213 

3N211,213 
3N212 

3N211 
3N212,213 

3N211,212 
3N213 

3N211 
3N211,13 
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Symbol 

V(BR)DSX 

V(BR)DSX 

V(BR)G1SO 

V(BR)G2SO 

IG1ss 

1G2ss 

VG1S(off) 

VG2S(off) 

loss 

IYfsl 

Crss 

NF 

Symbol 

Vos 

VoG1 
VoG2 

10 

IG1 
IG2 

Po 

Po 

TL 

TJ 

Ts!ll_ 

Min 

25 
30 

27 
35 

±6.0 

±6.0 

-
-

-
-

-0.5 
-0.5 

-0.2 
-0.2 

6.0 

17 
15 

0.005 

3N211 
3N212 3N213 

27 35 

35 40 
35 40 

50 

±10 
±10 

360 
2.4 

1.2 
8.0 

300 

-65 to + 175 

-65 to + 175 

Max 

-
-

-
-
-

-

±10 
-10 

±10 
-10 

-5.5 
-4.0 

-2.5 
-4.0 

40 

40 
35 

0.05 

3.5 
4.0 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mW 
mW/°C 

Watt 
mW/°C 

oc 

oc 

oc 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 
;<Ade 

nAdc 
;<Ade 

Vdc 

Vdc 

mAdc 

mm hos 

pF 

dB 
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3N211,3N212,3N213 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Common Source Power Gain Gps dB 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) 3N211 24 35 
(Voo = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) 3N211 29 37 
(Voo = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) 3N213 27 35 
(Voo = 18 Vdc, fLQ = 245 MHz, fRF = 200 MHz) 3N212 Gc(6) 21 28 

Bandwidth BW MHz 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) 3N211 5.0 12 
(Voo = 18 Vdc, fLQ = 245 MHz, fRF = 200 MHz) 3N212 4.0 7.0 
(Voo = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) 3N211,213 3.5 6.0 

Gain Control Gate-Supply Voltage(5) VGG(GC) Vdc 
(Voo = 18 Vdc, dGps = -30 dB, f = 200 MHz) 3N211 - -2.0 
(Voo = 24 Vdc, d~ = -30 dB, f = 45 MHz) 2N211,213 - ±1.0 

(1) Measured after five seconds of applied voltage. 
(2) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting 

network is functioning properly. 
(3) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle "' 2.0%. 
(4) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. The signal is applied to gate 

1 with gate 2 at ac ground. 
(5) dGps is defined as the change in Gps from the value at VGG = 7.0 Volts (3N211) and VGG = 6.0 Volts (3N213). 
(6) Power Gain Conversion. Amplitude at input from local oscillator is adjusted for maximum G0 . 
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85107,A 

CASE 29-02, STYLE 30 
T0-92 (T0-226AA) 

I 
TMOS 

SWITCHING 

N·CHANNEL - ENHANCEMENT 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Gate-Source Voltage 

Drain Current 
Continuous(1) 
Pulsed(2) 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol Value Unit 

Vos 200 Vdc 

VGS ±20 Vdc 

lo 250 mAdc 
loM 500 

Po 0.6 Watts 

TJ, Tstg -55 to 150 oc 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
Refer to MFE9200 for graphs. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss - - 30 nAdc 
(Vos = 130 V, VGs = O) 

Drain-Source Breakdown Voltage V(BR)DSX 200 - - Vdc 
(VGs = o, 10 = 100 µA) 

Gate Reverse Current IGSS - 0.01 10 nAdc 
(VGs = 15 Vdc, Vos = O) 

ON CHARACTERISTICS* 

Gate Threshold Voltage VGS(Th) 1.0 - 3.0 Vdc 
Uo = 1.0 mA, Vos = VGsl 

Static Drain-Source On Resistance ros(on) Ohms 
BS107 
(VGS = 2.6 V, lo = 20 mA) 
!VGs = 10 v. lo = 200 mA) - - 28 
BS107A - - 14 
(VGs = 10 Vdc) 
Uo = 100 mA) - 4.5 6.0 
Uo = 250 mAl - 4.8 6.4 

SMALL·SIGNAL CHARACTERISTICS 

Input Capacitance Ciss - 72 90 pF 
(Vos = 25 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 2.8 3.5 pF 
(Vos = 25 v, VGs = 0, f = 1.0 MHz) 

Output Capacitance Coss - 15 20 pF 
(Vos = 25 V, VGs = 0, f = 1.0 MHz) 

Forward Transconductance gfs 200 400 - mm hos 
(Vos = 25 V, lo = 250 mA) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 6.0 15 ns 

Turn-Off Time loft 12 15 ns 

*Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 60 Vdc 

Gate-Source Voltage VGs ±20 Vdc 

Drain Current(1) lo 0.5 Ade 

Total Device Dissipation @Tc = 25°C Po 0.83 Watt 

Operating and Storage Junction TJ, Tstg -55 to + 150 ·c 
Temperature Range 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate Reverse Current 
(VGs = 15 v, Vos = oi 

Drain-Source Breakdown Voltage 
(VGs = o, 10 = 100 µ.Al 

ON CHARACTERISTICS(2) 

Gate Threshold Voltage 
(Vos = VGS· lo= 1.0 mA) 

Static Drain-Source On Resistance 
(VGs = 10 V, lo = 200 mA) 

Drain Cutoff Current 
(Vos = 25 V, VGs = 0 V) 

Forward Transconductance 
(Vos = 10 V, lo = 250 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(Vos= 10 v, VGs = o, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
Uo = 0.2 A) See Figure 1 

Turn-Off Time 
Uo = 0.2 A) See Figure 1 

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 

6-99 

Symbol 

IGSS 

V(BR)DSS 

VGS(Th) 

ros(on) 

lo( off) 

gfs 

Ciss 

ton 

!off 

85170 

CASE 29-02, STYLE 30 
T0-92 (T0-226AAI 

I 
TMOS FET 

SWITCHING 

N-CHANNEL - ENHANCEMENT 

Refer to 2N6659 for graphs. 

Min Typ Max Unit 

- 0,01 10 nAdc 

60 90 - Vdc 

0.8 2.0 3.0 Vdc 

- 1.8 5.0 Ohms 

- - 0.5 µ.A 

- 200 - mmhos 

60 pF 

- 4.0 10 ns 

- 4.0 10 ns 

MOTOROLA SEMICONDUCTORS 

• 
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BS170 

RESISTIVE SWITCHING 

FIGURE 1 - SWITCHING TEST CIRCUIT FIGURE 2 - SWITCHING WAVEFORMS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VoG -25 

Gate-Source Voltage VGs -25 

Gate Current IG 10 

Total Device Dissipation @ TA = 25°C Po 310 
Derate above 25°C 2.82 

Junction Temperature Range TJ 135 

Storage Channel Temperature Range Ts.!lJ.. -65 to + 150 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(Vos= O, IG = -10 µAde) 

Gate Reverse Current 
(VGs = -15 Vdc, Vos = O) 
(VGs = -15 Vdc, Vos = o. TA= 100°C) 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 10 nAdc) J107 

J108 
J109 
J110 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(l) 
!Vos = 15, VGs = oi J107 

J108 
J109 
J110 

Drain-Source On-Resistance 
(Vos< 0.1 v. VGs = 0 V) J107 

J108 
J109 
J110 

SMALL-SIGNAL CHARACTERISTICS 

Drain Gate + Source Gate On-Capacitance 
(Vos = 0 Vdc, VGs = o. f = 1.0 MHz) 

Drain Gate Off-Capacitance 
(Vos = 0 Vdc, VGs = -10 v. f = 1.0 MHz) 

Source Gate Off-Capacitance 
(Vos = 0 Vdc, VGs = -10 v. f = 1.0 MHz) 

(1) Pulse Duration 300 µ,s, Duty Cycle "' 2.0%. 

SMALL-SIGNAL DEVICES 

6-101 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mWi°C 

"C 

"C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

toss 

ros(on) 

Cdg(on) 
+ 

Cfil!Jon) 

Cdg(off) 

Csg(off) 

J107, J108 
J109,J110 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

JFET 
GENERAL-PURPOSE 

TRANSISTOR 

N-CHANNEL - DEPLETION 

Min Typ Max 

-25 - -

- - -3.0 
- - -200 

-0.5 - -4.5 
-3.0 - -10 
-2.0 - -6.0 
-0.5 - -4.0 

100 - -
80 - -
40 - -
10 - -

- - 8.0 
- - 8.0 
- - 12 
- - 18 

- - 85 

- - 15 

- - 15 

Unit 

Vdc 

nAdc 

Vdc 

mAdc 

ohms 

pF 

pF 

pF 

MOTOROLA SEMICONDUCTORS 
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J107,J108,J109,J110 

SMALL-SIGNAL DEVICES 

FIGURE 7 - OUTPUT CHARACTERISTIC 
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J111 
J112 
J113 

CASE 29-02, STYLE 5 
T0-92 (T0-226AAI 

JFET 
CHOPPER 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Gate Voltage 

Gate-Source Voltage 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Lead Temperature 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
OG = -1.0 µA) 

Gate Reverse Current IGSS 
(VGS = -15V) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = s.o v, 10 = 1.0 µAl J111 

J112 
J113 

Drain-Cutoff Current lo(offl 
(Vos = 5.0 V, VGs = -10 V) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* loss 
(Vos = 15 vi J111 

J112 
J113 

Static Drain-Source On Resistance ros(on) 
(Vos = 0.1 vi J111 

J112 
J113 

Drain Gate and Source Gate On-Capacitance Cdg(on) 
(Vos = VGs = 0, f = 1.0 MHz) + 

C~o'l)_ 
Drain Gate Off-Capacitance Cdg(off) 

(VGs = -10 v, f = 1.0 MHz) 

Source Gate Off-Capacitance Csg(off) 
(VGs = -10 v, f = 1.0 MHz) 

*Pulse Width = 300 µ.sec, Duty Cycle = 3.0%. 

MOTOROLA SEMICONDUCTORS 

6-104 

Symbol Value Unit 

VDG -35 Vdc 

VGS -35 Vdc 

IG 50 mA 

Po 625 mW 
5.68 mW/°C 

Tt 300 oc 
TJ, Tstg -55 to + 150 oc 

Min Max Unit 

35 - Vdc 

- -1.0 nA 

v 
-3.0 -10 
-1.0 -5.0 
-0.5 -3.0 

- 1.0 nA 

mA 
20 -
5.0 -
2.0 -

Ohms 
- 30 
- 50 
- 100 

- 28 pF 

- 5.0 pF 

- 5.0 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Gate Current IG 50 mA 

Total Device Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW!°C 

Storage Temperature Range T s.!9_ -65 to + 150 ·c 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!IG = 1.0 µA) 

Gate Reverse Current 
(VGs = 20 Volts) 

Gate Source Cutoff Voltage 
!Vos= -15V,lo = -1onAl J174 

J175 
J176 
J177 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
!Vos= -15Vl J174 

J175 
J176 
J177 

Static Drain-Source On Resistance 
!Vos"' -0.1 Volt) J174 

J175 
J176 
J177 

*Pulse Width = 300 µ.s, Duty Cycle .,; 3.0%. 

SMALL-SIGNAL DEVICES 

6-105 

J174 
J175 
J176 
J177 

CASE 29-02, STYLE 30 
T0-92 (T0-226AA) 

I 
JFET 

CHOPPER TRANSISTOR 

P-CHANNEL - DEPLETION 

Refer to MPF970 for graphs. 

Symbol Min Max 

V(BR)GSS 30 -

IGSS - 1.0 

VGS(off) 
5.0 10 
3.0 6.0 
1.0 4.0 
0.8 2.5 

ioss* 
-2.0 -100 
-7.0 -60 
-2.0 -25 
-1.5 -20 

ros(on) 
- 85 
- 125 
- 250 
- 300 

Unit 

Vdc 

nA 

Vdc 

mA 

n 

MOTOROLA SEMICONDUCTORS 



J201 
J202 
J203 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

LOW FREQUENCY/LOW NOISE 

N-CHANNEL - DEPLETION 

Refer to 2N4220 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Gate Current 

Total Device Dissipation @TA = 25°C 
Derate above 25°C 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
!IG = -1.0 µA) 

Gate Reverse Current IGSS 
(VGS = -20 V) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 20 V, lo= 10 nA) J201 

J202 
J203 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss* 
!Vos= 20 vi J201 

J202 
J203 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYtsl* 
!Vos= 20 v. t = 1.0 kHz) J201 

J202 
J203 

*Pulse Width "' 2.0 msec. 

MOTOROLA SEMICONDUCTORS 

6-106 

Symbol Value Unit 

Vos 40 Vdc 

VoG 40 Vdc 

VGs 40 Vdc 

IG 50 mA 

Po 310 mW 
2.82 mwrc 

Ts!lJ. -65to +150 oc 

Min Max Unit 

-40 - Vdc 

- -100 pA 

Vdc 
-0.3 -1.5 
-0.8 -4.0 
-2.0 -10.0 

mA 
0.2 1.0 
0.9 4.5 
4.0 20.0 

µmhos 
500 -
1000 -
1500 -

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 30 

Drain-Gate Voltage VoG 30 

Gate-Source Voltage VGs 30 

Gate Current IG 50 

Total Device Dissipation @ TA = 25'C Po 360 
Oerate above 25'C 3.27 

Storage Temperature Range Tstg -65 to + 150 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(JG= 1.0 µA) 

Gate Reverse Current 
(VGs = 20 Volts) 

Gate Source Cutoff Voltage 
(Vos = - 15 V, lo = -1.0 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos= -15 Vl 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= -15 v. f = 1.0 kHz) 

Output Admittance 
(Vos = -15 v. f = 1.0 kHz) 

Input Capacitance 
!Vos = -15 v. f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = -15 v. f = 1.0 MHz) 

*Pulse Width "' 2.0 ms. 

SMALL-SIGNAL DEVICES 

J270 
J271 

J270 
J271 

J270 
J271 

J270 
J271 

6-107 

Unit 

Vdc 

Vdc 

Vdc 

mA 

mW 
mWfC 

'C 

J270 
J271 

CASE 29-02, STYLE 30 
T0-92 (T0-226AA) 

JFET 
CHOPPER TRANSISTOR 

P-CHANNEL - DEPLETION 

Refer to MPF970 for graphs. 

Symbol Min Max Unit 

V(BR)GSS 30 - Vdc 

IGSS - 200 pA 

VGS(off) Vdc 
0.5 2.0 
1.5 4.5 

loss* mA 
-2.0 -15 
-6.0 -50 

IYtsl µmhos 
6000 15000 
8000 18000 

IYosl µmhos 
- 200 
- 500 

Ciss - 32 pF 

Crss - 8.0 pF 

MOTOROLA SEMICONDUCTORS 
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J300 

CASE 29-02, STYLE 5 
T0-92 (T0·226AAI 

I 
JFET 

HIGH FREQUENCY AMPLIFIER 

N·CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Gate Voltage 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Lead Temperature 
(1/16" from Case for 10 Seconds) 

Junction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
llG = -1.0 µA, Vos = 01 

Gate Reverse Current IGSS 
IVGs = -15 v, Vos= 01 

Gate Source Cutoff Voltage VGS(off) 
IVos = 10 v, lo = 1.0 mA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current ioss 
!Vos= 10 v, VGs = oi 

Gate-Source Forward Voltage VGS(f) 
(Vos= 0, IG = 1.0 mA) 

SMALL-81GNAL CHARACTERISTICS 

Forward Transfer Admittance lvtsl 
(Vos = 10 V, lo = 5.0 mA, f = 1.0 kHz) 

Output Admittance IYosl 
(Vos= 10 v, lo= 5.0 mA, f = 1.0 kHz) 

Input Ca.pacitance Ciss 
(Vos = 10 V, lo = 5.0 mA, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
!Vos = 10 v, lo = 5.o mA, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 

6-108 

Symbol Value Unit 

VoG -25 Vdc 

IG 10 mA 

Po 350 mW 
3.5 mwrc 

TL 300 ·c 

TJ -55 to +150 •c 

Ts!l!. -55to+150 ·c 

Min Max Unit 

-25 - Vdc 

- 500 pA 

-1.0 -6.0 Vdc 

6.0 30 mA 

- 1.0 Vdc 

4500 9000 µ.mhos 

- 200 µ.mhos 

- 5.5 pF 

- 1.7 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating ~ Symbol Value 

Drain-Gate Voltage VoG -30 

Gate-Source Voltage VGS -30 

Gate Current IG 10 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 3.5 

Lead Temperature TL 300 
(1/16" from Case for 10 Seconds) 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

OFF-CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 1.0 µA, Vos= 0) 

Gate Reverse Current 
(VGs = -20 V, Vos = O) 

Gate Source Cutoff Voltage 
(Vos = 15 V, lo= 1.0 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
!Vos = 15 v, VGs = o) 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Output Admittance 
(Vos= 15 V, VGs = 0, f = 1.0 kHz) 

Forward Transconductance 
(Vos= 15 V, VGs = 0, f = 1.0 kHz) 

SMALL-SIGNAL DEVICES 

J304 
J305 

J304 
J305 

J304 
J305 

.6-109 

Unit 

Vdc 

Vdc 

mA 

mW 
mW!°C 

·c 

·c 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

ioss 

IYosl 

Re(Yfs) 

J304 
J305 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

HIGH FREQUENCY 
AMPLIFIER 

N·CHANNEL - DEPLETION 

Min 

30 

-

-2.0 
-0.5 

5.0 
1.0 

-

4500 
3000 

Max 

-
100 

-6.0 
-3.0 

15 
8.0 

50 

7500 
-

Unit 

Vdc 

pA 

Vdc 

mA 

µmhos 

µmhos 

MOTOROLA SEMICONDUCTORS 
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J301 
J309 
J310 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

JFET 
VHF/UHF AMPLIFlift 

N.CHANNEL - DEPLETION 

Refer to U308 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Junction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(IG = -1.0 µA, Vos= oi 

Gate Reverse Current IGSS 
(VGS = -15V, Vos= 0, TA= 25°C) 
(VGs = -15 v, Vos= 0, TA= +125°C) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 10 V, lo= 1.0 nA) J308 

J309 
J310 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
<Vos = 10 v, VGs = oi J308 

J309 
J310 

Gate-Source Forward Voltage VGS(f) 
(Vos = 0, IG = 1.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Common-Source Input Conductance Re(Yisl 
(Vos = 10 v. lo = 10 mA, t = 100 MHz) J308 

J309 
J310 

Common-Source Output Conductance Re(Yosl 
<Vos = 10 v, lo = 10 mA, t = 100 MHz) 

Common-Gate Power Gain 
<Vos = 10 v, lo = 10 mA, t = 100 MHz) 

Gpg 

Common-Source Forward Transconduc1;ance Re(vtsl 
(Vos = 10 v, lo.= 10 mA. t = 100 MHz) 

Common-Gate Input Conductance Re!vigl 
(Vos = 10 v, lo = 10 mA, t = 100 MHz) 

Common-Gate Forward Transconductance gfs 
(Vos= 10 v. lo= 10 mA, f = 1.0 kHz) J308 

J309 
J310 

Common-Gate Output Conductance gos 
(Vos = 10 v, lo = 10 mA. t = 1.0 kHz) J308 

J309 
J310 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 25 Vdc 

VGS 25 Vdc 

IGF 10 mAdc 

Po 350 mW 
3.5 mWl°C 

TJ -55 to + 125 ·c 
Ts!ll_ -55to +150 ·c 

Min Typ Max Unit 

-25 - - Vdc 

- - -1.0 nA 
- - -1.0 µA 

Vdc 
-1.0 - -6.5 
-1.0 - -4.0 
-2.0 - -6.5 

mA 
12 - 60 
12 - 30 
24 - 60 

- - 1.0 Vdc 

mm hos 
- 0.7 -
- 0.7 -
- 0.5 -
- 0.25 - mm hos 

- 16 - dB 

- 12 - mm hos 

- 12 - mm hos 

µmhos 
8000 - 20000 
10000 - 20000 
8000 - 18000 

µmhos 
- - 200 
- - 150 
- - 200 

SMALL-SIGNAL DEVICES 



J308,J309,J310 

ELECTRICAL CHARACTERISTICS (continued) (TA = 26'C unless otherwise noted.) 

Characteristic Symbol Min Typ Mex Unit 

Common-Gate Forward Transconductance 9fg I'm hos 
(Vos = 10 v. lo = 10 mA, f = 1.0 kHz) J308 - 13000 -

J309 - 13000 -
J310 - 12000 -

Common-Gate Output Conductance gog I'm hos 
(Vos= 10 v.10 = 10 mA, f = 1.0 kHz) J308 - 160 -

J309 - 100 -
J310 - 150 -

Gate-Drain Capacitance 
(Vos = 0, VGs = -10 v. f = 1.0 MHz) 

Cgd - 1.8 2.5 pF 

Gate-Source Capacitance Cgs - 4.3 5.0 pF 
(Vos = o. VGs = -10 v. f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF - 1.5 - dB 
(Vos = 10 v. lo = 10 mA, f = 450 MHz) 

Equivalent Short-Circuit Input Noise Voltage in - 10 - nVrv'Fii 
(Vos = 10 v. 10 = 10 mA, f = 100 Hz) 

(1) Pulse Test: Pulse Width "' 300 I'"· Duty Cycle "' 3.0%. 

• 
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JF1033B 
Jf 10335 
JF1033Y 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

HIGH FREQUENCY AMPLIFIER 

N·CHANNEL DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Gate-Source Voltage 

Drain Current 

Forward Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
UG = -10µAl 

Drain-Source Breakdown Voltage V(BR)DGO 
Uo = 10µAl 

Gate Reverse Current IGSS 
(VGs = -10 v. Vos = 01 

Gate Source Cutoff Voltage VGS(off) 
(Vos= 10 v, 10 = 10 µAl 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss 
(Vos = 10 v. VGs = 01 JF1033Y 

JF1033B 
JF1033S 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transconductance Re(Yfsl 
(Vos = 10 v, VGs = o, f = 1.0 kHzl 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(Vos = 10 v. VGs = 0, f = 100 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 20 Vdc 

VGS 25 Vdc 

10 20 mA 

IGF 10 mA 

Po 310 mW 
2.82 mW!°C 

TJ, Tstg -65 to +150 ·c 

Min Max Unit 

-25 - Vdc 

20 - Vdc 

- -100 nA 

-1.0 -8.0 Vdc 

mA 
2.5 6.0 
5.0 12.0 
10.0 20.0 

4.5 13.0 mm hos 

2.5 dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos +25 Vdc 

Drain Current lo 30 mAdc 

Total Device Dissipation @ TA = 25°C Po 300 mW 
Derate above 25°C 1.7 mwrc 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg -65 to + 175 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
llo = 100 µAde, Vs = o, VG1S = -4.0 V, VG2S = + 4.0 VI 

Gate 1-Source Breakdown Voltage V(BR)G1SO 
llG1 = ±10 µAde, VG2S = 0) 

Gate 2-Source Breakdown Voltage V(BR)G2SO 
llG2 = ±10 µAde, VG2S = O) 

Gate 1 Leakage Current IG1ss 
(VG1S = +6.0 Vdc, VG2S = 0, Vos = 0) 

Gate 2 Leakage Current 1G2ss 
(VG2S = +6.0 Vdc, VG1s = 0, Vos = OJ 

Gate 1 to Source Cutoff Voltage VG1S(off) 
(Vos = 15 Vdc, VG2s = 4.0 Vdc, lo = 200 µAdel 

Gate 2 to Source Cutoff Voltage VG2S(off) 
(Vos = 15 Vdc, VG1s = o, lo= 200 µAde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss 
(Vos = 15 Vdc, VG1s = o, VG2S = 4.0 Vdc) MFE120 

MFE121 
MFE122 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance (Gate 1 to Drain) IYtsl 
(Vos= 15 Vdc, VG2S = 4.0 Vdc, MFE120,22 
lo = 1 O mAdc, f = 1.0 kHz) MFE121 

Input Capacitance Ciss 
(Vos= 15 Vdc, VG2s = 4.0 Vdc, MFE120,22 
lo = loss. t = 1.0 MHzl MFE121 

Reverse Transfer Capacitance Crss 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, 
lo = 6.0 mAdc, f = 1.0 MHz) 

Output Capacitance Coss 
(Vos= 15 Vdc, VG2S = 4.0 Vdc, MFE120,22 
lo = loss. t = 1.0 MHzl MFE121 

SMALL-SIGNAL DEVICES 
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MFE120 
MFE121 
MFE122 

CASE 20-03, STYLE 9 
T0-72 (T0-206AF) 

I 
DUAL-GATE MOSFET 

VHF AMPLIFIER 

N·CHANNEL - DEPLETION 

Min Typ Max 

25 - -
±7.0 - ±20 

±7.0 - ±20 

- - 20 

- - 20 

- - -4.0 

- - -4.0 

2.0 7.0 18 
5.0 10 30 
2.0 9.0 20 

8000 - 18,000 
10,000 - 20,000 

- 4.5 7.0 
- 4.5 6.0 

- 0.023 -

- 2.5 4.0 
- 2.5 3.5 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

Vdc 

Vdc 

mAdc 

iimhos 

pF 

pF 

pF 

MOTOROLA SEMICONDUCTORS 
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MFE120, MFE121, MFE122 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, 
lo = 6.0 mAdc, Zs is optimized for NF) 

(f = 105 MHz - Figure 1) MFE120 - 2.9 5.0 
(f = 60 MHz - Figure 3) MFE121 - 2.6 5.0 
(f = 200 MHz - Figure 3) MFE121 - 2.6 5.0 

Common Source Power Gain Gps 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, 
lo = 6.0 mAdc, Zs is optimized for NF) 

(f = 105 MHz - Figure 1) MFE120 17 19.6 -
(f = 60 MHz - Figure 3) MFE121 20 27.8 -
(f = 200 MHz - Figure 3) MFE121 17 18.6 -

Level of Unwanted Signal for 1.0% Cross Modulation - - 100 -
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo = 6.0 mAdcl 

Common-Source Conversion Power Gain (Gate 1 Injection, Figure 2) Ge 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, Local 
Oscillator Voltage = 925 mVrms) 

(Signal Frequency = 60 MHz, Local Oscillator 
Frequency = 104 MHz) MFE122 15 16.5 -
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) MFE122 12 13.3 -

FIGURE 1 - 60, 105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

+15 v 

150 k 

C2 
3.0-15 pF 

L 1 
60MHz 0.33 ,.H 
105MHz = 16 AWG S 112 Turns, 

1" Long De 
200 MHz = 16 AWG, 3 1/2 Turns, 

0.7" Long, 0.2 De 

All Feedthrough Capacitors 1000 pf. 

L2 
0.47 ,.H 

= 16 AWG 5 1/4 Turns, 
1" Long, 7/16" De 

= 16 AWG, 4 1/2 Turns, 
0.65" Long, 0.2" De 

All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 

FIGURE 2 - 60 AND 200 MHz CONVERSION GAIN TEST CIRCUIT 

+24 

LO t 
104.244 "'--t-.-4-....rYYY\-~0-

MHz 
330 k 

~ 56 

R1 L1 L2 
60 MHz 10 k 1 O Turns = 22 Enameled 0.33 ,.H 

on MILLER 4500 4 Core DELEVAN 
200 MHz 1.0 k 3 1/2 Turns = 18.1/4" 2 1/2 Turns 

De. 1/2" Long = 15.3/8" De. 
1/2" Long 

All Feedthrough Capacitors 1000 pf. 
All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 

56 

27 k 0.001 

,.FI 

G2 

L3 
15 Turns = 25 Enameled 
on MILLER 4500 1 Core 
15 Turns = 26 Enameled 
on MILLER 4500 1 Core 

L4 

IF 
44 MHz 

4 Turns = 20 Enameled 
on Sure Core as L3 
4 Turns = 26 Enameled 
on Sure Core as L3 

dB 

dB 

mV 

dB 
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MFE120, MFE121, MFE122 

FIGURE 3 - 60 AND 200 MHz CONVERSION POWER GAIN 

Voo 

__ S!!!'!!_d ______ _.:.0~1~ 

10 k 

.001 ---,-----------rr 
560 k D 

Source = G1 

Ferrite 

From 50 n Hoo,t-1--t--, .001 I Bead 

L1 S 

= .001 I 110 k 0-30 p~ .001 I 
L1 2'h T #18, 114" diameter center tapped 
L2 31h T #18, 1'11e" diameter tapped 'hT from cold end 
C = µ.F unless otherwise specified 

COMMON-SOURCE ADMITTANCE PARAMETERS 
(Vos= 15 Vdc, vG2s = 4.0 V.dc, 10 = 6.0 mAdc) 

FIGURE 4 - INPUT ADMITTANCE FIGURE 5 - REVERSE TRANSFER ADMITTANCE 

1.4.-.--.--,--,--..,-,.,_,----...--..,--,--, 7.0 0.035 

1.21-+-+--+--+--l-._,r+---l---+--+--16.0 0.030 

I 1.01-+-+--+--+--l-._,r+---t--.L,,_-r-+--IS.O 110.025 
,g l--+--+---+-1--+-+-H--_b;,. *z.L1 ,g ,g 
~ 0.81-+-+--+--+--l-._,r+--,'.L..,,_1--7<--1---+--l4.0 ~ ~ 0.020 

" z!-r- ~" I 0.6 ~ -f•i----+--+--<3.0 ! i 0.015 

~ 0.4 L 2.0 ;i ~ 0.010 

........- k'.'.'. o.21--+-+='1--+_-l.,.,.H-+---l---+--l--l1.o 

~~0~~40--5·0-~~70_._._1~00 ___ .__2~00------'30g 
f, FREQUENCY IMHzJ 

FIG.URE 6 - FORWARD TRANSFER ADMITTANCE 

g 14 
t 
,g 
~ 13 

~ 12 
~ 
2§ 11 

"' "' w 
~ 10 

.... ~ 9.0 
Q 

i 8.0 
::l 
il 7.~o 

v -
40 50 

!Ifs z 
--....J / 
v~ 

L 
J...':..Zi,ls 

r;z 

70 100 200 
f, FREQUENCY (MHz) 

7.0 g 
t 6.0: 

5.0 ~ 
bl 

4.0 ~ 

"' w 
3.0 ~ 

~ 
2.0 ~ 

1 .0 i 
::l 

0 l 
300 

0.006 

0 
30 

0.7 

I o.s 

: 0.5 

~ 
t; 0.4 
::> 
Q 
z Bo.a 
~ !! 0.2 

~o. 1 

0 
30 

l: 
L 

L 
L-b z" 

J27 
%1 

v -
-g,. 

40 50 70 100 200 
f, FREQUENCY (MHz) 

FIGURE 7 - OUTPUT ADMITTANCE 

:zJ 
L 

b.,L LI 
L L 
~~ ./ Dos 

v l-"" l 
~ -""'" 
""""'r 

40 60 70 100 200 
f, FREQUENCY !MHz) 

300 

3.5 

3.0 

I 
2.6 ,g 

w 

"' 
2.0 g 
1.5 ~ 

1.0 ~ 
0.5 J 
0 

300 
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MFE120, MFE121, MFE122 

FIGURE 8 - GAIN REDUCTION 

0 
i.--

~ t=1ooMHz 
0 

fl 
1 
1 

o +2.0 ..i.o 
VGZS. GATE 2 TO SOURCE VOLTAGE (VOL TS) 

MOTOROLA SEMICONDUCTORS 

+6.0 

FIGURE 9 - CONVERSION POWER GAIN 

§ lSt---+--+--+--t--6-0M+H-,~r--+--+---+----< 
z 16 I --- -... 
~ 14 .....r t:-
~ 12 f"""l-----1:.,....""'._.F--+200 MHz -;- r--i-
~ 10~ ~ 
0 ~ 
~ 8.0 t---+--+--+--l---+--+---+--1---+--! 

~ 6.0f---+--+--+--f---+--+--+--f---+--1 
0 

~ 4.0t---+--+--+--t---+--+--+--t---+--1 

"' 

6·116 

2.0 f---+--+--+--f---+--+--+--f---+--1 
o~-+-~-~-~-+-~-~-~-+-~ 
0.35 0.65 0.95 ' 1.25 1.55 1.85 

LOCAL OSCILLATOR INJECTION LEVEL AT GATE 1 (VnTisl 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Gate-Source Voltage VGs ±7.0 

Drain Current 10 30 

Gate Current IG 10 

Total Device Dissipation @ TA = 25°C Po 300 
Derate above 25°C 

Operating and Storage Channel Tchannel· -6510 +175 
Temperature Range Ts!!L 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
Oo = 10 µAde, Vs = 0, VG1 = -4.0 Vdc, VG2 = +4.0 Vdc) 

Gate 1-Source Breakdown Voltage 
0G1 = ±10 µAde, VG2S = 0) 

Gate 2-Source Breakdown Voltage 
0G2 = ± 10 µAde, VG2S = O) 

Gate 1 Leakage Current 
(VG1S = ±6.0 Vdc, VG2S = 0, Vos = O) 

Gate 2 Leakage Current 
(VG2S = ±6.0 Vdc, VG1S = 0, Vos = O) 

Gate 1 to Source Cutoff Voltage 
(Vos = 15 Vdc, VG2s = 4.0 Vdc, lo = 200 µAde) 

Gate 2 to Source Cutoff Voltage 
!Vos = 15 Vdc, VG1s = o, lo = 200 µAde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 Vdc, VG2S = 0, VG2S = 4.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance (Gate 1 connected to Drain) 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo = 10 mAdc, f = 1.0 kHz) 

Input Capacitance 
(Vos= 15 Vdc, VG2s = 4.0 Vdc, lo = loss. f = 1.0 MHzl 

Reverse Transfer Capacitance 
!Vos = 15 Vdc, VG2s = 4.0 Vdc, lo = loss. = 1.0 MHzl 

Output Capacitance 
(Vos= 15 Vdc, VG2s = 4.0 Vdc, lo = loss, f = 1.0 MHzl 

FUNCTIONAL CHARACTERISTICS 

Noise Figure (Figure 8) 
(See Test Circuit in Figure 11) 

Common Source Power Gain (Figure 7) 
(See Test Circuit in Figure 11) 

Level of Unwanted Signal for 1.0% Cross Modulation (Figure 10) 
(See Test Circuit in Figure 11 I 

SMALL-SIGNAL DEVICES 

6-117 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mW 

oc 

Symbol 

V(BR)DSX 

V(BR)G1SO 

V(BR)G2SO 

IG1ss 

1G2ss 

VG1S(off) 

VG2S(off) 

loss 

IYtsl 

Ciss 

Crss 

Coss 

NF 

Gps 

-

MFE140 

CASE 20-03, STYLE 9 
T0-72 (T0-206AF) 

DUAL-GATE 
MOSFET 

FM AMPLIFIER 

N-CHANNEL - DEPLETION 

Min Typ Max 

25 - -

±7.0 - ±20 

±7.0 - ±20 

- - 20 

- - 20 

- - -4.0 

- - -4.0 

3.0 10 30 

10 - 20 

- 4.5 7.0 

- 0.023 0.05 

- 2.5 4.0 

- 2.5 3.5 

20 23 -

- 45 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

Vdc 

Vdc 

mAdc 

mm hos 

pF 

pF 

pF 

dB 

dB 

mV 
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ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

Common-Source Conversion Power Gain (Gate 1 or Gate 2 Injection, Ge 
Figure 12) 
(See Test Circuit in Figure 13) 
(Signal Frequency = 100 MHz, Local Oscillator Frequency = 110.7 MHz) 

1/2 l.F. Rejection 1/2 IFREJ 
(See Test Circuit in Figure 13) 

COMMON-SOURCE ADMITTANCE PARAMETERS 
(Vos= 15 Vdc, VG2S = 4.0 Vdc, ID= 6.0 mAdc) 

Min Typ Max Unit 

15 18.5 - dB 

- 50 - dB 

FIGURE 1 - INPUT ADMITTANCE FIGURE 2 - REVERSE TRANSFER ADMITTANCE 

1.4 

1.2 

11.0 
E 

~ 
bis:zJ 

7.0 

6.0 

5.0 ; 

1: 

0.035 

0.030 

]°0.025 
E 
.5 

~ 
~ 

0.035 

0.030 

0.025 ]" 
E 
E z 

L1 ~ 0.8 4.0 5 ~0.020 z 0.020 ~ 
<( 

0.015 ~ ~ ~ 
vPl ~ 

<( i 0.6 

8 0.4 / 

~ ~ 
3.0 i i0.015 

2.0 ~ 80.010 

L 
k"! brs 

0.010~ 
.i 1.--1 

-1 ,../" 9is 
J...-1 

_::::! :i ~ 
0.2 

1--1"'"1 
1.0 0.005 0.005 

9rs 
0 0 0 

300 40 60 80 100 200 300 30 40 60 80 100 200 
f, FREQUENCY IMH,) 

FIGURE 3 - FORWARD TRANSFER ADMITTANCE 

i 16,--,..--,..-----,---,,--,..--~--.-~~~~--.-~~~~ 

_5 °9-- T 

~ 15r-t--t--t--t--..._,~,...."""~;::l----::;----1f-7~"-l--t---1 
~ 14 1-++-+--+--1f--t-NH,.._""'g°'1!......J:::---t::L~__,--+--I 

8 13f--+--+--f---+--+--+-+-+--z~L'--+_........_--=~~k--+--l 
ffi ~-bis 
~ 12+--+--+--+--+__,>--+-P"l ...... ~--+---+--+---I 

;:; l2l 

7.0 

6.0 

"" 
5.0 ~ 

.5 
w 

4.0 ~ 
<( 

3.0 I 
2.0 fi ~ 11J--+-+-:::'*'""'9-f-"'--1f--t-H---t--+-t--i 

~ 10 t--+--+----+-+--+--+--+-+----+----1--t---l l.0 

,;J 9 '03~0~~4'-o -~-6·0~>--8•0-+-1 .... 00 ___ ._ _ _,20'-o-+---'300° 

f, FREQUENCY (MH,) 

0.7 

"" 0.6 
~ 
.5 0.5 w 
<.> 
z 
<( 

0.4 

I 0.3 
.... 
" ~ 0.2 z 

~ 
c:n 0.1 

0 
30 

f, FREQUENCY (MHd 

FIGURE 4 - OUTPUT ADMITTANCE 

7 v z 
hos k'.'.'.: 

L. 
/ 

..."! 
~ 

9os -i---

40 60 80 100 200 
f, FREQUENCY (MH,) 

3.5 

3.0~ 

1: 
2.5 .5 
~ 
z 

2.0 § 
1.5~ 

~ 
1.0~ . 
0.5 ..8 

0 
300 

FORWARD TRANSFER ADMITTANCE 
(Vos= 15 Vdc, f = 1.0 kHz) 

FIGURE 5 - GATE 1 FIGURE 6 - GATE 2 

-2.0 -1.0 1.0 2.0 3.0 

~ 12 f--t--+-f--t--+---;1---b--~-t-V~ IS =110 VI-

L. 10 L ....-1 t:::::>J Li. 4.o~-
;; 0 1--t-- & L2.0V 
~ho ..-1 )'-... ~1.ov--l 
i~ M/ ~ ~ 
o « 6.0 ~V I--. :::sl b,. j-...., IOV 
:!;!:; ..J:t,V-+- ~~ ~4V 
~~4.0 ~ b.. ~~ 2 

. 7- '"'h. 0 -

J! L:t;±311::cJ:j=ttjjt::-11.o:v:t-i=1+--=±;~01 
-3.0 -2.0 -1.0 0 1.0 2.0 3.0 4.0 

VG1S, GATE I SOURCE VOLTAGE (VOLTS) VG2S, GATE 2SOURCE VOLTAGE (VOLTS) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

6-118 



MFE140 

24 

IL 

10 
300 

10 

FIGURE 7 - POWER GAIN 

IL 

ca 
? f= 105MHz 

v z 
V'1 

400 600 800 1.0 k 

Rs, SOURCE IMPEDANCE (OHMS) 

FIGURE 9 - GAIN REDUCTION 

v L v 

FIGURE 8 - NOISE FIGURE 

4.5 

2.0 k 3.0 k 
2.0 ..__,__._ _ __.__..___.__._._._ ___ .._ _ _. _ _.~ ... 

300 400 600 800 1.0 k 2.0 k 3.0 k 

Rs. SOURCE IMPEDANCE (OHMS) 

FIGURE 10 - CROSS MODULATION 

4.0 

~ ~ 8.0 

~ 20 
t; 
=> 

~ 30 
z 
;;: 
"' 40 

50 

L 
j_ 

z 

rt 
::::1 

" 12 

i 16 
z 

~ 20 

24 

28 
-3.0 -2.0 -1.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 20 30 40 50 60 70 80 90 

GATE 2 TO GROUND VOLTAGE (VOL TS) LEVEL OF UNWANTED SIGNAL FOR 1.0% CROSS MODULATION (mV) 

FIGURE 11 - 105 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

r-----.---------------..-----<o----0+15V 

120 k 

RF Input rCl 
Zj 0 = 5051 

L1 

10 k 0.001 l µF 

The following component values are for a stern stability factor"" 2.0. 

L1,L2 126 nH PAUL SMITH CO. SK-138·1 
4-% Turns (yellow) 

C1 Nominal 7.0 pF Adjusted for source impedance of 
approximately 1000 !l, JOHANSON JMC2951 

47 
0.001 µF 

~ 
L2 

0.001 

l µF 

I 0.001 µ.F 

C3 

RF Output 

Zout = 50 fl 

C2 Nominal 4.0 pF ARCO 402 
C3 Nominal 13. 73 pF ARCO 403 
C4 Nominal 4.36 pF JOHANSON JMC2951 

All Decoupling Capacitors are Ceramic Discs. 

100 
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MFE140 

z 
0 

20 

~ 18 

> z
o"' u.:e 16 wz 
~< 

"'"' 0« 

;;~ 14 
00 "'0. 
"' 8 12 
~ 

"' 
10 

0 

FIGURE 12 - CONVERSION GAIN 

-!--+ .-1 

!7G,J _L'.'.l 
j_ Injection A Gate 2 

1 L Injection 

1 _L 

lL L 
I/ 1{_ 

L 
L 

0.5 1.0 1.5 2.0 

Vin( RMS), RMS INJECTION VOLTAGE (VOLTS) 

FIGURE 13 - CONVERSION GAIN TEST CIRCUIT 

Local Oscillator Injection 

Vin(RMS) i:::s 2.0 V for G2 
::i:: 0.9 V forG1 

f=110.7MHz 

150 k 120 k 

100 k 

fin C1 C3 2.0pF 

Zin= 50 n 
f=100MHz 

10 k 

G1 
L1 

C4 r 0.001 µF 

L1 126 nH PAUL SMITH CO. SK-138-1 
4-Ya Turns (yellow) 

L2 2. 73 µH High Unloaded a 
C1 JOHANSON JMC2951 

C4,C5,C6 ARCO 402 

47 

270 

2.5 

l- 0.001 µF 

0.1 µF 

~ 

I 0.001 µF 

•For G1 injection, C2 11 changed to bypaH G2 to ground and C311 
added to connect G1 to the Injection Input. 

IF Output 
f=10.7MHz 

Zout = 50 n 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MFE140 

RF Output 

Ferrite 
Beads 

L2 

PRINTED CIRCUIT BOARD LAYOUT INFORMATION 

FIGURE 14 - TEST FIXTURES 

105 MHz POWER GAIN ANO NOISE 
FIGURE TEST CIRCUIT 

C4 0.001 µ F 270 OUT 

C2 

Cl 

Ll 

RF Input 

10k 

0.001 µF 

0.001 µF 47 0.001 µF 100 k 0.001µF120 k 82 k 

SMALL-SIGNAL DEVICES 

100 MHz to 10.7 MHz CONVERSION 
GAIN TEST CIRCUIT 

Local Oscillator Input 
Shown for G2 Injection (2) 

0.001 µF 

150k 

10k 

0.001 µF 

Ll 

RF Input 

100 k 120 k Ferrite Beads 0.1 µF 47 0.001 µF 

C4 OUT 

L2 

C5 

270 0.001 µ F CS IF Output 

Notes: 

6-121 

1. C 1 is on the bottom side of the board. 
2. For Gl Injection, C2 is changed to bypass 

G2 to ground and C3 is added to connect Gl to 
the injection input. See Figure 13. 
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MFE823 

CASE 22-03, STYLE 11 
T0-18 (T0-206AA) 

! 
MOSFET 

P·CHANNEL - ENHANCEMENT 

Refer to 2N4352 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Drain Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
!lo = -10 µAde, VGs = o Vdc) 

Zero-Gate-Voltage Drain Current loss 
!Vos = -10 Vdc, VGs = o) 

Gate Reverse Current IGSS 
!VGs = -10 Vdc, Vos = O) 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(Th) 
(Vos = -10 Vdc, lo = -10 µAde) 

On-State Drain Current lo(on) 
(Vos = -10 Vdc, VGs = -10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYfsl 
(Vos = -10 Vdc, to = -2.0 mAdc, f = 1.0 kHz) 

Input Capacitance Ciss 
(Vos = -10 Vdc, VGs = -10 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= -10 Vdc, VGs = -10 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 25 Vdc 

VoG ±10 Vdc 

lo 30 mAdc 

Po 300 mW 
1.71 mW/°C 

TJ, Tstg -65to +175 ·c 

Symbol Max Unit 

R8JA 584 0 c1W 
R8Jc 250 0 c1W 

Min Max Unit 

-25 - Vdc 

- -20 nAdc 

- 1.0 pAdc 

-2.0 -6.0 Vdc 

-3.0 - mAdc 

1000 - µmhos 

- 6.0 pf 

- 1.5 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 20 

Gate-Source Voltage VGs 30 

Drain Current lo 25 

Total Device Dissipation @ TA = 25°C Po 200 
Derate above 25°C 1.6 

Junction Temperature Range TJ 150 

Operating and Storage Junction TJ, Tstg -65to +150 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(lo= 1.0 µA, VGs = -8.0 V) 

Gate Reverse Current 
(VGs = -10V,Vos = OV) 

Gate Source Voltage 
Oo = 1.0 µA, Vos = 2.0 Vl 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 10 V, VGs = O) 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 10 V, VGs = 0, f = 1.0 kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

mA 

mW 
mWl°C 

oc 
oc 

Symbol 

V(BR)DSX 

IGSS 

VGs 

ioss 

IYtsl 

MFE825 

CASE 22-03, STYLE 2 
T0-18 (T0-206AA) 

MOSFET 

N-CHANNEL - DEPLETION 

Refer to 2N3796 for graphs. 

Min Max 

20 -

- -1.0 

0 -2.0 

1.0 25 

500 

Unit 

Vdc 

pA 

Vdc 

mA 

1tmhos 

MOTOROLA SEMICONDUCTORS 
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MFE910 
MPF910 

MFE910 
CASE 79-02, STYLE 6 

T0-39 (T0-205AD) 

MPE910 
CASE 29-03, STYLE 22 

(T0-226AE) 

TMOS 
SWITCHING 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Gate-Source Voltage 

Drain Current - Continuous(1) 
Pulsed(2) 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C MPF910 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C MFE910 

Operating and Storage Junction 
Temperature Range 

Symbol Value Unit 

Vos 60 Vdc 

VGS ±15 Vdc 

lo 0.5 Ade 
loM 1.0 

Po 1.0 Watts 
8.0 mWl°C 

Po 6.25 Watts 
50 mWl°C 

TJ, Tstg -55 to + 150 "C 

N-CHANNEL - ENHANCEMENT 
(1) The Power Dissipation of the package may result in a lower continuous drain 

current. 
(2) Pulse Width ,;;; 300 µ.s, Duty Cycle ,;;; 2.0%. 

Refer to 2N6659 for additional graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 40 v, VGs = o) 

Gate Reverse Current 
(VGs = 10 V, Vos = 0) 

Drain-Source Breakdown Voltage 
(VGs = o, lo = 100 µ.A) 

ON CHARACTERISTICS 

Gate Threshold Voltage 
(Vos = VGS· lo = 1.0 mA) 

Drain-Source On-Voltage 
(VGs = 10 V, lo = 500 mA) 

On-State Drain Current 
(Vos = 25 V, VGs = 10 V) 

Forward Transconductance 
(Vos = 15 V, lo = 500 mA) 

FIGURE 1 - Vos(th) NORMALIZED versus TEMPERATURE 

2.0 ~-~-~-~--~-~-~--~~ 2.0 

1----1---+----1--+---1-Vos = VGs ~ 1.6 10 = 1.0 mA t---
~ 
§! 
~ 1.2 -r-
~ 1----t---=f "'-~;;;::::-t---t---+---,t-----l 
ff! ~ 
~ O.B l--t---t-----ll---f--""l'-"""'r---1=----+t-----; 

~ .Ji' 0.41----t---+----1r--+---+---t--i---! 

ie 1.6 ,. 
~ 
1--z 1.2 !!! 
"' ~ '-' 

~ 0.8 
0 

§ 
90.4 

o~-...... -~-~--..__...._ _ _._ __ ~__, 
-50 0 50 100 150 (°C) 

TJ, JUNCTION lCMPERATURE 

MOTOROLA SEMICONDUCTORS 
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Symbol Min Typ Max Unit 

loss - 0.1 10 µ.Ade 

IGSS - O.Q1 10 nAdc 

V(BR)DSS 60 90 - Vdc 

VGS(th) 0.3 1.5 2.5 Vdc 

Vos( on) - - 2.5 Vdc 

ID(on) 500 - - mA 

gfs 100 - - mmhos 

FIGURE 2 - ON-REGION CHARACTERISTICS 

i----+--+--+--+---+----+-VGs1:,10V -

~---1--+-~-:.IJ~~""looo--F--+-+---+s.o v 

4.0 v 

1.0 2.0 3.0 4.0 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

SMALL-SIGNAL DEVICES 



MFE910, MPF910 

2.0 

~ 1.6 

~ 
!z 
~ 1.2 
:::> 
<..> 

~ 0.8 
c 

§ 
1$ 0.4 

FIGURE 3 - OUTPUT CHARACTERISTICS 

IL 
i..-

l 
"-
I 

~ 
10 20 30 

VGS = 10V 

9.0V 

8.0 v 

7.0 v 

6.0V 

5.0 v 

4.0V 

40 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

SMALL-SIGNAL DEVICES 

FIGURE 4 - CAPACITANCE versus DRAIN· TO-SOURCE VOLTAGE 

100 

VGs = 0 V 
80 

~ 

~ 60 z 
~ 
~ 

40 .. 
<..> 
<..i 

20 

ll 
~ -...... ~ 

I"" C;ss-

""' j_ 

rs: Coss 

"' c,., 
-

10 20 30 40 50 60 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

• 
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MFE930 
MFE960 
MFE990 

CASE 79-02, STYLE 6 
T0-39 (T0·205AD) 

TMOS 
SWITCHING 

N-CHANNEL - ENHANCEMENT 

MAXIMUM RATINGS 
Rating Symbol MFE930 MFE960 MFE990 Unit 

Drain-Source Voltage Vos 35 60 90 Vdc 

Drain-Gate Voltage VoG 35 60 90 Vdc 

Gate-Source Voltage VGS ±30 Vdc 

Drain Current Ade 
Continuous(1) 10 2.0 
Pulsed(2) loM 3.0 

Total Device Dissipation Po 
@Tc= 25'C 6.25 Watts 
Derate above 25°C 50 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to 150 'C 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX Vdc 
IVGs = o. 10 = 10 µAl MFE930 35 - -

MFE960 60 - -
MFE990 90 - -

Gate Reverse Current IGSS - - 50 nAdc 
(VGs = 15 Vdc, Vos = Ol 

ON CHARACTERISTICS* 

Zero-Gate-Voltage Drain Current loss - - 10 µAde 
(Vos = Maximum Rating, VGs = O) 

Gate Threshold Voltage VGS(Th) 1.0 - 3.5 Vdc 
(Vos = VGS· lo = 1.0 mA) 

Drain-Source On-Voltage (VGs = 10 V) Vos( on) Vdc 
Uo = 0.5A) MFE930 - 0.4 0.7 

MFE960 - 0.6 0.8 
MFE990 - 0.6 1.2 

Uo = 1.0A) MFE930 - 0.9 1.4 
MFE960 - 1.2 1.7 
MFE990 - 1.2 2.4 

Uo = 2.0 A) MFE930 - 2.2 3.0 
MFE960 - 2.8 3.5 
MFE990 - 2.8 4.8 

Static Drain-Source On Resistance ros(on) Ohms 
(VGs = 10 Vdc, lo = 1.0 Ade) MFE930 - 0.9 1.4 

MFE960 - 1.2 1.7 
MFE990 - 1.2 2.0 

On-State Drain Current lo( on) 1.0 2.0 - Amps 
(Vos= 25 v, VGs = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance Ciss - 60 70 pF 
(Vos = 25 v. VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 13 18 pF 
(Vos= 25 v. VGs = 0, f = 1.0 MHz) 

Output Capacitance Coss - 49 60 pF 
(Vos = 25 v. VGs = 0, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MFE930, MFE960, MFE990 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Forward Transconductance 9fs 200 380 - mmhos 
!Vos = 25 v, 10 = o.s Al 

SWITCHING CHARACTERISTICS* 

Turn-On Time (See Figure 1) ton 7.0 15 ns 

Turn-Off Time (See Figure 1) loft 7.0 15 ns 

*Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

RESISTIVE SWITCHING 
FIGURE 1 - SWITCHING TEST CIRCUIT FIGURE 2 - SWITCHING WAVEFORMS 

+25 v 

23 
To Sampling Scope 
50 n Input 

Pulse Generator .----, 
f---<'f---++ Vaut 

I 
I 
I 

FIOURE 3 - ON VOLTAGE veraua TEMPERATURE, 

0.1 .___.____. _ __,_ _ _._ _ _._ _ _.__..___.____. _ __, 
-55 -35 -15 +5.0 25 45 65 85 105 125 145 

2.4 

2.1 

le' 1.8 :E 
:$ 
I- 1.5 z 
il! 
rr: 

1.2 :::> 
u 
z 
~ 0.9 
0 

g 0.6 
§ 

0.3 

TJ, JUNCTION TEMPERATURE l°C) 

FIGURE 5 - TRANSFER CHARACTERISTIC 

Vos= 1ov 7 
/ 

L 
r 

IZ 
~ 
~ ...-1 

1.0 1.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

VGS· GATE-SOURCE VOLTAGE IVOLTS) 

SMALL-SIGNAL DEVICES 
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Input Vin 

FIOURE 4 - CAPACITANCE VARIATION 

200 .----.---.--r---.----.---.--r---r----.--i 
180 t-----t--+--+--+--+--+----4'---1---+-~ 

VGS = 0 V 
1601\----4--+--+---+--+--+----4'---i---+-~ 

II Coss 
~140~Ll.,__-+--+--+---t--+--+--+--+--+-__, 

~110~_1_-T-+--+--+--f-----+--+--+---+--+----I 
~100 ~ 
~ 80~ C;ss 
u60~~--t~r=°1"'==-~t---1l::::::-+--t-.....f='l"=:I==~ 
40~ 1'- Crss 

1orli-i-==t=:+==+=~::l==l:=1 
o~~~~-~-~-~-~-~~-~-~ 
0 5.0 10 10 30 40 50 

Vos. DRAIN-SOURCE VOLTAGE (VOLTS) 

FIGURE 8 - OUTPUT CHARACTERISTIC 

1.8 
~s =1ov-z 1.4 

le' 9.0 

~ 1.0 

~ 
8.0 

~ 1.6 
rr: a 7.0 
z 1.1 
~ 
0 6.0 
g 0.8 
§ 

0.4 
5.0 

4.0 

5.0 10 10 30 40 50 

Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 
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MFE930, MFE960, MFE990 

2.8 

2.4 

I 2.0 

11.6 
I 1.2 

o.a 
Ju 

0.2 

MOTOROLA SEMICONDUCTORS 

FIGURE 7 - SATURATION CHARACTERISTiC 

V~=17v~ .... 
....."1 9.0_-i 

2. ...... 
:.i!> 1...:2' 

.fi_ ~ 7.0 ~ 
~ ~ 

_![ IP"L 
~ ~ 6.0 .... 

·~ 4.0 
;:JJJ:: 

0.6 1.0 2.0 3.0 4.0 6.0 

Vos. DRAIN-SOURCE VOLTAGE (VOL TSI 
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MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Source Voltage Vos 25 

Drain-Gate Voltage VoG 25 

Gate-Source Voltage VGS -25 

Drain Current lo 30 

Total Device Dissipation @ Tc = 25°C Po 300 
Derate above 25°C 2.0 

Operating and Storage Junction TJ, Tstg -65 to + 175 
Temperature Range 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = -1.0 µAde, Vos = O) 

Gate Reverse Current 
tVGs = -20 Vdc, Vos = Ol 
tVGs = -20 Vdc, Vos = o. TA= 150°c1 

Gate Source Cutoff Voltage 
Uo = 0.5 mAdc, Vos= 15 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 Vdc, VGs = Ol 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz) 

Output Admittance 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz) 

Input Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 15 Vdc, VGs = o. f = 1.0 MHz) 

Output Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 

MFE2000 
MFE2001 

MFE2000 
MFE2001 

MFE2000 
MFE2001 

MFE2000 
MFE2001 

(Vos = 15 Vdc, lo = 4.0 mAdc, f = 100 MHz, RG = 1.0 k ohm) 
(Vos = 15 Vdc, lo = 4.0 mAdc, f = 400 MHz, RG = 1.0 k ohm) 

Common Source Power Gain 
(Vos= 15 Vdc, lo= 4.0 mAdc, f = 100 MHz) 
(Vos= 15 Vdc, lo= 4.0 mAdc, f = 400 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWf'C 

•c 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

lvtsl 

IYosl 

Ciss 

Crss 

Coss 

NF 

Gps 

MFE2000 
MFE2001 

CASE 20-03, STYLE 1 
T0-72 (T0-206AF) 

I 
JFET 

VHF/UHF AMPLIFIER 

N-CHANNEL - DEPLETION 

Refer to 2N4416 for graphs. 

Min 

-25 

-
-

-0.5 
-2.0 

4.0 
8.0 

2500 
4000 

-
-
-

-

-

-
-
18 
10 

Typ 

-

-
-

-
-

-
-

-
-
-

-

-

1.6 
3.3 

23 
14 

Max 

-

-100 
-200 

-4.0 
-6.0 

10 
20 

6000 
8000 

50 
75 

5.0 

1.0 

2.0 

2.0 
4.0 

-
-

Unit 

Vdc 

pAdc 
nAdc 

Vdc 

mAdc 

µ;mhos 

µ;mhos 

pF 

pF 

pF 

dB 

dB 

MOTOROLA SEMICONDUCTORS 
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MFE2004 
MFE2005 
MFE2006 

CASE 22-03, STYLE 4 
T0-18 (T0-206AA) 

! 
JFET 

CHOPPER 

N-CHANNEL - DEPLETION 

Refer to 2N4091 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Junction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
llG = 1.0 µAde, Vos = o) 

Gate Reverse Current IGSS 
(VGs = 20 Vdc, Vos = O) 
(VGs = 20 Vdc, Vos = o, TA= 150°C) 

Drain Cutoff Current lo(off) 
(Vos = 20 Vdc, VGs = 12 Vdc) 
(Vos = 20 Vdc, VGs = 12 Vdc, TA= 150°C) 

Gate Source Voltage VGS 
(Vos = 20 Vdc, lo = 50 µAde) MFE2004 

MFE2005 
MFE2006 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* loss* 
(Vos = 20 Vdc, VGs = O) MFE2004 

MFE2005 
MFE2006 

Gate-Source Forward Voltage VGS(f) 
llG = 1.0 mAdc, Vos = O) 

Drain-Source On-Voltage Vos( on) 
!lo = 3.0 mAdc, VGs = O) MFE2004 
!lo = 6.0 mAdc, VGs = O) MFE2005 
(lo = 10 mAdc, VGs = O) MFE2006 

Static Drain-Source On Resistance ros(on) 
!lo = 1.0 mAdc, VGs = O) MFE2004 

MFE2005 
MFE2006 

SMALL-SIGNAL CHARACTERISTICS 

Static Drain-Source "ON" Resistance rds(on) 
(VGs = o. lo= o. t = 1.0 kHz) MFE2004 

MFE2005 
MFE2006 

Input Capacitance Ciss 
!Vos = o. VGs = - 12 Vdc, f = 1.0 MHz) 

Symbol Value Unit 

Vos 30 Vdc 

VDG 30 Vdc 

VGS 30 Vdc 

IGF 10 mAdc 

Po 1.8 Watts 
10 mWl°C 

TJ -65 to + 175 oc 

Ts.!S_ -65 to +200 oc 

Min Max Unit 

30 - Vdc 

- 0.2 nAdc 
- 0.4 µAde 

- 0.2 nAdc 
- 0.4 µAde 

Vdc 
1.0 6.0 
2.0 8.0 
5.0 10 

mAdc 
8.0 -
15 -
30 -
- 1.0 Vdc 

Vdc 
- 0.4 
- 0.4 
- 0.4 

Ohms 
- 80 
- 50 
- 30 

Ohms 
- 80 
- 50 
- 30 

- 16 pF 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MFE2004, MFE2005, MFE2006 

ELECTRICAL CHARACTERISTICS (continued) ff A= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Reverse Transfer Capacitance Crss pF 
(Vos = 0, VGs = 6.0 Vdc, f = 1.0 MHz) MFE2004 - 5.0 
(Vos = 0, VGs = 8.0 Vdc, f = 1.0 MHz) MFE2005 - 5.0 
(Vos= 0, VGs = 12 Vdc, f = 1.0 MHz) MFE2006 - 5.0 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time ld(on) ns 
(Voo = 3.0 Vdc, lo = 3.0 mAdc, VGs = O) MFE2004 - 20 
(Voo = 3.0 Vdc, lo = 6.0 mAdc, VGs = O) MFE2005 - 15 
(Voo = 3.0 Vdc, lo = 10 mAdc, VGs = O) MFE2006 - 10 

Rise Time tr ns 
(Voo = 3.0 Vdc, lo = 3.0 mAdc, VGs = Ol MFE2004 - 40 
(Voo = 3.0 Vdc, lo = 6.o mAdc, VGs = Ol MFE2005 - 20 
(Voo = 3.o Vdc, lo = 10 mAdc, VGs = O) MFE2006 - 10 

Turn-Off Time toff ns 
(Voo = 3.0 Vdc, lo = 3.0 mAdc, VGS(off) = 6.0 Vdc) MFE2004 - 80 
(Voo = 3.0 Vdc, lo = 6.0 mAdc, VGS(off) = 8.0 Vdc) MFE2005 - 60 
(Voo = 3.0 Vdc, lo = 10 mAdc, VG!ili>f!l = 12 Vdc) MFE2006 - 40 

*Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 3.0%. 

• 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MFE2010 
MFE2011 
MFE2012 

CASE 22-03, STYLE 4 
T0-18 (T0-206AA) 

! 
JFET 

CHOPPER 

N-CHANNEL - DEPLETION 

Refer to J107 for graphs. 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage· 

Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Junction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(8R)GSS 
UG = 10 µAde, Vos = Ol 

Gate Reverse Current IGSS 
(VGs = 15 Vdc, Vos = Ol 
(VGs = 15 Vdc, Vos = o, TA= 150°Cl 

Drain Cutoff Current lo(off) 
!Vos = 15 Vdc, VGs = 12 Vdcl 
(Vos = 15 Vdc, VGs = 12 Vdc, TA = 15o•c) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* loss• 
(Vos = 20 Vdc, VGs = Ol MFE2010 

MFE2011 
MFE2012 

Gate-Source Forward Voltage VGS(f) 
UG = 1.0 mAdc, Vos= O) 

Gate-Source Voltage VGS 
(Vos = 15 Vdc, lo = 1.0 µAde) MFE2010 

MFE2011 
MFE2012 

Drain-Source On-Voltage Vos( on) 
Uo = 8.0 mAdc, VGs = O) MFE2010 
Uo = 15 mAdc, VGs = O) MFE2011 
Uo = 30 mAdc, VGs = O) MFE2012 

Static Drain-Source On Resistance ros(on) 
Uo = 1.0 mAdc, VGs = O) MFE2010 

MFE2011 
MFE2012 

SMALL-SIGNAL CHARACTERISTICS 

Static Drain-Source "ON" Resistance rds(on) 
(VGs = o, lo = o, t = 1.0 kHz) MFE2010 

MFE2011 
MFE2012 

Input Capacitance Ciss 
(Vos= o. VGs = 10 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 0, VGs = 12 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 25 Vdc 

VoG 25 Vdc 

VGS 25 Vdc 

IGF 50 mAdc 

Po 1.8 Watt 
10 mWl°C 

TJ -65 to + 175 •c 

Ts:!ll_ -65 to +200 •c 

Min Max Unit 

25 - Vdc 

- 3.0 nAdc 
- 6.0 µAde 

- 3.0 nAdc 
- 6.0 µAde 

mAdc 
15 -
40 -
100 -
- 1.0 Vdc 

Vdc 
0.5 10 
1.0 10 
3.0 10 

Vdc 
- 0.75 
- 0.75 
- 0.75 

Ohms 
- 25 
- 15 
- 10 

Ohms 
- 25 
- 15 
- 10 

- 50 pf 

- 20 pf 

SMALL-SIGNAL DEVICES 



MFE2010, MFE2011, MFE2012 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 
SWITCHING CHARACTERISTICS 

Turn-On Delay Time tc!J._on) - 10 ns 

Rise Time tr - 6.0 ns 

Turn-Off Delay Time td(off) ns 
(Yoo= 15 Ydc, lo= 8.0 mAdc) MFE2010 - 35 
(Yoo= 15 Ydc, lo = 15 mAdc) MFE2011 - 20 
(Yoo = 15 Ydc, lo = 30 mAdc) MFE2012 - 12 

Fall Time tf ns 
(Yoo = 15 Ydc, lo = 8.0 mAdc) MFE2010 - 75 
(Yoo = 15 Ydc, lo = 15 mAdc) MFE2011 - 45 
(Yoo = 15 Ydc, lo = 30 mAdc) MFE2012 - 25 

*Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 3.0%. 

• 
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MFE3001 

CASE 20-03, STYLE 2 
T0-72 (T0-206AF) 

I 
FET 

LOW-POWER AUDIO 

N-CHANNEL - DEPLETION 

Reier to 2N3796 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Drain Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Junction Temperature Range 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
(VGs = -8.o v, lo = 10 µ.Adel 

Gate Reverse Current IGss 
(VGs = -10 Vdc, Vos = O) 

Gate Source Cutoff Voltage VGS(off) 
Uos = 1.0 µ.Ade, Vos = 10 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss 
(VGs = o Vdc, Vos = 10 Vdcl 

On-State Drain Current lo( on) 
(VGs = 3.5 Vdc, Vos = 10 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYtsl 
(Vos = 10 Vdc, VGs = o, f = 1.0 kHz) 

Output Admittance IYosl 
(Vos = 10 Vdc, VGs = o, t = 1.0 kHz) 

Input Capacitance Ciss 
(Vos = 10 Vdc, VGs = o. f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = 10 Vdc, VGs = 0, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 20 Vdc 

VoG ±20 Vdc 

10 20 mAdc 

Po 200 mW 
1.14 mW/°C 

TJ +200 oc 

Ts!H_ -65to +175 "C 

Min Max Unit 

20 - Vdc 

- 10 pAdc 

- -8.0 Vdc 

0.5 6.0 mAdc 

5.0 - mAdc 

700 3500 µmhos 

- 100 µmhos 

- 5.0 pf 

- 1.5 pf 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 15 

Drain-Gate Voltage VoG 20 

Gate-Source Voltage VGS ±20 

Drain Current 10 30 

Total Device Dissipation @ Tc = 25°C Po 200 
Derate above 25°C 1.4 

Operating and Storage Junction TJ, Tstg -65 to +175 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
!Vos= + 10 Vdc, VGs = Ol 
!Vos = + 10 Vdc, VGs = o, Tc = 125°Cl 

Gate Reverse Current 
(VGS = ± 10 Vdc, Vos = 0) 

Drain-Source Breakdown Voltage 
(VGs = o, lo = 10 µAdel 

ON CHARACTERISTICS 

Gate Threshold Voltage 
(Vos = + 10 Vdc, lo = 10 µAde) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(Vos = + 10 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 0, VGs = 0, f = 1.0 MHz) 

Drain-Substrate Capacitance 
(VQLSUB) = + 10 Vdc, f = 1.0 MHz) 

Static Drain-Source On Resistance 
(VGs = +10 Vdc, lo= o, f = 1.0 kHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

·c 

MFE3002 

CASE 20-03, STYLE 7 
T0-72 (T0-206AF) 

I 
MOSFET 

CHOPPER 

N-CHANNEL - ENHANCEMENT 

Symbol Min Max 

loss 
- 10 
- 100 

IGSS - ±100 

V(BR)DS 15 -

VGS(TH) 3.0 

Ciss - 5.0 

Crss - 1.0 

Cd(sub) - 4.0 

rds(on) - 100 

Unh 

nAdc 

pAdc 

Vdc 

Vdc 

pF 

pF 

pF 

Ohms 

MOTOROLA SEMICONDUCTORS 
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MFE3003 

CASE 20-03, STYLE 5 
T0-72 (T0-206AF) 

I 
MOSFET 

CHOPPER 

P·CHANNEL - ENHANCEMENT 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
(VGs = o, lo = -10 µ.Adel 

Zero-Gate-Voltage Drain Current loss 
(Vos = -10 Vdc, VGs = oJ 
(Vos = -10 Vdc, VGs = o. Tc = 125°C) 

Gate Reverse Current IGSS 
(VGs = ±10 Vdc, Vos = oJ 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(Th) 
(Vos = -10 Vdc, lo = -10 µ.Adel 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source Resistance rds(on) 
(VGs = -10 Vdc, lo= o, t = 1.0 kHz) 

Input Capacitance Ciss 
(Vos = -10 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = 0, VGs = o. f = 1.0 MHz) 

Drain-Substrate Capacitance Cd(sub) 
(Vl2!.SU!ll_ = -10 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos -15 Vdc 

VoG ±20 Vdc 

VGS ±20 Vdc 

lo 30 mAdc 

Po 200 mW 
1.33 mWf'C 

TJ. Tstg -65to+175 ·c 

Min Max Unit 

-15 - Vdc 

nAdc 
- -10 
- -100 

- ±100 pAdc 

-4.0 Vdc 

- 200 Ohms 

- 4.0 pF 

- 1.0 pF 

- 2.0 pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 20 

Drain-Gate Voltage VoG 20 

Gate-Source Voltage VGS ±20 

Drain Current 10 10 

Total Device Dissipation@ Tc = 25'C Po 200 
Derate above 25'C 1.33 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to + 175 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGs = -5.0 Vdc, lo = 10 µAdel 

Gate Reverse Current 
!VGs = ±15 Vdc, Vos= o) 

Gate Source Cutoff Voltage 
!lo = 10 µAde, Vos = 15 Vdcl 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 Vdc, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 Vdc, lo = 2.0 mAdc, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGS = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 Vdc, lo = 2.0 mAdc, Rs = 1.8 k ohms, t = 200 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

'C 

(Figure 1) MFE3004 
(Vos = 15 Vdc, lo = 2.0 mAdc, Rs = 650 ohms, f = 400 MHz) 

(Figure 21 MFE3005 

Common Source Power Gain 
(Vos = 15 Vdc, lo = 2.0 mAdc, Rs= 1.8 k ohms, f = 200 MHz) 

(Figure 1) MFE3004 
!Vos = 15 Vdc, lo = 2.0 mAdc, Rs = 650 ohms, f = 400 MHz) 

(Figure 2) MFE3005 
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Symbol 

V(BR)DSX 

IGss 

VGS(off) 

loss 

IYfsl 

Ciss 

Crss 

NF 

Gps 

MFE3004 
MFE3005 

CASE 20-03, STYLE 7 
T0-72 (T0-206AFI 

MOSFET 
VHF/UHF AMPLIFIER 

N-CHANNEL - DEPLETION 

Min Max 

20 -

- ±50 

- -5.0 

2.0 10 

2000 -

- 4.5 

- 0.4 

- 4.5 

- 4.5 

16 -
10 -

Unit 

Vdc 

pAdc 

Vdc 

mAdc 

µmhos 

pF 

pF 

dB 

dB 

MOTOROLA SEMICONDUCTORS 
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MFE3004, MFE3005 

1/2 turn from gate, 
0.2" winding length. 

MOTOROLA SEMICONDUCTORS 

FIGURE 1 - 200 MHz TEST CIRCUIT - NEUTRALIZED 

3 1/2 turns AWG #16 

12 1/2 turns AWG #16, 
1/4" L D., 1.2" winding 
length. 

Unless otherwise specified: Capacitance values in pF 

FIGURE 2 - 400 MHz TEST CIRCUIT - NEUTRALIZED 

4 turns AWG #16, 2.0 k 
1/4" I. 0., 3/8" 
winding length. 

470'.J 

1:0.001 µ,F 

2.0 k 

*0.01 µ,F 

Yoo 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 200 Vdc 

Gate-Source Voltage VGs ±20 Vdc 

Drain Current mAdc 
Continuous (1) 10 400 
Pulsed (2) loM 800 

Total Device Dissipation@ Tc = 25°C Po 1.8 Watts 
Derate above 25°C 14.4 mwrc 

Operating and Storage Junction TJ, Tstg -55 to +150 "C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
(VGs = o, 10 = 10 µAl 

Gate Reverse Current IGSS 
(VGs = 15 Vdc, Vos = O) 

ON CHARACTERISTICS* 

Zero-Gate-Voltage Drain Current loss 
(Vos = 200 V, VGs = O) 

Gate Threshold Voltage VGS(Th) 
(Vos = VGS· lo= 1.0 mA) 

Drain-Source On-Voltage (VGs = 10 V) Vos( on) 
Oo = 100 mA) 
Oo = 250 mA) 
Oo = 500 mA) 

Static Drain-Source On Resistance ros(on) 
(VGs = 10 Vdc) 
Oo = 100 mA) 
Oo = 250 mA) 
Oo = 500 mA) 

On-State Drain Current lo( on) 
(Vos = 25 v, VGs = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance Ciss 
(Vos = 25 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = 25 V, VGs = 0, f = 1.0 MHz) 

Output Capacitance Coss 
(Vos= 25 V, VGs = 0, f = 1.0 MHz) 

Forward Transconductance 9fs 
(Vos = 25 v, lo = 250 mA) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
See Figure 1 

Turn-Off Time loft 
See Figure 1 

*Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
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MFE9200 

CASE 22-03, STYLE 12 
T0-18 (T0-206AAI 

! 
TMOS 

SWITCHING 

N-CHANNEL - ENHANCEMENT 

Min Typ Max 

200 - -

- O.Q1 50 

- 0.1 10 

1.0 - 4.0 

- 0.45 0.6 
- 1.20 1.60 
- 3.0 -

- 4.5 6.0 
- 4.8 6.4 
- 6.0 -
400 700 -

- 72 90 

- 2.8 3.5 

- 15 20 

200 400 -

- 6.0 15 

- 6.0 15 

Unit 

Vdc 

nAdc 

µAde 

Vdc 

Vdc 

Ohms 

mA 

pF 

pF 

pf 

mm hos 

ns 

ns 

MOTOROLA SEMICONDUCTORS 
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MFE9200 

RESISTIVE SWITCHING 

FIGURE 1 - SWITCHING TEST CIRCUIT FIGURE 2 - SWITCHING WAVEFORMS 

+25 y 

To Sampling Scope 
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FIGURE 5 - TRANSFER CHARACTERISTIC 
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FIGURE 4 - CAPACITANCE VARIATION 

VGS = 0 V 
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FIGURE 6 - OUTPUT CHARACTERISTIC 
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MFE9200 

SMALL-SIGNAL DEVICES 
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MFQ930C 
MFQ960C 
MFQ990C 

CASE 632-02, STYLE 1 
T0-116 

-1 

QUAD 
DUAL-IN-LINE 

TMOS 

N-CHANNEL - ENHANCEMENT 

Refer to MFE930 for graphs. 

MAXIMUM RATINGS 
Rating Symbol 

Drain-Source Voltage Vos 

Drain-Gate Voltage VoG 

Gate-Source Voltage VGS 

Drain Currant 
Continuous (1) lo 
Pulsed (2) loM 

Total Device Dissipation @ TA = 25"C 
Derate Above 25'C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
!VGs = o. 10 = 10 µAl MF0930C 

MF0960C 
MF0990C 

Gate Reverse Current (VGs = 15 Vdc, Vos = Ol IGSS 

ON CHARACTERISTICS* 

Zero-Gate-Voltage Drain Current !Vos = Maximum Rating, VGs = Ol ioss 

Gate Threshold Voltage Oo = 1.0 mA, Vos = VGsl Vm~l_Tt!l_ 
Drain-Source On-Voltage (VGs = 10 Vl Vos(onl 

Oo = 0.5Al MF0930C 
MFQ960C 
Mf0990C 

Oo = 1.0A) Mf0930C 
Mf0960C 
Mf0990C 

Oo = 2.0A) Mf0930C 
Mf0960C 
Mf0990C 

Static Drain-Source On Resistance ros(on) 
!VGs = 10 Vdc, lo = 1.0 Adel Mf0930C 

Mf0960C 
Mf0990C 

On-State Drain Current (Vos = 25 v. VGs = 10 V) lo(onl.. 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance Ciss 
(Vos = 25 v. VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 25 v. VGs = o. f = 1.0 MHz) 

Output Capacitance Coss 
(Vos = 25 v. VGs = 0, f = 1.0 MHz) 

Forward Transconductance gfs 
!Vos = 2s v. 10 = o.5 Al 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 

Turn-Off Time toff 

MOTOROLA SEMICONDUCTORS 
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MF<l930C MF0960C MF<l990C Unit 

35 60 90 Vdc 

35 60 90 Vdc 

±30 Vdc 

Ade 
2.0 
3.0 

Each Total 
Transistor Device 

Po 0.5 2.0 Watts 
17.0 66.6 mW/'C 

TJ. Tstg -55 to +150 ·c 

Min Typ Max Unit 

Vdc 
35 - -
60 - -
90 - -
- - 50 nAdc 

- - 10 µAde 

1.0 - 3.5 Vdc 

Vdc 
- 0.4 0.7 
- 0.6 0.8 
- 0.6 1.0 

- 0.9 1.4 
- 1.2 1.7 
- 1.2 2.0 

- 2.2 3.0 
- 2.8 3.5 
- 2.8 4.0 

Ohms 
- 0.9 1.4 
- 1.2 1.7 
- 1.2 2.0 

1.0 2.0 - Amps 

- 60 70 pf 

- 13 18 pf 

- 49 60 pF 

200 380 - mm hos 

7.0 15 ns 

7.0 15 ns 

SMALL"SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Drain-Gate Voltage VoG 25 

Gate-Source Voltage VGS -25 

Gate Current IG 10 

Total Device Dissipation @ TA = 25°C Po 200 
Derate above 25°C 2 

Junction Temperature Range TJ 125 

Storage Temperature Range Ts.!9_ -65to+150 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!IG = - 10 µAde, Vos = o) 

Gate Reverse Current 
(VGs = -15 Vdc, Vos= O) 
(VGs = -15 Vdc, Vos= o. TA= 100°C) 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 2.0 nAdc) 

Gate Source Voltage 
(Vos = 15 Vdc, lo = 0.2 mAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
(Vos = 15 Vdc, VGs = o Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance* 
(Vos = 15 Vdc, VGs = o. t = 1.0 kHz) 
(Vos = 15 Vdc, VGs = o. f = 100 MHz) 

Input Admittance 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 

Output Conductance 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 

Input Capacitance 
(Vos = 15 Vdc, VGs = o. f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

*Pulse Test: Pulse Width ~ 630 ms; Duty Cycle ::o:::: 10%. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

oc 
oc 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGs 

loss 

IYtsl 

Re(Yisl 

Re(Yosl 

Ciss 

Crss 

MPF102 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

VHF AMPLIFIER 

N-CHANNEL - DEPLETION 

Refer to 2N4416 for graphs. 

Min Max 

-25 -

- -2.0 
- -2.0 

- -8.0 

-0.5 -7.5 

2.0 20 

2000 7500 
1600 -
- 800 

- 200 

- 7.0 

- 3.0 

Unit 

Vdc 

nAdc 
µAde 

Vdc 

Vdc 

mAdc 

1tmhos 

1tmhos 

1tmhos 

pF 

pF 

MOTOROLA SEMICONDUCTORS 
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MPF108 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

VHF AMPLIFIER 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ TA = 25°C 
N-CHANNEL - DEPLETION Derate above 25°C 

Junction Temperature Range 

Storage Temperature Range 

Refer to 2N4416 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage !IG = 10 µAde, Vos = O) 

Gate Reverse Current (VGs = -15 Vdc, Vos = O) 
(VGs = -15 Vdc, Vos= o, TA= 100°C) 

Gate-Source Cutoff Voltage* (Vos = 15 Vdc, lo = 10 µAde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* (Vos = 15 Vdc, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance (Vos = 15 Vdc, VGs = 0, f = 100 MHz) 

Forward Transadmittance* !Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 

Input Admittance (Vos = 15 Vdc, VGs = 0, f = 100 MHz) 

Output Admittance !Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 

Output Conductance (Vos = 15 Vdc, VGS = 0, f = 100 MHz) 

Input Capacitance (Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance (Vos = 15 Vdc, VGs = o, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos= 15 Vdc, VGs = o, RG = 1.0 Megohm, f = 1.0 kHz) 
(Vos= 15 Vdc, VGs = 0, RG = 1.0 k ohm, f = 100 MHz) 

Symbol 

V(BR)GSS 

IGSS 

VGS(off)* 

ioss* 

IYtsl 

Yfs* 

Re(Yisl 

IYosl 

Re(Yosl 

Ciss 

Crss 

NF 

Symbol 

Vos 

VoG 

VGS 

IGF 

Po 

TJ 

Ts.!l!.. 

Min 

-25 

-
-
0.5 

1.5 

1600 

2000 

-
-
-
-
-

Value 

25 

25 

-25 

10 

310 
2.82 

-65to +135 

-65to +150 

Max 

-
1.0 

-1.0 

8.0 

24 

-
7500 

800 

75 

200 

6.5 

2.5 

2.5 
3.0 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

·c 
·c 

Unit 

Vdc 

nAdc 
µAde 

Vdc 

mAdc 

µmhos 

µmhos 

µmhos 

µmhos 

µmhos 

pF 

pF 

dB 

*To characterize these devices to narrower limits, regarding loss. VGS(off) and Yfs· the entire production lot is tested and divided into 
color-coded groups, with each color dot representing a relatively small range compared with the total min-max limit of the whole 
distribution. The color codes and their associated limits are given in the following table. 

When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 

Color ios VGS(off) Yfs 
Orange 1.5 mAdc, Min, 3.0 mAdc Max 0.5 Vdc Min, 5.0 Vdc Max 2000 to 6500 µm hos 
Yellow 2.5 mAdc Min, 5.0 mAdc Max 0.5 Vdc Min, 5.0 Vdc Max 2000 to 6500 µmhos 
Green 4.0 mAdc Min, 8.0 mAdc Max 1.0 Vdc Min, 7.0 Vdc Max 2500 to 7000 µmhos 
Blue 7.0 mAdc Min, 14 mAdc Max 1.0 Vdc Min, 7.0 Vdc Max 2500 to 7000 µmhos 
Violet 12 mAdc Min, 24 mAdc Max 2.0 Vdc Min, 8.0 Vdc Max 3000 to 7500 µmhos 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Source Voltage Vos 20 

Drain-Gate Voltage VoG 20 

Gate-Source Voltage VGS -20 

Gate Current IG 10 

Total Device Dissipation @ TA = 25°C Po 310 
Derate above 25°C 2.0 

Junction Temperature Range TJ 125 

Storage Channel Temperature Range Ts:!ll._ -65 to +135 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = -10 µAde, Vos = o) 

Gate Reverse Current 
(VGs = -10 Vdc, Vos = o) 

Gate Source Cutoff Voltage 
(Vos = 10 Vdc, lo = 1.0 µAde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 10 Vdc, VGs = Ol 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(1) 
(Vos = 10 Vdc, Vos = o. t = 1.0 kHz) 

Output Admittance(1) 
(Vos = 10 Vdc, Vos = o, t = 1.0 kHz) 

Input Capacitance 
(Vos = 10 Vdc, Vos = o, t = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 10 Vdc, Vos = o, t = 1.0 MHz) 

(1) Pulse Test: Pulse Width.;; 630 ms; Duty Cycle.;; 10%. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWf'C 

·c 
·c 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

lvtsl 

lvosl 

Ciss 

Crss 

MPFlll 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

GENERAL PURPOSE 

N-CHANNEL - DEPLETION 

Refer to 2N4220 for graphs. 

Min Typ Max 

-20 - -
- 0.1 100 

-0.5 - -10 

0.5 20 

500 - -

- 20 -

- 4.5 -

- 1.5 -

Unit 

Vdc 

nAdc 

Vdc 

mAdc 

µmhos 

µmhos 

pF 

pF 

MOTOROLA SEMICONDUCTORS 
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MPF112 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

VHF AMPLIFIER·· 

N-CHANNEL - DEPLETION 

Refer to 2N4416 for graphs. 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Gate Current 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Junction Temperature Range 

Storage Channel Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = -10 µAde, Vos = O) 

Gate Reverse Current 
(VGS = -10 Vdc, Vos= 0) 

Gate Source Cutoff Voltage 
(Vos= 10 Vdc, lo = 1.0 µAde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 10 Vdc, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 10 Vdc, VGs = o, f = 1.0 kHz){1) 
(Vos = 10 Vdc, VGs = 0, f = 100 MHz) 

Input Capacitance 
(Vos = 10 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 10 Vdc, VGs = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width"" 630 ms; Duty Cycle"" 10%. 

MOTOROLA SEMICONDUCTORS 

Symbol 

V(BR)GSS 

IGss 

VGS(off) 

loss 

lvtsl 

Ciss 

Crss 

6-146 

Symbol Value Unit 

Vos 25 Vdc 

VoG 25 Vdc 

VGS -25 Vdc 

IG 10 mAdc 

Po 200 mW 
2.0 mW/'C 

TJ 125 'C 

T51g_ -65 to +150 'C 

Min Typ Max Unit 

-25 - - Vdc 

- - 100 nAdc 

-0.5 - -10 Vdc 

1.0 25 mAdc 

1£mhos 
1000 - 7500 
800 - -
- 8.0 - pF 

- 3.0 - pF 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Drain Current 10 30 

MPF130 MFE130 
Series Series 

Total Device Dissipation @TA = 25°C Po 300 300 
(Package Limitation) 

Derate above 25°C 2.4 1.71 

Operating and Storage Channel Tchannel• -65 to -65 to 
Temperature Range Ts.!!!. +150 +175 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
!lo = 10 µAde, Vs = o. VG1 = -4.0 v. VG2 = +4.0V) 

Gate 1-Source Breakdown Voltage 
llG1 = ±10 µAde, VG2S = 0) 

Gate 2-Source Breakdown Voltage 
llG2 = ±10 µAde, VG2S = 0) 

Gate 1 Leakage Current 
(VG1S = ±6.0 Vdc, VG2s = o. Vos = 0) 

Gate 2 Leakage Current 
(VG2s = ±6.0 Vdc, VG1s = 0, Vos = O) 

Gate 1 to Source Cutoff Voltage 
(Vos = 15 Vdc, VG2s = 4.o Vdc, lo = 200 µAde) 

Gate 2 to Source Cutoff Voltage 
!Vos = 15 Vdc, VG1s = o, lo= 200 µAde) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 Vdc, VG1S = 0, VG2S = 4.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance (Gate 1 connected to Drain) 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo = 10 mAdc, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 Vdc VG2S = 4.0 Vdc, 10 = loss. f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo = 6.0 mAdc, f = 1.0 MHz) 

Output Capacitance 
!Vos= 15 Vdc, VG2s = 4.0 Vdc, 10 = loss. f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure (Figure 7) 
!Vos = 15 Vdc, VG2s = 4.0 Vdc, 
lo = 6.0 mAdc, Zs is optimized for NF) 

(f = 105 MHz) MPF/MFE130 
(f = 60 MHz) MPF/MFE131 
(f = 100 MHz) MPF/MFE131 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

mAdc 

mW 
mWl°C 

oc 

Symbol 

V(BR)DSX 

V(BR)G1SO 

V(BR)G2SO 

IG1ss 

IG2ss 

VG1S(off) 

VG2S(off) 

loss 

IYfsl 

Ciss 

Crss 

Coss 

NF 

MPF130,131,132 
MFE130,131,132 

MPF130 SERIES 
CASE 317-01, STYLE 1 

:.:: 
MFE130 SERIES 

CASE 20-03, STYLE 9 
T0-72 (T0-206AF) 

~ 
DUAL-GATE 

MOSFET 
VHF AMPLIFIER 

N-CHANNEL - DEPLETION 

Min Typ Max 

25 - -

±7.0 - ±20 

±7.0 - ±20 

- - 20 

- - 20 

- - -4.0 

- - -4.0 

3.0 10 30 

8000 - 20000 

- 4.5 7.0 

- 0.023 0.05 

- 2.5 4.0 

- 2.9 5.0 
- 2.5 5.0 
- 3.0 5.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

Vdc 

Vdc 

mAdc 

µmhos 

pF 

pF 

pF 

dB 

MOTOROLA SEMICONDUCTORS 
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MPF130,131,132, MFE130,131,132 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min 

Common Source Power Gain (Figure 7) Gps 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, 
lo = 6.0 mAdc, Zs is optimized for NF) 

(f = 105 MHz) MPF/MFE130 17 
(f = 60 MHz) MPF/MFE131 20 
(f = 200 MHz) MPF/MFE131 17 

Level of Unwanted Signal for 1.0% Cross Modulation - -
(Vos = 15 Vdc, VG2S = 4.0 Vdc, lo = 6.0 mAdc) 

Common-Source Conversion Power Gain (Gate 1 Injection, Figure 8) Ge 
(Vos = 15 Vdc, V G2S = 4.0 Vdc, Local 
Oscillator Voltage = 925 mVrms) 

(Signal Frequency = 60 MHz, Local Oscillator 
Frequency = 104 MHz) MPF/MFE132 15 
(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) MPF/MFE132 12 

COMMON-SOURCE ADMITTANCE PARAMETERS 

!Vos= 15 Vdc, VG2s = 4.0 Vdc, lo= 6.0 mAdc) 

Typ Max Unit 

dB 

23 -
27 -
20 -
100 - mV 

dB 

16.5 -

14 -

FIGURE 1 - INPUT ADMITTANCE FIGURE 2 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 3- FORWARD TRANSFER ADMITTANCE 
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~ 
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FIGURE 4 - OUTPUT ADMITTANCE 
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MPF130,131,132, MFE130,131,132 

m 

"' z 
!2 
t; 
::> 

~ 
z 
:;;: .. 

50 OHM 
INPUT 

10 

20 

30 

40 

50 

60 

70 
-2.0 

FIGURE 5 - GAIN REDUCTION FIGURE 6 - CONVERSION POWER GAIN 

..,.,,,,,,. 
I" 

""' ~ 

!:::"""' 
60MHz r:::"" 
~ ... 

IT,72oOMHz 

-fl_ 
JI 
Tl 
I 

15~~~~~~~~~~~~~~~~~~~-' 
+8.0 0.5 0.75 1.0 1.25 0 +2.0 +4.0 +6.0 

VG2. GATE 2 TO GROUNO VOLTAGE {VOLTS) LOCAL OSCILLATOR INJECTION LEVEL AT GATE 1 {Vrms) 

FIGURE 7 - 60, 105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

+15V 

82 k 
J:O.lµF 

1.8µH 

10 k )~ 

82 k t 
L1 50 OHM 

OUTPUT 

270 
0.1 µF 

Ll 
60MHz 0.33µH 

L2 
0.47 µH 

1.5 

105 MHz #16 AWG, 6 1/2 Turns, 1" Long, 1 /4" Dia. 
200 MHz #16 AWG, 3 1/2 Turns, 0.7" Long, 0.2" Dia. 

;-16AWG, 51/4 Turns, 1" Long, 7/16" Dia . 
.t16 AWG, 41/2 Turns, 0.65" Long, 0.2" Dia. 

All Feedthrough Capacitors 1000 pF 

All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 

FIGURE 8 - 60 AND 200 MHz CONVERSION GAIN TEST CIRCUIT 

+24 

56 

·LO 

1~~44">--1---~~rYV-.r"\.....,U.~ 

IF 
44 MHz 

1 Vrms 

RF 
60,200 
MHz 

SMALL-SIGNAL DEVICES 

= = 
Rt Ll L2 L3 L4 

60 MHz 10 k 10 Turns #22 Enameled 0.33µH 15 Turns #26 Enameled 4 Turns #26 Enameled 
on Ml LLER 4500-4 Core DELEVAN on MILLER 4500-1 Core on Same Core as L3 

200 MHz 1.0 k 31/2 Turns #18, 1/4" 2 1/2 Turns 15 Turns #26 Enameled 4 Turns #26 Enameled 
Dia., 1/2" Long #18, 3/8" Dia., on MILLER 4500-1 Core on Same Core as L3 

1/2" Long 

All Feedthrough Capacitors 1000 pF. 
All Variable Capac~orsJOHANSON JMC2ll51, 3.0-15 pF. 
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MPF201 
MPF202 
MPF203 

CASE 317-01, STYLE 1 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Drain Current 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C DUAL-GATE MOSFET 

VHF AMPLIFIER Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

N-CHANNEL - DEPLETION Lead Temperature 

Junction Temperature Range 

Storage Channel Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(lo = 10 µAde, Vs = 0, VG1s = VG2S = -5.0 Vdc) 

Gate 1-Source Breakdown Voltage(1) 
0G1 = ±10 mAdc; VG2S =Vos = 0) 

Gate 2-Source Breakdown Voltage(1) 
OG2 = ±10 mAdc, VG1S =Vos= 0) 

Gate 1 Leakage Current 
NG1s = ±5.0 Vdc, VG2S = Vos = O) 
(VG1S = -5.0 Vdc, VG2S =Vos= 0, TA= 150°C) 

Gate 2 Leakage Current 
(VG2s = ±5.0 Vdc, VG1S = Vos = O) 
(VG2S = -5.0 Vdc, VG1s = Vos = 0, TA = 150°C) 

Gate 1 to Source Cutoff Voltage 
(Vos = 15 Vdc, VG2s = 4.0 Vdc, lo = 20 µAdel 

Gate 2 to Source Cutoff Voltage 
(Vos = 15 Vdc, VG1S = o, lo = 20 µAdel 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(2) 
(Vos = 15 Vdc, VG1S = VG2S = 4.0 Vdc) MPF201, MPF202 

MPF2olil' 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(3) 
(Vos = 15 Vdc, VG2S = 4.0 Vdc, VG1s = 0, 
f = 1.0 kHz) MPF201, MPF202 

MPF203 

Input Capacitance 
(Vos= 15 Vdc, VG2s = 4.0 Vdc, lo= loss. f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VG2S = 4.o Vdc, lo = 10 mAdc, f = 1.0 MHz) 

Output Capacitance 
<Vos= 15 Vdc, VG2S = 4.0 Vdc, lo= loss. f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) 
(Voo = 18 Vdc, .VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) 

MOTOROLA SEMICONDUCTORS 

MPF201 
MPF203 

6-150 

Symbol 

V(BR)DSX 

V(BR)G1SO 

V(BR)G2SO 

IG1SS 

IG2ss 

VG1S(off) 

VG2S(off) 

loss 

IYtsl 

Ciss 

Crss 

Coss 

NF 

Symbol Value 

Vos 

VoG1 
VoG2 

lo 

IG1 
IG2 

Po 

Po 

TL 

TJ 

TS!!!.. 

Min 

25 

±6.0 

±6.0 

-
-

-
-

-0.5 

-0.2 

6.0 
3.0 

8.0 
7.0 

-

0.005 

-

25 

30 
30 

50 

±10 
±10 

300 
2.4 

1.2 
8.0 

260 

-65 to +150 

-65 to +150 

Typ 

-
±12 

±12 

±0.040 
-

±0.050 
-

-1.5 

-1.4 

13 
11 

12.8 
12.5 

3.3 

0.014 

1.7 

1.8 
5.3 

Max 

-
±30 

±30 

±100 
-100 

±100 
-100 

-5.0 

-5.0 

30 
15 

20 
15 

-

0.05 

-

5.0 
6.0 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mW 
mWl°C 

Watt 
mWl°C 

·c 

•c 

·c 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
µAde 

nAdc 
µAde 

Vdc 

Vdc 

mAdc 

mm hos 

pF 

pF 

pF 

dB 

SMALL-SIGNAL DEVICES 



MPF201, MPF202, MPF203 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Common Source Power Gain Gps dB 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF201 15 20 25 
(Voo = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) MPF203 20 25 30 
(Voo = 18 Vdc, f LO = 245 MHz, fRF = 200 MHz) (Figure 2) MPF202 Gc(5) 15 19 25 

Bandwidth BW MHz 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF201 5.0 - 9.0 
(Voo = 18 Vdc, fLQ = 245 MHz, fRF = 200 MHz) (Figure 2) MPF202 4.5 - 7.5 
(Voo = 18 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 3) MPF203 3.0 - 6.0 

Gain Control Gate-Supply Voltage(4) VGG(GC) Vdc 
(Voo = 18 Vdc, L'.Gps = -30 dB, f = 200 MHz) (Figure 1) MPF201 0 -1.0 -3.0 
(Voo = 18 Vdc, t:.~8 = -30 dB, f = 45 MHz) (Figure 3) MPF203 0 -0.6 -3.0 

(1) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting 
network is functioning properly. 

(2) Pulse Test: Pulse Width = 300 µ.s, Duty Cycle "' 2.0%. 
(3) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 
(4) AGps is defined as the change in Gps from the value at VGG = 7.0 volts (MPF201) and VGG = 6.0 volts (MPF203). 
(5) Power Gain Conversion 

From 75-H 
Source 0.001 µF 

245-MHz 
Local Oscillator 

lnput(1) 

From 50-.0 
Source 

560 k 

110 k 

56 

FIGURE 1 - 200-MHz TEST CIRCUIT SCHEMATIC 

.-----.... ----0+18 v 

0.001 µF :J; 
10 k 

L1 

C1 8.2 pF 

TUT 

270 

0.001 
µF C2 

C1 4.0-30 pF, EA IE Variable Ceramic, Set for ~ 22 pF 
C2 4.0-30 pF, ERIE Variable Ceramic, Set tor::::: 10 pF 
L1 4 Turns, #14 AWG Cooper, 1/4" 1.0., 1/6" Pitch 
L2 3 Turns, #14 AWG Cooper, 1/4" 1.0., 1/8" Pitch 
RFC DELEVAN No. 153712, 1.0µH 

L2 

FIGURE 2 - 200-MHz-to-45·MHz TEST CIRCUIT SCHEMATIC 

2.2 pF 

TUT 

RFC 

0.001 pF 

39 pF 

To 75-.fl 
Load 

45-MHz 
IF Output 

200-MHz 
RF Input 

Source 

10 k 27 pF C1 

(1) Amplitude a1 Input from Local Oscillator ~ 3 V RMS 

SMALL-SIGNAL DEVICES 

0.001 0.001 270 2.2 
µF µF pF 

110 k 

.001 
µF 

._-------"1'"'--------..... -----0+18V 

91 k 
C1 
L1 

1 .5-7.0 pF, ERIE Variable Ceramic, Set for ::::: 4. 7 pF 
4 Turns, #14 AWG Copper, 1/4" l.D., 1/6" Pitch 

Load 
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MPF201, MPF202, MPF203 

FIGURE 3 - 45-MHz TEST CIRCUIT SCHEMATIC 

•TUT 

From 50-0 
Source 

9., k 

L1 
6.2 k 

3.0 k 

120 

0.001 µF 

+18 v 

To 50-n 
Load 

L1 14 Turns, #30 AWG Copper, Close-Wound 7/32" OD form witt'I 
ARNOLD ENGINEERING "J" Tuning Core 

L2 10 Turns, #30 AWG Copper, Close-Wound 7/32" 00 form with 
ARNOLD ENGINEERING "J" Tuning Core 

TYPICAL CHARACTERISTICS. 
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FIGURE 4 - DRAIN CURRENT versus 
DRAIN to SOURCE VOLTAGE 
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FIGURE 6 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 
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MPF201, MPF202, MPF203 

FIGURE 8 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus 

GATE-TWO to SOURCE VOLTAGE 
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FIGURE 12 - SMALL-SIGNAL COMMON SOURCE 
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GATE-SUPPLY VOLTAGE - MPF203 
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FIGURE 9 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
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FIGURE 14 - SMALL-SIGNAL GATE ONE FORWARD 
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FIGURE 15 ~SMALL-SIGNAL GATE ONE INPUT 
ADMITTANCE versus FREQUENCY 
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ADMITTANCE versus FREQUENCY 
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MAXIMUM RATINGS 

MPF211 
Rating Symbol MPF212 MPF213 Unit 

Drain-Source Voltage Vos 27 35 Vdc 

Drain-Gate Voltage VoG1 35 40 Vdc 
VoG2 35 40 

Drain Current - Continuous 10 50 mAdc 

Gate Current IG1 ±10 mAdc 
IG2 ±10 

Total Device Dissipation @ TA = 25°C Po 300 mW 
Derate above 25°C 1.71 mWl°C 

Total Device Dissipation @ Tc = 25°C Po 1.2 Watt 
Derate above 25°C 8.0 mWl°C 

Lead Temperature, 1/16" From Seated TL 260 oc 
Surface for 10 Seconds 

Junction Temperature Range TJ -65to +150 oc 

Storage Channel Temperature Range Ts.!!l_ -65 to + 150 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VG1S = VG2S = -4.0 Vdc, lo = 10 µAde) MPF211,212 

MPF213 

Instantaneous Drain-Source Breakdown Voltage(1) 
(VG1S = VG2S = -4.0 Vdc, lo = 10 µAde) MPF211,212 

MPF213 

Gate 1-Source Breakdown Voltage(2) 
(VG2S =Vos= 0, IG1 = ±10 mAdc) 

Gate 2-Source Breakdown Voltage(2) 
(VG1S =Vos= 0, IG2 = ±10 mAdc) 

Gate 1 Leakage Current 
(VG1s = ±5.0 Vdc, VG2S = Vos = O) 
(VG1S = -5.0 Vdc, VG2S = Vos = 0, TA= 150°C) 

Gate 2 Leakage Current 
(VG2s = ±5.0 Vdc, VG1S = Vos = O) 
(VG2s = -5.0 Vdc, VG1S = Vos = 0, TA= 150°C) 

Gate 1 to Source Cutoff Voltage 
(Vos = 15 Vdc, VG2s = 4.0 Vdc, lo = 2.0 µAde) MPF211,213 

MPF212 

Gate 2 to Source Cutoff Voltage 
(Vos = 15 Vdc, VG1s = o, lo = 20 µAde) MPF211 

MPF212,213 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(3) 
(Vos = 15 Vdc, VG1s = o, VG2s = 4.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(4) 
(Vos = 15 Vdc, VG2s = 4.0 Vdc, VG1s = o, f = 1.0 kHz) MPF211,212 

MPF213 

Reverse Transfer Capacitance 
(Vos= 15 Vdc, VG2S = 4.0 Vdc, lo= 10 mAdc, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) 
(Voo = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 2) 

SMALL-SIGNAL DEVICES 

MPF211 
MPF211,213 
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Symbol 

V(BR)DSX 

V(BR)DSX 

V(BR)G1SO 

V(BR)G2SO 

IG1SS 

IG2ss 

VG1S(off) 

VG2S(off) 

loss 

IYtsl 

Crss 

NF 

MPF211 
MPF212 
MPF213 

CASE 317-01, STYLE 1 

DUAL-GATE MOSFET 
VHF AMPLIFIER 

N-CHANNEL - DEPLETION 

Min 

25 
30 

27 
35 

±6.0 

±6.0 

±0.04(Typ) 
-

±0.04(Typ) 
-

-0.5 
-0.5 

-0.2 
-0.2 

6.0 

17 
15 

0.005 

Max 

-
-

-
-
-

-

±100 
-100 

±100 
-100 

-5.5 
--4.0 

-2.5 
-4.0 

4.0 

40 
35 

0.05 

4.0 
4.5 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 
µAde 

nAdc 
µAde 

Vdc 

Vdc 

mAdc 

mm hos 

pF 

dB 
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MPF211, MPF212, MPF213 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max 

Common Source Power Gain Gps 
(Voo = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF211 24 35 
(Voo = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 2) MPF211 29 37 
(Voo = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 2) MPF213 27 35 
(Voo = 18 Vdc, fLQ = 245 MHz, fRE = 200 MHz) (Figure 3) MPF212 Gc(6) 21 38 

Bandwidth BW 
(VDD = 18 Vdc, VGG = 7.0 Vdc, f = 200 MHz) (Figure 1) MPF211 5.0 12 
(VDD = 18 Vdc, fLQ = 245 MHz, fRE = 200 MHz) (Figure 3) MPF212 4.0 7.0 
(Voo = 24 Vdc, VGG = 6.0 Vdc, f = 45 MHz) (Figure 2) MPF211,213 3.5 6.0 

Gain Control Gate-Supply Voltage(5) VGG(GC) 
(Voo = 18 Vdc, AGps = -30 dB, f = 200 MHz) (Figure 1) MPF211 - -2.0 
(Voo = 24 Vdc, A~= -30 dB, f = 45 MHz) (Figure 2) MPF211,213 - ±1.0 

(1) Measured after five seconds of applied voltage. 
(2) All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate 

voltage limiting network is functioning properly. 
(3) Pulse Test: Pulse Width = 300 µs, Duty Cycle "' 2.0%. 

Unit 

dB 

MHz 

Vdc 

(4) This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. The signal is applied to 
Gate 1 with Gate 2 at ac ground. 

(5) AGps is defined as the change in Gps from the value at VGG = 7.0 Volts (MPF211) and VGG = 6.0 Volts (MPF213). 
(6) Power Gain Conversion. Amplitude at input from local oscillator is adjusted for maximum Ge. 

FIGURE 1 - 200 MHz POWER GAIN, GAIN CONTROL VOLTAGE, AND NOISE FIGURE TEST CIRCUIT 
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L1 2% T #18, %"diameter center tapped 

270 

L2 31h T #18, !¥1a" diameter tapped 1hT from cold end 
C = µ.F unless otherwise specified 

FIGURE 2 - 45-MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

['"-470-oF-) E-
l 
I 
I 
I 
l 8.2 M 5.6 M 
I 
I 

' ~pF 2.2M 

I 
I 
I 
I 

' ' I 
I 

390 k 

10 k 

:G1 
I I 

: w' C2 I I 

I 
L----,----J 

' 
L __ _ 1 0.001 µF I 

------- __________ _..!_ _________ _ 

Voo 

270 

C1: Leadless disc ceramic, 0.001 µF 
C2: Leadless disc ceramic, 0.01 µF 

L 1: 8 Turns #28, 5/32" diameter form, type "J" slug 
L2: 9 Turns #28, 5/32" diameter form, tvPe "J" slug 
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FIGURE 3 - 200·MHz-to-45·MHz CIRCUIT FOR CONVERSION POWER GAIN 
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L 1: 7 Turns #34, 1 /4'' diameter aluminum slug 
L2: 5-1/2 Turns #20, 1/4 .. diameter aluminum slug 
L3: 7 Turns #24, 1/4" dleme'ter air core 

C1: Arco type 462, 6-80 pF 
C2: 0.001 µ.F lead less disc 
C3: 0.01 µF leadless disc 

T1: Prl: 26 Turns #30, close wound on 1/4" 
diameter form, type "J" slug 

Sac: 4 Turns #30, centered over primary 

TYPICAL CHARACTERISTICS 
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FIGURE 4 - DRAIN CURRENT versus 
DRAIN-TO-SOURCE VOLTAGE 
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FIGURE 7 - FORWARD TRANSFER ADMITTANCE 
versus GATE ONE·TO·SOURCE VOLTAGE 
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FIGURE 8 - FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 
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FIGURE 10 - SMALL-SIGNAL GATE ONE INPUT 
ADMITTANCE versus FREQUENCY 
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ADMITTANCE versus FREQUENCY 
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FIGURE 9 - INPUT AND OUTPUT CAPACITANCE 
versus GATE TWO-TO-SOURCE VOLTAGE 

8.01-------------------~ 

- ~ 
~~ 6.0 
wz 
~ ~ 5.01'--+---"--"--'---'-----'----'--'--'--' 

~ ~ Vos= 1sv 
~ 5 4.ol-VG1S = 0 V 

~ ~ J.o1:::1::o:;ss~=::1::5::m+;A::::~=;;!;;=;;;F=-F--+-+::-+---1 
~ ~ f= 1.0MHz Coss 
~ 0 . 2.0l--.l--+--+--1---1----J---l---l--+--1 
~ . 

u u 1.0 ,___,_____,,_____,,__--1---1--+---+--l.--l.---l 

OL--'----''-----''----'---'--'---'---'---1---' 
-5.0 -4.0 -3.0 -2.0 -1.0 0 +1.0 +2.0 +3.0 +4.0 +5.0 

VG2S. GATE TWO-TO.SOURCE VOLTAGE IVDLTSI 

FIGURE 11 - SMALL-SIGNAL FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 

~ 25 
1' 
.5 
w 
~ 20 

~ 
~ c 15 
~ 
w -~ 10 
>-
0 
~ 

; 5 

--...J 
~ 

""' 
1---Vos = 15 v 
f--VG2S =4 V 

lo= 15mA 

~ 

~ b-.. 
~ ' 

~ 

Ots~ 

~ ?oo 200 300 400 500 

Q 

f, FREQUENCY (MHz) 

FIGURE 13 - SMALL-SIGNAL GATE ONE OUTPUT 
ADMITTANCE versus FREQUENCY 

-20 

-30 

-40 

-50 --60 ~ 

"' -"JO~ 

-80 ~ 
;f 

-90 

-100 

-110 

-120 
1000 

E 20,1----1---+---11---+----+--i--+-+--1--+-+-1so 
.5 

~ ~Uos ~ 
« 151----+-""""-k"''-l-+·-+--l--+-+-+--+-+~so ~w 
~ ~ :: 
~ l-v05 = 15 v --t--+::~"'-....:+t-..._-+7-+-+--t--+--l-1 o 

~ 10f--VG2s=4.0V 70 ~ 
_ 1o=15mA V ....._ -
g ~ 
~5.0 ___._.. 60 

6-158 

OL---.....1..---''----'--'--1--'--.....l..-L-....L.....L......L.~50 
1 00 200 300 400 500 1000 

f, FREQUENCY IMHzl 

SMALL-SIGNAL DEVICES 



MPF211, MPF212, MPF213 

10 

; -10 
z 

~ 
cc -20 

~ 
~ -30 
w 
> 3 -40 
w 

FIGURE 14 - RELATIVE SMALL-SIGNAL POWER GAIN 
versus 

GAIN CONTROL GATE SUPPLY VOLTAGE 
MPF211 

_L_ 
I 

t 
1 vao = 18 v 

a: -50 
../ 1•200MHz -

J. 
-iO 

-70 
-6.0 

0 

30 

20 

z 10 
< co 

"' ~ 
f2 -10 
:l. 
~ -20 

-30 

-40 

CIRCUIT IN FIGURE 1 

-4.0 -2.0 2.0 4.0 6.0 8.0 
VGGIGCI - GAIN CONTROL GATE SUPPLY VOLTAGE IVOL TS) 

FIGURE 16 - SMALL-SIGNAL COMMON-SOURCE 
INSERTION POWER GAIN versus GAIN CONTROL 

GATE SUPPLY VOLTAGE 
MPF211, 213 

1-f-

1 

t Voo • 24 v 
1=45MHz 
CIRCUIT IN FIGURE 2 

-6.0 -4.0 -2.0 2.0 4.0 6.0 8.0 
VGGIGCI GAIN CONTROL GATE SUPPLY VOLTAGE (VOLTS) 

10 

-

10 

FIGURE 15 - COMMON SOURCE SPOT NOISE FIGURE 
versus 

GAIN CONTROL GATE SUPPLY VOLTAGE 
MPF211 

Voo = 18 

10 

9.0 

8.0 f = 200 MHz -
~ 7.0 
w 
g 6.0 
co 
u: 5.0 
w 

5 4.0 
z 
~~ 3.0 

2.0 

1.0 

0 
-2.0 

9. 

8. 

0 

0 

0 

~ 7. 0 
w 
g; 6. 0 
co 
u: 5.-0 
w 

"' c 4.0 
z 
~· 3.0 

2.0 

1.0 

0 
10 

CIRCUIT IN FIGURE 1 

\ 

~ o u w ~ ~ ~ ~ n 
VGGIGC), GAIN CONTROL GATE SUPPLY VOLTAGE IVOL TSI 

FIGURE 17 - OPTIMUM SPOT NOISE FIGURE 
versus FREQUENCY 

i!-
~ 

.i--

20 30 50 100 200 300 400 
I, FREQUENCY (MHz) 

8.0 

1000 

FIGURE 18 - INPUT/OUTPUT IMPEDANCE 

+j50 

-j50 

s,, 
SMALL-SIGNAL DEVICES 

Vos= 15V 
VGzs-4.0V 
10 = 15mA 

6-159 

+j50 

MOTOROLA SEMICONDUCTORS 

• 



• 

MPF230 
MPF231 
MPF232 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

JFET 
LOW NOISE AMPLIFIER 

N-CHANNEL - DEPLETION 

Refer to 2N4220 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = -1.0 µAl 

Gate Reverse Current 
IVGs = -30 VI 

Gate Source Cutoff Voltage 
!Vos= 20 v, 10 = 1.0 µAl 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
!Vos= 20 VI 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
!Vos= 20 v, f = 1.0 kHzl 

FUNCTIONAL CHARACTERISTICS 

Equivalent Short-Circuit Input Noise Voltage 
!Vos = 10 v, t = 10 Hz) 

*Pulse Width .;; 2.0 msec. 

MOTOROLA SEMICONDUCTORS 

Symbol 

V(BRIGSS 

IGSS 

VGS(off) 
MPF230 
MPF231 
MPF232 

loss• 
MPF230 
MPF231 
MPF232 

IYfsl* 
MPF230 
MPF231 
MPF232 

6-160 

Symbol Value Unit 

Vos -40 Vdc 

VoG 40 Vdc 

VGs 40 Vdc 

IG 50 mA 

Po 310 mW 
2.82 mWFC 

Ts!Q_ -65 to + 150 oc 

Min Max Unit 

-40 - Vdc 

- -250 pA 

Vdc 
-1.0 -3.0 
-2.0 -5.0 
-3.0 -6.0 

mA 
0.7 3.0 
2.0 6.0 
5.0 10.0 

µmhos 
1000 3000 
1500 3000 
2500 4500 

30 nV/v'Hz 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos ±30 

Drain-Gate Voltage VoG 30 

Reverse Gate-Source Voltage VGSR 30 

Forward Gate Current IG(f) 10 

Total Device Dissipation @TA = 25"C Po 350 
Derate above 25"C 2.73 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to + 150 

ELECTRICAL CHARACTERISTICS !TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 10 µAde, Vos = O) 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = Ol 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 200 µAdel 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 Vdc, VGs = O) Red 

Green 
Violet 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 Vdc, VGs = o, f = 1.0 kHzl 

Input Capacitance 
(Vos= 15 Vdc, lo = 10 mAdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, lo= 10 mAdc, f = 1.0 MHz) 

Output Capacitance 
(Vos = 15 Vdc, lo= 10 mAdc, f = 1.0 kHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 Vdc, Rs = 50 Ohms) 100 MHz 

400 MHz 

Common Source Power Gain 
(Vos = 15 Vdc, Rs = 50 Ohms) 100 MHz 

400 MHz 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

"C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss* 

IYfsl 

Ciss 

Crss 

Coss 

NF 

Gps 

MPF256 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

AMPLIFIER 

N-CHANNEL - DEPLETION 

Min Typ Max 

25 - -

- - 5.0 

0.5 - 7.5 

3.0 - 7.0 
6.0 - 13 
11 - 18 

6.0 - -

- 3.0 -
- 1.2 -

- 2.0 -

- - 2.0 
- - 4.0 

20 - -
12 - -

Unit 

Vdc 

nAdc 

Vdc 

mAdc 

mm hos 

pF 

pF 

pF 

dB 

dB 

*To characterize these devices to narrower limits, the entire production lot is tested and divided into color-coded groups, with each color 
dot representing an loss range. 

When packaged for shipment, the colors are randomly selected and no specific color distribution is implied or guaranteed. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MPF521 

CASE 317·01, STYLE 1 

MOSFET 
DUAL GATE 

VHF AMPLIFIER TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Drain Current 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Operating Channel Temperature 

Lead Temperature, 1116" From Seated 
Surface for 1 o Seconds 

Storage Channel Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate 1-Source Breakdown Voltage V(BR)G1SO 
(VG2 = Vos = o. IG1 = 10 µAde) 

Gate 2-Source Breakdown Voltage V(BR)G2SO 
(VG1S = Vos = o, IG2 = 10 µAde) 

Gate 1 Reverse Leakage Current IG1SS 
(VG1S = 5.0 Vdc, VG2s = Vos = O) 

Gate 2 Reverse Leakage Current IG2ss 
(VG2S = 5.0 Vdc, VG1s = Vos = 0) 

Drain-Source Breakdown Voltage V(BR)DS 
(VG2 = o. lo = 10 µAde) 

ON CHARACTERSTICS 

Gate-Source Threshold Voltage VG1S(TH) 
(VG2S = 10 Vdc, lo = 10 µAde, Vos = 15 V) VG2S(TH) 
!VG1s = 4.0 Vdc, lo = 10 µAde, Vos = 15 Vl 

Gate-Source On Voltage VG1S(on) 
(Vos= 15 Vdc, VG2S = 10 Vdc, lo = 10 mAdc) 

"On" Drain Current lo( on) 
(Vos = 15 Vdc, VG2s = 10 Vdc, VG1S = 3.0 Vdc) 

SMALL·SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(1) 
(Vos= 15 Vdc, VG2S = 10 Vdc, lo = 10 mAdc, f = 1.0 kHz) IYtsl 
(Vos = 15 Vdc, VG2S = 10 Vdc, lo = 10 mAdc, I = 200 MHz) Yfs 

Input Admittance(1) Yis 
(Vos = 15 Vdc, VG2s = 10 Vdc, lo = 10 mAdc, t = 200 MHz) 

Reverse Transfer Admittance(1) Yrs 
(Vos= 15 Vdc, VG2S = 10 Vdc, lo= 10 mAdc, f = 200 MHz) 

Output Admittance(1) IYosl 
(Vos = 15 Vdc, VG2S = 10 Vdc, lo = 10 mAdc, f = 200 MHz) 

Input Capacitance Ciss 
(Vos= 15 Vdc, VG2S = 10 Vdc, VG1 = 2.5 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 15 Vdc, VG2S = 10 Vdc, VG1 = 2.5 Vdc, f = 1.0 MHz) 

Output Capacitance Coss 
(Vos= 15 Vdc, VG2S = 10 Vdc, VG1 = 2.5 Vdc, f = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 
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Min 

10 

12 

-

-

25 

0.5 
0.5 

2.0 

5.0 

10 
-
-

-

-

-

-

-

Symbol Value Unit 

Vos 25 Vdc 

VDG1 30 Vdc 
VDG2 30 

10 30 mAdc 

IG1F 10 mAdc 
IG2F 10 

Po 300 mW 
1.71 mWl°C 

Tchannel 150 "C 

TL 200 "C 

Ts!!l_ -65to +150 "C 

Typ Max Unit 

15 - Vdc 

16 - Vdc 

30 100 nAdc 

30 100 nAdc 

28 - Vdc 

Vdc 
1.2 2.0 
1.0 2.0 

2.6 4.0 Vdc 

15 20 mAdc 

mm hos 
12 20 

10.57-j6.86 -
0.524 + j4.27 - mm hos 

-1.7-j9.8 - µmhos 

0.126+j1.79 - mm hos 

3.3 4.0 pF 

0.015 0.03 pF 

1.1 2.5 pF 

SMALL-SIGNAL DEVICES 



MPF521 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

FUNCTIONAL CHARACTERISTICS 

Noise Figure (Figures 1 and 9) NF - 1.7 3.5 dB 
(Vos = 15 Vdc, VGG = 10 V, f = 200 MHz) 

Common Source Power Gain (Figures 1 and 9) Gps 21 26 - dB 
(Vos= 15 Vdc, VGG = 10 v, f = 200 MHz, 
BW = 7.0 MHz (Min)) 

(1) Ally-parameters are with respect to Gate 1. 

FIGURE 1 - 200 MHz NOISE FIGURE AND POWER GAIN TEST CIRCUIT 

Input 
son 

(q,s3 mV RMS) 

L 1 - 3 Turnt #18 AWG, 1/4" 0.0. 
L2 - 2 Turnt #18 AWG, 1/4" 0.0. 
BW !!t!

0 8 MHz 

10 -11 mA v00 - 15 v 
VGG = 10 V 

Voo 

100 k 
0.1 µF J 

l1000pF 

100k 

TYPICAL CHARACTERISTICS 
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FIGURE 4 - SMALL-SIGNAL COMMON-SOURCE GATE-ONE 
FORWARD TRANSFER ADMITTANCE versus GATE-ONE to 

SOURCE VOLTAGE . 
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FORWARD TRANSFER ADMITTANCE versus DRAIN CURRENT 

3.ov VG2s·1ov 

ID. DRAIN CURRENT ~mA) 

FIGURE 7 - COMMON SOURCE POWER GAIN versus 
DRAIN SUPPLY CURRENT 

1-- voo • 15 v 
I 

t-c1rc~i;i~OFOig~~zl 

+40 

•30 
t- Bandwidth"' 6.0 MHz 

8.0 v 

L 
~ +20 ~ z v 

--1 
~ +10 

"' ;: 
~ 
g! -.-f-

t:> -10 f 

+40 

+30 

I 
J_ -20 

-30 
0 1.0 2.0 3.0 4.0 5.0 6.0 7 .0 8.0 9.0 10 

IOO. ORAIN SUPPLY CURRENT (mA) 

FIGURE 9 - COMMON SOURCE POWER GAIN AND 
SPOT NOISE FIGURE versus GAIN CONTROL 

GATE-SUPPLY VOLTAGE 

1-voJ· 15 J \ ::s: Gps t--------1 
t- f • 200MHz 

14 
13 
12 

11 

~ +20 I-Circuit in Figure 1 
Bandwidth= 8.0 MHz 

............... 
~ 

10 ~ 
9.0 ~ 
8.0 ~ 
7.0 ~ 
6.0 0 
5.0 ~-

z 
;;: 
Cl +10 

"' w 

~ 

-20 

-30 

6-164 

Ll 
..d" ~ 
~ 

i:z: 
Zl 

{--
::s:: 

"' ........, t--NF-

4.0 z 
3.0 
2.0 

1.0 
1 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 ° 
VGGIGC). GAIN CONTROL GATE-SUPPLY VOLTAGE !VOLTS) 

SMALL-SIGNAL DEVICES 



MPF521 

FIQURE 10 - SMALL-SIGNAL GATE ONE 
INPUT ADMITTANCE versus FREQUENCY 

FIGURE 11 - SMALL-SIGNAL COMMON SOURCE 
GATE ONE FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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MPF820 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

RF AMPLIFIER 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 
Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = 10 µ.Ade, Vos = O) 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = Ol 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 200 µ.Adel 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain 
(Vos = 15 Vdc, VGs = Ol 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 Vdc, VGs = o, t .= 1.0 kHz) 

Input Capacitance 
(Vos = 15 Vdc, lo = 10 mAdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, lo = 10 mAdc, f = 1.0 MHz) 

Common-Gate Input Conductance 
(Vos = 15 Vdc, lo = 10 mAdc, f = 100 MHz) 

Common-Gate Output Conductance 
(Vos = 15 Vdc, lo = 10 mAdc, f = 100 MHz) 

Common-Gate Forward Transadmittance 
(Vos = 15 Vdc, lo = 10 mAdc, f = 100 MHz) 

Common-Gate Reverse Transadmittance 
(Vos = 15 Vdc, lo = 10 mAdc, f = 100 MHz) 

Output Capacitance 
(Vos= 15 Vdc, lo= 10 mAdc, f = 1.0 kHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 Vdc, lo = 10 mAdc, See Figure 5) 

Small-Signal Power Gain 
(Vos = 15 Vdc, lo = 10 mAdc, See Figure 5) 

MOTOROLA SEMICONDUCTORS 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

IYtsl 

Ciss 

Crss 

gig 

Gog 

Yfg 

Yrg 

Coss 

NF 

Gpg 

6-166 

Symbol Value Unit 

Vos 25 Vdc 

VoG 25 Vdc 

VGSR 25 Vdc 

IGJfl_ 10 mAdc 

Po 625 mW 
5.0 mW/'C 

TJ, Tstg -65 to +150 'C 

Min Typ Max Unit 

25 - - Vdc 

- - 5.0 nAdc 

- - 5.0 Vdc 

10 mAdc 

- 20 - mm hos 

- 15 - pF 

- 3.5 - pF 

- 16 - mm hos 

- - 16 µ.mhos 

- 18 - mm hos 

- - 130 µmhos 

- 3.5 - pF 

- - 4.0 dB 

- 11 - dB 

SMALL-SIGNAL DEVICES 
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FIGURE 1 - NOISE F~GURE 
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FIGURE 4 -OUTPUT AND REVERSE 
TRANSFER CAPACITANCE 
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FIGURE 5-100 MHz TEST CIRCUIT 
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MPF930 
MPF960 
MPF990 

MAXIMUM RATINGS 

Rating Symbol MPF930 MPF960 MPF990 Unit 
CASE 29-03, STYLE 22 

T0-226AE 

TMOS 
SWITCHING 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current 
Continuous (1) 
Pulsed (2) 

Total Device Dissipation 
@TA= 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Thermal Resistance 

Vos 

VoG 

VGS 

10 
IDM 

Po 

TJ, Tstg 

8JA 

35 60 90 Vdc 

35 60 90 Vdc 

±30 Vdc 

Ade 
2.0 
3.0 

1.0 Watts 
8.0 mW/"C 

-55 to 150 oc 

125 oc;w 

N-CHANNEL - ENHANCEMENT (1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
Refer to MFE930 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(VGs = o, 10 = 10 µA) MPF930 35 - -

MPF960 60 - -
MPF990 90 - -

Gate Reverse Current (VGS = 15 Vdc, Vos = 0) IGSS - - 50 nAdc 

ON CHARACTERISTICS* 

Zero-Gate-Voltage Drain Current (Vos = Maximum Rating, VGs = O) loss - - 10 µAde 

Gate Threshold Voltage !lo = 1.0 mA, Vos = VGS) VGS(Th) 1.0 - 3.5 Vdc 

Drain-Source On-Voltage (VGs = 10 V) Vos( on) Vdc 
!lo= 0.5 A) MPF930 - 0.4 0.7 

MPF960 - 0.6 0.8 
MPF990 - 0.6 1.2 

!lo= 1.0A) MPF930 - 0.9 1.4 
MPF960 - 1.2 1.7 
MPF990 - 1.2 2.4 

!lo= 2.0 A) MPF930 - 2.2 3.0 
MPF960 - 2.8 3.5 
MPF990 - 2.8 4.8 

Static Drain-Source On Resistance ros(on) Ohms 
(VGs = 10 Vdc, lo = 1.0 Ade) MPF930 - 0.9 1.4 

MPF960 - 1.2 1.7 
MPF990 - 1.2 2.0 

On-State Drain Current (Vos = 25 V, VGs = 10 V) lo( on) 1.0 2.0 - Amps 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance (Vos = 25 V, VGs = 0, f = 1.0 MHz) Ciss - 60 70 pF 

Reverse Transfer Capacitance (Vos = 25 V, VGs = 0, f = 1.0 MHz) Crss - 13 18 pF 

Output Capacitance (Vos = 25 V, VGs = o, f = 1.0 MHz) Coss - 49 60 pF 

Forward Transconductance !Vos = 25 v, 10 = o.5 Al gfs 200 380 - mm hos 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 7.0 15 ns 

Turn-Off Time lo ff 7.0 15 ns 

*Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MPF970 
MPF971 

CASE 29-02, STYLE 5 
T0-92 (T0-226AAI 

JFET 
SWITCHING 

P-CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Storage Channel Temperature Range 

Operating Temperature Range 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
OG = 1.0 µAde, Vos = O) 

Gate Reverse Current IGSS 
(VGs = 15 Vdc, Vos = o) 
(VGs = 15 Vdc, Vos = o, TA= 150°C) 

Drain-Cutoff Current lo( off) 
(Vos = 15 Vdc, VGs = 12 Vdc) MPF970 
(Vos = 15 Vdc, VGs = 12 Vdc, TA = 150°Cl MPF970 
(Vos = 15 Vdc, VGs = 7.0 Vdc) MPF971 
(Vos = 15 Vdc, VGs = 7.0 Vdc, TA= 150°Cl MPF971 

Gate Source Cutoff Voltage VGS(off) 
!Vos = 15 Vdc, lo = 10 nAdc) MPF970 

MPF971 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
(Vos = 20 Vdc, VGs = O) MPF970 

MPF971 

Drain-Source On-Voltage Vos(on) 
Oo = 10 mAdc, VGs = O) 
Oo = 1.5 mAdc, VGS = 0) 

Static Drain-Source On Resistance ros(on) 
Oo = 1.0 mAdc, VGs = O) MPF970 

MPF971 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance rds(on) 
!VGs = o, lo = o, t = 1.0 kHz) MPF97-0 

MPF971 

Input Capacitance Ciss 
(VGs = 12 Vdc, Vos = 0, f = 1.0 MHz) MPF970 
(VGs = 7.0 Vdc, Vos = 0, f = 1.0 MHz) MPF971 

Reverse Transfer Capacitance Crss 
(VGs = 12 Vdc, Vos = 0, f = 1.0 MHz) MPF970 
(VGs = 7.0 Vdc, Vos = 0, f = 1.0 MHz) MPF971 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vos 25 Vdc 

VoG 30 Vdc 

VGSR 30 Vdc 

IG(f) 10 mAdc 

Po 350 mW 
2.8 mW/°C 

Ts!!L -65to +150 oc 

Tchannel -65to +150 oc 

II Min Typ Max Unit 

30 - - Vdc 

- - 1.0 nAdc 
- - 1.0 µAde 

- - 10 nAdc 
- - 10 µ.Ade 
- - 10 nAdc 
- - 10 µ.Ade 

Vdc 
5.0 - 12 
1.0 - 7.0 

mAdc 
15 - 100 
2.0 - 50 

Vdc 
- - 1.5 
- - 1.5 

Ohms 
- - 100 
- - 250 

Ohms 
- - 100 
- - 250 

pF 
- - 12 
- - 12 

pF 
- - 5.0 
- - 5.0 

SMALL-SIGNAL DEVICES 



MPF970, MPF971 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25'C unless otherwise noted.I 

Characteristic I Symbol Min Typ Max Unit 
SWITCHING CHARACTERISTICS (See Figure 6, RK =OJ (1) 

Rise Time t, 
llo(on) = 10 mAdc, VGS(off) = 12 Vdc) MPF970 -
ll12!9r:!l.. = 1.5 mAdc, VGS(off) = 7.0 Vdc) MPF971 -

Fall Time If 
llo(onl = 10 mAdc, VGS(off) = 12 Vdc) MPF970 -
ll12!9r:!l.. = 1.5 mAdc, VGlil!>f!L = 7.0 Vdc) MPF971 -

Turn-On Time Ion 
llo(on) = 10 mAdc, VGS(off) = 12 Vdc) MPF970 -
ll~or:!l.. = 1.5 mAdc, VGlil!>f!L = 7.0 Vdc) MPF971 -

Turn-Off Time loft 
llo(on) = 10 mAdc, VGS(off) = 12 Vdc) MPF970 -
ll~or:!l.. = 1.5 mAdc, VGlil!>f!L = 7.0 Vdc) MPF971 

(1) Pulse Test: Pulse Width.;; 100 µs, Duty Cycle.;; 1.0%. 

FIGURE 1 - EFFECT OF IDss ON DRAIN.SOURCE 
RESISTANCE AND GATE.SOURCE VOLTAGE 

-
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FIGURE 2 -TURN-ON DELAY TIME FIGURE 3 - RISE TIME 
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FIGURE 4 -TURN-OFF OELAY TIME 
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FIGURE 6 - SWITCHING TIME TEST CIRCUIT 
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tf<:0.5 ns 
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DUTY CYCLE<; 2.0% 

SET Vos(off) = -10 v 
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FIGURE 7 -TYPICAL FORWARD TRANSFER ADMITTANCE 
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FIGURE 5 - FALL TIME 
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NOTE 1 
The switching characteristics shown above were measured uSing a 
test circuit similar to Figure 6. At the beginning of the switching 
interval, the gate \Klltage is at Gate Supply Voltage (+VGGL The 
Drain-Source Voltage (Vos) is slightly lower than Drain Supply 
Voltage (VDD) due to the voltage divider. Thus Reverse Transfer 
Capacitance (Crssl or Gate-Drain Capacitance ICgdl is charged to 
VGG +Vos· 

During the turn-on interval, Gate-Source Capacitance (Cgsl 
discharges through the series combination of RGen and AK. Cgd 
must discharge to VDS(on) through RG and AK in series with the 
parallel combination of effective load impedance (R'o) and 
Drain-Source Resistance (rds). During the turn-off, thi~ charge 
ft ow is reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance rds is a function of the gate-source voltage. While Cgs 
discharges, VGs approaches zero and rds decreases. Since Cad 
discharges through rds· turn-on time is non-linear. During turn-off, 
the situation is reversed with rds increasing as Cgd charges. 

The above switching curves show two impedance conditions; 1 l 
AK is equal to Ro, which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally 
the load impedance of the previous stage, and 2) AK = 0 (low 
impedance) the driving source impedance is that of the generator. 

FIGURE 8 -TYPICAL CAPACITANCE 
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FIGURE 9 - EFFECT OF GATE-SOURCE VOLTAGE 
ON ORAIN-SOURCE RESISTANCE 
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FIGURE 10 - EFFECT OF TEMPERATURE ON DR'AIN-SOURCE 
ON-STATE RESISTANCE 
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FIGURE 11 - LOW FREQUENCY CIRCUIT MODEL 
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Vis= jwCiss 
Vos= llross+iwCoss 
Yfs = IYfsl 
Yrs= ~jw Crss 

Ciss = Cgd + Cgs 
Crss = Cgd 
Coss= Cgd + Cds. Ccts"" 0 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Gate Current IG 50 mA 

Total Device Dissipation @ TA = 25°C Po 310 mW 
Derate above 25'C 2.82 mW/'C 

Storage Temperature Range Tq -65 to +150 'C 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = 1.0 pA) 

Gate Reverse Current 
(VGs = 5.0 Volts) 

Gate Source Cutoff Voltage 
!Vos = -5.o v, lo = -1.0 pAI 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
!Vos = -5.0 Volts) 

Characteristic 

SMALL·SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = - 5.0 Volts, f = 1.0 kHz) 

Input Capacitance 
(Vos = -5.0 Volts, VGs = 1.0 v, f = 140 kHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos= -5.0 Volts, f = 1.0 kHz, R = 1.0 meg) 

*Pulse Width .;; 100 msec, Duty Cycle .;; 10%. 
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MPF2608 
MPF2609 

MPF2608 
MPF2609 

MPF2608 
MPF2609 

MPF2608 
MPF2609 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

LOW-FREQUENCY, LOW NOISE 

P·CHANNEL - DEPLETION • 

Refer to 2N5460 for graphs. 

Symbol Min Max Unit 

V(BR)GSS 30 - Vdc 

IGSS - 10 nA 

VGS(off) 1.0 4.0 Vdc 

loss* mA 
-0.9 -4.5 
-2.0 -10.0 

IYtsl* 1<mhos 
1000 -
2500 -

Ciss pF 
- 17 
- 30 

NF 3.0 dB 
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MPF3330 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

LOW-FREQUENCY, LOW NOISE 

P-cHANNEL - DEPLETION 

Rafer to 2N5460 for graphs • 

MAXIMUM RATINGS 
Rating 

Drain-Gate Voltage 

Gate-Source Voltage 

Reverse Gate-Source Voltage 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Charactariatlc Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
Ua = 10 ,,Al 

Gate Reverse Current lass 
IVGS = 10 VI 

Gate Source Cutoff Voltage Vas(offl 
!Vos= -15 v.1D = 10 ,,Al 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss* 
!Vos= -1ov1 

Drain-Source Resistance ros 
Oo = 100 p.A, Vas = oi 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYtsl* 
(Vos = -10 v, lo = 2.0 mA, f = 1.0 kHz) 

Output Admittance IYosl 
(Vos= -10 v. lo= 2.0 mA. f = 1.0 kHz) 

Input Capacitance Ciss 
(Vos= -10 Volts, Vas= 1.0 Volt, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(Vos = -5.0 V, lo = 1.0 mA, Ra = 1.0 MO) 

*Pulse Width .;; 100 msec, Duty Cycle .;; 10%. 
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Symbol Value Unit 

VDG 20 \(de 

Vas 20 Vdc 

VasR 20 Vdc 

IG 10 mA 

Po 310 mW 
2.82 mWl°C 

TS!!!. -65 to + 150 ·c 

Min Max Unit 

20 - Vdc 

- 10 nA 

- 6.0 Vdc 

2.0 6.0 mA 

- 800 n 

1500 3000 µ,mhos 

- 40 µ.mhos 

- 20 pF 

3.0 dB 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 50 

Drain-Gate Voltage VoG 50 

Gate-Source Voltage VGs -50 

Drain Current 10 10 

Total Device Dissipation @ TA = 25°C Po 310 
Derate above 25°C 2.0 

Junction Temperature Range TJ 125 

Storage Temperature Range Ts!ll_ -65to 150 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = -1.0 µAde, Vos= O) 

Gate Reverse Current 
(VGs = -30 Vdc, Vos = O) 
(VGs = -30 Vdc, Vos = o, TA = 150°C) 

Gate Source Cutoff Voltage 
Oo = 0.5 nAdc, Vos = 15 Vdc) 

Gate Source Voltage 
Oo = 50 µAde, Vos = 15 Vdc) 
(lo = 200 µAde, Vos = 15 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 15 Vdc, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz)(1) 

(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 

Output Admittance(1) 
(Vos = 15 Vdc, VGs = o, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 Vdc, VGs = o, Rs = 1.0 megohm, 
f = 10 Hz, Noise Bandwidth = 5.0 Hz) 

Equivalent Input Noise Voltage 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

(Vos = 15 Vdc, VGs = O, f = 10 Hz, Noise Bandwidth = 5.0 Hz) 

(1) Pulse Test: Pulse Width"' 100 ms, Duty Cycle"' 10%. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

oc 
oc 

Symbol 

V(BR)GSS 

IGss 

VGS(off) 

VGS 

loss 

IYfsl 

IYosl 

Ciss 

Crss 

NF 

en 

MPF3821 
MPF3822 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

GENERAL PURPOSE 

N-CHANNEL - DEPLETION 

Refer to 2N4220 for graphs. 

Min 

-50 

-
-

-
-

-0.5 
-1.0 

0.5 
2.0 

1500 
3000 

1500 
3000 

-
-
-

-

-

-

Max 

-

-0.1 
100 

-4.0 
-6.0 

-2.0 
-4.0 

2.5 
10 

4500 
6500 

-
-

10 
20 

6.0 

3.0 

5.0 

200 

Unit 

Vdc 

nAdc 

Vdc 

Vdc 

mAdc 

µmhos 

µmhos 

pF 

pF. 

dB 

nv/HzY2 

MOTOROLA SEMICONDUCTORS 

• 



MPF3823 
MPF3824 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

JFET 
HIGH FREQUENCY 

AMPLIFIER 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage MPF3823 
MPF3824 

Drain-Gate Voltage MPF3823 
MPF3824 

Reverse Gate-Source Voltage MPF3823 
MPF3824 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Lead Temperature 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!IG = -1.0 µA) 

Gate Leakage Current 
(VGs = '--20 V) 

Gate Source Cutoff Voltage 
!Vos = 15 v, lo = o.5 nAl 

Gate Source Voltage 
(VGs = 15 V, lo = 400 µA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
!Vos = 15 VJ 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
!Vos = 15 v, f = 1.0 kHzl 

Output Admittance 
!Vos = 15 v, f = 1.0 kHzl 

Input Capacitance 
(Vos = 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 V, f = 1.0 MHz) 

Drain-Source "ON" Resistance 
!VGs = o, lo = o, t = 1.0 kHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos= 15 V, VGs = 0, f = 100 MHz) 

MOTOROLA SEMICONDUCTORS 

Symbol 

V(BR)GSS 
MPF3823 
MPF3824 

IGSS 

VGS(off) 

VGS 

loss 

IYtsl 

IYosl 

Ciss 

Crss 
MPF3823 
MPF3824 

rds(on) 
MPF3824 (Only) 

NF 
MPF3823 (Only) 

6-176 

Symbol Value Unit 

Vos 30 Vdc 
50 

VoG 30 Vdc 
50 

VGSR -30 Vdc 
-50 

IG 10 mA 

Po 300 mW 
2.0. mW/°C 

TL 300 oc 
TJ, Tstg -65to +150 oc 

Min Max Unit 

Vdc 
-30 -
-50 -
- -0.5 nA 

- -8.0 Vdc 

-1.0 -7.5 Vdc 

4.0 20 mA 

3500 6500 µmhos 

- 35 µmhos 

- 6.0 pF 

pF 
- 2.0 
- 3.0 

- 250 Ohms 

2.5 dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage Vos 40 Vdc 

Drain-Gate Voltage VoG 40 Vdc 

Reverse Gate-Source Voltage VGsA -40 Vdc 

Forward Gate Current IGF 50 mA 

Total Device Dissipation @ TA = 25'C Po 310 mW 
Derate above 25"C 2.82 mWf'C 

Operating and Storage Junction TJ, Tstg -65 to +150 •c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 1.0 µA, VGS = 0) 

Drain to Gate Leakage 
(VoG = 20 v, Is = 0) 

Gate Reverse Current 
fVGs = 20 v. lios = 01 

Gate Source Cutoff Voltage 
(Vos = -20 v, lo = 1.0 nAl MPF3970 

MPF3971 
MPF3972 

Drain Source Voltage 
(VGs = 0) 
Oo = 20 mA) MPF3970 
Oo = 10 mA) MPF3971 
Oo = 5.0 mA) MPF3972 

Drain Cutoff Current 
(Vos= 20 V, VGS = -12 V) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 20 V, VGS = 0) MPF3970 

MPF3971 
MPF3972 

Drain-Source "ON" Resistance 
Oo = 1.0 mA, VGs = 0) MPF3970 

MPF3971 
MPF3972 

Input Capacitance 
(Vos= 20 v, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 0, VGs = -12 v, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Drain-Gate Leakage 
(VoG = 20 v, Is = 0, TA = 150'C) 

Drain Cutoff Current 
(Vos = 20 V, VGs = -12 V, TA = 150'C) 

SMALL-SIGNAL DEVICES 

a-1n 

Symbol 

V(BR)GSS 

IDGO 

IGSS 

VGS(off) 

VGS 

lo( off) 

toss 

ros(on) 

Ciss 

Crss 

loGO 

lo(offJ 

MPF3970 
MPF3971 
MPF3972 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

SWITCHING 

N-CHANNEL - DEPLETION 

Min Max 

40 -
- 250 

- 250 

-4.0 -10.0 
-2.0 -5.0 
-0.5 -3.0 

- 1.0 
- 1.5 
- 2.0 

- 250 

50 150 
25 75 
5.0 30 

- 30 
- 60 
- 100 

- 25 

- 6.0 

- 500 

- 500 

Unit 

Vdc 

pA 

pA 

Vdc 

Vdc 

pA 

mA 

n 

pF 

pF 

nA 

nA 

MOTOROLA SEMICONDUCTORS 

• 



MPF3970, MPF3971, MPF3972 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Drain-Source "ON" Resistance rds(on) n 
Uo = o.VGs = O,f = 1.0kHz) MPF3970 - 30 

MPF3971 - 60 
MPF3972 - 100 

SWITCHING CHARACTERISTICS 

Switching Characteristics td(on) - 10 nsec 
(MPF3970 Only) tr - 10 nsec 
(Voo = 10 V, VGS = 0, 1[1Lon) = 20 mA, VG~of!l = 10 Vl to ff - 30 nsec 

Switching Characteristics ~(on) - is nsec 
(MPF3971 Only) tr - 15 nsec 
(Voo = 10 v, VGs = 0, IQt_onJ = 10 mA, VG~off) = 5.0 V) toff - 60 nsec 

Switching Characteristics td(on) - 40 nsec 
(MPF3972 Only) tr - 40 nsec 
(Voo = 10 V, VGs = 0, lo(on) = 5.0 mA, VGfils>ff) = 3.0 V) to ff - 100 nsec 

• 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Gate-Source Voltage VGS -40 Vdc 

Gate Current IG 10 mA 

Total Device Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 3.0 mW/"C 

Lead Temperature TL 300 'C 
(1/16" from Case for 10 Seconds) 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55 to + 150 "C 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!IG = 1.0 µA, Vos = oi 

Gate Reverse Current 
(VoG = -20 V, Is = 0) 

Drain-Gate Leakage 
(VoG = -20 v. Is = o, TA = 150°C) 

Drain Cutoff Current 
(Vos = 20 V, VGs = -6.0 V) 

Drain-Gate "OFF" Current 
(Vos= 20 V, VGs = -6.0 V, TA= 150'C) 

Gate 1 to Source Cutoff Voltage 
(Vos = 20 V, ID = 1.0 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 20 V, VGs = O) 

Drain-Source On-Voltage 
(VGS = 0, lo = 2.5 mA) 

Static Drain-Source On Resistance 
(VGs = o, lo = 1.0 mA) 
(VGs = o, lo = o, f = 1.0 kHz) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(Vos = 20 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 0, VGs = -20 V, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 

Rise Time 

Turn-Off Time 

SMALL-SIGNAL DEVICES 

6-179 

Symbol 

V(BR)GSS 

IOGO 

loGo 

lo( off) 

lo( off) 

VG1S(off) 

loss 

Vos( on) 

ros(on) 

Ciss 

Crss 

td 

tr 

to ff 

MPF4093 

CASE 29-03, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

SWITCHING 

N-CHANNEL - DEPLETION 

Min Max 

-40 -

- 1.0 

- 400 

- 1.0 

- 400 

-1.0 -5.0 

8.0 -

- 0.2 

- 80 
- 80 

- 16 

- 5.0 

- 20 

- 40 

- 80 

Unit 

Vdc 

nA 

nA 

nA 

nA 

Vdc 

mA 

Vdc 

n 

pF 

pF 

ns 

ns 

ns 

MOTOROLA SEMICONDUCTORS 
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MPF4117,A 
MPF41t8,A 
MPF4119,A 

CASE 29-02, STYLE 5 
T0-92 (T0-226AAI 

I 
JFET 

DC AMPLIFIER TRANSISTOR 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate Current 

Total .. Device Dissipation@ TA = 25°C 
Derate above 25°C 

Storage Channel Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

CharaC:terlstlc Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
(Vos= o, IG = -1.0 µAde) 

Gate Reverse Current IGSS 
(VGs = 20 Vdc, Vos = O) MPF4117, 4118, 4119 

MPF4117A. 4118A, 4119A 

(VGS = 20 Vdc, Vos= o. TA= 125°C) MPF4117, 4118, 4119 
MPF4117A, 4118A, 4119A 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 10 Vdc, lo= 1.0 nAdc) MPF4117,A 

MPF4118,A 
MPF4119,A 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) ioss 
(Vos = 10 Vdc, VGs = O) MPF4117,A 

MPF4118,A 
MPF4119,A 

- SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance Ciss 
(Vos = 10 Vdc, VGs = o. f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 10 Vdc, VGs = o. f = 1.0 MHz) 

Common-Source Forward Transconductance gfs 
(Vos = .10 Vdc, VGs = o, f = 1.0 kHz) MPF4117,A 

MPF4118,A 
MPF4119,A 

Common-Source Output Conductance 9os 
(Vos = 10 Vdc, VGs = o, f = 1.0 kHz) MPF4117,A 

MPF4118.A 
MPF4119,A 

(1) loss is measured during a 2.0 ms interval 100 ms after power is applied. 

MOTOROLA SEMICONDUCTORS 

6-180 

Symbol Value Unit 

Vos -40 Vdc 

VoG -40 Vdc 

IG 50 mAdc 

Po 300 mW 
2.0 mwrc 

Ts.!!!_ -65 to +125 ·c 

Min Max Unit 

-40 - Vdc 

- -10 pAdc 
- -1.0 

- -25 nAdc 
- -2.5 

Vdc 
-0.6 -1.8 
-1.0 -3.0 
-2.0 -6.0 

mAdc 
0.03 0.09 
0.08 0.24 
0.20 0.60 

- 3.0 pF 

- 1.5 pF 

µ.mhos 
70 210 
80 250 
100 330 

µ.mhos 
- 3.0 
- 5.0 
- 10 

SMALL-SIGNAL DEVICES 



MPF4117,A, MPF4118,A, MPF4119,A 

FIGURE 1 - TRANSFER CHARACTERISTICS 

Vos= 10V 
4001'<~:--t---+-+--+--+---ir---+-Tc = 25•c -

1 ~ 
~300t---+~_,.,._+---+-4---+--+--1---+--+--I 
- 1-,. 
a " ~ 200 ~ 
9 100 "'I 'SJ,....-1-N-P-F41-11-a,A-+--""~,,--1-"Sl-M-PF1-41-19_,AJ~-=-:,_ ___ :,_ _--l_, 

..::_ MPF4117,A 

-0.5 -1.0 -1.5 -2.0 
VGS· GAlE·SOURCE VOLTAGE (VOLTS) 

FIGURE 2 - TRANSCONDUCTANCE CHARACTERISTICS FIGURE 3 - CAPACITANCE venue DRAIN·SDURCE VOLTAGE 
500 

1400 
tl e i 300 

~ 200 

I 100 
~ 
;i 

Vos= 10V --1 
Tc= 26'C 

-t--. 

"' r---
""" 

............. !'-.... 

" ~ ............ 

~ ~F41~ ~ 
~119.A ~~18,A 

-~ -W -U -W -2.5 
VGS. GAlE.SOURCE VOLTAGE !VOLTS) 

SMALL-SIGNAL DEVICES 

6-181 

1.5 

~ 
tl z 
~ 1.0 

§ 
c.i 

.5 

~ 
N 

-
4.0 8.0 12 
Vos, DRAIN.SOURCE VOLTAGE (VOLTS) 

Ciss 

16 
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MPF4220,A 
MPF4221,A 
MPF4222,A 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

LOW-FREQUENCY 

N-CHANNEL - DEPLETION 

Refer to 2N4220 for graphs. 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Reverse Gate-Source Voltage 

Gate Current 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
OG = - 10 µ.A, Vos = 0 V) 

Gate Reverse Current IGSS 
(VGs = -15 V, Vos = 0 V) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 15 V, lo = 0.1 nA) MPF4220,A 

MPF4221,A 
MPF4222,A 

Gate Source Voltage VGs 
(Vos= 15 v, lo = 50 µ.A) MPF4220,A 
(Vos = 15 v, 10 = 200 µ.A) MPF4221,A 
(Vos = 15 v, 10 = 500 µ.A) MPF4222,A 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss* 
(Vos = 15 Volts, VGs = o V) MPF4220,A 

MPF4221,A 
MPF4222,A 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance lvtsl* 
(Vos= 15 V, f = 1.0 kHz, VGs = 0 V) MPF4220,A 

MPF4221,A 
MPF4222,A 

Output Admittance IYosl 
(Vos= 15 V, f = 1.0 kHz, VGs = 0 V) MPF4220,A 

MPF4221,A 
MPF4222,A 

Input Capacitance Ciss 
(Vos= 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 15 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(Vos = 15 V, f = 100 Hz, RG = 1.0 Mn) MPF4220,A 

MPF4221,A 
MPF4222,A 

*Pulse Width .; 100 msec, Duty Cycle .; 10%. 

MOTOROLA SEMICONDUCTORS 

6-182 

Symbol Value Unit 

Vos 30 Vdc 

VoG 30 Vdc 

VGs 30 Vdc 

VGSR 30 Vdc 

IG 10 mA 

Po 310 mW 
2.82 mW/°C 

T s.!ll_ -65to +150 oc 

Min Max Unit 

-30 - Vdc 

- -100 pA 

Vdc 
- -4.0 
- -6.0 
- -8.0 

Vdc 
-0.5 -2.5 
-1.0 -5.0 
-2.0 -6.0 

mA 
+0.5 +3.0 
+2.0 +6.0 
+5.0 +15.0 

µ.mhos 
1000 4000 
2000 5000 
2500 6000 

µmhos 
- 10 
- 20 
- 40 

- 6.0 pf 

- 2.0 pf 

- 2.5 dB 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage Vos 30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Drain Current 10 20 mA 

Gate Current IG 10 mA 

Total Device Dissipation @ TA = 25°C Po 300 mW 
Derate above 25°C 2.0 mWl°C 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = -10 µA) 

Gate 1 Leakage Current 
(VG1S = -20 V) 

Gate Source Cutoff Voltage 
(lo= 0.25 nA, Vos = 15 V) 
(lo= 0.5 nA. Vos = 15 V) 

Gate Source Voltage 
(lo= 0.3 mA, Vos = 15 V) 
(ID = 0.2 mA, Vos = 15 V) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 Vl 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 v, VGs = 0 V, f = 1.0 kHz) 

Output Conductance 
(Vos = 15 V, VGs = 0 V, f = 200 MHz) 

Input Capacitance 
(Vos = 15 V, VGs = 0 v, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 V, VGs = 0 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 V, VGs = 0 V, RG = 1.0 k!l., f = 200 MHz) 

Common Source Power Gain 
(Vos = 15 V, VGs = 0 V, f = 200 MHz) 

SMALL-SIGNAL DEVICES 

MPF4223 
MPF4224 

MPF4223 
MPF4224 

MPF4223 
MPF4224 

MPF4223 
MPF4224 

MPF4223 
MPF4224 

MPF4223 (Only) 

MPF4223 (Only) 

6-183 

Symbol 

V(BR)GSS 

IG1ss 

VGS(off) 

VGS 

loss 

IYtsl 

Re(y0 sl 

Ciss 

Crss 

NF 

Gps 

MPF4223 
MPF4224 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

/ 
JFET 

HIGH-FREQUENCY 
AMPLIFIER 

N-CHANNEL - DEPLETION 

Min 

-30 

--
-0.1 
-0.1 

-1.0 
-1.0 

3.0 
2.0 

3000 
2000 

-
-

-

-
10 

Max 

-

0.25 
0.50 

-8.0 
-8.0 

-7.0 
-7.5 

18 
20 

7000 
7500 

200 

6.0 

2.0 

5.0 

-

Unit 

Vdc 

nA 

Vdc 

Vdc 

mA 

µ.mhos 

µ.mhos 

pF 

pF 

dB 

dB 

MOTOROLA SEMICONDUCTORS 
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MPF4391 
MPF4392 
MPF4393 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

I 
JFET 

SWITCHING 

N-CHANNEL - DEPLETION 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Forward Gate Current 

Total Device Dissipation @ TA = 25°C 
Cerate above 25°C 

Operating and Storage Channel 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
OG = 1.0 µAde, Vos = O) 

Gate Reverse Current IGSS 
(VGs = 15 Vdc, Vos = o) 
(VGs = 15 Vdc, Vos = o, TA= 100°c) 

Drain-Cutoff Current lo( off) 
(Vos = 15 Vdc, VGs = 12 Vdc) 
(Vos = 15 Vdc, VGs = 12 Vdc, TA= 100°c) 

Gate Source Voltage VGS 
(Vos = 15 Vdc, lo = 10 nAdc) MPF4391 

MPF4392 
MPF4393 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
(Vos = 15 Vdc, VGs = O) MPF4391 

MPF4392 
MPF4393 

Drain-Source On-Voltage Vos(on) 
Oo = 12 mAdc, VGs = O) MPF4391 
Oo = s.o mAdc, VGs = O) MPF4392 
Oo = 3.0 mAdc, VGs = O) MPF4393 

Static Drain-Source On Resistance ros(on) 
Oo = 1.0 mAdc, VGs = O) MPF4391 

MPF4392 
MPF4393 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYtsl 
(Vos = 15 Vdc, lo = 60 mAdc, f = 1.0 kHz) MPF4391 
(Vos= 15 Vdc, lo = 25 mAdc, f = 1.0 kHz) MPF4392 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 1.0 kHz) MPF4393 

Drain-Source "ON" Resistance rds(on) 
(VGs = o, 10 = o, t = 1.0 kHz) MPF4391 

MPF4392 
MPF4393 

Input Capacitance Ciss 
(VGs = 15 Vdc, Vos = o. t = 1.0 MHz) 

MOTOROLA SEMICONDUCTORS 

6-184 

Symbol Value Unit 

Vos 30 Vdc 

VoG 30 Vdc 

VGS 30 Vdc 

IG(fl_ 50 mAdc 

Po 625 mW 
5.0 mW!°C 

Tchannel• -65 to + 150 ·c 

Ts.lg_ 

Min Typ Max Unit 

30 - - Vdc 

- - 1.0 nAdc 
- - 0.2 µAde 

- - 1.0 nAdc 
- - 0.1 µAde 

Vdc 
4.0 - 10 
2.0 - 5.0 
0.5 - 3.0 

mAdc 
60 - 130 
25 - 75 
5.0 - 30 

Vdc 
- - 0.4 
- - 0.4 
- - 0.4 

Ohms 
- - 30 
- - 60 
- - 100 

mm hos 
- 20 -
- 17 -
- 12 -

Ohms 
- - 30 
- - 60 
- - 100 

- 6.0 10 pF 

SMALL-SIGNAL DEVICES 



MPF4391, MPF4392, MPF4393 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Reverse Transfer Capacitance Crss pF 
IVGs = 12 Vdc, Vos = 0, f = 1.0 MHz) - 2.5 3.5 
!Vos = 15 Vdc, lo = 10 mAdc, f = 1.0 MHz) - 3.2 -

SWITCHING CHARACTERISTICS 

Rise Time (See Figure 2) tr ns 
Oo(on) = 12 mAdc) MPF4391 - 1.2 5.0 
Oo(on) = 6.0 mAdc) MPF4392 - 2.0 5.0 
OQJ_oaj_ = 3.0 mAdc) MPF4393 - 2.5 5.0 

Fall Time (See Figure 4) If ns 
(VGS(off) = 12 Vdc) MPF4391 - 7.0 15 
(VGS(off) = 7.0 Vdc) MPF4392 - 15 20 
(VGs(of!l = 5.0 Vdc) MPF4393 - 29 35 

Turn-On Time (See Figures 1 and 2) Ion ns 
!lo(on) = 12 mAdc) MPF4391 - 3.0 15 
Oo(on) = 6.0 mAdc) MPF4392 - 4.0 15 
!lo(on) = 3.0 mAdc) MPF4393 - 6.5 15 

Turn-Off Time (See Figures 3 and 4) loff ns 
(VGS(off) = 12 Vdc) MPF4391 - 10 20 
IVGS(off) = 7.0 Vdc) MPF4392 - 20 35 
IVmRoff) = 5.0 Vdc) MPF4393 - 37 55 

(1) Pulse Test: Pulse Width"' 100 µs, Duty Cycle"' 1.0%. 

TYPICAL SWITCHING CHARACTERISTICS • 

FIGURE 1 -TURN-ON DELAY TIME FIGURE 2 - RISE TIME 
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MPF4391, MPF4392, MPF4393 

FIGURE 5 - SWITCHING TIME TEST CIRCUIT 
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NOTE 1 
The switching characteristics shown above were measured using a 
test circuit similar to Figure 5. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (-VGG). The 
Drain-Source Voltage (Vos) is slightly lower than Drain Supply, 
Voltage (Voo) due to the voltage divider. Thus Reverse Transfer 
Capacitance (Crssl or Gate~Drain Capacitance (Cgd) is charged to 
VGG +Vos· 

During the turn-on interval, Gate-Source Capacitance (Cgsl dis
charges through the series combination of RGen and RK. Cgd 
must discharge to Vos(on) through RG and RK in series with the 
parallel combination of effective load impedance (A'ol and Drain
Source Resistance (rds). During the turn-off, this charge flow is 
reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance rds is a function of the gate-source voltage. While Cgs 
discharges, VGS approaches zero and rds decreases. Since ~d 
discharges through rds• turn-on time is non-linear. During turn-off, 
the situation is reversed with rds increasing as Cgd charges. 

The above switching curves show two impedance conditions; 1) 
RK is equal to Ro• which simulates the switching behavior of 
cascaded stages where the driving.source impedance is normally the 
load impedance of the previous stage, and 2) AK= 0 (low imped
ance) the driving source impedance is that of the generator. 

FIGURE 7 -TYPICAL CAPACITANCE 
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MPF4391, MPF4392, MPF4393 

FIGURE 10 - EFFECT OF IDSS ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 
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NOTE 2 

The Zero-Gate-Voltage Drain Current Oossl, is the principle deter
minant of other J-FET characteristics. Figure 10 shows the 
relationship of Gate-source Off Voltage (VGS(off)I and Orain
Source On Resistance (rds(on)l to loss· Most of the devices will 
be within ±10% of the values shown in Figure 10. This data will 
be useful in predicting the characteristic variations for a given 
part number. 

For example: 
Unknown 

rds(on) and VGS range for an MPF4392 
The electrical characteristics table indicates that an MPF4392 

has an loss range of 25 to 75 mA. Figure 10, shows rds(onl 
= 52 Ohms for loss= 25 mA and 30 Ohms for loss• 75 mA. 
The corresponding VGs values are 2.2 volts and 4.8 volts. 
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MPF4416,A 

CASE 29-02, STYLE 5 
T0-92 (T0-226AAl 

I MAXIMUM RATINGS 

Rating 

Gate-Source Voltage 
MPF4416 
MPF4416A 

Gate Current 
JFET 

HIGH-FREQUENCY 
AMPLIFIER 

Total Device Dissipation @ TA = 25'C 
Derate above 25'C 

Lead Temperature 

N-CHANNEL - DEPLETION 
Operating and Storage Junction 

Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!IG = -1.0 µA) 

Gate Reverse Current 
(VGS = -20 VI 

Gate Source Cutoff Voltage 
(Vos = 15 V, lo = 1.0 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
(Vos = 15 VI 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
<Vos = 15 v, f = 1.0 kHz) 

Input Admittance 
(Vos = 15 V, f = 100 MHz) 
(Vos = 15 V, f = 400 MHz) 

Output Admittance 
<Vos = 15 v, f = 1.0 kHz) 

Output Conductance 
(Vos = 15 V, f = 100 MHz) 
(Vos = 15 V, f = 400 MHz) 

Forward Transconductance• 
(Vos= 15 V, f = 400 MHz) 

Input Capacitance 
(Vos = 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 V, f = 1.0 MHz) 

Output Capacitance 
(Vos = 15 v, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 V, lo = 5.0 mA, RG = 1.0 kn, f = 100 MHz) 
(Vos= 15 V, lo = 5.0 mA, RG = 1.0 kO, f = 400 MHz) 

Common Source Power Gain 
(Vos = 15 v, lo = 5.0 mA, f = 100 MHz! 
(Vos = 15 v, lo = 5.0 mA. f = 400 MHz! 

*Pulse Test Duration = 2.0 msec. 

MOTO.ROLA SEMICONDUCTORS 

MPF4416 
MPF4416A 

MPF4416 
MPF4416A 

6-188 

Symbol 

V(BR)GSS 

IGss 

VGS(off) 

loss 

[Yfs[ 

Re(Yisl 

[Yosl 

Re(y0 s) 

Re(Yfs) 

Ciss 

Crss 

Coss 

NF 

Gps 

Symbol Value Unit 

VGS Vdc 
-30 
-35 

IG 10 mA 

Po 300 mW 
1.7 mW/"C 

TL 300 'C 

TJ, Tstg -65 to + 150 'C 

Min Max Unit 

Vdc 
-30 -
-35 -
- -250 pA 

Vdc 
- -6.0 

-2.5 -6.0 

5.0 15 mA 

4500 7500 µmhos 

µmhos 
- 100 
- 1000 

- 50 µmhos 

µmhos 
- 75 
- 100 

4000 - µmhos 

- 4.0 pF 

- 0.8 pF 

- 2.0 pF 

dB 
- 2.0 
- 4.0 

dB 
18 -
10 -

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

MPF4856,A MPF4859,A 
MPF4857,A MPF4860,A 

Rating Symbol MPF4858,A MPF4861,A Unit 

Drain-Source Voltage Vos +40 +30 Vdc 

Drain-Gate Voltage VoG +40 +30 Vdc 

Reverse Gate-Source Voltage VGSR -40 -30 Vdc 

Forward Gate Current IGF 50 mAdc 

Total Device Dissipation @ TA = 25°C Po 
Derate above 25°C 360 mW 

2.4 mWl°C 

Storage Temperature Range Ts!!!_ -65to +150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1.0 µAde, Vos = O) MPF4856,A, MPF4857,A, MPF4858,A 

MPF4859,A, MPF4860,A, MPF4861,A 

Gate Reverse Current 
(VGs = -20 Vdc, Vos = O) MPF4856,A, MPF4857,A, MPF4858,A 
(VGs = -15 Vdc, Vos = Ol MPF4859,A, MPF4860,A, MPF4861,A 
(VGs = -20 Vdc, Vos = o, TA = 150°Cl MPF4856,A, MPF4857,A, MPF4858,A 
(VGs = -15 Vdc, Vos = o, TA= 150°C) MPF4859,A, MPF4860,A, MPF4861,A 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 0.5 nAdc) MPF4856,A, MPF4859,A 

MPF4857,A, MPF4860,A 
MPF4858,A, MPF4861,A 

Drain Cutoff Current 
(Vos= 15 Vdc, VGs = -10 Vdcl 
(Vos = 15 Vdc, VGs = -10 Vdc, TA= 150°C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos= 15 Vdc, VGs = Ol MPF4856,A, MPF4859,A 

MPF4857,A, MPF4860,A 
MPF4858,A, MPF4861,A 

Drain-Source On-Voltage 
(lo = 20 mAdc, VGs = O) MPF4856,A, MPF4859,A 
llo = 10 mAdc, VGs = O) MPF4857,A, MPF4860,A 
llo = 5.0 mAdc, VGs = O) MPF4858,A, MPF4861,A 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance 
(VGs = o, lo = o, t = 1.0 kHz) MPF4856,A, MPF4859,A 

MPF4857,A, MPF4860,A 
MPF4858,A, MPF4861,A 

Input Capacitance 
!Vos = o, VGs = -10 Vdc, f = 1.0 MHz) MPF4856 thru MPF4861 

MPF4856A thru MPF4861A 

Reverse Transfer Capacitance 
(Vos= 0, VGs = -10 Vdc, f = 1.0 MHz) 

MPF4856 thru MPF4861 
MPF4856A, MPF4859A 
MPF4857A, MPF4858A, MPF4860A, MPF4861A 

SMALL-SIGNAL DEVICES 
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Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

lo(offl 

loss 

Vos( on) 

rds(on) 

C;ss 

Crss 

MPF4856,A 
thru 

MPF4861,A 

CASE 29-02, STYLE 5 
T0-92 (T0-226AA) 

JFET 
SWITCHING 

N-CHANNEL - DEPLETION 

Refer to 2N4856 for graphs. 

Min Max 

-40 -
-30 -

- 0.25 
- 0.25 
- 0.5 
- 0.5 

-4.0 -10 
-2.0 -6.0 
-0.8 -4.0 

- 0.25 
- 0.5 

50 -
20 100 
8.0 80 

- 0.75 
- 0.5 
- 0.5 

- 25 
- 40 
- 60 

- 18 
- 10 

- 8.0 
- 4.0 
- 3.5 

Unit 

Vdc 

nAdc 

µAde 

Vdc 

nAdc 
µAde 

mAdc 

Vdc 

Ohms 

pF 

pF 

MOTOROLA SEMICONDUCTORS 
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MPF4856,A thru MPF4861,A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic J Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Turn-On Conditions for MPF4856£!, MPF4859£!: MPF4856, MPF4859 Id( on) - 6.0 ns 
Delay Time MPF4856A, MPF4859A - 5.0 

(Voo = 10 Vdc, lo(on) = 20 mAdc, MPF4857, MPF4860 - 6.0 
VGS(on) = 0, VGS(off) = -10 Vdc) MPF4857 A. MPF4860A - 6.0 

MPF4858, MPF4861 - 10 
MPF4858A. MPF4861A - 8.0 

Rise Time Conditions for MPF4857,A, MPF4860,A: MPF4856,A, MPF4859,A Ir - 3.0 ns 
MPF4857,A. MPF4860,A - 4.0 

(Voo = 10 Vdc, lo(on) = 10 mAdc, MPF4858, MPF4861 - 10 
VGS(on) = 0, VGS(off) = -6.0 Vdc) MPF4858A, MPF4861A - 8.0 

Turn-Off Time MPF4856, MPF4859 loft - 25 
Conditions for MPF4858,A, MPF4861,A: MPF4856A, MPF4859A - 20 ns 

MPF4857, MPF4860 - 50 
(Voo = 10 Vdc, lo(on) = 5.0 mAdc, MPF4857A, MPF4860A - 40 
VGS(on) = 0, VGS(off) = -4.0 Vdc) MPF4858, MPF4861 - 100 

MPF4858A; MPF4861A - 80 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle"' 10%. 
(2) The lo(on) values are nominal; exaC1 values vary slightly with transistor parameters • 

• 
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MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Source Voltage Vos 25 

Gate-Source Voltage VGS 25 

Gate Current IG 20 

Total Device Dissipation @ TA = 25°C Po 500 
Derate above 25°C 4.0 

Operating and Storage Junction TJ, Tstg -65 to + 150 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = 1.0 µA, Vos = o) 

Gate Reverse Current 
(VGS = -15V) 
(VGs = o, TA= 125°C) 

Gate Source Cutoff Voltage 
(Vos= 10 V, ID = 1.0 nA) U308 

U309 
U310 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(!) 
!Vos = 10 v, VGs = oi U308 

U309 
U310 

Gate-Source Forward Voltage 
llG = 10 mA, Vos = O) 

SWITCHING CHARACTERISTICS 

Common-Gate Forward Transconductance(!) 
!Vos = 10 v. lo = 10 mA, f = 1.0 kHz) U308 

U309 
U310 

Common-Gate Output Conductance 
!Vos= 10 v, lo= 10 mA, f = 1.0 kHz) 

Drain-Gate Capacitance 
(VGs = -10 V, Vos = 10 V, f = 1.0 MHz) 

Gate-Source Capacitance 
(VGs = -10 v, Vos = 10 v, f = 1.0 MHz) 

Equivalent Short-Circuit Input Noise Voltage 
(Vos = 10 v, lo = 10 mA, f = 100 Hz) 

(1) Pulse test duration = 2.0 ms. 
(2) See Figures 10 and 11 for Noise Figure and Power Gain information. 
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Unit 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

·c 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

VGS(f) 

gfg 

gog 

Cgd 

Cgs 

en 

U308 
U309 
U310 

CASE 27-02, STYLE 4 
T0-52 (T0-206AC) 

JFET 
VHF/UHF AMPLIFIER 

N..CHANNEL - DEPLETION 

Min Typ Mex 

-25 - -

- - -150 
- - -150 

-1.0 - -6.0 
-1.0 - -4.0 
-2.5 - -6.0 

12 - 60 
12 - 30 
24 - 60 

- - 1.0 

10 - 20 
10 - 20 
10 - 18 

- 150 -

- - 2.5 

- - 5.0 

- 10 -

Unit 

v 

pA 
nA 

v 

mA 

v 

mmhos 

µmhos 

pF 

pF 

nvv'Hz 
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U308, U309, U310 

FIGURE 1 - 450 MHz COMMON-GATE AMPLIFIER TEST CIRCUIT 

son 
Source 

L2p 

C2 

C6 
-----m--_.-..,~~.__,, 

+Voo 
C1 = C2 = 0.8 -- 10 pF. JFD #MVM010W. 
C3 = C4 = 8-35 pF Erie #539-0020. 
C5 = C6"" 5000 pF Er·ie (2443-000). 
C7 = 1000 pF. Allen Bradley #FA5C. 
RFC= 0.33 µH Miller #9230-30. 

4 

L 1 =One Turn #16 Cu,.1/4" l.D. (Air Core). 
L2p= One Turn #16 Cu, 1/4" 1.0. (Air Core). 
L2s =One Turn #16 Cu, 1/4" 1.D. (Air Core). 

~~~D 

FIGURE 2 - DRAIN CURRENT and TRANSFER 
CHARACTERISTICS versus GATE-SOURCE VOLTAGE 

FIGURE 3 - FORWARD TRANSCONDUCTANCE 
versus GATE-SOURCE VOLTAGE 
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FIGURE 4 - COMMON-SOURCE OUTPUT 
ADMITTANCE and FORWARD TRANSCONDUCTANCE 

versus DRAIN CURRENT 
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U308, U309, U310 

FIGURE 6 - COMMON-GATE Y PARAMETER 
MAGNITUDE versus FREQUENCY 
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FIGURE 8 - COMMON-GATE Y PARAMETER 
PHASE-ANGLE versus FREQUENCY 
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FIGURE 10 - NOISE FIGURE and 
POWER GAIN versus DRAIN CURRENT 
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FIGURE 7 - COMMON-GATES PARAMETER 
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U308, U309, U310 

FIGURE 12 - 450 MHz IMO EVALUATION AMPLIFIER 

U310 C6 

C3 

SHIELD 

Bw (3dB) - 36.5 MHz 

lo - 10 mAdc 

Vos - 20 Vdc 
Device case grounded 
IM test tones- f1 = 449.5 MHz, f2 = 450.5 MHz 

C1 = 1-10 pf Johanson Air variable trimmer. 
C2, C5 = 100 pf feed thru button capacitor. 
C3, C4, C6 = 0.5-6 pf Johanson Air variable trimmer. 

L 1 = 1/8" x 1/32" x 1-5/8" copper bar 
L2, L4 = Ferroxcube Vk200 choke. 
L3 = 1/8" x 1/32" x 1-7/8" copper bar. 

Amplifier power gain and IMO products are a function of the load impedance. For the amplifier design shown above with 
C4 and C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point 
(IP) value is 29 dBm. Adjusting C4, C6 to provide larger load values will result in higher gain, smaller bandwidth and lower 
IP values. For example, a nominal gain of 13 dB can be achieved with an intercept point of 19 dBm . 

FIGURE 13 -TWO TONE 3RD ORDER INTERCEPT POINT 

-140.-----r-.-----r-.-----r__,.-----r--,.---,I-,..__,-J,..--,-------. 
uJ10 JJET I 3RD ORDER INTERCEPT POINT,~ 

+20 f-vos • 20 Vdc -t-+-t-+--t-+---+-+---+-c,..,.A 
i lo• 10 mAdc ,,- ,,-1;' 
~ l-Ft::449.5MHz ~ -~ 
~ _20 F2•450.5MHz L .L 

~ _40 FU10AMENTAL OUTPUT.Y ..Lv 
~ -60 ZI i 
~ _80 y 3Rd ORdER IMO OUTPUT_LJ 

5 -100 y l_ 
-120v JL. 

-120 -100 -80 -60 -40 -20 +20 

INPUT POWER PER TONE (d8ml 
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Example of intercept point plot use: 
Assume two in-band signals of -20 dBm .et the amplifier input. 

They will result in a 3rd order IMO signal at the output of -90 
dBm. Also, each signal level at the output will be -11 dBm, show

ing an amplifier gain of 9.0 dB and an intermodulation ratio (IMR) 

capability of 79 dB. The gain and IMR values apply only for signal 
levels below compression. 

SMALL-SIGNAL DEVICES 



! I ttt 
CASE 20-03 CASE 22-03 CASE 26-03 CASE 31A-01 

(T0-72) (T0-18) (T0-46) 

ft ft 1< 
CASE 79-02 CASE 79-03 CASE 244A-01 

(T0-39) (T0-117) 

3<SX~ 
CASE 249-05 CASE 303-01 CASE 305-01 

x~~ 
CASE 305A-01 CASE 317-01 CASE 317A-01 

x , 
CASE 358-01 CASE 654-02 CASE 714-02 

(T0-78) 

Small-signal high-frequency transistors and hybrid modules 
from Motorola are characterized as low-noise amplifiers, oscil
lators, high-speed switches, Class A linear amplifiers, and Class 
C amplifiers. Packaging options include plastic/ceramic stripline 
and metal can. 

RF Transistors • 
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2N2857 
2N3839 

2N2857 
JAN, JTX, JTXV AVAILABLE 

CASE 20-03, STYLE 10 
T0-72 (T0-206AF) 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage I Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 

HIGH FREQUENCY TRANSISTOR Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
NPN SILICON Derate above 25°C 

Storage Temperature 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* 
Uc = 3.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Uc = 1.0 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
Ue = 10 µAde, le = o) 

Collector Cutoff Current 
(Vcs = 15 Vdc, IE = O) Both Types 
(Vcs = 15 Vdc, le = 0, TA = 150°C) 2N3839 

ON CHARACTERISTICS 

DC Current Gain 
(le = 3.0 mAdc, Vee = 1.0 Vdcl 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc = 5.0 mAdc, VCE = 6.0 Vdc, f = 100 MHz) 2N2857 

2N3839 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = o, f = 0.1to1.0 MHz) 

Small Signal Current Gain 
(le = 2.0 mAdc, VcE = 6.0 Vdc, f = 1.0 kHz) 

Collector Base Time Constant 
Ue = 2.0 mAdc, Vea = 6.0 Vdc, f = 31.9 MHz) 2N2857 

2N3839 

Noise Figure (Figure 1) 
Ue = 0.1 mAdc, VcE = 1.0 Vdc, Rs = 50ohms,1. = 450 MHz)(2) Both Types 
Uc = 1.5 mAdc, Vee = 6.0 Vdc, Rs = 50 ohms, f = 450 MHz) 2N2857 

2N3839 

FUNCTIONAL TEST 

Common-Emitter Amplifier Pow~r Gain (Figure 1) 
UE = 0.1 mAdc, Vee = 1.0 Vdc, t = 450 MHz, Rs = 50{}))(2) 
Uc = 1.5 mAdc, VcE = 6.0 Vdc, f = 450 MHz, Rs = 500) 

Power Output (Figure 2) 
(IE = 12 mAdc, Vea = 10 Vdc, f = 500 MHz) 

(1) tr is defined as the frequency at which ihtel extrapolates to unity. 
(2) Micro-Power Specifications. 
*Indicates Data in addition to JEDEC Requirements. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

tr 

Ccb 

hte 

rb'Cc 

NF 

Gpe 

Pout 

Symbol Value Unit 

VcEO 15 Vdc 

Vcso 30 Vdc 

VEBO 2.5 Vdc 

le 40 mAdc 

Po 200 mW 
1.14 mwrc 

Po 300 mW 
1.72 mwrc 

Ts!ll, -65 to +200 oc 

Min Typ Max Unit 

15 - - Vdc 

30 - - Vdc 

2.5 - - Vdc 

µAde 
- - O.D1 
- - 1.0 

30 150 

MHz 
1000 - 1900 
1000 - 2000 

- 0.7 1.0 pF 

50 - 220 -

ps 
4.0 - 15 
1.0 - 15 

dB 
- 5.8 -
- 4.1 4.5 
- - 3.9 

dB 
- 11 -

12.5 - 19 

30 - - mW 

SMALL-SIGNAL DEVICES 



2N2857 • 2N3839 

FIGURE 1 - TEST CIRCUIT FOR NOISE 
FIGURE AND POWER GAIN 

C2 
D.3-5.0 

.. :TI,.n 500 

l1 Cl 

-=- ':'0.8-8.0 

Capaci111tt1valuesinpf 
VEE"-7.SVdc 

LI. L2-Silvar·plal8dbrassrod, 1·1/2"1ongand 1/4"dia. Install 
atlast1/2"fromnnrestverticalchassissurface. 

L3 -112 turn #16 AWG wirt, located 1/4" from and 
Plfllllltol2. 

• - Ex11Jn8' intll'lead shield to isolate collector lead from 
emi111randba•lud1. 

NeutralizetionProcadure: 
IA) Connect 450.MHz signal generator (with Rs= 50ohms) 

tolnputtlfminal1ofamplifi1r. 
181 Connte150-ohm RF voltmettracrossoulputterminals 

ofamplifilf. 

FIGURE 3 - NOISE FIGURE veraas FREQUENCY 

C4 
0.3·5.0 

10 I 
9.0 ~ VCE = ~.o Jdc 1-+---+---+--+--+--+-+---l 

le= l.OmAdc . \. 
8.0 r Rs= Optimum(~ 250 Ohms@I05and 200 MHz1H--t--+--+--+ 

; 7.0 r ~ 100 Ohms@450 MHz , 

w 
<C 
:::0 

"' -= 
~ 
0 
z 
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z 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

Vout 

FIGURE 2 - TEST CIRCUIT FOR 
OSCILLATOR POWER OUTPUT 

Capacitance values in pf 

250 

2.2k L1 

1 RFC sou 0.2µH w WATT 
METER 

(-)VEE 1+1vcc 

l1 - 3tums#16AWG wire, 3/8" 0.0. H/4"1ong. 

!Cl Apply Vee. and with signaf generator 1djusced for 5 mV 
ootputfromamplifier,tuneC1,C3,andC4for 
maximum output. 

(0) lntarchangeconnectionstosignalg1neratorand 
Rf voltmeter. 

!El Withsufficientsignalappliedtooutputterminalsof 
1mpllfier,adjustC2forrnfnimumindicationatinput. 

(fl Repeatstap.slA),(8),and(C)todetermineifratuning 
isnm:essary. 

FIGURE 4 - NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 

0 30'--'--'--'-"'-'~---'----L--'--'-~-'-~~-'--'--L..J....J 
50 60 70 100 200 

f, FREQUENCY (MHz) 

SMALL-SIGNAL DEVICES 

300 400. 500 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT lmAdc) 

FIGURE 5 - NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 

le, COLLECTOR CURRENT lmAdc) 
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2N2857 • 2N3839 

FIGURE 6 - CURRENT-GAIN
BANDWIDTH PRODUCT 
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FIGURE 8 - INPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 10 - FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 7 - NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 
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FIGURE 9-0UTPUT ADMITTANCE 
versus FREQUENCY 
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200 300 400 500 600 

f, FREQUENCY MHz) 

FIGURE 11 -REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 

-Ure 
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800 1000 

800 1000 

SMALL-SIGNAL DEVICES 



2N2857 • 2N3839 

FIGURE 12 - Sn, INPUT REFLECTION COEFFICIENT FIGURE 13 - S22. OUTPUT REFLECTION COEFFICIENT 

FIGURE 14 - S12. REVERSE TRANSMISSION COEFFICIENl FIGURE 15 -S21. FORWARD TRANSMISSION COEFFICIENT • 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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FIGURE 16 -511, INPUT REFLECTION COEFFICIENT AND S22. OUTPUT REFLECTION COEFFICIENT 

• 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Collector-Base Voltage Vcso 65 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 1.0 

Total Device Dissipation @Tc = 25'C Po 7.0 
Derate above 25°C 40 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
!le = 200 mAdc, Is = O) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, le= O) 

Collector Cutolf Current 
(VcE = 30 Vdc, Is = 0) 

Collector Cutoff Current 
(VcE = 30 Vdc, VsE(off) = 1.5 Vdc, Tc = 200'C) 
(VcE = 65 Vdc, VBEloff) = 1.5 Vdc) 

Emitter Cutoff Current 
(VsE = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 250 mAdc, VcE = 5.0 Vdcl 

Collector-Emitter Saturation Voltage 
(le = 250 mAdc, Is = 50 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 100 mAdc, VcE = 28 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 30 Vdc, IE = 0, f = 100 kHz) 

FUNCTIONAL TEST (FIGURE 2) 

Amplifier Power Gain 
(VcE = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 

Collector Efficiency 
(VcE = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 

Power Input 
(VcE = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 

(1) Pulsed thru a 25 mH inductor. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

2N3553 

JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 

T0-39 (T0-205AD) 

Vdc 
HIGH FREQUENCY TRANSISTOR 

Ade 

Watts NPN SILICON 
mW/'C 

'C 

Symbol Min Typ Max Unit 

VcEO(sus) 40 - - Vdc 

V(BR)EBO 4.0 - - Vdc 

lcEO - - 0.1 mAdc 

ICEX mAdc 
- - 5.0 
- - 1.0 

IEBO - - 0.1 mAdc 

hFE 10 - - -

VcE(satl - - 1.0 Vdc 

fr - 500 - MHz 

Cobo - 8.0 10 pF 

Gpe 10 - - dB 

7J 50 - - % 

Pin - - 0.25 Watt 

MOTOROLA SEMICONDUCTORS 
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2N3553 

FIGURE 1 - OUTPUT POWER versus FREQUENCY 

U) 8.0 

~ 

~ 

0 50 75 100 150 200 300 400 
1, FREQUENCY IMHzl 

FIGURE 2 - 175 MHz TEST CIRCUIT SCHEMATIC 

L1 - 2 Turns #16 AWG Wire 3/16" l.O., 1/4" Long 
L2 - 2 Turns #16 AWG Wire 3/16" 1.0., 1/4" Long 
L3 - 3 Turns #16 AWG Wire 3/8" l.C., 3/8" Long 

L2 

L3 

1000 pf 

T 'T" 0.005 µF 28 Vdc ... ,_ 

.___~:=__JY'o'Y'~--------+.~--< AF Output 

3.0-35 pF 

3.0-35 pf 

L 1 

RFC 

2N3839 For Specifications, See 2N2857 Data. 

MOTOROLA SEMICONDUCTORS 

3.0-35 pf 

3.0·35 pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 30 Vdc 

Collector-Base Voltage Vceo 55 Vdc 

Emitter-Base Voltage VEBO 3.5 Vdc 

Collector Current - Continuous le 0.4 Ade 

Total Device Dissipation@ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mWl°C 

Storage Temperature Ts!ll_ -65 to +200 ·c 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 5.0 mAdc, ReE = 10 !l) 

Collector-Emitter Sustaining Voltage 
(le = 5.0 mAdc, IB = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcE = 28 Vdc, IB = 0) 

Collector Cutoff Current 
(Vee = 30 Vdc, Vee = -1.5 Vdc (Rev.), Tc= 200°Cl 
(VcE = 55 Vdc, Vee = -1.5 Vdc (Rev.) 

Emitter Cutoff Current 
(VBE = 3.5 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 360 mAdc, Vee = 5.0 Vdc) Both 
(le = 50 mAdc, VcE = 5.0 Vdc) 2N3866 

2N3866A 

Collector-Emitter Saturation Voltage 
(le = 100 mAdc, le = 20 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 50 mAdc, Vee = 15 Vdc, f = 200 MHz) 2N3866 

2N3866A 

Output Capacitance 
(Vee = 28 Vdc, le = o, t = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Amplifier Power Gain 
(Vee= 28 Vdc, Pout = 1.0 w. f = 400 MHz) 

Collector Efficiency 
(Vee= 28 Vdc, Pout = 1.0 w, f = 400 MHz) 

SMALL-SIGNAL DEVICES 

7-9 

2N3866 
2N3866A 

JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 

T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

VcER(sus) 55 - Vdc 

VcEO(sus) 30 - Vdc 

V(BR)EBO 3.5 - Vdc 

lcEO - 0.02 mAdc 

ICEX mAdc 
- 5.0 
- 0.1 

leeo - 0.1 mAdc 

hfE -
5.0 -
10 200 
25 200 

VCE(sat) - 1.0 Vdc 

tr MHz 
500 -
800 -

Cobo - 3.0 pF 

Gpe 10 - dB 

'1 45 - % 

MOTOROLA SEMICONDUCTORS 
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. 2N3866 • 2N3866A 

FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 
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. «;:f ·~.0-35 pF 
C2,C5: 8.0-60 pF 

C3: 12 pF 
C4: 1000 pF 
C6: 0.9·7.0 pF 
L 1: Two turns #18 Wire, 

1/4" ID, 1/8" long 
L2: FERRITE RF.Choke; 

One Turn, z = 450 Ohms 
L3,L4: RF Choke, 0.1 µH 

L5: 2-3/4 Turns, #18 Wire, 
1/4" ID, 3/16" long 

R1: 5.60hms 

L2 

FIGURE 2 - POWER OUTPUT versus 
FREQUENCY (Class C) 
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FIGURE 4 - COLLECTOR·BASE TIME CONSTANT 
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FIGURE 3- CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 5 - OUTPUT CAPACITANCE 
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2N3866 • 2N3866A 

FIGURE 6 -OUTPUT POWER versus INPUT POWER 
(CLASS Cl 
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FIGURE 8 - LARGE-SIGNAL SERIES EQUIVALENT 
IMPEDANCES 

SMALL-SIGNAL DEVICES 

FIGURE 7 - SMALL-SIGNAL CURRENT GAIN 

f, FREQUENCY (MHz) 

FIGURE 9 - S11 AND S22 versus FREQUENCY 
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FIGURE 10 - S21 -sus FREQUENCY FIGURE 11 - 812 .. ,.,,FREQUENCY 
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MAXIMUM RATINGS 

Rating Symbol V•lue 

Collector-Emitter Voltage VcEO 20 

Collector-Base Voltage Vceo 36 

Emitter-Base Voltage VEBO 3.6 

Collector Currant - Continuous le 400 

Total Device Dlulpallon @TA= 26-C Po 1.0 
Derate above 26"C 5.71 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temparetura Range 

THERMAL CHARACTERISTICS 

Charaatmrletlc Symbol Max 
Thermal Resistance, Junction to Case R8JC 35 

Thermal Resistance, Junction to Ambient R8JA 176 

ELECTRICAL CHARACTERISTICS (TA = 26"C unleu otherwise noted.) 

Ch•ractarllltlc 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
Uc = 6.0 mAdc, le = Ol 

Collector-Base Breakdown Voltage 
Uc= 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
UE = 0.1 mAdc, le= Ol 

Collector Cutoff Currant 
(Vee = 15 Vdc, IE = 0) 
(Vee = 16 Vdc, IE = 0, TA = 160"C) 

ON CHARACTERISTICS 

I DC Currant Gain 
Uc = so mAdc, VcE = 6.0 Vdcl 

SMALL SIGNAL CHARACTERISTICS 

Currant-Gain - Bandwidth Product 
UE = 60 mAdc, VcE = 16 Vdc, f = 200 MHz) 

Output Capacitance 
!Vee= 16 Vdc, IE= 0, f = 1.0 MHz) 

FUNCT10NAL TEST (FIGURE 1) 

Power Gain 

Output Power !Vee = 13.6 Vdc, f = 400 MHz, Pin = 0.26 Wl 

Collector Efficiency 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mwrc 

"C 

Unit 

"C/W 

'C/W 

2N3948 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

NPNSIUCON 

Symbol Min Mmx Unit 

VCEO(aua) 20 - Vdc 

V(BRlCBO 36 - Vdc 

V(BR)EBO 3.6 - Vdc 

iceo µAde 
- 0.1 
- 100 

16 

fr 700 - MHz 

Cobo - 4.6 pf 

~ 6.0 - dB 

Pout 1.0 - Watt 

" 46 - % 

MOTOROLA SEMICc;:>NDUCTORS 

• 
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2N3948 

FIGURE 1 - 400 MHz RF AMPLIFIER TEST CIRCUIT 

L1 - 2 Tur'ns #18 Tinned Wire, 3/16 1.0. 
1/4" Long, Air Wound. 

L.2 - 2Turns118 Tinned Wire, 1/2 1.0., 
3/16" Long, Air Wound. 

•Air Varlat;>la Capacitors 

L1 

FIGURE 2 - OUTPUT POWER wrsus FREQUENCY 
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f, FREQUENCY (MHz) 

MOTOROLA SEMICONDUCTORS 

JOO 400 

1000 pf 

T l' O.Q1 µF 13.6 Vdc ,_ 

FIGURE 3 - PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO 12 

Collector-Base Voltage Vcso 20 

Emitter-Base Voltage Ve so 4.5 

Total Device Dissipation @ TA = 25'C Po 400 
Derate above 25'C 2.3 

Total Device Dissipation @ Tc = 25'C Po 750 
Derate above 25'C 4.3 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case RtiJC 0.233 

Thermal Resistance, Junction tci Ambient RtiJA 0.436 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 10 mAdc, Is = Ol 

Collector-Base Breakdown Voltage 
(le = 10 µAde, le = O) 

Emitter-Base Breakdown Voltage 
(le = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vee = 10 Vdc, Ves = 2.0 Vdcl 
(Vee = 10 Vdc, Ves = 2.0 Vdc, TA = 150'C) 

Collector Forward Current 
(Vee = 5.0 Vdc, Vse = 0.4 Vdc) 

Base Cutoff Current 
(Vee = 1 o Vdc, Ves = 2.0 Vdcl 

ON CHARACTERISTICS 

DC Current Gain 
(le= 1.0 mAdc, Vee = 1.0 Vdc) 
(le= 10 mAdc, Vee = 1.0 Vdcl 
(le= 30 mAdc, Vee = 1.0 Vdcl 

Collector-Emitter Saturation Voltage 
(le= 1.0 mAdc, Is = 0.1 mAdc) 
(le = 30 mAdc, Is = 3.0 mAdc) 

Base-Emitter On Voltage 
(le = 1.0 mAdc, Vee = 1.0 Vdc) 
(le= 30 mAdc, Vee = 1.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 5.0 mAdc, Vee = 4.0 Vdc, f = 100 MHz) 2N3959 

2N3960 

(le = 10 mAdc, Vee = 10 Vdc, f = 100 MHz) 2N3959 
2N3960 

(le = 30 mAdc, Vee = 4.0 Vdc, f = 100 MHz) 2N3959 
2N3960 

Output Capacitance 
(Vcs = 4.0 Vdc, le = o. t = 1.0 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mW 
mwrc 

mW 
mwrc 

'C 

2N3959 
2N3960 

JAN, JTX, JTXV AVAILABLE 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

HIGH FREQUENCY TRANSISTOR 
Unit 

'C/mW 
NPN SILICON 

'C/mW 

Symbol Min Typ Max Unit 

V(BR)CEO 12 - - Vdc 

V(BR)CBO 20 - - Vdc 

V(BR)EBO 4.5 - - Vdc 

lcex µAde 
- - 0.005 
- - 5.0 

icex - - 1.0 µAde 

Isl - - 0.005 µAde 

hFE -
25 - -
40 - 400 
25 - -

Vce(sat) Vdc 
- - 0.2 
- - 0.3 

Vse(on) Vdc 
- - 0.8 
- - 1.0 

fy MHz 
1000 - -
1300 - -
1300 - -
1600 - -
1000 - -
1200 - -

Cobo - 2.0 2.5 pF 

MOTOROLA SEMICONDUCTORS 
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2N3959 • 2N3960 

ELECTRICAL CHA8ACTfiRISTICS !TA= 25'C unless otherwise noted I .. 
Characteristic Symbol Min Typ Max Unit 

Input Capacitance Cibo - 1.5 2.5 pF 
IVEB = 0.5 Vdc, le = 0, f = 100 MHz) 

Collector Base Time Constant rb'Cc ps 
Uc =· 5.0 mAdc, VcE = 4.0 Vdc) 2N3959 - - 30 

2N3960 - - 50 

Uc = 10 mAdc, VcE = 10 Vdc) 2N3959 - - 25 
2N3960 - - 40 

Uc = 30 mAdc, VcE = 4.0 Vdcl 2N3959 - - 30 
2N3960 - - 50 

SWITCHING CHARACTERISTICS (FIGURE 7) 

Turn-On Delay Time td(on) ns 
Uc = 10 mAdc, Vout = 1.0Vdc) - 2.4 -
Uc= 30 mAdc, Vout = 1.0 Vdc) - 2.0 -

Rise' Time tr ns 
Uc = 10 mAdc, Vout = 1.0 Vdc) Both Devices - 3.0 -
Uc= 30 mAdc, Vout = 1.0 Vdc) 2N3959 - 2.2 -

2N3960 - 1.7 -
Turn-Off Delay Time td(off) ns 

Uc = 10 mAdc, Vout = 1.0 Vdc) - 1.6 -
Uc= 30 mAdc, Vout = 1.0 Vdc) - 1.6 -

Fall Time tf ns 
Uc = 10 mAdc, V0 ut = 1.0 Vdc) Both Devices - 3.3 -
Uc = 30 mAdc, V0 ut = 1.0 Vdc) 2N3959 

2N3960 

FIGURE 1 - TYPICAL DC CURRENT GAIN 

150 

100 ~-Hett--+ TI 1lc 

~ 1-+-+-1-++--+--+--+--+-+-1-+-++-I---+-+--+--+-~ 
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FIGURE 3 -TYPICAL COLLECTOR-BASE TIME CONSTANT 
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MOTOROLA SEMICONDUCTORS 
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- 1.9 -

FIGUAE 2 - TYPICAL CURRENT-GAIN - BANDWIDTH 
PRODUCT 
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Fl.GURE 4 - TYPICAL JUNCTION CAPACITANCE 
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2N3959 • 2N3960 

TURN-ON ANO TURN-OFF TIMES 

FIGURE 5 - V0 ut = 1.0 Vdc 

2.0 3.0 4.0 5.0 7.0 10 20 30 

IC, COLLECTOR CURRENT (mA} 

FIGURE 6 - V 0ut = 2.0 Vdc 

~ 
20 t---+-1-i~N~t--.-+---+-+-++t+ 

10 """ 
~ If 

Ir 

J. 
Vout" 2 V 
TJ= 25•C t-
Rs= RL t-

Vjn= Vout r-

1.0 --~-------~.,.,..~---~~,.-
1.0 2.0 3.0 4.0 5.0 7 .0 10 20 30 

le. COLLECTOR CURRENT (mA} 

FIGURE 7 - SWITCHING TIMES TEST CIRCUIT 

OD-
tr,t1<1.0ns 

Pulse Width ::::::::: 1 0 µs 

6 dB pad 
,---1 
110 10 I 
I I 

To Scope 
Channel 1 

I 72 I 50 

I I 
L ____ _J 

This test set up is designed to simulate 
a cascade of identical stages . .".The source 
resistance (R5l equals the load resistance 
(AL). Values used in the test are shown 
in the table. 

For Vin= Vout= 1 V, v 88 = +0.5 V, 
AL & AK values appropriately reduced. 

SMALL-SIGNAL DEVICES 
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Ground 
Planes 

Vee (+5.3 v> 

I 

To Scope 
Channel 2 

=i:: e,,.,2.5 pF 

VEE 1-25.3 V) 

Vin= Vout = 2 volts, v 88 = +1.0V 

le (mA) AE(kl!l AL i!ll AK (!1) 

'.0 24.0 2.0 k 2.0 k 

3.0 8.2 680 680 

10 2.4 200 180 

30 0.8 68 36 

MOTOROLA SEMICONDUCTORS 
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2N4427 

CASE 79-02, STYLE 1 
T0-39 (T0"205AD) 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Storage Temperature 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VceR(sus) 
Oc = 5.0 mAdc, Ree = 10 ohms) 

Collector-Emitter Sustaining Voltage Vceo(sus) 
lie = 5.0 mAdc, le = O) 

Collector Cutoff Current lceo 
!Vee = 12 Vdc, le = O) 

Collector Cutoff Current icev 
(Vee = 40 Vdc, Vee = -1.5 Vdc) 
(Vee = 12 Vdc, Vee = -1.5 Vdc, Tc = + 150°c) 

Emitter Cutoff Current leeo 
!Vee = 2.0 Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = 100 mAdc, Vee = 5.0 Vdc) 
lie = 360 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage Vce(sat) 
Oc = 100 mAdc, le = 20 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = 50 mAdc, Vee = 15 Vdc, f = 200 MHz) 

Output Capacitance Cobo 
!Vee= 12 Vdc, le = o, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 2) 

Common-Emitter Amplifier Power Gain Gpe 
(Pin = 100 mW, Vee = 12 Vdc, f = 175 MHz) 

Collector Efficiency 11 
(Pout = 1.0 W, Vee = 12 Vdc, f = 175 MHz) 

Power Input Pin 
(Pout = 1.0 W, Vee= 12 Vdc, f = 175 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vceo 20 Vdc 

Vcso . 40 Vdc 

Ve so 2.0 Vdc 

19 400 mAdc 

le 400 mAdc 

Po 1.0 Watt 
5.71 mW!°C 

Po 3.5 Watts 
20 mW/°C 

Ts!9_ -65 to +200 oc 

Min Max Unit 

40 - Vdc 

20 - Vdc 

- 0.02 mAdc 

mAdc 
- 0.1 
- 5.0 

- 0.1 mAdc 

-
10 200 
5.0 -
- 0.5 Vdc 

500 - MHz 

- 4.0 pF 

10 - dB 

50 - % 

- 100 mW 

SMALL-SIGNAL DEVICES 
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FIGURE 1 - POWER OUTPUT versus FREQUENCY 

1.6 

~ 
1.2 

" 1.0 
~ .... 
=> 
.... 08 
=> 
0 
~ 

~ 
0.6 

~ 

0.4 

f, FREQUENCY (MHz) 

FIGURE 2 - 175 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 

C5 CS 

L3 T 
C3 

12 Vdc 

( -

Cl, C2, 
C3, and C4: 3-30 pF 

C5: 1,000 pF 
C6: O.oJ µF 
ll: 2 turns No. 

16 wire, 
3/16" 10, 
1/4" long 

L2: Ferrite choke, 
Z 0 450 ohms 

L3: 2 turns No. 
16 wire, 
1/4" 10, 
1/4" long 

L4: 4 turns No. 
16 wire, 
3/8" IO, 
3/8" long 

Q: 2N4427 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N4957 
2N4958 
2N4959 
2N5829 

2N4957 
JAN, JTX, JTXV AVAILABLE 

CASE 20-03, STYLE 10 
T0-72 (T0-206AF) 

HIGH FREQUENCY TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 1.0 mAdc, le = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 
lie = 100 µAde, IE = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 100 µAde, le = Ol 

Collector Cutoff Current iceo 
(Vee = 10 Vdc, IE = 0) 
(Vee = 10 Vdc, IE = o, TA = 150°Cl 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 2.0 mAdc, VcE = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) ti" 
OE = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N4957, 2N5829 

2N4958, 2N4959 

Collector-Base Capacitance Ccb 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small Signal Current Gain hfe 
Uc = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Collector Base Time Constant rb'Cc 
OE = 2.0 mAdc, Vee = 10 Vdc, f = 63.6 MHz) 

Noise Figure (Figure 1) NF 
lie = 2.0 mAdc, VcE = 10 Vdc, f = 450 MHz) 2N5829 

2N4957 
2N4958 
2N4959 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) Gpe 
(VcE = 10 Vdc, le = 2.0 mAdc, f = 450 MHz) 2N4957, 2N5829 

2N4958 
2N4959 

(1) ti" is defined as the frequency at which fhtel extrapolates to unity. 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 30 Vdc 

Vceo 30 Vdc 

VEBO 3.0 Vdc 

le 30 mAdc 

Po 200 mW 
1.14 mWl°C 

TJ, Tstg -65 to +200 oc 

Min Typ Max Unit 

30 - - Vdc 

30 - - Vdc 

3.0 - - Vdc 

µAde 
- - 0.1 
- - 100 

20 40 150 

MHz 
1200 1600 2500 
1000 1500 2500 

- 0.4 0.8 pF 

20 - 200 -

1.0 - 8.0 ps 

dB 
- 2.3 2.5 
- 2.6 3.0 
- 2.9 3.3 
- 3.2 3.8 

dB 
17 - 25 
16 - 25 
15 - 25 

SMALL-SIGNAL DEVICES 
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FIGURE 1 - NOISE FIGURE ANO POWER GAIN 
TEST CIRCUIT 

' L---
Cl,C2,C3,C4.C5 1-0~10 pF Var~ble Air Dielectric 

Pi1ton-TypeCapacitor 

11 

10 

~ 
~ 8.0 

"' ~ 6.0 

0 
z 
~· 4.0 
z 

1.0 

0 

Ll Silver-Plated Brass Bar Stock 1.0 1n 
Lang, 1/4" o;amoter 

l2 Silvar·PlatedBrassBarStock1.625in 
Long, 1/4" Diameter, Tapped 1/4" 
from Hot End 

L3 0.5"laopol#16AWGWi1e0.375in 
from and Parallel to L2 10.lµF 

VEE 

*O.OlµF 

Vee l~I e'.t:l 

FIGURE 3 - NOISE FIGURE versus FREQUENCY 

I Rs & le OPTIMIZED FOR BROAD BANO PERFORMANCE! 

~ ~c~~~ 
Rs ~150 

~ 
le= 1.0mA 

t 
rs 

TYPICAL 

ill( 
0.001 0.01 0.1 1.0 10 100 1000 1QOOO 

I, FREQUENCY, (MHz) 

FIGURE 5 - CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 

IC. COLLECTOR CURRENT lmAdcl 

SMALL-SIGNAL DEVICES 

7-21 

40 

~ 
z 

FIGURE 2 - UNILATERALIZED POWER GAIN 
versus FREQUENCY 
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FIGURE 4 - NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CUR RENT 
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FIGURE 6 - CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 

le, COLLECTOR CURRENT lmAdc) 
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2N4957 • 2N4958 • 2N4959 • 2N5829 

COMMON EMITTER CIRCUIT DESIGN DATA 
(Vee= 10 Vdc, le= 2.0 mAdcl 

FIGURE 7 - TRANSDUCER GAIN 
versus FREQUENCY 

1 ~~5..__._~70,......_.__100'--~~.._~2~0-0~'--~30~0~-L.~~50-0-6~00 

f, FREQUENCY (MHz) 

FIGURE 9 - LOAD ADMITTANCE 
versus FREQUENCY fREALl 

f. FREQUENCY (MHz) 

FIGURE 11 -SOURCE ADMITTANCE 
versus FREQUENCY (REALI 1 so~~~~~~~~~~~~~~~~~~~~ 
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NOTE! 
Figures 7 through 18 are included to assist the circuit designer in determin· 

ing the stability of his particular circuit. Two stability criteria are given in 
these figures. . 

The Linvill "C" factor• is a measure of transistor stability when the input 
and output are terminated in the worst-case (open circuit) condition. When 

• "TransiSIOfS and Active Circuits," Linvill and Gibbons, McGraw·Hill, 1961. 
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FIGURE 8- LINVILL STABILITY FACTOR 

"' " 

4. 

3. 

0 

0 

~ 2.0 

~ 

1.0 

l;J;T;r11 
versus FREQUENCY 

+-
~ mt_ 

Range of Uncondi· 
Potential tional _ 

~ 
Instability 

l..+-1 
~bility 

~ 
~ 

t--..... 
0 
10 20 30 50 70 100 200 300 500 700 1 ODO 1500 

f, FREQUENCY (MHz) 

FIGURE 10 - LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 

:! 6.0 I I 

! INOTE1'i 'J 
~ 5.0,Hf-+++++---+-+-+--+----+---l.il~ 

~ l.Al7 
;;; 4.o,H-+-++-H---1--1-+--l-~~+-1 i 3.011-+--t-+-+-+-+-,k,--·""'"~~~~~ +~--+~--b~_k?,,__-+--+__, 
~ 2.oHf---+++++--~~~_.,,~+-+---+-+-.j 
: ~ 
~ 
~ ol=F
o; 

~ ~~5-'---'~1~0-'--'-1·00~~---'~~200'----'~3~00~--'~-50~0 ...... 600 

ii 
1 f. FREQUENCY (MHz) 

FIGURE 12 - SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 

~ 
~~5-'---'--=1~0-'--'-1~00~~---'~~200!c----'~3~00~.....1.~-5oo!c--6~00 

I, FREQUENCY (MHz) 

"C" is less than 1.0, the circuit is unconditionally stable. When "C" is greater 
than 1.0, the circuit is potentially unstable. 

The Stern "K" factort has been defined to determine the stability of a 
practical amplifier terminated in finite load and source admittances. If "K" 
is greater than 1.0, the circuit will be stable. If less than 1.0, the circuit will 
be unstable. For further details, see Application Note AN·215A. 

t "Stability and Power Gain of Tuned TransistOf Amplifiers," Arthur P. Stern. Proc. 
l.R.E .. March 1967. 
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COMMON BASE CIRCUIT DESIGN DATA 
(Vcs = 10 Vdc, le= 2.0 mAdc) 
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FIGURE 15 - LOAD ADMITTANCE 
versus FREQUENCY (REALI 
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!NOTE 11 

FIGURE 17 - SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 
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FIGURE 19 - SMALL.SIGNAL CURRENT GAIN 
versus FREQUENCY 

FIGURE 20 - POLAR hfe 
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FIGURE 23 - CAPACITANCE 
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Apply reverse bias between collector 
and base and measure capacitance 
between these terminals. Emitter is 
open. 
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FIGURE 24 - COLLECTOR CHARACTERISTICS 
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HORIZONTAL SCALE - VcE = 1.0 V/DIV 
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Y PARAMETERS versus CURRENT 
(f = 450 MHz) 
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COMMON BASE y PARAMETER VARIATIONS 
(Veg= 10 Vdc, le= 2.0 mAdc) 

y PARAMETERS versus FREQUENCY 

FIGURE 33 - Yib INPUT ADMITTANCE 
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FIGURE 34 - Yib INPUT ADMITTANCE 
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COMMON EMITTER y PARAMETER VARIATIONS 
(VcE = 10 Vdc, le= 2.0 mAdc) 
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POLAR y PARAMETERS versus FREQUENCY 

FIGURE 42 - Yie INPUT ADMITTANCE 
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2N5031 
2N5032 

CASE 20-03, STYLE 10 
T0-72 (T0-206AF) 

I 
HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc = 0.01 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 0.01 rnAdc, le = O) 

Collector Cutoff Current 
(Vee = 6.0 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 1.0 mAdc, VcE = 6.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VcE = 6.0 Vdc, IE = 0, f = 0.1 MHz) 

Collector Base Time Constant 
Uc = 6.0 mAdc, Vee = 6.0 Vdc, f = 31.8 MHz) 

Noise Figure (Figure 1) 
Uc = 1.0 mAdc, Vee = 6.0 Vdc, f = 450 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 
(Vee = 6.0 Vdc, le = 1.0 mAdc, f = 450 MHz) 

MOTOROLA SEMICONDUCTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

hFE 

tr 

Ccb 

rb'Cc 

NF 
2N5031 
2N5032 

7-28 

Symbol Value Unit 

Vern 10 Vdc 

Vceo 15 Vdc 

VEBO 3.0 Vdc 

le 20 mAdc 

Po 200 mW 
1.14 mW!°C 

TJ, Tstg -65 to +200 oc 

Min Typ Max Unit 

10 - - Vdc 

15 - - Vdc 

3.0 - - Vdc 

- 1.0 10 nAdc 

25 300 

1000 - 3500 MHz 

- 1.3 1.5 pF 

- 5.0 - ps 

dB 
- - 2.5 
- - 3.0 

14 17 25 dB 

SMALL-SIGNAL DEVICES 
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FIGURE 1 - POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
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FIGURE 2 - COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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FIGURE 8 - POWER GAIN versus FREQUENCY 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 30 

Collector-Emitter Voltage (RBE = 100) VcER 55 

Collector-Base Voltage VcBo 55 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous le 0.4 

Total Device Dissipation @Tc = 25°C Po 3.5 
Derate above 25°C 0.02 

Storage Temperature Ts!R_ -65 to +200 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 5.0 mAdc, RBE = 1 O ohms) 

Collector-Base Breakdown Voltage 
lie= 0.1 mAdc, IE= O) 

Emitter-Base Breakdown Voltage 
OE= 0.1 mAdc, le= 0) 

Collector Cutoff Current 
(VcE = 15 Vdc, IB = 0) 

Collector Cutoff Current 
(VcE = 50 Vdc, VBE = 0) 
IVcE = 15 Vdc, VBE = o, Tc= 15o·c1 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
(le = 100 mAdc, IB = 10 mAdcl 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) 

Output Capacitance 
(VCB = 30 Vdc, IE = 0, f = 1 .0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 11 
Wout = 1.0 W, Vee= 28 Vdc, le= 102 mAdc, f = 1.0 GHz) 

Power Output (Figure 1) 
Win = 316 mW, VcE = 28 Vdc, f = 1.0 Ghz) 

Collector Efficiency (Figure 1) 
Win = 316 mW, VcE = 28 Vdc, f = 1.0 GHz) 

Power Output (Oscillator) (Figure 2) 
(VcE = 20 Vdc, VEB = 1.5 Vdc, f = 1.68 GHz) 

(Minimum Efficiency = 15%) 

SMALL-SIGNAL DEVICES 

7-31 

Unit 

Vdc 

Vdc 

2N5108 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

Vdc HIGH FREQUENCY TRANSISTOR 
Vdc 

NPN SILICON 
Ade 

Watts 
mWFC 

·c 

Symbol Min Typ Max Unit 

V(BRICER 55 - - Vdc 

V(BR)CBO 55 - - Vdc 

V(BRIEBO 3.0 - - Vdc 

icrn - - 20 µAde 

ICES 
- - 1.0 µAde 
- - 10 mAdc 

VcE(satl 0.5 Vdc 

tr 1200 - - MHz 

Cobo - 1.3 3.0 pf 

GpE 5.0 - - dB 

Pout 1.0 - - Watt 

'I 35 - - % 

Pout - 0.3 - Watt 

MOTOROLA SEMICONDUCTORS 
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+Vee -Vee 

FIGURE 1 -1 GHz RF AMPLIFIER OU11"UT 
POWER TEST CIRCUIT 

BIAS 
vcc=+zev 

--11 I 
II I 
II I 

_Ji_ _ _J 

BIAS 
TEE 

dl: 1" Input line, center conductor width= 0.280" 
d2: 1" Output line, center conductor width= 0.125" 
a: 2N5108 
R: 3.9ohms 

Tl, T2: Microlab Double Stub Tuner, or Equivalent 
Bias Tee: Microlab 08N, or Equivalent 

Transistor Mount: 1/32" Microstrip board 

Note: Impedance measurements are made at transistor socket pins. 

FIGURE 2 - 1.68 GHz RF OSCILLATOR OUTPUT 
POWER TEST CIRCUIT 

~ 2.0 v 
0--...--------111 L 1, L2 - 1/16" Microstrip Board. lines are 0. 16" 

wide and 1.31" long. 

c4J? L1 

MOTOROLA SEMICONDUCTORS 
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LJ-1/16" Microstrip Board. 0.16"wideand 
0.65" tong. 

L4 - RF Choke, 3.6µHy 
Cl - 0.4 pF - 6.0 pF Johanson 4640 
CZ - 1.0 pF -10 pF Johanson 4355 

C3, C4 - 25 p F Feedthru 
A - 2.0 k ohms Miniature Trim pot 

SMALL-SIGNAL DEVICES 
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f!GUR E :! - OUTPUT POWER '""~: !N!'UT POWER 
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0 ~ ~ ~ M U 
P; 0, POWER INPUT (WATTS) 

FIGURE 5 - OUTPUT POWER 
versus COLLECTOR-EMITTER VOLTAGE 
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FIGURE 7 CURRENT-GAIN-BANDWIDTH 

PRODUCT versus CURRENT 
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FIGURE 4 - OUTPUT POWER'""•"" l'REQUENCV 
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FIGURE 6 - OSCILLATOR OUTPUT POWER 
versus COLLECTOR CURRENT 
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le. COLLECTOR CURRENT (mAdc) 

FIGURE 8 COLLECTOR BASE 
CAPACITANCE versus VOLTAGE 
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2N5109 

JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 

T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Base Current 

Collector Current - Continuous 

Total Device Dissipation@ Tc= 75°C(1) 
De rate above 25'C 

Storage Temperature 

Symbol 

Vern 

Vcso 

VEBO 

Is 

le 

Po 

Ts!!L 

Value Unit 

20 Vdc 

40 Vdc 

3.0 Vdc 

400 mAdc 

400 mAdc 

2.5 Watt 
20 mWl°C 

-65 to +200 'C 

(1) Total Device Dissipation at TA= 25'C is 1.0 Watt. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voitage(2) 
Oc = 5.0 mAdc, RsE = 1 o !l) 

Collector-Emitter Sustaining Voltage 
Uc = 5.0 mAdc, Is = O) 

Collector Cutoff Current 
(VcE = 15 Vdc, Is = 0) 

Collector Cutoff Current 
(VcE = 15 Vdc, VsE = -1.5 V, Tc= 150'C) 
(VcE = 35 Vdc, VsE = -1.5 V) 

Emitter Cutoff Current 
(VBE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 360 mAdc, Vee = 5.0 Vdcl 
!le= 50 mAdc, Vee = 15 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 50 mAdc, Vee = 15 Vdc, f = 200 MHz) 

Collector-Base Capacitance 
!Vcs = 15 Vdc, le = o, f = 1.0 MHz) 

Noise Figure 
Oe = 10 mAdc, VeE = 15 Vdc, f = 200 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Voltage Gain (Figure 1) 
Uc = 50 mAdc, Vee = 15 Vdc, f = 50 to 216 MHz) 

Power Input (Figure 2) 
Oc = 50 mAdc, Vee = 15 Vdc, Rs = 50 ohms, 
Pout = 1.26 mW, f = 200 MHz) 

( ) Pulsed thru a 25 mH Inductor; 50% Duty Cycle. 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CER 

V(BR)CEO 

lcEO 

ICEX 

IEBO 

tr 

Ccb 

NF 

Gve 

Pin 

Min 

40 

20 

-

-
-
-

5.0 
40 

1200 

-

-

11 

-

Typ Max Unit 

- - Vdc 

- - Vdc 

- 20 µAde 

- 5.0 mAdc 
- 5.0 mAdc 

- 100 µAde 

120 

- - MHz 

1.8 3.5 pF 

3.0 - dB 

- - dB 

- 0.1 mW 

SMALL-SIGNAL DEVICES 
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Pio 
(Zg ~ 75 rt) 

FIGURE 1 - RF AMPLIFIER FOR VOLTAGE 

GAIN TEST CIRCUIT 

R4 

Cl C2 

RI 

DETAIL 
OF TRANSFORMER 

C1,C2,C3,CS 0.0Q2µF 
C4 O.OJµF 

C6,C7 1500pf 
CB 18pf 
Rl 4.7k, 1/4W 
R2 6.8!1, 1/2W 

-VEE +Vee 

Al 330!!, 1W 
R4 200Il,1/4W 
T1 4 Turns#30Wire 
81filar woundon"lndianaGeneral" 
Core•CF·102-01,or equivalent 

FIGURE 2 - 200 MHz TEST CIRCUIT 

C5 

-VEE +Vee 

Ct,C2,C3 1.0-JOpF 
C4 l.0-20pf 
cs 10,000pf 

CG, C7 1,000 pf 
ca O.OlµF 

Ll 4-1/2turns,No.22wire,3f16"1.0. 
L4 3-1/2turns,No.22wi .. ,3/16"1.0. 

l2, L3 0.82 µH RFC 
Rt 240 OHMS, 2 WATTS 

FIGURE 3 - CURRENT-GAIN - BANOWIOTH PRODUCT FIGURE 4 - COLLECTOR-BASE TIME CONSTANT 
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=> 
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25 T 
VCE = 15 Vdc 

~ o~-~--~-~--~-~~-~--~-~ O'---'----'----'---'---L---'----'----' 
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 

le, COLLECTOR CURRENT (mAdc) IC, COLLECTOR CURRENT lmAdc) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 

7-35 

• 



, 
f 

2N5109 

FIGURE 5 -SATURATION VOLTAGES 
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FIGURE 9 - REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 8 - INPUT ADMITTANCE 
verms COLLECTOR CURRENT 
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FIGURE 10 - REVERSE TRANSFER ADMITTANCE .. ,.,, 
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FIGURE 11 - FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 13 - OUTPUT ADMITTANCE versus FREQUENCY 
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FIGURE 15 - INPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 12 - FORWARD TRANSFER ADMITTANCE versus 
COLLECTOR CURRENT 
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FIGURE 14 - OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 
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FIGURE 16 - OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 17 - REVERl!E TRANSMISSION 
COEFFICIENT versus FREQUENCY 

FIGURE 18 - FORWARD TRANSMISSION COEFFICIENT 
versus FREQUENCY 

FIGURE 19 - INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 

7-38 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage VEBO 4.0 

Collector Current le 0.4 

Total Device Dissipation @Tc = 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(le = 5.0 mAdc, le = O) 

Emitter-Base Breakdown Voltage 
OE = 0.1 mAdc, le = O) 

Collector Cutoff Current 
(VcE = 28 Vdc, 19 = 0) 

Collector Cutoff Current 
(VCE = 60 Vdc, VeE = 0) 

Collector Cutoff Current 
(Vee = 28 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 50 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) 

Collector-Base Capacitance 
(Vee= 28 Vdc, IE= 0, f = 0.1to1.0 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
(VCE = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 
(VCE = 28 Vdc, Pin = 50 mW, f = 175 MHz) 

Power Output 
(VCE = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 
(VCE = 28 Vdc, Pin = 50 mW, f = 175 MHz) 

Collector Efficiency 
(VCE = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 

SMALL-SIGNAL DEVICES 

7-39 

Unit 

Vdc 

Vdc 

2N5160 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

Vdc HIGH FREQUENCY TRANSISTOR 

Ade PNP SILICON 
Watts 
mWl°C 

·c 

Symbol Min Typ Max Unit 

VcEO(sus) 40 - - Vdc 

V(BR)EBO 4.0 - - Vdc 

lcEO - - 20 µ.Ade 

ICES - - 0.1 mAdc 

iceo - - 1.0 µ.Ade 

10 

tr 500 900 - MHz 

Ccb - 2.5 4.0 pF 

Gpe dB 
8.0 8.8 -
- 14.5 -

Pout Watt 
1.0 1.2 -
- 1.4 -

" 45 55 - % 

MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - 400-MHz TEST CIRCUIT 

C1 - 10 pF Ca - 0.01 µF 
C2 •. C3, C4, C5 - 1.0 - 10 pF variable 
C5 - 2400 pF feed through 
C7 - 0.004 µF 

L1 - 30 nH, 1 turn, No. 20 AWG 
L2 - 75 nH. 3 turns, No. 20 AWG 
L3 - 0.33 µH, R.F.C. 

C1 C2 RFC 
U< 5.0 

FIGURE 2 POWER OUTPUT 
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FIGURE 4 PARALLEL INPUT FIGURE 5 
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FIGURE 6 - PARALLEL OUTPUT 
CAPACITANCE ven1Us FREQUENCY 
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+j40----·-----------,-~ 
VcE = 28 V 

~ +j351---+--+--+--+---+---+-----+---1 
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~ .... out~0.75W 
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FIGURE 7 - CURRENT-GAIN-BANDWIDTH 
PRODUCT ven1Us COLLECTOR CURRENT 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 12 Vdc 
Applicable 1.0 to 2.0 mAdc 

Collector-Base Voltage VcBo 20 Vdc 

Emitter-Base Voltage VEBO 2.5 Vdc 

Collector Current le 50 mAdc 

Total Device Dissipation @ TA = 25"C Po 200 mW 
Derate above 25"C 1.14 mW/"C 

Total Device Dissipation@ Tc = 25"C Po 300 mW 
Derate above 25"C 1.71 mW/"C 

Storage Temperature Ts!g_ -65 to +200 "C 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
Uc = 3.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Oc = 0.001 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
OE = O.D1 mAdc, le = O) 

Collector Cutoff Current 
(VcB = 15 Vdc, IE = 0) 
(VcB = 15 Vdc, IE = 0, TA= 150°C) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 3.0 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, IB = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= 10 mAdc, IB = 1.0 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
(le = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VcB = 10 Vdc, IE= 0, f = 0.1to1.0 MHz) 

Small Signal Current Gain 
(le = 2.0 mAdc, VcE = 6.0 Vdc, f = 1.0 kHz) 

Collector Base Time Constant 
OE = 2.0 mAdc, VcB = 6.0 Vdc, f = 31.9 MHz) 

Noise Figure (Figure 1) 
(le = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50 ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 
(VcE = 6.0 Vdc, le = 5.0 mAdc, f = 200 MHz) 

Power Output (Figure 2) 
(VcB = 10 Vdc, IE = 12 mAdc, f;,,500 MHz) 

(1) fr is defined as the frequency at which lhtel extrapolates to unity. 

SMALL-SIGNAL DEVICES 
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2N5179 

CASE 20-03, STYLE 10 
T0-72 (T0-206AF) 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

VcEO(sus) 12 - Vdc 

V(BR)CBO 20 - Vdc 

V(BR)EBO 2.5 - Vdc 

le Bo µAde 
- 0.02 
- 1.0 

hFE 25 250 -

VcE(sat) - 0.4 Vdc 

VBE(sat) - 1.0 Vdc 

tr 900 2000 MHz 

Ccb - 1.0 pF 

hfe 25 300 -

rb'Cc 3.0 14 ps 

NF - 4.5 dB 

Gpe 15 - dB 

Pout 20 - mW 

MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 

DC 
COMMON 11200 

FROM!)On~ 

) "¥' '!:' 
-:- J.D - 35 

TYPE 
1N3!95 

1200 
+Vee 

FIGURE 2 - 500 MHz OSCILLATOR CIRCUIT 

1000 

g~~~ i pf 

vee 

1000 pf 

NO ti 
vcc 

2 
RFC 

Note 1 - Coaxial-Line output network consisting of: 
2 General Radio Typt 874-TEE or equivalent 
1 General Radio Type 874-020 Adjustable Stub or equivalent 
1 General Radio Type 874-LA Adjustable Line or equivalent 

l1 1·3/4 Turns, #18 AWG, 0.5" L, 0.5" Diameter 
L2 2 Turns, #16 AWG, 0.5" L, 0.5'' Diameter 

1 General Radio Type 874-WNJ Short-circuit termination or equivalent 

.. :s ... 
= ::> .. 
;;:: 
~ 
i5 
z 
~-
z 

L3 2 Turns, #13 AWG, 0.25" l, 0.5" Diameter (Position 1/4" from L2) 

FIGURE 3 - NOISE FIGURE 
versus FREQUENCY 

10..---.--r---..--..-~---,-----,.--~-r--~--.---, 

9·0 l---+-+1-+-i ,,-+--,--+---1-+---1-+--1+---+---t--I 
vci; = s:o Vdc' 

B.O t---1 le = 1.0 mAdc 

7.0 t---1 Rs= Optimum(~ 250Ohms@105 and 200 MHz) 
~ 100 Ohms@450 MHz 

6.0 I--+-+--+--+-+------<---+--+--+--+--+--< 

5.o ,_._._._,._._,._.-+--1-----<1---.-.-+---<-l---11--v .............. 
4.0 1----+---1f-+-H---+----1---+---,:!7+--+--; 

i.---f-1 3.01---F=F=+-=+=-+=--+-""f:;:_+--t--t-t--J 
2.0 1--+-+--+-++-----J~--+--+-+--+-+--I 

1.0 I--+-+--+--+-+------<---+--+--+--+--+--< 

Note 2 - RFC= 0.2µH Ohmite #2·460 or equivalent 
Note 3 - Lead Number 4 (case) floating 
Ll - 2 turns #16 AWG wire, 3/8 inch 00, 1-1/4 inch long 
Q = 2N5179 

FIGURE 4 - NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 

o~~-~~~~--~--~--+--~-+-~-~ Jo~~~~~--~-~-~~-~~~~~~~ 

50 70 100 200 300 500 0.5 0.7 1.0 2.0 3.0 

f, FREQUENCY (MHz) IC, COLLECTOR CURRENT (mAdc) 

FIGURE 5 - NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 
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0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

le, COLLECTOR CURRENT (mAdc) 
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FIGURE 6 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 7 - INPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 9 - FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 8 - OUTPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 10 - REVERSE TRANSFER 
ADMITTANCE versus FREQUE;NCY 
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FIGURE 11- S11, INPUT REFLECTION COEFFICIENT FIGURE 12-S22• OUTPUT REFLECTION COEFFICIENT 

FIGURE 13 -S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 14 -S21. FORWARD TRANSMISSION COEFFICIENT 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 15-S11,INPUT REFLECTION COEFFICIENT AND S22.0UTPUT REFLECTION COEFFICIENT 

• 
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2N5583 

JAN, JTX, JTXV AVAILABLE 
CASE 79-02, STYLE 1 

T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

PNPSIUCON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
lie = 100 µAde, le = O) 

Collector Cutoff Current lceo 
(Vee = 20 Vdc, IE = 0) 

Emitter Cutoff Current ieeo 
!Vee = 2.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Uc = 40 mAdc, Vee = 2.0 Vdc) 
Uc = 100 mAdc, Vee = 2.0 Vdc) 
Uc = aoo mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage(1) Vce(sat) 
Uc = 100 mAdc, le = 10 mAdc) 

Base-Emitter On Voltage(1) Vee(on) 
Uc= 100 mAdc, Vee = 2.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
Uc= 40 mAdc, Vee = 10 Vdc, f = 100 MHz) 
Uc = 100 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vee = 15 Vdc, le = o, t = 100 kHz) 

Emitter-Base Capacitance Ceb 
(VEB = 0.5 Vdc, le = 0, f = 100 kHz) 

Collector Base Time Constant rb'Cc 
Uc = 50 mAdc, Vee = 10 Vdc, f = 63.6 MHz) 

SWITCHING CHARACTERISTICS (FIGURE 10) 

Turn-On Delay Time Id 

Rise Time 
(Vee = 31.4 Vdc, le = 150 mAdc, 

Ir Re = 160 Ohms, RE = .26.6 Ohms) 
Fall Time tf 

(1) Pulse Test: Pulse Width.;; 300 µs, Duty Cycle.;; 2.0%. 

MOTOROLA SEMICONDUCTORS 

7-46 

Symbol Value Unit 

VcEO 30 Vdc 

Vceo 30 Vdc 

Veeo 3.0 Vdc 

le 500 mAdc 

Po 1.0 Watt 
5.71 mWl°C 

Po 5.0 Watts 
28.6 mWl°C 

TJ, Tstg -65 to +200 •c 

Min Typ Max Unit 

30 - - Vdc 

30 - - Vdc 

3.0 - - Vdc 

- - 50 nAdc 

- - 0.5 µAde 

-
20 40 -
25 40 100 
15 22 -
- 0.6 0.8 Vdc 

- 0.84 1.8 Vdc 

MHz 
1000 1300 -
1300 1500 -
- 2.5 5.0 pF 

- 18 35 pF 

- 8.0 - ps 

- 1.0 - ns 

- 2.1 - ns 

- 1.8 - ns 

SMALL-SIGNAL DEVICES 
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FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3 - "ON" VOLTAGES 
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FIGURE 2 - COLLECTOR SATURATION REGION 

19, BASE CUR RENT (MAI 

FIGURE 4 - COLLECTOR CURRENT versus BASE VOLTAGE 
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FIGURE 7 _; CURRENT -GAIN-BANDWIDTH PRODUCT 
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FIGURE 9 - SWITCHING TIMES 
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2N5829 For Specifications see 2N4957 Data. 
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FIGURE 8 - COLLECTDR·BASE TIME CONSTANT 

IC, COLLECTOR CURRENT (mAI 

FIGURE 10 - SWITCHING TIMES TEST CIRCUIT 
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MAXIMUM RATINGS 

Rating Symbol 2N5835 2N5836 2N5837 

Collector-Emitter Voltage Vern 10 10 5.0 

Collector-Base Voltage Vceo 15 15 10 

Emitter-Base Voltage veeo 3.5 3.5 3.5 

Collector Current - Continuous ic 15 200 300 

Total Device Dissipation Po 
@TA= 25°C 200 - -
Derate above 25'C 1.14 - -

Total Device Dissipation Po 
@Tc= 25'C - 2.0 2.0 
Derate above 25'C - 11.43 11.43 

Storage Temperature Ts.!ll._ -65 to +200 

ELECTRICAL CHARACTERISTICS <TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = O) 2N5835 

Uc = 100 µAde, IE = O) 2N5836 
2N5837 

Emitter-Base Breakdown Volta>1e 
Oe = 100 µAde, le= o) 

Collector Cutoff Current 
(Vee = 7.5 Vdc, IE = O) 2N5835 
!Vee = 10 Vdc, le = Ol 2N5836 
!Vee = 5.o Vdc, le = Ol 2N5837 

Emitter Cutoff Current 
!Vee = 3.o Vdc, ic = Ol 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 10 mAdc, Vee = 6.0 Vdcl 2N5835 
Uc = 50 mAdc, Vee = 6.0 Vdcl 2N5836 
Uc = 100 mAdc, Vee = 3.0 Vdc) 2N5837 

Base-Emitter On Voltage 
Uc = 10 mAdc, VcE = 6.0 Vdcl 2N5835 
Uc = 50 mAdc, Vee = 6.o Vdcl 2N5836 
Uc = 100 mAdc, Vee = 3.o Vdcl 2N5837 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc = 10 mAdc, Vee = 6.0 Vdc, f = 200 MHz) 2N5835 
Uc = 50 mAdc, Vee = 6.o Vdc, f = 200 MHz) 2N5836 
Uc = 100 mAdc, VcE = 3.0 Vdc, f = 200 MHz) 2N5837 

Collector-Base Capacitance 
(Vee= 10 Vdc, IE = 0, f = 0.1to1.0 MHz) 2N5835 

2N5836 

(Vee = 5.0 Vdc, le = o, t = 0.1 to 1.0 MHz) 2N5837 

Collector Base Time Constant(2) 
Uc = 10 mAdc, VcE = 6.0 Vdc, f = 63.6 MHz) 2N5835 
Uc = 50 mAdc, VcE = 6.0 Vdc, f = 63.6 MHz) 2N5836 
Uc = 100 mAdc, VcE = 3.0 Vdc, f = 63.6 MHz) 2N5837 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

2N5835 
2N5836 
2N5837 

2N5835 
CASE 20-03, STYLE 10 

T0-72 (T0-206AF) 

2N5836, 2N5837 
CASE 26-03, STYLE 1 

T0-46 (T0-206AB) 

~ 
Watts HIGH FREQUENCY TRANSISTOR 
mW/'C 

'C 
NPNSIUCON 

Symbol Min Typ Max Unit 

V(BR)CBO Vdc 
15 - -
15 - -
10 - -

V(BR)EBO 3.5 - - Vdc 

iceo µAde 
- - 0.01 
- - 10 
- - 10 

leeo - - 100 µAde 

hFE -
25 - -
25 - -
25 - -

Vee(on) Vdc 
- - 0.9 
- - 0.9 
- - 0.9 

tr GHz 
2.5 - -
2.0 - -
1.7 - -

Ccb pF 
- - 0.8 
- - 3.5 

- - 5.0 

rb'Cc ps 
- 5.0 -
- 6.0 -
- 6.0 -

MOTOROLA SEMICONDUCTORS 

• 



• 

2N5835 • 2N5836 • 2N5837 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unh 

SWITCHING CHARACTERISTICS(2) 

Rise Time (Figure 1) Ir ns 
Uc= 10 mAdc) 2N5835 - 250 -
Uc= 40 mAdc) 2N5836 - 320 -
Uc= 100 mAdc) 2N5837 - 650 -

(1) fT is defined as the frequency at which lhtel extrapolates to unity. 
(2) Typical values shown in addition to JEDEC Registered Data. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Ta Oscilloscope Vertical Inputs 
{Tektronix 568 or Equivalent) 

:! 

V;;~ 

t,, tf < 0.5 ns 

ic RE RL RK 
mA Ohms Ohms Oh mt 

10 380 100 50 
40 95 25 0 
100 38 10 0 
200 19 5.0 0 

Channel 1 
Vin 

50 

FIGURE 2 - SWITCHING TIME 
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>= 500 
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lJl 
a; 400 

t--J .. 
300 
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f---21835 200 
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IC, COLLECTOR CURRENT (mAdc) 

FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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;;: 2.5L-+-t-+:±:::::::±::$~~g~;;a..~ ~ [ ~ 5.0Vdc """' 

:i 2.0 _...,.....-~ 2.0,1.0Vdc 
~1.5.......--~ 
"'v ~ 1.D t---+--+--+-+--+--+--1>->-<,_,--+----< 
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::> 
'-' 
.!:' 

o.__ __ .___.___._.___.___._.__.__,._._,_ __ _. 
10 20 100 50 70 150 30 

le. COLLECTOR CURRENT lmAdc) 
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+1.3 Vdc 

This test set·up is designed to simulate 
a cascade of identical stages. Rs= R L 
Vin= Vout = 1.0 V 
Clref is a transistor of the 
sametypeasthetransistor 
under test. 

-4.5 Vdc - 2N5835, 2N5836 
-2.5 Vdc - 2N5837 

FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 

:c 
~ 

2N5835 

~ 
~ 4.0 >---+---1>-+--+---lc--+-+-+-+-+-+---+--+--+--< 
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~ .....n-
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~ ___,..-~ 
~ ~ 
~ 1.0 >---+---lt-+--+---1,__+-+-+-+-+-+---+--+--+--< 

"' 13 
.!:' o..,,_.._~-:'.,.._~~__,,__:'-:-~~~~-~-~~~ 

1.0 2.0 3.0 5.0 7.0 10 20 30 

le, COLLECTOR CURRENT lmAdc) 

FIGURE 5 - CURRENT-GAIN-BANDWIDTH PRODUCT 

:c 3.0 ..---.---,---,-....... -r--,--r-r-r-r-.----r---. 
~ 2N5837 

~ 2.51---+--+---l-+--t--+--+-+-+-+-t---+--I 
c Vee= 5.0 V_d_c..J..-+-H---...i..._ 

~ .d:::::t: C:::::j 
:c 2.0 v 
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a o.__ _ _. _ _,__......_...__~_.___._._.__._.__ _ _. _ _. 
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le. COLLECTOR CURRENT lmAdc) 
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2N5835 • 2N5836 • 2N5837 

FIGURE 6 - COLLECTOR-BASE TIME CONSTANT 

! 101-+-+-1--+-+-+-l-l~-l---l--l--l--~--l-+--l-++-l---l-I 
:i! II 
~ B.O 2N5835 
8 
~ 6.0 ~ 
w 

~ 

VEE= 6.0 Vdc 

t- 2N5836 vce = 3.0 Vdc J,....-P 
l'-

l-H-IH+t+fF'-.i...J--+-2N5837 Vee= 6.0 Vdc +--
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,:J 
e 

5.0 7.0 10 20 30 50 70 100 200 

le. COLLECTOR CURRENT lmAdc) 

FIGURE 1 - COLLECTOR-BASE CAPACITANCE 

10~------------------

9.Ql-----ll---1---l---+---1--L----ll----4--+--' 
w 
~ 8.0 l-----ll---1---1---4---1--L----ll----4--+--' 
;!: C3 7.0 ,_____,,_____.. _ _,_ _ _.__....__,____,,____, _ ___.. _ _, 

~ ~ • .,.,___,1---+--1---4---1--L----ll----4--+--' 2 so~~ 
~ 5o!S t--
~~. 4.0 k = 3.0 ....... 

2N5837 

2N5836 -

8 2.0 

.:1 1.0 f"'"-11---t===F=:t=:t:=t::jt::::j~2N~~~BJ~5::j-
DL----li..--L--'---'----'--'--l--'-----'--L--' 
0 1.0 2.0 3.0 4.0 5:0 6.0 7.0 8.0 9.0 10 

Vcs. COLLECTOR-BASE VOLTAGE (VOLTS) 

2N5835 SCATTERING PARAMETERS 
(le= 5.0 mAdc, Vee= 6.0 Vdc, ZG = ZL = 50 Ohms) 

FIGURE 8 - S11. INPUT REFLECTION COEFFICIENT FIGURE 9 - S22. OUTPUT REFLECTION COEFFICIENT 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5835 • 2N5836 • 2N5837 

FIGURE 10 -S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 11 - S21. FORWARD TRANSMISSION COEFFICIENT 

30' 20' 10' 350° 340° 330° 

40' 320° "' 

"' 310u 50' 

so' Joo0 SO' 

711' 290° 700 

"' 280° "' 
,., 210° 90' 

100° 260' 100° '°' 
110° 250° 110° 

120° 240° 120° "' 
130° 230° 130° 

140° 220° 140° 

110° 1ao0 190° 200° 210° 150° 160° 170° 180° 190° 200° 2100 

• I 

2N5836 SCATTERING PARAMETERS 
Uc= 100 mAdc, VcE = 10 Vdc, ZG = ZL = 50 Ohms) 

FIGURE 12 -S11. INPUT REFLECTION COEFFICIENT FIGURE 13 - 822. OUTPUT REFLECTION COEFFICIENT 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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2N5835 • 2N5836 • 2N5837 

FIGURE 14 - S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 15 - S21. FORWARD HiANSMl5510N COEFFICIENT 

2N5837 SCATTERING PARAMETERS 
(le= 100 mAdc, VcE = 3.0 Vdc, ZG = ZL = 50 Ohms) • FIGURE 16 - S11, INPUT REFLECTION COEFFICIENT FIGURE 17 - S22. OUTPUT REFLECTION COEFFICIENT 

SMALL-SJGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N5835 • 2N5836 • 2N5837 

FIGURE 18 - S12. REVERSE .TRANSMISSION COEFFICIENT FIGURE 19 - S21. FORWARD TRANSMISSION COEFFICIENT 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 30 

Collector-Base Voltage VcBo 40 

Emitter-Base Voltage VEBO 3.5 

Collector Current - Continuous le 400 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 5.7 

Total Device Dissipation @ Tc = 25'C Po 3.5 
Derate above 25'C 0.02 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage !le = 5.0 mAdc, IB = OI 

Collector-Base Breakdown Voltage !le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage !IE = 100 µAde, le = 01 

Collector Cutoff Current (VcE = 20 Vdc, IB = O) 

Collector Cutoff Current (VcB = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain !le = 50 mAdc, Vee = 15 Vdc) 

Collector-Emitter Saturation Voltage !le = 100 mAdc, IB = 10 mAdcl 

Base-Emitter Saturation Voltage !le = 100 mAdc, IB = 10 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 25 mAdc, Vee = 15 Vdc, f = 200 MHz! 
!le = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) 
!le = 100 mAdc, VcE = 15 Vdc, f = 200 MHz) 

Collector-Base Capacitance 
(VcB = 30 Vdc, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 100 kHz) 

Small Signal Current Gain 
(le = 50 mAdc, VcE = 15 Vdc, f = 1.0 kHz) 

Collector Base Time Constant 
OE = 50 mAdc, VcB = 15 Vdc, f = 31.8 MHz) 

Noise Figure 
!le = 30 mAdc, VcE = 15 Vdc, f = 200 MHz) (Figure 1) 
!le = 35 mAdc, VcE = 15 Vdc, f = 200 MHz) (Figure 6) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
!le= 10 mAdc, VcE = 15 Vdc, f = 200 MHz) (Figure 11 
!le = 50 mAdc, VcE = 15 Vdc, f = 250 MHz) (Figure 61 

Intermodulation Distortion 
!le = 50 mAdc, VcE = 15 Vdc, V0 ut = +50 dBmV) 

Cross Modulation Distortion 
!le = 50 mAdc, VcE = 15 Vdc, V0 ut = +40 dBmV) 
!le = 50 mAdc, VcE = 15 Vdc, V0 ut = +50 dBmV) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

2N5943 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

Watt HIGH FREQUENCY TRANSISTOR 
mW/'C 

Watts 
NPN SILICON 

mW/'C 

'C 

Symbol Min Typ Max Unit 

V(Bfil.CEO 30 - - Vdc 

V(BR)CBO 40 - - Vdc 

V(BR)EBO 3.5 - - Vdc 

lcEO - - 50 µAde 

le Bo - - 10 µAde 

hfE 25 - 300 -
Vcigisatl - 0.15 0.2 Vdc 

VBE(sat) - 0.88 1.0 Vdc 

tr MHz 
1000 1350 -
1200 1550 2400 
1000 1425 -

Ccb 1.0 1.6 2.5 pf 

Ceb - 8.4 15 pF 

hfe 25 - 350 -

rb'Cc 2.0 5.5 20 ps 

NF dB 
- 3.4 -
- 6.8 8.0 

Gpe dB 
- 11.4 -
7.0 7.6 -

IM - - -50 dB 

XM dB 
- -67 -
- -45 -42 

MOTOROLA SEMICONDUCTORS 
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2N5943 

FIGURE 1 - NARROW-BANO TEST CIRCUIT 

SO Ohms 

)UT? ·::35 

' ' 

l 1 

FIGURE 2 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 4 - SATURATION VOLTAGES 
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~ 
~ 

w 

Ve 

25 

10.001 µF 

L'I = 2turns#20wire 
1/4" JD, 3/16" long 

L2"' 5 tur.ns #18 wire 
1/4" 10, 5/8" long, 
tapped 1·3/4turns 
from collector 

All capacitors in pf 
unless otherwise noted. 

FIGURE 3 - COLLECTOR-BASE TIME CONSTANT 

VcE ~5 Vdc 

le, COLLECTOR CURRENT (mAdc) 

FIGURE 5 - CAPACITANCES versus REVERSE VOLTAGE 
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2N5943 

FIGURE 6 - BROADBAND TEST CIRCUIT 
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FIGURE 7 - CROSS-MODULATION DISTORTION versus 
COLLECTOR CURRENT 
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FIGURE 9 - NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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OUTPUT 

~ 

Cl 1.0· 10 pf JOHANSON 2951 OR EUUIVALENT 
C2, Cl 0.01 µF 
C3 0.5·6.0 pf JOHANSON 4642 OR EUUIVALENT 
C4, C6 1500 pf 
C5 470 pf 

L1 2 TURNS AWG #26, 5/32" l.D. 
L2 1 µH MOLDED CHOKE 
L3 5 TURNS AWG #26, 3/32" l.O. 
L4 FERRITE CHOKE, 3TURNS #30 ON 

STACKPOLE 57·0156 BEAD 
L5 2 TURNS AWG #26, 3/32" l.O. 

Tl AWG #30TRIFILAR WOUND 1·9·9 ON 
STACKPOLE 57·0985, #11 TOROID 

Rl 270 OHMS 
R2 18 OHMS 
R3 150 OHMS 

GARLOCK TEFLON SOCKET 

FIGURE 8 - CROSS-MODULATION 
DISTORTION versus OUTPUT LEVEL 

-80~-'----.I...---'----'----'----'----'----'-----'---' 
40 

10 

9.0 

42 44 46 48 50 

OUTPUT LEVEL ldBmVI 

FIGURE 10 - NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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-i 

FIGURE 11 - BROADBAND NOISE FIGURE venus 
COLLECTOR CURRENT 
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FIGURE 13 - INPUT ADMITTANCE venus FREQUENCY 
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FIGURE 12 - NARROWBAND NOISE FIGURE versus 
FREQUENCY 
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FIGURE 14 - INPUT ADMITTANCE 
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t-IGURE 17 - FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 19 - OUTPUT ADMITTANCE versus FREQUENCY 
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FIGURE 21 - INPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 18 - FORWARD TRANSFER Al;>MITTANCE versus 
COLLECTOR CURRENT 
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FIGURE 20 - OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 
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FIGURE 22 - OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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FIGURE 23 - REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY 

FIGURE 24 - FORWARD TRANSMISSION COEFFICIENT 
versus FREQUENCY 

FIGURE 25 - INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 30 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage VEBO 3.5 

Collector Current - Continuous le 400 

Total Device Dissipation@ Tc = 25°C Po 5.0 
Derate above 25°C 28.6 

Storage Temperature Ts!9_ -65to +200 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Oc = 20 mAdc, 19 = O) 

Collector-Base Breakdown Voltage Oc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = 100 µAde, le = O) 

Collector Cutoff Current (VcE = 28 Vdc, 19 = 0) 

Collector Cutoff Current (Vee = 20 Vdc, IE = O) 

Emitter Cutoff Current (VsE = 3.5 Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain Oc = 75 mAdc, VcE = 20 Vdc) 

Collector-Emitter Saturation Voltage Uc = 200 mAdc, Is = 20 mAdc) 

Base-Emitter Saturation Voltage Uc = 200 mAdc, Is = 20 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 75 mAdc, VcE = 20 Vdc, f = 200 MHz) 

Collector-Base Capacitance 
(Vee = 30 Vdc, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 100 kHz) 

Small Signal Current Gain 
Uc = 75 mAdc, VcE = 20 Vdc, f = 1 .o kHz) 

Collector Base Time Constant 
OE = 75 mAdc, Vee = 20 Vdc, f = 31 .8 MHz) 

Noise Figure 
(le = 50 mAdc, Vee = 20 Vdc, f = 200 MHz) (Figure 1) 
Oc = 50 mAdc, VcE = 20 Vdc, f = 200 MHz)(1) (Figure 2) 
Uc = 75 mAdc, VcE = 20 Vdc, f = 200 MHz)(1) (Figure 2) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 2) 
Uc = 75 mAdc, Vee = 20 Vdc, t = 250 MHz) 

Intermodulation Distortion (Figure 2) 
Uc = 75 mAdc, VcE = 20 Vdc, V0 ut = +50 dBmV) 

Cross Modulation Distortion ('Figure 2) 
Uc = 75 mAdc, VcE = 20 Vdc, Vout = +50 dBmV) 

(1) Includes noise figure of post-amplifier and matching pad. 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

2N5947 

CASE 244A-01, STYLE 1 
T0-117 (T0-232AA) 

Vdc HIGH FREQUENCY TRANSISTOR 
Vdc 

NPN SILICON 
mAdc 

Watts 
mWl°C 

"C 

Symbol Min Typ Max Unit 

V(BR)CEO 30 - - Vdc 

V(BR)CBO 40 - - Vdc 

V(BR)EBO 3.5 - - Vdc 

lcEO - - 100 µAde 

lcso - - 10 µAde 

IEBO - - 100 µAde 

hFE 25 - 250 -
VcE(sat) - 0.2 0.35 Vdc 

VBE(sat) - 1.0 1.5 Vdc 

tr 1100 1500 - MHz 

Ccb - 1.5 4.0 pf 

Ceb - 8.2 12 pf 

hte 25 - 300 -
rb'Cc 2.0 - 20 ps 

NF dB 
- 3.8 -
- 7.2 8.5 
- 7.8 -

Gpe 10 11 - dB 

IM - -55 -50 dB 

XM - -60 -57 dB 

MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - NARROWBAND TEST CIRCUIT 
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5/!6"Long R1,R2 

FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 5 - COLLECTOR-EMITTER SATURATION VOLTAGE 
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FIGURE 2 - BROADBAND TEST CIRCUIT 
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FIGURE 4 - CAPACITANCES 
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FIGURE 7 - NARROWBAND NOISE FIGURE versus CURRENT 
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FIGURE 8 - BROADBAND NOISE FIGURE versus CURRENT 
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FIGURE 9 - NOISE FIGURE TEST SETUP 

NOISE-FIGURE AMPLIFIER 100 MHz VHF NOISE MINIMUM-
METER i--- DIODE i----

CABLE 
i---- UNO ER 

~ LOSS PAD ~ 
NARROWBAND i----

H-P 341A 

l 

CHANNEL 2 
GENERATOR 

CHANNEL G 
GENERATOR 

CHANNEL 13 
GENERATOR 

HP 343A (NOTE 11 TEST 5.7dB 
(FIGURE 11 

NOTE 1. RG·59 CABLE WITH ORIGINAL CENTER CONDUCTOR REPLACED WITH 
#3DWIRE. OVERALL LENGTH, INCLUDING BNC CONNECTORS, IS A 
QUARTER-WAVELENGTH AT 100 MHz (APPROX. 11 INCHESI. USED TO 
MATCH IMPEDANCE OF NOISE OIOOE TO AMPLIFIER UNO ER TEST. 

THE NOISE FIGURE OF THE POST·AMPLIFIERS ANO MINIMUM LOSS 
PAO IS B.4 dB. 

FIGURE 10 - INTERMODULATION DISTORTION TEST SETUP 

COMBINER 
ADJUSTABLE 
ATTENUATOR 

#1 

AMPLIFIER 
UNDER TEST 
(FIGURE 11 

ADJUSTABLE 
ATTENUATOR 

#1 

MEASUREMENT PROCEDURE 

10 dB 
ATTENUATOR 

AMPLIFIER 
(50 dB GAIN) 

FIELD 
STRENGTH 

METER 

1. ADJUST CHANNEL 1 GENERATOR FOR RATED OUTPUT FROM TEST 
AMPLIFIER !CHANNELS G & 13 OFF). 

3. TURN CHANNEL 13 OFF ANO OR,VE THE TEST AMPLIFIER 

1. REPEAT FOR CHANNEL G 11& 13 OFFI ANO CHANNEL 1311 & GOFF). 
NOTE FOR REFERENCE THE FIELO STRENGTH METER READING FOR 
CHANNEL 1311 & .GOFF). 

WITH CHANNELS 1 & G. MEASURE THE LEVEL OF INTERMODULATION 
DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 
IN STEP 1. 

FIGURE 11 - CROSS MODULATION DISTORTION TEST SETUP 

CROSS·MOOULATION ADJUSTABLE AMPLIFIER ADJUSTABLE FIELD STRENGTH LOCK-IN 
EQUIPMENT 1---1 ATTENUATOR f---1 UNDER TEST f--- ATTENUATOR f----1 METER f----1 AMPL. P.A.R. 

SKL MODEL 7114 #1 (FIGURE 1 I #1 JERROLD MODEL HR-B 
MODEL 7048 

MEASUREMENT PROCEDURE 

ADJUST THE CROSSMOOULATION EQUIPMENT FOR +50 dBmV OUTPUT 
FROM EACH CHANNEL. 

1. ADJUST ATTENUATOR #1 FOR THE DESIRED OUTPUT LEVEL FROM 
THE TEST AMPLIFIER. ADJUST ATTENUATOR #1 TO MAINTAIN THE 
FIELD STRENGTH METER INPUT AT +10 dBmV. 

SMALL-SIGNAL DEVICES 
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3. WITH THE FIELD STRENGTH METER SELECT CHANNEL 13. USING 
THE WAVE ANALYZER MEASURE THE LEVEL OF THE MODULATION 
ON CHANNEL 13 DUE TO CROSS-MODULATION OF CHANNELS 1-11. 
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FIGURE 12 - CROSS MODULATION DISTORTION 
versus OUTPUT LEVEL 

-30 .----,c----,---,---,---..--c-----r--r--,-----, 

vc~ = 20 tdc _.LI 
-35 t--- Channel 13 -+---1--+--+---t--+-L--1V-'-I 

-40 t-----1r---+--t---t--t--r---t--::J>""--t---1 
<ii k::::J 
~-45 l---1C--+--t---,--1c~=~30~m-A+d;_......-j--1-""l-=..-'f~-t--+----i 
~-50f---1C---+--t-r;:±:;:--t-""'"¥"'--l---+--+--t--::;ool 
:5 ~ g -551------+f--"--h..-'f'---'l---+--+-.......-i-~j..--"'--:: .... ~l----I 
~-60t""'=-!l---+--t---+--t-::.>"I"""'-+--+--+-,,...., 
/!l 50mAd~ ~....-1 
~-651-----11---+1----~.,,...'"f"'--+--11--_...,-t ..... ~F-:c.--~ ..... "'-1 
- ,...-r-- 70 mAdc .-i--~ 

-70 f-' ~ 9rAdcr----i 

-75 t---:lt=...+--::~-"F'--t---,f---t--+-+-J 

-80~ 
40 42 44 46 48 50 

OUTPUT LEVEL (dBm) 

MOTOROLA SEMICONDUCTORS 

FIGURE 13 - CROSS MODULATION DISTORTION 
versus CURRENT 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 18 

Collector-Base Voltage VcBo 36 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 1.0 

Total Oevice Dissipation@ Tc = 25'C Po 5.0 
Oerate above 25°C 28.5 

Storage Temperature Ts.!9_ -65 to +200 

ELECTRICAL CHARACTERISTICS ff A= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mAdc, IB = O) 

Collector-Emitter Breakdown Voltage 
Uc = 5.0 mAdc, VBE = O) 

Emitter-Base Breakdown Voltage 
(IE = 1.0 mAdc, le= O) 

Collector Cutoff Current 
(VcB = 15 Vdc, IE = 0) 

Collector Cutoff Current 
(VcE = 15 Vdc, VBE = 0, Tc = 55'C) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 250 mAdc, VcE = 5.0 Vdcl 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcB = 12.5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, Vee = 12.5 Vdc, f = 175 MHz) 

Collector Efficiency 
(Pout = 3.0 W, Vee = 12.5 Vdc, f = 175 MHz) 

SMALL-SIGNAL DEVICES 

7-65 

Unit 

Vdc 

Vdc 

2N6255 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

Vdc HIGH FREQUENCY TRANSISTOR 

Ade NPN SILICON 

Watts 
mW/'C 

'C 

Symbol Min Typ Max Unit 

V(BR)CEO 18 - - Vdc 

V(BR)CES 36 - - Vdc 

V(BR)EBO 4.0 - - Vdc 

lcBo - - 0.25 mAdc 

ICES - - 5.0 mAdc 

5.0 

Cobo 15 20 pf 

GpE 7.8 - - dB 

'I 50 - - % 

MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - 175 MHz CIRCUIT 

FIGURE 2 - OUTPUT POWER versus INPUT POWER 
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FIGURE 4 - COLLECTOR LOAD versus FREQUENCY 
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MOTOROLA SEMICONDUCTORS 

12.5 Vdc 

Cl.3 2.0·50 pf ARCO 461 ELMENCO 
C2.4 5.0·80 pf ARCO 462 ELM EN CO 
C5 1000 pf FEED THAU 
C6 5.0µf 
L1 1 TURN #18AWG14" 1.0. 
L2 2'12 TURNS #18 AWG %"LO. 
RFC! 0.15µH MOLDED CHOKE 

WITH BEAD ON GROUND LEG 
RFC2 0.15µH MOLDED CHOKE 

BEAD IS FERROXCUBE 
56·570·65/3B 

FIGURE 3 - OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 5 - PARALLEL EQUIVALENT OUTPUT 
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FIGURE 6 - PARALLEL EQUIVALENT 
INPUT CAPACITANCE versus FREQUENCY 
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FIGURE 7 - PARALLEL EQUIVALENT 
INPUT RESISTANCE versus FREQUENCY 

Pout• ~.o W 

vcc·12.s 

"l _, 

6.0 
125 150 175 200 225 

f, FREQUENCY (MHz) 

MOTOROLA SEMICONDUCTORS 

• 



2N6256 

CASE 249-05, STYLE 1 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

UHF AMPLIFIER TRANSISTOR Collector-Emitter Voltage VcEO 16 Vdc 

Collector-Base Voltage Vcso 36 Vdc 

NPN SILICON Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 0.4 Ade 

Total Device Dissipation @ Tc = 25°C Po 2.0 Watts 
Derate above 25°C 11.4 mW/°C 

Storage Temperature Tsjg_ -65 to +200 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 16 - - Vdc 
Oc = 5.0 mAdc, 19 = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 36 - - Vdc 
Oc = 5.0 mAdc, VsE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc • OE = 1.0 mAdc, le= O) 

Collector Cutoff Current icso - - 0.5 mAdc 
(Vea = 15 Vdc, IE = O) 

Collector Cutoff Current ICES - - 5.0 mAdc 
(VcE = 15 Vdc, VsE = 0, TA= 125°C) 

ON CHARACTERISTICS 

DC Current Gain hFE 20 80 200 
Oc = 50 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 6.0 8.0 pF 
(Vea = 12.5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figures 1, 6) GpE 7.0 9.0 - dB 
(Pout = 0.5 w. Vee = 12.5 Vdc, f = 470 MHz) 

Collector Efficiency (Figures 1, 6) ,, 60 70 - % 
(Pout= 0.5 W, Vee = 12.5 Vdc, f = 470 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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380 400 

RF 
Input 

FIGURE 1 -470 MHz TEST CIRCUIT SCHEMATIC 

1000 pF 
Feedthru 

1000 pF 
Feedthru 

NOTE: Test Circuit Layout and Component 
Oescrlption1 Shown In Figure 6. 

Typical Output Power curves were measured in 

circuit shown in Figure 6. 

FIGURE 2 - OUTPUT POWER 
versus FREQUENCY 
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12.5Vdc 

RF 
Output 

FIGURE 3 - OUTPUT POWER 
versus INPUT POWER 
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FIGURE 4 - OUTPUT POWER 
versus SUPPLY VOLTAGE 

FIGURE 5 - SERIES EQUIVALENT 
INPUT and OUTPUT IMPEDANCE 

o~ 
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SMALL-SIGNAL DEVICES 
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FIGURE 6 - 470 MHz TEST CIRCUIT LA)'OUT 
(See Figure 1 for Schematic Diagram) 

+12.5 Vdc 

C1,C2 
C3,C4 

L1, L2 

1.0-25 pF ARCO 421 or Equivalent 
1.0-25 pF ARCO 421 or Equivalent 

7 Turns #22 AWG, 0.2" 1.0. 

FL1 DC Supply Filter Connectors are Type "N" 

Board is Glass Teflon 

Ferrite Bead FERAOXCUBE 56-590-65-38 
as shown on L 1 

2-1000 pF FT Capacitor 

1-1.0 µF, 35 V capac-itor 
1-Choke FERROXCUBE 
VK 200-20-48 

3" )( 5" )( 0.060" 
Mounting Plate is 3" x 5" x 0.75" 

FIGURE 7 - 150 MHz to 450 MHz 
TRIPLER USING 2N6256 

C11 LB 

~;, 
+ 12.5 Vdc 

l 
) C14 

13 

L7 
ca 

":" 

C1,C2,C3,C9,C10 1-7 pF ARCO 400 or Equivalent C13 0. 1 µ.F Ceramic L4 5 Turns 1/4" 1.0. 
C6,C7 1.5-20 pf ARCO 402 or Equivalent R1 200hm L5 6 Turns 1/8" 1.0. 
C4,C5 470 pf ATC Type 100·B·420·m-ms R2,A3 160 Ohm L7 1 µH Molded Choke 

ca 1000 pF UNOERWOOO Type J-101 L1 7 Turns 1/4" 1,0, LS FERROXCUBE VK200-20/48 
C11 0.47 µF TANTALUM L2 6-4 Turns 1 /8" 1.0. L9 Ferrite Bead, FERROXCUBE 56-1590-65/38 

C12,C14 470 pf Feedthru L3 0.68 µH Molded Choke 

NOTE: .All coils air core space wound with #20 AWG Wire, unless otherwise specified. 

Figure 7 shows the 2N6256 in a 150 MHz to 450 MHz tripler 
circuit. This circuit will typically produce 85 mW at 450 MHz with 
30 mW at 150 MHz input (4.5 dB gain). Collector efficiency is 
25% and all unwanted harmonics are at least 30 dB down from 
the 450 MHz output level. 

It is important that each emitter lead be bypassed separately 
with a good hi-quality capacitor. The emitter resistor is likewise 
split in two with one-half on each emitter lead. 

MOTOROLA SEMICONDUCTORS 

The input network is a 'modified ''TEE" consisting of 01, C2, 
and L 1, which matches the 50 Ohm input to the transistor 
impedance at 150 me; this is roughly 18120 Ohms. The combi· 
nation of L2 and C3 form a 450 MHz idler to provide a base return 
for third harmonic current. L4, C6 and L5, C7 are 150 MHz and 
300 MHz output idlers respectively. The output matching section 
is a pi network made up of L6, C9 and C10. All coils are air core 
space-wound (turns one wire diameter apart) with #20 AWG wire. 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 15 

Collector-Base Voltage VcBo 30 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous le 50 

Total Device Dissipation @ TA = 25'C Po 200 
Derate above 25°C 1.14 

Storage Temperature Ts.!9_ -65 to +200 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 5.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le= 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, le = O) 

Collector Cutoff Current 
(Vcs = 5.0 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 2.0 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VcB = 10 Vdc, IE = o. f = 1.0 MHz) 

Small Signal Current Gain 
!le = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Collector Base Time Constant 
!IE = 2.0 mAdc, Vcs = 5.0 Vdc, f = 31.8 MHz) 

Noise Figure 
!le = 2.0 mAdc, Vee = 5.0 Vdc, Rs = 50 ohms, 
f = 450 MHz) (Figure 1) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(le = 2.0 mAdc, Vee = 5.0 Vdc, f = 450 MHz) (Figure 1) 

SMALL-SIGNAL DEVICES 

2N6304 
2N6305 

2N6304 
2N6305 

2N6304 
2N6305 

2N6304 
2N6305 

7-71 

Unit 

Vdc 

Vdc 

2N6304 
2N6305 

CASE 20-03, STYLE 10 
T0-72 (T0-206AF) 

I 
Vdc 

HIGH FREQUENCY TRANSISTOR 
mAdc 

mW 
mWl°C 

'C 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

fr 

Ccb 

hfe 

rb'Cc 

NF 

Gpe 

Min 

15 

30 

3.5 

-

25 

1400 
1200 

-

25 

2.0 
2.0 

-
-

15 
12 

NPN SILICON 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- 10 nAdc 

250 

MHz 
- -
- -
0.8 1.0 pF 

- 250 -
ps 

- 12 
- 15 

dB 

- 4.5 
- 5.5 

dB 

MOTOROLA SEMICONDUCTORS 



• 

2N6304 • 2N6305 

:z: 

2500 

2250 

::; 2000 
§;: 
0 1750 
Z-

~ ~ 1500 

~ ~ 1250 
c>o 
~ ~ 1000 

~a.. 750 

~ 500 

250 

FIGURE 1 - TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN 

Rs·son 

Capacitance values in pf 
VEE= -7.5 Vdc 

C4 
0.3-5.0 

Vout 

Ll, L2 - Silver-plated brass rod, 1-1/2" long and 1/4" dia. Install (Cl 
at least 112" from nearest vertical chassis surface. 

Apply VEE, and with signal generator adjusted for 5 mV 
output from amplifier, tune Cl, Cl, and C4 for 
ma1dmum output. l3 - 112turn116 AWG wire, located 1/4" from and 

parallel to L2. 
• - External inteflead shield to isolate collector lead from 

emitter and base leads. 
Neutralization Procedurt: 

(A) Connect 450-MHz signal generator (with Rs .. SO ohms) 
to input terminals of amplifier. 

(B) Connect 50-ohm RF voltmeter across output terminals 
of amplifier. 

(0) Interchange connections to signal generator and 
RF voltmeter. 

(E) With sufficient signal applied to output terminals of 
amplifier, adjust C2 for minimum indication at input. 

(f) Repeat steps (A), (8), and (C) to determine if retuning 
isnecenarv. 

FIGURE 2 - COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR BASE VOLTAGE 

2.0 

~ 
1.8 

w 1.6 

~ " z 
<( 1.4 I-

~ 1.2 
;'I 

1.0 w 

~ 0.8 
"' 0 

0.6 

~ 0.4 

0.2 
j 

0 
0.2 0.5 1.0 2.0 5.0 10 20 

Vc5. COLLECTOR-BASE VOLTAGE (VOLTS) 

FIGURE 3 - CURRENT-GAIN-BANDWIDTH 
PRODUCT versus COLLECTOR CURRENT 

FIGURE 4 - COLLECTOR-BASE TIME 
CONSTANT versus EMITTER CURRENT 

g 10 

VcE. 10 Vdc l 
~ P%•5.0Vdc r---1 

ff 
r._ 

~ 9.0 f----t-t--1-+-+-H-+++--+-+--+-+-+-+-+-+lrl 
~ 
~ 8.0 J 
8 7.0 ~ Vee· 5.0 Vdc-++-<-H--+_,f---+-f--t--t-+-++< 

~ 60 "1--... 
J_ w 5·0f--llHM=m:lt=ij::::tltttffi ~ I 

~ 4.0 f----t-t--1-+-+-H-+++--+-+--+-+-+-+-+-+lrl 
0 J_ 
~ 3.0 

8 2.0 f----t-t--1-+-+-H-+++--+-+--+-+-+-+-+-+lrl 

~ 1.0 

5.0 10 15 20 25 
·e o.'-::-_,--:-!7--:"::"--'--c"="'~~~-~~--:!-:-~~~~"°' 

1.0 2.0 3.0 5.0 10 20 30 50 100 

le. COLLECTOR CURRENT (mAdc) IE, EMITTER CURRENT (mAdc) 
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2N6304 • 2N6305 

FIGURE 5 - REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 

s 10~--~-~-~-~~~-~~~~~~ 
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FIGURE 7 - OUTPUT ADMITTANCE 
versus FREQUENCY 

~~~=--j_t---t--VCE = 5.0 Vdc--+--+--+-+-+-+-i 

1----':gt"'e --=-...:-t--- 'C = 2.0 mAdc-+--+---+-1--+--+-l 
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SMALL-SIGNAL DEVICES 

7.73 

FIGURE 6 - INPUT ADMITTANCE 
versus FREQUENCY 

VcE = 5.0Vdc 
1---lc = 2.0 mAdc +--t--+--+-+t---+-+--+--+-+-1 

·~ 10 ---+- j.--V 
0~ gie 

100 150 200 300 400 500 600 700 BOO 1000 
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FIGURE 8 - FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 

20 1 
18 1-vcE = 5.0Vdc 
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s 
"E 
.s 
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FIGURE 9 - S11. INPUT REFLECTION 
COEFFICIENT 

FIGURE 11 - S12. REVERSE TRANSMISSION COEFFICIENT 

MOTOROLA SEMICONDUCTORS 

FIGURE 10 - S22. OUTPUT REFLECTION 
COEFFICIENT 

FIGURE 12 -S21. FORWARD TRANSMISSION COEFFICIENT 
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FIGURE 13 - S11. INPUT REFLECTION COEFFICIENT AND S22. 
OUTPUT REFLECTION COEFFICIENT 

• 
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2N6603 

JAN, JTX, JTXV AVAILABLE 
CASE 303-01, STYLE 1 

MAXIMUM RATINGS (TA= 25'C Free Air Temperature) 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 15 Vdc 

HIGH FREQUENCY TRANSISTOR 
Collector-Base Voltage Vceo 25 Vdc 

Emitter-Base Voltage Veeo 3.0 Vdc 

NPNSILICON Collector Current - Continuous le 30 mAdc 

Total Device Dissipation@ Tc = 125'C Po 400 mW 
Derate above 125'C 5.33 mWl'C 

Storage Temperature TsN_ -65 to +200 'C 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 15 - - Vdc 
(le = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 25 - - Vdc 
(le= 0.1 mAdc, le = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
Ue = 0.1 mAdc, le = o) 

Collector Cutoff Current lceo - - 50 nAdc 
(Vee = 15 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 30 200 
Uc = 15 mAdc, Vee = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Collector-Base Capacitance(1) Ccb 0.25 0.75 pF 
(Vee= 10 Vdc, le= o, 0.1MHz""f""1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) Gpe 15 - 21 dB 
(Vee = 10 Vdc, le= 15 mA, f = 1.0 GHz) 

Spot Noise Figure (Rs = Optimum) (Figure 1) NF 1.0 - 2.5 dB 
(Vee = 10 Vdc, le = 5.0 mA, t = 1.0 GHz) 

Power Gain at Optimum Noise Figure (Figure 1) GNF 10 - - dB 
(Vee = 10 Vdc, le = 5.0 mA, f = 1.0 GHz) 

TYPICAL 2 GHz PERFORMANCE 

Maximum Available Gain (Figure 1 )(2) MAG - 11 - dB 
(Vee = 10 Vdc, le= 15 mA, f = 2.0 GHz) 

Noise Figure (Rs = Optimum) (Figure 1) NF - 2.9 - dB 
(Vee = 10 Vdc, le = 5.0 mA, f = 2.0 GHz) 

(1) Ccb measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal of the bridge. 

(2) MAG is calculated from the S-Parameters using the equation MAG = (1 -IS 11 1 1~f)\2 - IS2212) 
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FIGURE 1 - BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 

Signal 
Generator RF Power Gain 

3 dB 

Vee 
Bias 

0 

c 

0 

TUT 

Noise Figure 

Noise Diode 

Ailtech Model 75 

Automatic NF 
Meter or 

Equivalent 

FIGURE 2 - POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 
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FIGURE 4 - CURRENT GAIN-BANDWIDTH PRODUCT 
.. ..,, COLLECTOR CURRENT 
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SMALL-SIGNAL DEVICES 
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7-77 
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FIGURE 3 - OUTPUT CAPACITANCE versus VOLTAGE 
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FIGURE 8 ~NOISE FIGURE vionus COLLECTOR CURRENT · 

5.0 

4.0 I-
;;; 
3 ... 
g:; 3.0 .. 
u:: ... a 2.0 
z .... 
z 

1.0 

0 
0.5 

~ 

f = 1.0 GHz 
t- Vee= lDV 

_.il 

lL v 
...... 

1.0 10 
le. COLLECTOR CURRENT (mA) 

COMMON EMITTER SCATTERING PARAMETERS 
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FIGURE 7 - INPUT AND OUTPUT REFLECTION 
COEFFICIENTS vorsus FREQUENCY 

FIGURE 8 - FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTSvenu1 FREQUENCY 
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2N6603 

S - PARAMETERS 

VcE le Frequency 511 521 512 522 
(Volts) (mA) (MHz) 15111 L<p 15211 L<f> 15121 L<f> 15221 L<f> 

5.0 5 100 0.69 -30 12.16 160 0.026 72 0.95 -16 
200 0.65 -61 11.03 143 0.046 59 0.84 -31 
500 0.63 -122 7.05 111 0.074 36 0.56 -54 

1000 0.64 -158 4.13 88 0.087 28 0.39 -68 
2000 0.65 170 2.14 61 0.107 29 0.33 -91 

10 100 0.52 -50 18.74 154 0.022 69 0.91 -22 
200 0.54 -92 15.53 135 0.037 53 0.74 -40 
500 0.62 -146 8.49 104 0.052 38 0.43 -62 

1000 0.65 -172 4.66 84 0.065 37 0.29 -75 
2000 0.67 162 2.38 60 0.094 42 0.26 -97 

15 100 0.42 -70 22.72 150 0.019 66 0.87 -26 
200 0.51 -113 17.72 130 0.030 50 0.68 -44 
500 0.63 -157 8.96 100 0.042 41 0.38 -64 

1000 0.66 -178 4.80 82 0.056 44 0.26 -75 
2000 0.69 159 2.43 59 0.090 48 0.24 -97 

30 100 0.39 -116 24.57 142 0.014 62 0.80 -29 
200 0.55 -145 17.17 120 0.021 49 0.58 -42 
500 0.67 -171 7.96 95 0.030 49 0.34 -49 

1000 0.69 175 4.18 78 0.047 56 0.29 -56 
2000 0.71 157 2.13 55 0.084 58 0.29 -81 

10 5 100 0.71 -27 12.01 161 0.021 73 0.96 -13 
200 0.67 -55 11.10 145 0.039 60 0.87 -25 
500 0.63 -115 7.44 114 0.064 39 0.62 -44 

1000 0.64 -153 4.43 90 0.077 30 0.46 -55 
2000 0.64 172 2.27 62 0.094 31 0.39 -76 

10 100 0.55 -43 18.77 155 o.oi8 71 0.92 -18 
200 0.55 -83 16.00 137 0.031 54 0.78 -32 
500 0.60 -140 9.06 106 0.046 39 0.49 -48 

1000 0.63 -168 5.02 85 0.058 39 0.36 -56 
2000 0.65 164 2.55 60 0.084 43 0.33 -76 

15 100 0.46 -60 23.14 152 O.Q16 68 0.90 -21 
200 0.51 -103 18.39 131 0.027 52 0.72 -36 
500 0.61 -152 9.67 102 0.037 42 0.43 -49 • 1000 0.64 -175 5.21 83 0.049 45 0.33 -54 

2000 0.66 161 2.61 59 0.079 51 0.31 -74 

30 100 0.39 -98 27.29 144 0.013 63 0.83 -24 
200 0.53 -135 19.38 122 0.019 50 0.63 -35 
500 0.64 -167 9.11 96 0.027 48 0.41 -39 

1000 0.66 177 4.77 79 0.042 55 0.36 -45 
2000 0.69 157 2.41 56 0.074 58 0.35 -67 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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2N6604 

JAN, JTX, JTXV AVAILABLE 
CASE 303-01, STYLE 1 

MAXIMUM RATINGS ITA = 25'C Free Air Temperature) 

Radng Symbol Value Unit 

Collector-Emitter Voltage Vceo 15 Vdc 

HIGH FREQUENCY TRANSISTOR 
Collector-Base Voltage Vceo 25 Vdc 

Emitter-Base Voltage Veeo 3.0 Vdc 

NPN SILICON Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ Tc = 125'C Po 500 mW 
Derate above 125°C 6.66 mwrc 

Storage Temparature TsN_ -65 to +200 ·c 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characterlsdc Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 15 - - Vdc 
Uc= 1.0 mAdc, le = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 25 - - Vdc 
Uc= 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
Ue = 0.1 mAdc, le= O) 

Collector Cutoff Current lceo - - 50 nAdc 
(Vee = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 30 200 
Uc = 30 mAdc, Vee = 10 Vdcl 

SMALL SIGNAL CHARACTERISTICS 

Collector-Base Capacitance( 1 ) Ccb 0.30 0.80 pf 
(Vee = 10 Vdc, IE = 0, 0.1 MHz .. f .. 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 
(Vee = 10 Vdc, le = 30 mAdc, f = 1.0 GHz) 

Gpe 15 - 21 dB 

Spot Noise Figure (Rs = Optimum) (Figure 1) NF 1.5 - 3.0 dB 
(Vee = 10 Vdc, le = 5.0 mAdc, f = 1.0 GHz) 

Power Gain at Optimum Noise Figure (Figure 1) GNf 9.0 - - dB 
(Vee= 10 Vdc, le= 5.0 mAdc, f = 1.0 GHz) 

TYPICAL 2 GHz PERFORMANCE 

Maximum Available Gain (Figure 1)(2) MAG - 10 - dB 
(Vee= 10 Vdc, le= 30 mAdc, f = 2.0 GHz) 

Noise Figure (Rs =Optimum) (figure 1) NF - 4.3 - dB 
(Vee = 10 Vdc, le = 5.0 mAdc, f = 2.0 GHz) 

(1) Ccb measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The emitter terminal shall be connected to 
the guard terminal of the bridge. 

(2) MAG is calculated from the S-Parameters using the equation MAG = 11 -IS1111~~);2 -Js22J2) 
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FIGURE 1 - BLOCK DIAGRAM FOR POWER GAIN AND NOISE FIGURE 
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FIGURE 2 - POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 
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FIGURE 3 - OUTPUT CAPACITANCE versus VOLTAGE 
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FIGURE 6 - NOISE FIGURE versus COLLECTOR CURRENT 
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S - PARAMETERS 

Vee •c Frequency S11 S21 S12 S22 

(Voltsl lmAI (MHz I 1s111 Lt/> IS211 Lt/> IS121 L</> IS221 Lt/> 

5.0 5 100 0.72 -40 12.37 153 0.028 67 0.91 -18 
200 0.65 -78 10.38 133 0.048 51 0.76 -32 
500 0.61 -137 5.75 100 0.067 34 0.50 -45 

1000 0.61 -168 3.13 78 0.082 31 0.41 -54 
2000 0.63 161 L58 47 0.112 30 0.41 -80 

10 100 0.57 -60 19.54 146 0.024 63 0.85 -27 
200 0.55 -105 14.70 125 0.038 47 0.64 -43 
500 0.59 -155 7.12 95. 0.051 39 ·o.31 -55 

1000 0.61 -178 3.77 76 0.069 40 0.29 -62 
2000 0.64 156 1.91 50 0.106 39 0.30 -86 

30 100 0.43 -111 30.58 135 O.D16 57 0.72 -39 
200 0.53 -145 19.35 114 0.022 49 0.46 -57 
500 0.62 -173 8.42 91 0.035 51 0.24 -69 

1000 0.63 172 4.36 75 0.058 54 0.18 -76 
2000 0.67 151 2.19 52 0.099 49 021 -99 

50 100 0.46 -134 32.34 129 0.013 57 0.64 -42 
200 0.57 -158 19.19 110 O.D18 51 0.40 -56 
500 0.64 -178 8.13 89 0.031 57 0.22 -62 

1000 0.65 170 4.17 74 0.053 58 0.19 -70 
2000 0.70 150 2.10 52 0.092 54 0.22 -97 

10 5 100 0.74 -36 12.34 154 0.023 69 0.93 -15 
200 0.67 -71 10.56 135 0.040 54 0.81 -25 
500 0.59 -131 6.09 102 0.058 37 0.57 -36 

1000 0.58 -164 3.32 79 0.073 33 0.50 -44 
2000 0.60 164 1.67 48 0.098 32 0.49 -69 

10 100 0.60 -52 19.75 148 0.020 65 0.87 -21 
200 0.56 -95 15.30 127 0.032 49 0.69 -33 
500 0.56 -149 7.69 97 0.044 41 0.45 -41 

1000 0.58 -174 4.07 77 0.061 42 0.39 -47 
2000 0.61 159 2.03 50 0.095 40 0.39 -70 

30 100 0.44 -94 32.03 136 0.014 59 0.75 -31 
200 0.50 -135 :io.76 115 0.021 49 0.52 -41 
500 0.57 -168 9.13 91 0.032 52 0.33 -43 • 1000 0.59 175 4.71 75 0.052 54 0.29 -48 

2000 0.64 154 2.34 52 0.089 49 0.30 -72 

50 100 0.44 -117 33.56 129 0.012 59 0.68 -31 
200 0.52 -150 19.94 109 0.017 50 0.47 -36 
500 0.59 -174 8.52 89 0.028 56 0.34 -35 

1000 0.61 173 4.38 75 0.049 57 0.32 ,-43 
2000 0.66 152 2.21 51 0.083 52 0.34 -70 
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CASE 317A-01, STYLE 2 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 15 Vdc 

Collector-Base Voltage VcBo 20 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 30 mAdc 

HIGH FREQUENCY TRANSISTOR Total Device Dissipation @ TA = 60°C Po 180 mW 
De rate above 60°C 2.0 mWf'C 

NPN SILICON Storage Temperature Ts.!9_ -65to +150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RruA 500 oc/W 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter .Breakdown Voltage V(BR)CEO 15 - - Vdc 
Oc = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 20 - - Vdc 
Oc = 0.1 mAdc, IE= O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
OE= 0.1 mAdc, lc = O) 

Collector Cutoff Current lcBo - - 50 nAdc 
(VcB = 10 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 25 250 
Oc = 14 mAdc, VcE = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 5.0 - GHz 
Oc = 14 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

Collector-Base Capacitance Ccb - 0.5 1.0 pF 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Noise Figure NF dB 
Oc = 2.0 mAdc, VcE = 10 Vdc, f = 0.5 GHz) - 2.4 -
Oc = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 GHz) - 3.0 -

Power Gain at Optimum Noise Figure GNF dB 
Oc = 2.0 mAdc, VcE = 10 Vdc, f = 0.5 GHz) - 15 -
Oc = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 GHz) - 10 -

Maximum Available Power(1) Gmax dB 
(le = 14 mAdc, VcE = 10 Vdc, f = 0.5 GHz) - 18 -
Oc = 14 mAdc, VcE = 10 Vdc, f = 1.0 GHz) - 12 -
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0.50 -80 0.33 -115 
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FIGURE 5 - S22 PARAMETERS 
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FIGURE 6 - S21 PARAMETERS 

Frequency (MHz) 200 500 800 1000 1500 

Vee le 
(Volts) (mAI 821 L¢ S21 L¢ S21 L¢ S21 L¢ S21 L¢ 

2.0 5.76 140 3.81 105 2.73 90 2.20 75 1.70 60 
5.0 9.92 125 5.24 95 3.50 80 2.80 70 2.10 60 

5.0 10 12.33 115 5.82 90 3.79 75 2.90 65 2.20 55 

20 13.62 105 6.00 85 3.88 75 2.95 65 2.25 55 

30 13.41 105 5.80 80 3.74 75 2.85 65 2.15 55 
2.0 5.77 145 3.88 110 2.80 90 2.25 75 1.75 60 

5.0 10.05 130 5.42 95 3.60 80 2.85 70 2.10 60 
10 10 12.56 115 6.00 90 3.90 80 3.05 70 2.25 55 

20 13.77 110 6.13 85 3.92 75 3.05 65 2.20 55 
30 13.23 105 5.79 85 3.70 75 2.85 65 2.15 55 

FIGURE 7 - S12 PARAMETERS 
Frequency (MHz) 200 500 800 1000 1500 

Vee le 
(Volts) (mAI S12 L¢ S12 L¢ S12 L¢ S12 L</> S12 UP 

2.0 0.06 65 0.10 55 0.12 55 0.14 55 0.17 60 
5.0 0.05 65 0.08 65 0.12 65 0.15 65 0.19 65 

5.0 10 0.04 65 0.08 70 0.12 70 0.15 70 0.20 65 
20 0.04 75 0.08 75 0.12 75 0.15 70 0.20 70 
30 0.03 75 0.07 75 0.11 75 0.15 75 0.19 70 
2.0 0.05 70 0.03 55 0.11 55 0.12 55 0.15 60 
5.0 0.04 65 0.07 65 0.10 65 0.13 65 0.17 70 

10 10 0.04 65 0.07 70 0.10 70 0.13 70 0.17 70 
20 0.03 70 0.07 75 0.10 75 0.13 75 0.17 70 

• 30 0.03 75 0.06 75 0.10 75 0.13 75 0.17 70 
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MAXIMUM RATINGS CASE 317A-01, STYLE 2 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 12 Vdc 

Collector-Base Voltage Vcso 15 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 35 mAdc 

Total Device Dissipation @ TA = 60°C Po 180 mW 
Derate above 60°C 2.0 mwrc HIGH FREQUENCY TRANSISTOR 

Storage Temperature Ts!!l._ -65to +150 "C NPN SILICON 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 500 °C/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 12 - - Vdc 
Uc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 15 - - Vdc 
Uc= 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
!le= 0.1 mAdc, lc = O) • Collector Cutoff Current lcso - - 50 nAdc 
(Vcs = 5.0 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 25 250 
Uc = 30 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr - 5.0 - GHz 
(le = 30 mAdc, VcE = 5.0 Vdc, f = 0.5 GHz) 

Collector-Base Capacitance Ccb - 0.7 1.0 pF 
(Vcs = 10 Vdc, IE = o. f = 1.0 MHz) 

FUNCTIONAL TEST 

Noise Figure NF dB 
Uc = 2.0 mAdc, VcE = 5.0 Vdc, f = 0.5 GHz) - 1.9 -
Uc = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 GHz) - 2.5 -

Power Gain at Optimum Noise Figure GNF dB 
Uc = 2.0 mAdc, VcE = 5.0 Vdc, f = 0.5 GHz) - 11 -
(le = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 GHz) - 8.0 -

Maximum Available Power(1) Gm ax dB 
Uc = 30 mAdc, Vee = 5.0 Vdc, f = o.s GHz) - 16 -
Uc = 30 mAdc, Vee = 5.0 Vdc, f = 1.0 GHz) - 10 -

- IS2112 
(1) Gmax - (1 -151112) (1 -JS22J2) 
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FIGURE 1 - POWER DERATING 
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FIGURE 4 - S11 PARAMETERS 
Frequency (MHz) 200 500 800 1000 1500 

Vee le 

(Volts) (mAI S11 Lt/J S11 Lt/J S11 Lt/J S11 Lt/J S11 Lt/J 

2.0 0.72 -65 0.51 -125 0.46 ·165 0.47 170 0.51 145 

5.0 0.49 -90 0.35 -150 0.34 175 0.36 155 0.41 135 

5.0 10 0.34 -110 0.28 -165 0.29 165 0.32 145 0.36 130 

20 0.26 -130 0.24 180 0.27 155 0.30 140 0.34 125 

30 0.24 -145 0.24 175 0.27 155 0.30 140 0.34 125 

2.0 0.74 -60 0.51 -120 0.45 -160 0.45 170 0.49 150 

5.0 0.52 -80 0.33 -140 0.31 .175 0.32 160 0.37 145 

10 10 0.36 .95 0.24 -155 0.24 170 0.27 155 0.31 140 

20 0.25 -115 0.19 ·170 0.21 160 0,24 145 0.29 130 

30 0.22 -120 0.19 ·175 0.21 160 0.25 145 0.20 130 

FIGURE 5 - S22 PARAMETERS 

Frequency (MHz) 200 500 800 1000 1600 

Vee le 
(Volts) lmAI S22 Lt/J S22 Lt/J S22 Lt/J S22 L<I> S22 L¢ 

2.0 0.83 ·25 0.62 .35 0.55 -40 0.51 45 0.49 -60 

5.0 0.66 -30 0.45 .35 0.40 -40 0.37 -40 0.34 .50 

5.0 10 0.52 .35 0.36 ·35 0.32 ·35 0.30 .35 0.27 ·50 

20 0.42 .35 0.30 -30 0.27 ·30 0.26 ·30 0.22 45 

30 0.38 .35 0.28 -25 0.26 -30 0.25 -30 0.21 -40 

2.0 0.86 -20 0.67 -30 0.62 .35 0.58 -40 0.56 .50 

5.0 0.71 ·25 0.53 -30 0.48 .30 0.45 .35 0.43 45 
10 10 0.59 -30 0.45 ·25 0.41 -30 0.40 -30 0.37 -40 

20 0.50 ·25 0.40 -25 0.38 ·25 0.37 -30 0.34 -40 

30 0.47 ·25 0.40 ·20 0.38 ·25 0.37 .JO 0.34 -36 
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FIGURE 6- S21 PARAMETERS 

Frequency {MHzl 200 500 800 1000 1500 

VeE le 
{Voltsl {mAl S21 U/> S21 L<I> S21 I.</> S21 L </> s21· L</> 

2.0 5.25 130 3.06 95 2.10 75 1.70 65 1.20 50 

5.0 8.72 120 4.34 90 2.84 75 2.30 65 1.60 50 

5.0 10 10.85 110 4.92 85 3.22 70 2.60 65 1.80 50 

20 12.13 105 5.34 80 3.44 70 2.75 60 1.90 50 

30 12.50 100 5.42 80 3.47 2.75 60 1.90 50 

2.0 5.36 135 3.20 95 2.20 80 1.85 65 1.30 50 

10 5.0 9.05 120 4.55 90 3.00 75 2.45 65 1.65 50 

10 11.37 110 5.22 85 3.40 75 2.65 65 1.85 50 

20 12.83 105 5.64 80 3.63 70 2.75 60 2.00 50 

30 13.10 100 5.62 80 3.63 70 2.75 60 2.00 50 

FIGURE 7 - S12 PARAMETERS 

Frequency {MHzl 200 500 800 1000 1500 

VeE le 
{Voltsl {mAI S12 U/> S12 UI> S12 L</> S12 l </> S12 L</> 

2.0 0.08 55 0.11 45 0.12 50 0.14 55 0.17 65 

5.0 0.06 55 0.09 60 0.13 65 0.17 65 0.22 65 

5.0 10 0.05 60 0.09 65 0.14 70 0.19 65 0.24 65 

20 0.05 70 0.07 70 0.15 70 0.19 70 0.25 65 

30 0.04 75 0.10 75 0.15 70 0.19 70 0.25 65 

2.0 0.06 60 0.09 45 0.10 50 0.12 60 0.15 70 

5.0 0.05 60 0.08 60 0.11 65 0.15 65 0.19 70 

10 10 0.05 65 0.08 65 0.12 70 0.16 70 0.21 70 

20 0.04 70 0.08 70 0.13 70 0.17 70 0.22 70 

30 0.04 70 0.08 75 0.13 70 0.17 70 0.22 70 • 
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BFR96 ~ 
CASE 317A-01, STYLE 2 ~ 

CASE317-0~~~~~1 x 
MRF962 

MAXIMUM RATINGS CASE 303-01, STYLE 1 x 
BRF96 MRF962 

Rating Symbol MRF961 MRF965 Unit 

CASE 26-0~!~~~5, 
T0-46 (T0-206AB) 

HIGH FREQUENCY TRANSISTOR 

Collector-Emitter Voltage Vceo 15 15 Vdc 

Collector-Base Voltage Vceo 20 20 Vdc 

Emitter-Base Voltage Veeo 3.0 3.0 Vdc 

Collector Current - Continuous le 100 100 mAdc 

Total Device Dissipation@ Tc = 100'C Po 0.5 0.75 Watts 
Derate above 100'C 5.0 7.5 mW/'C 

NPN SILICON 
Storage Temperature Tstg -65to -65to 'C 

+150 +200 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 15 - - Vdc 
Uc= 1.0 mAdc, le = O) .. Collector-Base Breakdown Voltage V(BR)CBO 20 - - Vdc 
Uc = 100 µAde, le = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
Ue = 100 µAde, le = Ol 

' Collector Cutoff Current lceo - - 100 nAdc 
<Vee = 10 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain 30 200 
Uc= 50 mAdc, Vee = 10 Vdcl 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr - 4.5 - GHz 
Uc = 50 mAdc, Vee = 10 Vdc, f = 0.5 GHz) 

Collector-Base Capacitance Ccb pF 
(Vee = 10 Vdc, Emitter Guarded) BFR96, MRF961, MRF962 - 1.2 1.5 

MRF965 - 1.6 2.0 

FUNCTIONAL TEST 

Noise Figure NF - 2.0 - dB 
Uc = 10 mAdc, Vee = 10 Vdc, f = 0.5 GHz) 

Maximum Available Gain/Insertion Gain MAG/IS2112 dB 
Uc = 50 mAdc, Vee = 10 Vdc, f = 0.5 GHz) BFR96, MRF965 -112 14.5113 -

MRF961 -113.5 17115 -
MRF962 -115 20.5116.5 -
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BFR96 • MRF961 • MRF962 • MRF965 

FIGURE 1 - MAXIMUM AVAILABLE GAIN versus FREQUENCY 
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FIGURE 6 - NOISE FIGURE venus COLLECTOR CURRENT 

4.o~- I 
~ !-------+- 1 0.5 GHz -t---+--+--+---t~--1 
~ J_Q i-------+ VcE ~ 10 V +-+-c:J--"'f-1---"-+--j 
" l--1 
g 2 0 I--"' .___,__,,,..-1::+l--"--+---+---t-BFR~_j_Series t---1 

::i 

.. 

le. COLLECTOR CURRENT (mA) 

FIGURE 8 - OUTPUT POWER AND EFFICIENCY 
venus INPUT POWER (MRF965) 

~ 400 80 ~ 

~ ~ 
~ JOor--r--r--t-.~r--r-___,r-___,---160 s 
~ ~c ~ 

o..g 200 40 ~ 
~ 

100~-~-~-~-~-~-~~~___,10 

0 20 41} 60 80 
Pm. INPUT POWER ~mW) 

FIGURE 9 - MRF965 CLASS C AMPLIFIER@ 500 MHz, 400.mW 

SMALL-SIGNAL DEVICES 

0.1 µF 

B'ltton i 

Vee 

L2 
L3 (3-30)pF 

(1-10) pF (3-301 pF 

7-91 

L 1 - Copper Strip; 1/4" Wide X 1" Long 
X 0.005" Thick 

L2 - 3/4", #18 AWG 
L3 - 2 Turns, #18 AWG, 1/4" 10 

(3-30) pF - Arco 19A115282-1 
or equivalent 

( 1-10) pF - Johanson Piston 
Trimmer or equivalent 

Bead - Indiana General #56-590·65 

MOTOROLA SEMICONDUCTORS 
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BFR96 COMMON-EMITTER S-PARAMETERS 

VcE 
(Volts) 

5.0 

10 

INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 

(VcE = 10 V, lc = 50 mAI 

+j50 

-j50 

le I S11 
(mAI (MHz I IS111 L</> 

10 100 0.51 -95 
300 0.43 -163 
500 0.46 174 
700 0.48 162 
1000 0.48 146 
1500 0.54 121 

25 100 0.39 -122 
300 0.39 -176 
500 0.42 166 
700 0.44 156 

1000 0.44 142 
1500 0.49 118 

50 100 0.35 -140 
300 0.38 176 
500 0.42 162 
700 0.43 153 

1000 0.42 140 
1500 0.47 116 

10 100 0.53 -83 
300 0.38 -154 
500 0.41 -179 
700 <i.42 166 

1000 0.42 151 
1500 0.49 125 

25 100 0.38 -104 
300 0.32 -169 
500 0.35 170 
700 0.37 160 

1000 0.37 146 
1500 0.43 121 

50 100 0.33 -119 
300 0.30 -176 
500 0.34 166 
700 0.36 158 

1000 0.36 144 
1500 0.42 119 

MOTOROLA SEMICONDUCTORS 

S21 
IS211 L<I> 

15.04 121 
5.87 92 
3.61 79 
2.65 68 
1.92 57 
1.40 43 

19.41 112 
6.81 89 
4.11 78 
3.05 69 
2.20 59 
1.62 45 
21.10 106 
7.11 88 
4.28 78 
3.16 70 
2.28 60 
1.66 47 

15.96 124 
6.44 94 
3.98 81 
2.94 70 
2.12 60 
1.50 44 

20.85 115 
7.54 91 
4.61 80 
3.37 70 
2.43 61 
1.73 47 

22.59 109 
7.74 88 
4.70 79 
3.45 70 
2.46 61 
1.75 47 

7-92 

FORWARO/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 

(VcE = 10 V, lc = 50 mAI 

+goo 

S12 S22 

ISt2I L<J> IS22I 
0.047 54 0.58 
0.082 58 0.26 
0.120 63 0.19 
0.161 63 0.15 
0.220 63 0.12 
0.320 58 0.13 

0.037 60 0.42 
0.079 68 0.16 
0.129 70 0.10 
0.176 68 0.06 
0.244 64 0.06 
0.348 57 0.10 

0.032 64 0.33 
0.081 72 0.13 
0.133 72 0.09 
0.183 69 0.07 
0.252 65 0.08 
0.357 57 0.12 

0 .. 039 58 0.65 
0.070 59 0.35 
0.102 64 0.30 
0.138 65 0.27 
0.191 6jj 0.24 
0.278 63 0.22 

0.032 60 0.48 
0.070 68 0.23 
0.109 71 0.19 
0.152 69 0.16 
0.210 67 0.13 
0.304 61 0.10 

0.029 63 0.39 
0.069 72 0.19 
0.113 73 0.16 
0.156 70 0.14 
0.217 66 0.11 
0.310 60 0.08 

L</> 

-48 
-63 
-63 
-64 
-79 

-118 

-68 
-94 
-103 
-119 
-159 
177 

-81 
-116 
-136 
-163 
165 
155 

-36 
-41 
-39 
-39 
-47 
-72 

-48 
-48 
-43 
-39 
-44 
-74 

-51 
-47 
-40 
-35 
-39 
-72 

SMALL-SIGNAL DEVICES 



BFR96 • MRF961 • MRF962 • MRF965 

MRF961 COMMON-EMITTERS-PARAMETERS 

Vee 
(Volts) 

5.0 

10 

INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 

!Vee= 10 V, le= 50 mA) 

• J~O 

ic f S11 
(mA) (MHz) 1S11I 

10 100 0.65 
300 0.64 
500 0.66 
700 0.68 

1000 0.68 
1500 0.72 

25 100 0.60 
300 0.63 
500 0.66 
700 0.67 

.1000 0.67 
1500 0.71 

50 100 0.59 
300 0.64 
500 0.67 
700 0.68 
1000 0.67 
1500 0.72 

10 100 0.65 
300 0.61 
500 0.62 
700 0.64 

1000 0.64 
1500 0.69 

25 100 0.57 
300 0.58 
500 0.61 
700 0.63 

1000 0.62 
1500 0.67 

50 100 0.55 

Lr:> 
-101 
-160 
-178 
171 
160 
143 

-129 
-172 
174 
166 
156 
140 

-147 
-178 
171 
164 
154 
138 

-90 
-154 
-174 
175 
163 
145 

-116 
-167 
178 
169 
159 
142 

-132 
300 0.57 -173 
500 0.60 174 
700 0.62 167 

1000 0.61 158 
1500 0.67 141 

SMALL-SIGNAL DEVICES 

S21 

:s21' L<:> 
16.61 125 
6.61 96 
4.01 83 
2.93 73 
2.07 63 
1.43 50 

22.41 115 
7.94 93 
4.78 83 
3.45 75 
2.46 66 
1.73 54 

25.12 109 
8.47 91 
5.05 83 
3.67 75 
2.60 67 
1.83 56 

17.47 128 
7.31 97 
4.46 84 
3.27 74 
2.33 64 
1.56 50 

24.36 119 
8.10 94 
5.43 83 
3.93 75 
2.78 66 
1.91 53 

26.97 112 
9.32 91 
5.58 82 
4.04 74 
2.85 66 
1.96 55 

7-93 

FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 

(Vee= 10 V, le= 50 mA) 

S12 S22 

18121 Lr;> IS22I 
0.047 46 0.61 
0.064 39 0.27 
O.D78 45 0.19 
0.093 49 0.16 
0.119 53 0.16 
0.158 54 0.21 

0.034 44 0.49 
0.049 50 0.26 
0.071 58 0.21 
0.092 60 0.20 
0.124 61 0.21 
0.173 60 0.24 

0.025 46 0.42 
0.046 60 028 
0.070 65 0.26 
0.093 65 0.25 
0.128 65 0.26 
0.178 62 0.29 

0.040 50 0.67 
0.057 41 0.33 
0.069 46 0.25 
0.084 50 0.22 
0.106 54 0.20 
0.140 57 0.22 

0.030 48 0.51 
0.045 52 0.20 
0.070 58 0.14 
0.084 60 0.10 
0.112 61 0.09 
0.156 60 0.12 

0.024 47 0.40 
0.042 59 0.16 
0.064 64 0.11 
0.086 64 0.08 
0.115 64 0.08 
0.158 61 0.12 

L<p 

-56 
-87 
-98 

-108 
-124 
-141 

-84 
-132 
-150 
-164 
-177 
175 

-104 
-151 
-167 
-178 
170 
163 

-41 
-57 
-58 
-60 
-72 
-96 

-62 
-89 
-97 

-106 
-124 
-140 

-73 
-104 
-115 
-128 
-149 
-158 

MOTOROLA SEMICONDUCTORS 
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MRF962 COMMON-EMITTERS-PARAMETERS 

Vee 
(Volts) 

5.0 

10 

INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 

(VcE = 10 V, le= 50 mA) 

+jSO 

le f S11 
(mA) (MHz) IS111 L.P 

10 100 0.70 -102 
300 0.75 -156 
500 0.78 -170 
700 0.78 -176 

1000 0.78 176 
1500 0.79 167 

25 100 0.69 -131 
300 0.77 -167 
500 0.79 -176 
700 0.80 178 

1000 0.79 173 
1500 0.81 164 

50 100 0.71 -147 
300 0.78 -173 
500 0.81 179 
700 0.81 176 
1000 0.81 171 
1500 0.82 163 

10 100 0.71 -92 
300 0.74 -150 
500 0.75 -166 
700 0.76 -174 

1000 0.76 179 
1500 0.77 168 

25 100 0.67 -120 
300 0.73 -163 
500 0.76 -174 
700 0.77 -179 
1000 0.77 175 
1500 0.78 166 

50 100 0.68 -137 
300 0.74 -169 
500 0.77 -177 
700 0.77 178 

1000 0.77 173 
1500 0.79 165 

MOTOROLA SEMICONDUCTORS 

S21 

IS21I 
17.42 
7.11 
4.36 
3.16 
2.26 
1.51 

24.24 
8.76 
5.26 
3.82 
2.72 
1 .82 

27.72 
9.59 
5.72 
4.09 
2.89 
1.96 

18.77 
8.09 
5.01 
3.62 
2.58 
1.72 

27.10 
10.27 
6.21 
4.48 
3.19 
2.13 

31 .53 
11 .17 
6.69 
4.82 
3.42 
2.30 

7-94 

L¢ 

128 
98 
86 
77 
67 
54 

118 
95 
85 
78 
70 
59 

113 
94 
85 
78 
71 
62 

131 
100 
87 
78 
69 
55 

122 
97 
86 
78 
71 
59 

116 
95 
85 
78 
71 
61 

FORWARD/REVERSE TRANSMISSION 
COEFFICloNTS versus FREQUENCY 

(VcE = 10 V, le= 50 mA) 

+900 

S12 S22 

IS121 L</> 1S22I 

0.044 43 0.65 
0.058 24 0.32 
0.064 25 0.26 
0.071 26 0.23 
O.D78 27 0.24 
0.092 29 0.31 

0.029 38 0.56 
0.039 32 0.35 
0.046 36 0.32 
0.055 40 0.31 
0.067 42 0.32 
0.086 42 0.34 

0.021 37 0.53 
0.030 40 0.41 
0.038 46 0.39 
0.048 50 0.38 
0.061 51 0.38 
0.082 49 0.40 

0.037 47 0.70 
0.051 28 0.34 
0.056 28 0.27 
0.064 28 0.24 
0.071 30 0.24 
0.085 31 0.31 

0.027 42 0.57 
O.D35 36 0.27 
0.043 39 0.22 
0.051 41 0.20 
0.062 43 0.20 
0.080 42 0.25 

0.020 37 0.49 
0,028 40 0.27 
0.037 46 0.24 
0.047 48 0.23 
0.059 50 0.23 
0.078 47 0.27 

L</> 

-57 
-97 
-110 
-117 
-126 
-133 

-87 
-137 
-150 
-158 
-164 
-167 

-107 
-152 
-163 
-169 
-175 
-177 

-44 
-69 
-75 
-79 
-88 
-104 

-68 
-110 
-124 
-132 
-139 
-142 

-85 
-131 
-144 
-152 
-158 
-159 

SMALL-SIGNAL DEVICES 
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MRF965 COMMON-EMITTERS-PARAMETERS 

VcE 
(Volts) 

5.0 

10 

INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 

(VcE • 10 v. le= so mAl 

+j50 

-j50 

le f S11 
(mA) (MHz) ·IS111 L'i> 

10 100 0.56 -102 
300 0.57 -158 
500 0.56 -169 
700 0.52 178 

1000 0.55 167 
1500 0.54 150 

25 100 0.48 -129 
300 0.55 -169 
500 0.54 -176 
700 0.50 172 

1000 0.53 162 
1500 0.50 146 

50 100 0.47 -144 
300 0.55 ~173 
500 0.53 -179 
700 0.50 168 

1000 0.53 159 
1500 0.50 143 

10 100 0.56 -92 
300 0.53 -152 
500 0.53 -165 
700 0.49 -177 

1000 0.52 170 
1500 0.51 153 

25 100 0.46 -117 
300 0.50 -164 
500 0.49 -172 
700 0.45 175 

1000 0.49 164 
1500 0.47 148 

50 100 0.42 -131 
300 0.49 -169 
500 0.48 -175 
700 0.45 172 

1000 0.48 162 
1500 0.45 146 

SMALL-SIGNAL DEVICES 

Sz1 
IS21! L.P 

13.87 121 
5.47 90 
3.40 77 
2.53 69 
1.79 57 
1.27 42 

17.61 112 
6.38 89 
3.97 77 
2.94 71 
2.08 61 
1.50 47 

19.34 107 
6.72 87 
4.17 77 
3.10 71 
2.19 62 
1.59 49 

14.67 123 
6.00 92 
3.74 78 
2.76 70 
1.96 57 
1.36 42 

19.10 115 
7.09 90 
4.39 78 
3.25 71 
2.28 60 
1.61 46 

20.99 110 
7.46 88 
4.63 78 
3.40 71 
2.39 61 
1.70 48 

7-95 

FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 

(VcE = 10 v. le= so mAl ... 

-90• 

S12 Szz 
IS12I L'/J 1s221 
0.054 48 0.58 
0.084 46 ii.32 
0.110 52 0.27 
0.136 54 0.39 
0.181 56 0.35 
0.242 57 0.43 

0.041 51 0.47 
O.Q76 57 0.30 
0.111 62 0.27 
0.114 61 0.30 
0.198 60 0.32 
0.267 57 0.37 

0.035 56 0.42 
0.073 63 0.31 
0.112 66 0.29 
0.147 64 0.33 
0.206 61 0.32 
0.277 58 0.36 

0.047 50 0.63 
0.077 47 0.34 
0.100 53 0.29 
0.124 56 0.31 
0.166 58 0.38 
0.221 59 0.46 

0.036 53 0.49 
0.071 57 0.26 
0.102 62 0.23 
0.133 61 0.25 
0.181 61 0.30 
0.246 59 0.37 

0.033 56 0.41 
0.069 62 0.24 
0.103 65 0.21 
0.136 64 0.25 
0.188 62 0.29 
0.251 59 0.35 

L.P 

-62 
-94 

-106 
-115 
-112 
-122 

-85 
-125 
-138 
-143 
-136 
-140 

-100 
-138 
-150 
-153 
-146 
-149 

-50 
-73 
-82 
-93 
-94 
-108 

-68 
-99 
-110 
-119 
-112 
-120 

-79 
-111 
-123 
-129 
-119 
-126 

MOTOROLA SEMICONDUCTORS 
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CASE 317A-01, STYLE 2 

HIGH FREQUENCY TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 15 Vdc 

Collector-Base Voltage Vceo 25 Vdc 

Emitter-Base Voltage VEBO 2.5 Vdc 

Collector Current - Continuous le 35 mAdc 

Total Device Oissipation@ Tc = 105'C Po 180 mW 
Derate above 105'C 4.0 mWl°C 

Storage Temperature TS!IL -65 to 150 'C 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case(1) Rruc 250 'C/W 

(1) Case temperature measured on collector lead immediately adjacent to body of 
package. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ .Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 15 - - Vdc 
Uc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 25 - - Vdc 
Uc = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.5 - - Vdc 
UE = 0.1 mAdc, le= O) 

Collector Cutoff Current lceo - - 50 nAdc 
(Vee = 10 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 20 50 150 
Uc= .2.0 mAdc, VcE = 1.0 Vdcl 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT - 4.5 - GHz 
Uc = 10 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

Collector-Base Capacitance Ccb - 0.5 1.0 pF 
(Vee = 10 Vdc, f = 1.0 MHz, Emitter Guarded) 

FUNCTIONAL PERFORMANCE 

Optimum Noise Figure (Tuned) 
Uc = 10 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

NF0 pt - 2.7 - dB 

Noise Figure (Untuned, Rs = RL = 50 O) NF - 3.0 - dB 
Uc = 10 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

Maximum Available Gain(2) MAG - 16 - dB 
Uc = 10 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

Insertion Gain IS2112 - 14 - dB 
Uc = 10 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

_ 1s2112 
(2) Gmax - (1 -IS11l2f (1 -IS2212) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 1 - 30-900 MHz BROADBAND AMPLIFIER 

Cl 
(10-100) pF 

Rs; 75 n 
390 !l 

1.1 k 

30 ll 

VcE;10V 
le ; 10 mA 

C3, C4, CS - 0.1 µF Chip Capacitor 
L1, L2 - 3.3 µH Molded Inductor 

All Resistors 1/4 W, 20% 

FIGURE 2 - BROADBAND GAIN (Circuit Figure 1) 
14 

12 

! 10 
z 
~ 8.0 

"' 3: 
~ 6.0 

"' ~4.0 

2.0 

t-" '!-. 

VcE; 10Vdc 
le; 10 mAdc 

0.05 0.1 0.2 0.4 0 7 1.0 
f, FREQUENCY (GHz) 

FIGURE 4 - MAXIMUM AVAILABLE GAIN 

versus FREQUENCY 

i~36t--t----+--+---1t--+--+--t-+-+---t----1t---~ 

z 32t--t----+--+---1t--+--+--t-+-+---t----1t---~ 
;;: 
~ 28>---l----+---+-__,l--+-+-l-+-+---t----1t----
~ ~ le= 10mA 
:S 241--"''lil~k--+--+--IH-+-+-I-+--=+-+--

~ 20f--11--~--""'ll,,..,.-+---11--+-+-f-+-+---l----lr---I 
~16 ~ 
~ l--+--+---il--+r-:--t~~~""""::S::-t--+---1---1 ... 12 """ 
~ 8.0 l--t---t--t-+++-t-1-+1-F=:::,,.=~VfcE,__;_,10_v_d_c-l 

~ 4.0 t-----!---+--+----!-t--1-1-+-+--VCE = 5!0 Vdc ---1 
0 i l 
0.15 0.2 0.3 0.5 0.7 1.0 1.5 2.0 3.0 

f, FREQUENCY (GHz) 
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FIGURE 3 - 2nd AND 3rd ORDER INTERCEPT POINTS 
+40~~--~---.-~~--~-r~T1-,,---,r--,----,.--; 

+30>--+---+-+---+-t---+---+-+--,(,J~~~-,..~-;--_, J_ i__ 2nd Order Intercept 

l +20 3rd0rderlntercep~ r, o f---l--+-+--+--+--+-JL~V~'l+-+-1--1--+-+--1 

~ -10 l--~--+-+--clLl!'--t-1+J.~'--+---t----t--r--i-~ 
=> I/ fl 
~ -20>--+---+-+---7".l.!'.--1----.....IL..-.--t--i--r---r---i-;---i 
~ JL V Measured in circuit 

45 -30 t---+----ilr-/-;A<---+-t--T----!--t- shown in Figure 1. -

~ -40 ~ l/L_A Two-tone test: -
~ 295.25 and 205.25 MHz. 

-501 / v 
-60E~-+--+---+-~~-t---+---+-~~r-~-~~~ 

-70 -60 -50 -40 -30 -20 -10 0 +10 +20 +30 +40 +50 +60 +70 
Pin. INPUT POWER (dBm) 

FIGURE 5 -152112 versus FREQUENCY 
40 

36 

! 32 
.. 28 
<! 
~ 24 
0 

~ 20 

~ 16 

':f 12 

~8.0 
40 

0 

-........... ,....., 

0.15 0.2 

T'---. 

0.3 

lc;lOmA 

r----
'!-- VcE; 10 Vdc 

::::::L 
0.5 0.7 1.0 1.5 2.0 3.0 

f. FREQUENCY (GHz) 
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20 

! 18 

~ 16 
14 

FIGURE 6 - MAXIMUM AVAILABLE GAIN 
versus COLLECTOR CURRENT 
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le. COLLECTOR CURRENT (mA) 

FIGURE 8 - NOISE FIGURE 
versus COLLECTOR CURRENT 

so 

5.0 .-.--.---.-,--.---..---,.-,--,---..-,_ .... J-r-.---, 
... Ci_-+--+--t--+-4---1----1--+-~ 1.0 r +-+-I 

\. v VcE = 10 Vdc 
2.0 l--'"l-"'"+--+-l-+--l--+-l-+-:.+--1--l-+--l 

1.0 l--+--+--l>--+--+--l-+--+--l-+--l--1-+-~ 

o,__.....__,__,__....__,___,__,__.___,___.__,__.__-'--' 
0 5.0 10 15 20 25 30 3S 

le. COLLECTOR CURRENT (mA) 

FIGURE 10 - NOISE FIGURE versus FREQUENCY 

s.o .---,----r--r----r-.-~---.--r-~~~ 

4.0 

3.0 

2.0 
le= 5.0 mA 

i--

1.0 

0 
0.1 0.2 0.3 o.s 0.7 1.0 

f, FREQUENCY (GHz) 
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FIGURE 7 - GAIN-SANOWIOTH PRODUCT 
versus COLLECTOR CURRENT 

~ 5 0 l--+-+-::oJ::::=;;il-;;;;;:::;:;;--...._;::---..1'..t- • JE = J Vdc-t---1 

i r ~t 
:i: 4.o [,7 VcE = s.o vdc+---1 

~ t = SOD MHz -t---1 

~ 3.0 
~ z 
~2.Qr---1--+--+---+---<--+---1--+--+--~ 
~ 

1.0 ~--1-~-~-~-~-~--I>--~-~-~ 
0 10 20 30 

le. COLLECTOR CURRENT (mA) 

FIGURE 9 - NOISE FIGURE 
versus COLLECTOR CURRENT 

Untuned. Rs= Rt= 50 n 

40 so 

5
.0 ~~:~~:~:=~:~~:~:=~:~~:~:_r-}-r1-.o-T.,.-H-z-1-,t--l--.t----. 

4.0~ H-r ~ f 
! r- _J.-1 tl= 0.51GHz t--t--
~ 3 0 l-+-+-t-+-+'7"1"""+-+-1-+-+-l-+--I 
~ v 
~ \J....J---1 VcE = 10 Vdc 
52.0t--'T'-+-t---+--+-t---+--+--il-+--+-l-+--4 
z 
..: z 

1.0 r--+--+-r--+--+-->---+--+---1>---+--+---+--+--< 

5.0 10 15 20 25 30 3S 
le. COLLECTOR CURRENT (mA) 

FIGURE 11 - NOISE FIGURE versus FREQUENCY 
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FIGU~~ 12 - Cib iNPUT CAPACITANCE versus 
EMITTER BASE VOLTAGE 
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FIGURE 13 - COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR-BASE VOLTAGE 
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BFW92A COMMON-EMITTER S-PARAMETERS 

INPUT/OUTPUT REFLECTION 
COEFFICIENTS versus FREQUENCY 

(Vee= 10 V, le= 10 mA) 

+j50 

-j50 

SMALL-SIGNAL DEVICES 

Coordinates in Ohms 

7-99 

FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 

(Vee= 10 V, le= 10 mA) 

+goo 

.goo 

MOTOROLA SEMICONDUCTORS 

• 
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BFW92A COMMON-EMITTER S-PARAMETERS 

Vee le f S11 S21 S12 522 
(Volts) (mA) (MHz) I 5111 L</> 15211 L<t> 15121 L</> 15221 L</> 

5.0 5.0 100 0.71 -33 11.2 145 0.031 69 0.87 -18 
200 0.49 -60 8.6 122 0.052 62 0.70 -26 
500 0.21 -119 4.5 92 0.094 61 0.48 -30 
800 0.17 -161 3.0 78 0.137 60 0.44 -36 

1000 0.16 176 2.5 71 0.164 60 0.44 -40 
10 100 0.52 -46 16.6 135 0.027 67 0.78 -23 

200 0.31 -75 11.2 113 0.044 65 0.58 -29 
500 0.14 -150 5.2 88 0.089 67 0.40 -29 
800 0.15 173 3.3 76 0.135 65 0.37 -34 

1000 0.16 154 2.8 70 0.164 64 0.37 -38 
15 100 0.40 -55 19.7 129 0.025 69 0.72 -26 

200 0.22 -88 12.1 109 0.041 68 0.52 -29 
500 0.14 -170 5.4 86 0.087 70 0.36 -27 
800 0.16 161 3.5 76 0.134 68 0.34 -33 

1000 0.17 145 2.9 69 0.164 66 0.35 -37 
20 100 0.33 -62 21.1 125 0.023 69 0.68 -27 

200 0.18 -99 12.5 106 0.039 69 0.49 -28 
500 0.14 178 5.5 85 0.086 72 0.35 -26 
800 0.17 155 3.5 75 0.133 69 0.33 -32 

1000 0.18 142 2.9 69 0.164 67 0.34 -37 
25 100 0.27 -69 21.9 122 0.022 70 0.65 -27 

200 0.15 -111 12.7 104 0.038 71 0.47 -27 
500 0.16 172 5.5 85 0.085 73 0.35 -25 
800 0.19 153 3.5 75 0.132 70 0.33 -31 

1000 0.20 140 2.9 69 0.163 68 0.33 -36 
10 5.0 100 0.73 -30 11.1 146 0.026 71 0.90 -14 

200 0.53 -52 8.8 124 0.044 63 0.75 -21 
500 0.21 -98 4.7 94 0.082 62 0.57 -25 
800 0.14 -136 3.1 80 0.120 62 0.53 -30 

1000 0.11 -161 2.6 73 0.143 62 0.53 -34 
10 100 0.57 -39 16.7 137 0.023 70 0.82 -18 

200 0.35 -62 11.5 115 0.038 66 0.65 -23 
500 0.12 -117 5.4 89 0.078 69 0.50 -23 
800 0.09 -163 3.5 78 0.118 67 0.47 -28 

1000 0.09 168 2.9 71 0.144 66 0.48 -32 

• 15 100 0.46 -46 19.9 130 0.021 70 0.77 -20 
200 0.26 -68 12.6 110 0.035 68 0.60 -22 
500 0.09 -137 5.6 87 0.076 71 0.47 -21 
800 0.09 177 3.7 77 0.117 69 0.45 -27 

1000 0.10 153 3.0 71 0:143 68 0.46 -31 
20 100 0.39 -50 21.5 126 0.020 70 0.74 -21 

200 0.21 -73 13.0 107 0.034 71 0.58 -21 
500 0.08 -154 5.7 86 0.075 72 0.46 -20 
800 0.10 168 3.7 76 0.117 70 0.45 -27 

1000 0.11 148 3.0 71 0.142 69 0.45 -31 
25 100 0.34 -54 22.3 123 0.D19 70 0.71 -20 

200 0.17 -79 13.0 105 0.033 71 0.57 -20 
500 0.08 -166 57 86 0.075 73 0.47 -19 
800 0.11 162 3.7 76 0.116 70 0.45 -26 

1000 0.13 144 30 70 0.141 69 0.46 -30 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage Vceo 

Collector-Base Voltage Vceo 

Emitter-Base Voltage Veeo 

Collector Current - Continuous le 

Total Continuous Device Dissipation Po 
@TA=25'C 
Derate above 25'C 

Storage Temperature Ts.m_ 

Value 

15 

30 

2.5 

50 

200 
1.14 

-65 to +200 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWf'C 

·c 

BFX89 
BFY90 

CASE 20-03, STYLE 10 
T0-72 (T0-206AF) 

I 
HIGH FREQUENCY TRANSISTOR 

NPNSILICON 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic . \ Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 10 mAdc, le= Ol 

Collector Cutoff Current 
(Vee= 15 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 2.0 mAdc, Vee = 1.0 Vdc) 
Uc= 25 mAdc, Vee = 1.0 Vdc) 

SMALL SIGNAL CHARACTERISTlCS 

Current-Gain - Bandwidth Product(1) 
(le = 2.0 mA, Vee = 5.0 Vdc, f = 500 MHz) 

Uc = 25 mA, Vee = 5.0 Vdc, f = 500 MHz) 

Emitter-Base Capacitance 
(Vee= 0.5 Vdc, le= o, f = 1.0 MHz) 

Collector-Base Capacitance(2) 
(Vee = 10 Vdc, le = o, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain(lJ 
(Vee = 10 Vdc, le = 8.0 mA, f = 200 MHz) 

Spot Noise Figure (Rs = Optimum)(!) 
(VcE = 5.0 Vdc, le = 2.0 mA, f = 500 MHz) 

(1) Pin 4 is grounded. 
(21 Pin 4 is not grounded. 

SMALL-SIGNAL DEVICES 

V(BR)CEO 

lceo 

tr 
BFX89 
BFY90 

BFX89 
BFY90 

Cibo 
BFY90 

Ccb 
BFX89 
BFY90 

Gpe 
8FX89 
BFY90 

NF 
BFX89 
BFY90 

7-101 

15 

-

25 
20 

-
1.0 

-
1.3 

-

-
-

19 
-

-
-

-

-

1.0 
-
1.1 
-
-

0.85 
0.86 

-
21 

2.5 
2.5 

-
10 

150 
125 

-
-
-
-
2.0 

1.7 
1.5 

-
-
6.5 
5.0 

Vdc 

nAdc 

GHz 

pF 

pf 

dB 

dB 

MOTOROLA SEMICONDUCTORS 

• 



BFX89 • BFY90 

FIGURE 1 - POWER GAIN versus FREQUENCY 
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FIGURE 3 - NOISE FIGURE versus FREQUENCY 
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FIGURE 5-CURRENTGAIN-BANOWIOTH PRODUCT 
versus COLLECTOR CURRENT 
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FIGURE 2 - POWER GAIN versus 
COLLECTOR CURRENT 
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BFX89 • BFY90 

COMMON EMITTER SCATTERING PARAMETERS 
FIGURE 7 - INPUT AND OUTPUT REFLECTION 

COEFFICIENTS versus FREQUENCY 
+j50 

FIGURE 8 - FORWARD AND REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 

+90° 

VcE = 10 V. le = 10 mA 

VcE ic 
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-j50 
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Frequency 
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400 
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BOO 

1000 
100 
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1000 

SMALL-SIGNAL DEVICES 

S11 

IS11I 
0.81 
0.64 
0.41 
0.26 
0.23 
0.60 
0.41 
0.26 
0.19 
0.17 
0.71 
0.28 
0.19 
0.1B 
0.17 
0.26 
0.20 
0.20 
0.23 
0.24 

0.83 
0.66 
0.42 
0.25 
0.20 
0.63 
0.43 
0.26 
0.16 
0.14 
0.47 
0.30 
0.19 
0.14 
0.13 

0.32 
0.21 
0.16 
0.17 
0.18 

S - PARAMETERS 

S21 S12 S22 
L<P IS21I L<P IS12I L<P IS22I L<P 
-37 5.76 148 0.031 72 0.95 -11 
-66 4.56 127 0.050 63 0.87 -17 

-105 2.91 102 0.071 62 0.79 -23 
-157 1.63 77 0.105 74 0.75 -34 

179 1.38 68 0.129 80 0.74 -41 
-54 9.73 133 0.026 68 0.87 -13 
-84 6.33 112 0.040 66 0.78 -17 

-121 3.54 92 0.064 72 0.73 -21 
-169 1.89 72 0.112 80 0.72 -31 

168 1.59 64 0.140 82 0.71 -39 
-66 12.13 122 0.022 70 0.81 -14 
-96 7.11 104 0.036 71 0.73 -15 

-133 3.85 BB 0.064 77 0.70 -19 
-178 2.00 69 0.115 B3 0.71 -30 
160 1.66 61 0.143 B4 0.70 -37 
-88 12.79 112 0.019 73 0.76 -13 

-122 7.04 97 0.034 76 0.71 -13 
-156 3.68 83 0.062 81 0.70 -18 

165 1.88 65 0.114 86 0.71 -30 
146 1.56 58 0.145 88 0.70 -3B 
-34 5.82 150 0.025 73 0.96 -9 
-61 4.60 129 0.042 65 0.89 -15 
-97 2.98 104 0.059 64 0.83 -20 

-147 1.69 79 0.088 77 0.80 -31 
-172 1.42 70 0.108 82 0.79 -38 

-4B 9.94 135 0.021 70 0.90 -11 
-76 6.54 114 0.034 68 0.82 -15 

-108 3.72 94 0.054 73 0.77 -19 
-155 1.98 74 0.095 83 0.77 -24 
180 1.65 66 0.119 B5 0.76 -36 
-57 12.42 125 O.D19 70 0.85 -12 
-B3 . 7.43 106 0.031 72 0.78 -14 

-113 4.04 90 0.054 78 0.75 -18 
-160 2.09 71 0.098 B4 0.75 -2B 

173 1.73 64 0.121 B6 0.75 -35 
-71 13.05 114 0.017 72 O.B1 -11 
-99 7.27 99 0.029 76 0.77 -12 

-135 3.81 85 0.052 81 0.76 -16 
177 1.96 6B 0.096 B7 0.76 -28 
154 1.62 61 0.120 B9 0.76 -35 

MOTOROLA SEMICONDUCTORS 
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CASE 654-02, STYLE 1 
T0-78 

DUAL 
HIGH FREQUENCY TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation 
@TA= 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE =· O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vea = 20 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 2.0 mAdc, VcE = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vea = 10 Vdc, IE = 0, f = 100 kHz) 

Small Signal Current Gain 
(le = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Collector Base Time Constant 
OE = 2.0 mAdc, Vea = 10 Vdc, t = 63.6 MHz) 

Noise Figure 
(le = 2.0 mAdc, VcE = 10 Vdc, f = 450 MHz) (Figure 1) 
Oc = 2.0 mAdc, VcE = 10 Vdc, Rs = 50 ohms, f = 1.0 GHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(VcE = 10 Vdc, le = 2.0 mAdc, f = 450 MHz) (Figure 1) 
(VcE = 10 Vdc, le = 2.0 mAdc, Rs = 50 ohms, f = 1.0 GHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

tr 

Ccb 

hte 

rb'Cc 

NF 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Po 

TJ, Tstg 

Min 

30 

30 

3.0 

-

20 

1000 

-

20 

-

-
-

Value 

30 

30 

3.0 

30 

One Side Both Sides 

200 400 
1.15 2.3 

-65 to +200 

Typ 

-

-

-

-

1500 

0.4 

-
4.0 

2.6 
5.0 

18 
13 

Max 

-

-
-

0.1 

150 

-

0.8 

200 

8.0 

-
-

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

oc 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

MHz 

pF 

-

ps 

dB 

dB 

SMALL-SIGNAL DEVICES 
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6.0 

5.0 

~ 4.0 

~ 3.0 

i 
~ 2.0 

1.0 

0 
0.1 

.500pfr 

SMALL-SIGNAL DEVICES 

TYPICAL NOISE FIGURE vs. FREQUENCY 

v .. = IOVdc ~ 
I,= 2.0 mA y 

L--1 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
f, FREQUENCY IGHzl 

FIGURE I - NOISE FIGURE AND POWER GAIN TEST CIRCUIT 

Vout 
~Rt•SO!l 

0.4 · 6.0 pF 

7-105 

• Button type capacitors 
••Variable air piston type capacitors 

1. L 1 ·silver plated brm bar, 1.0 
in. lg by 0.25 in od. · 

2. L2 · sitvtr plated brass bar, 1.5 
in. lg by 0.25 in od. Tap is 
0.25 in. from collector 

3. L3 ·%turn of AWG No. 16 wire 
0.25 in. from and parallel to 
L2. 

4. The noisa source is a hoHmd body 
(All type 70 or equivalent) with a 
test receiver (All type 136 or 
equivalent). 

MOTOROLA SEMICONDUCTORS 
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COMMON EMITTER Y PARAMETER VARIATIONS 

Y PARAMETERS VS FREQUENCY 
Yee= 10 Vdc 
le= 2.0mA 

FIGURE 2 - INPUT ADMITTANCE 
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FIGURE 3 - FORWARD TRANSFER ADMITTANCE 
~ so~---~--~--~-~-.-~-~ 

f 
§ 701-------+----1---+---+--+-----+-l--I 

g,, 

ii 
60E==E~;:x:rrro ~ 

;;; 50 
~ ~ = 40f------+-------1--+-+--=~...t ..... f-----1 
~ JOf----t----1--l:=--~-::.+~-+F---+-I 
~ ~ 
0 20f-----=::l---"""'==t----t--+-+--t-t-I 
i10~ 
- -bfe 
j a~~~~~~~__,~~~~~~~~-~ 
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FIGURE 5 - REVERSE TRANSFER ADMITTANCE 
v; 1.5.--------,---~--.--,--.----,--~ 

j 1.4 l"------+----<r-----+---+--+--+-+---< 

~ 1.2 

§i LO 1-----+----+---,I---+-+--~Vr,.<T--i 
~ ..L":_ 
ill 0.8 t------t----i-----t---1,-./-:j,.C--t---t---1 
~ -~~ 
~ 0.6 t------+-----~1----....-b-""'li----+-+--+--I 

~ 0.4i---
= 0.2 

- g,. = <0.0I 

J o~~~~-+~~~~~-+---+-~~-+-~ 
100 200 300 400 500 

f. FREQUENCY IMHzl 

MOTOROLA SEMICONDUCTORS 

Y PARAMETERS VS CURRENT 
Yee= 10 Vdc -- Yee = 15 Ydc - - -

f = 450 MHz 
FIGURE 6 - INPUT ADMITTANCE 
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FIGURE 9 - REVERSE TRANSFER ADMITTANCE 

~ 1.21--t--t---+--+--t---+---+--+---+---I 
~ 

1---t--t---+---+---b,. --+---+---t--+---< ~ 
~ 1.01--ii--==:!-r-="-=,..t:::=:=:i==::=t=r-:==:!:r-="·== -,..I;.:; -F-~F--~ -
~ f---t--t---+--+- -g,e = <0.01-t---t---t----1 

V') 0.8 t----t---+---+--+--t---t--+---r---r--

~ 
>-~ 0.6 ~-+--+----t--~~~----~---

0 2.0 4.0 6.0 8.0 IO 
I,. COLLECTOR CURRENT lmA I 

SMALL-SIGNAL DEVICES 



MD4957 

COMMON BASE Y PARAi\liETER VARIATIONS 

Y PARAMETERS versus FREQUENCY Y PARAMETERS versus CURRENT 

80 

"' 70 
E 
.§ 60 
u 
z 50 e 
~ 40 

~ 30 
~ 
~ 20 "-

10 

0 

Yes= 10 Ydc 

le= 2.0 mA 
FIGURE 10 - INPUT ADMITTANCE 

INPUT ADMITTANCE 

f------g;b 

b;b 

r---. 

--i-

FIGURE 11 - FORWARD TRANSFER ADMITTANCE 

I ;:t-------+--__,t----+---+--+---+-+--< 
u -gfb 
~ 60!------+-----11----+----+----+--+-j---j 

~ sot=::::::=t::=:=:~~,,,,,..+.--J::=--l-_j.-j.......j 
5 40 r--t-J-... - _.;....... g 301------+-----'l----+---;--f-c...r""""+--+--i 
~ 201------+---'b"'------::::i'-"'_..,9!---"'---_l---+-+--+--i 
~ -+----~ l0~~~===+-----11----+---+--+--+-t--1 

.j O'------'-----''-----'----'---'---'--'----' 
FIGURE 12 - OUTPUT ADMITTANCE 

4.o~---~----------~-~ 

~ lL 1 3.0 t-------+--__,t----+---+--+17-----+---< 
bob l'.'.:_ 

oL-----~...l.====~C::::::::=:::±:=go=b:±:==±::::±=:L...J 
FIGURE 13-REVERSE TRANSFER ADMITTANCE 

~ 0.8 ~-----.,-----,------~~-~ 

~ 071------+-----1---+----+----+--+-j---j 

~ 0.61------+-----1---+----+----t--+-j---j 
e ~ ~ 
~ 0.5 k:::: 
tl'i o.4 r-------t-----1---t----lvr-::;;;.-"f--t---t---i 
~ ......-1 g 0.31-----+-..---+.i------::::...-!"=---+--+--+--+---1 

!0.2~ 
- 0.11------+-----1---+----+---+---+-j---j 

-g,, ~ <0.01 

j 0 '-------+----'----'-----'---'----'--'"--' 
100 200 300 400 500 

f, FREQUENCY IMHzl 

SMALL-SIGNAL DEVICES 

7-107 

Yea= 10 Ydc -- Yes= 15 Ydc - - -
f = 450 MHz 

FIGURE 14 - INPUT ADMITTANCE 
so~~-~---~-~~---~--~ 

70t---+--+---+--+--t---+---+--+---+----t 

FIGURE 15 - FORWARD TRANSFER.ADMITTANCE 
80 111-11-11-1-=r:::::=F~ 

E l--°": 
.§ b1b J...::::::1-~ 
~ 601---+--+----1---i----~~l"----+--+--+---+----I e d;,..." 
~ ~ 
~ 40~+-~~===+==+==t===i==:J,===--l--J 
z lL£ 
: 10 1----+/-1----r----t-----t-+---+-l----t----+---t 
3: 
2 t---+--+---+--+--t---+--------j ----+--+-4 

.j 0 '---+---'--+--+--r---+---+---'--+---' 

4.0 
[l 
-E 3.0 
.§ 

z e 1.0 

~ 
~ 
~ 

~ l.O 
0 

"' 0 

[l 0.8 

-E 
.§ 

FIGURE 16- OUTPUT ADMITTANCE 

p-;;;i- ·-
bob 

gob 

FIGURE 17 - REVERSE TRANSFER ADMITTANCE 

~ 0.6 I ___.-: 
"' ~-:P-~ 1----4"""'"+--+--+--l---+--+--+--+----I 

0.4 l---+---+---+--+--1----+--+--+---+----t 

0.2 l----+--+--+---1--1----+--+--+---+----I 

l----l--+--+---+--+-----1---+·-g,b +--f---1 

j oLO_.J...._2L.o~..L...~~4.0~..J..~~6.-0--..1..==8~.0==:::l::::::::jlO 

I,. COLLECTOR CURRENT lmA I 

MOTOROLA SEMICONDUCTORS 

• 



MHW590 

CASE 714-02 

MAXIMUM RATINGS 

WIDEBAND HYBRID AMPLIFIER Rating Symbol Value Unit 

Supply Voltage Voe 28 Vdc 

Input Power Pin 5.0 dBm 

Operating Case Temperature Range Tc -20 to +90 "C 

Storage Temperature Range Ts.!!!_ -40 to + 100 "C 

ELECTRICAL CHARACTERISTICS (Voe = 24 Vdc, Z0 = 50 !l, Tc = 25°C. All characteristics guaranteed over bandwidth listed under 
"Frequency Range," unless specified otherwise.) 

Characteristic Symbol Min Typ Max Unit 

Frequency Range BW 10 - 400 MHz 

Power Gain ~ 31.5 34 35.5 dB 

Gain Flatness F - - ±1.5 dB 

Voltage Standing Wave Ratio, In/Out VSWR -
(f = 10-300 MHz) - 1.5:1 -• (f = 300-400 MHz) - 2:1 -

1 dB Compression P1 mW 
(f = 10 MHz) - 800 -
(f = 200 MHz) 700 800 -
(f = 400 MHz) - 300 -

Reverse Isolation PRI 43 50 - dB 

2nd Harmonic dso - -66 - dB 
(Pout = 10 mW) 

Third Order Intercept I To - 43 - dBm 

Peak Envelope Power for -32 dB PEP - 500 - mW 
Distortion 

Noise Figure NF dB 
(f = 60 MHz) - 4.0 -
(f = 300 MHz) - 3.5 5.5 

DC Voltage Voe - 24 28 v 
DC Current loc - 300 340 mA 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 2 - POWER GAIN versus FREQUENCY 
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FIGURE 7 - INTERMOOULATION OISTORTION - THIRD 
ORDER versus OUTPUT POWER 
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CASE 714-02 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

WIDEBAND HYBRID AMPLIFIER 

Supply Voltage Voe 16 Vdc 

Input Power Pin 3.0 dBm 

Operating Case Temperature Range Tc -20 to +90 ·c 

Storage Temperature Range Tq -40 to +100 'C 

ELECTRICAL CHARACTERISTICS (Voe = 13.6 Vdc, Z0 = 50 0, Tc = 25°C. All characteristics guaranteed over bandwidth listed 
under "Frequency Range," unless specified otherwise.) 

Characteristic Symbol Min Typ Max Unit 

Frequency Range BW 1.0 - 250 MHz 

Power Gain ~ 34.5 36.5 38 dB 

Gain Flatness F - - ±1.5 dB 

Voltage Standing Wave Ratio, In/Out VSWR -
(f = 1.0-30 MHz) - 1.5:1 -
(f = 30-250 MHz) - 2:1 - • 1 dB Compression P1 mW 
(f = 30 MHz) 650 800 -
(f = 100 MHz) - 700 -
(f = 250 MHz) - 250 -

Peak Envelope Power PEP mW 
(IMD3 = -30 dB, f = 30 MHz) 700 850 -
(IMD3 = -30 dB, f = 100 MHz) - 600 -
(IMD3 = -30 dB, f = 250 MHz) - 300 -

Noise Figure NF dB 
(f = 30 MHz) - 3.7 5.0 
(f = 100 MHz) - 3.7 -
(f = 250 MHz) - 4.5 -

DC Voltage Voe - 13.6 16 v 
DC Current ioc - 300 340 mA 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - POWER GAIN versus FREQUENCY 
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FIGURE 7 - INTERMODULATION 
DISTORTION ve'1us OUTPUT POWER 
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CASE 714-02 

MAXIMUM RATINGS 

WIDEBAND HYBRID AMPLIFIER Rating Symbol Value Unit 

Supply Voltage Voe 28 Vdc 

Input Power Pin 5.0 dBm 

Operating Case Temperature Range Tc -20 to +90 ·c 

Storage Temperature Range Ts!ll_ -40 to +100 ·c 

ELECTRICAL CHARACTERISTICS (Voe = 24 Vdc, Zo = 50 0, Tc = 25°C. All characteristics guaranteed over bandwidth listed under 
"Frequency Range," unless specified otherwise.) 

Characteristic Symbol Min Typ Max Unit 

Frequency Range BW 1.0 - 250 MHz 

Power Gain ~ 33.5 35 36.5 dB 

Gain Flatness F - - ±1.0 dB 

Voltage Standing Wave Ratio, In/Out VSWR -
(f = 1.0-30 MHz) - 1.5:1 -• (f = 30-250 MHz) - 2:1 -

1 dB Compression P1 mW 
(f = 30 MHz) 750 900 -
(f = 100 MHz) - 900 -
(f = 250 MHz) - 750 -

Peak Envelope Power PEP mW 
(IMD3 = -30 dB, f = 30 MHz) 700 850 -
(IMD3 = -30 dB, f = 100 MHz) - 850 -
(IMD3 = -30 dB, f = 250 MHz) - 600 -

Noise Figure NF dB 
(f = 30 MHz) - 3.6 5.0 
(f • 100 MHz) - 3.7 -
(f • 260 MHz) - 3.9 -

DC Voltage Voe - 24 28 v 
DC Current loc - 300 340 mA 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 1 - POWER GAIN versua'FREQUENCY 
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FIGURE 7 - INTERMODULATION 
DISTORTION versus OUTPUT POWER 
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CASE 714-02 

MAXIMUM RATINGS 

Rating Symbol Value Unit WIDEBAND HYBRID AMPLIFIER 
Supply Voltage Voe 16 Vdc 

Input Power Pin 3.0 dBm 

Operating Case Temperature Range Tc -20 to +90 oc 

Storage Temperature Range Tsjg_ -40 to +100 oc 

ELECTRICAL CHARACTERISTICS (Voe= 13.6 Vdc, Z0 = 50 n, Tc= 25°C. All characteristics guaranteed over bandwidth listed 
under "Frequency Range," unless specified otherwise.) 

Characteristic Symbol Min Typ Max Unit 

Frequency Range BW 10 - 400 MHz 

Power Gain ~ 33 34.5 36 dB 

Gain Flatness F - - ±1.0 dB 

Voltage Standing Wave Ratio, In/Out VSWR -
(f = 10-300 MHz) - 1.5:1 -
(f = 300-400 MHz) - 2:1 - • 1 dB Compression P1 mW 
(f = 10 MHz) - 600 -
(f = 200 MHz) 500 600 -
(f = 400 MHz) - 200 -

Reverse Isolation PRI 45 50 - dB 

2nd Harmonic dso - -55 - dB 
(Pout = 10 mW) 

Third Order Intercept ITQ - 38 - dBm 

Peak Envelope Power for - 32 dB PEP - 300 - mW 
Distortion 

Noise Figure NF dB 
(f = 60 MHz) - 3.7 -
(f = 300 MHz) - 4.0 5.5 

DC Voltage Voe - 13.6 16 v 
DC Current ioc - 300 340 mA 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - POWER GAIN ANO RETURN 
LOSS versus FREQUENCY 
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FiGURE 7 - INH!RMOoULATION DISTORTION - THIRD 
ORDER versus OUTPUT POWER 
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MM4018 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

PNPSILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
lie = 5.0 mAdc, la = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
lie = 5.0 mAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 1.0 mAdc, le = O) 

Collector Cutoff Current ICEO 
(VcE = 15 Vde, Is = 0) 

Collector Cutoff Current lcso 
(Vea= 15 Vde, IE = 0) 

Collector Cutoff Current ICES 
(VcE = 40 Vde, VsE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = 50 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 
lie = 50 mAde, VcE = 15 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vea = 12.5 Vdc, IE = 0, f = 100 kHz) 

FUNCTIONAL TEST 

Power Output (Figure 1) Pout 
(Pin = 50 mW, Vee = 12.5 Vdc, f = 175 MHz) 

Collector Efficiency (Figure 1) T/ 
(Pin = 50 mW, Vee = 12.5 Vdc, f = 175 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcEO 20 Vde 

Vcso 40 Vde 

VEBO 4.0 Vde 

le 0.4 Ade 

Po 5.0 Watts 
28.6 mWf'C 

TJ, Tstg -65 to +200 ·c 

Min Typ Max Unit 

20 - - Vde 

40 - - Vde 

4.0 - - Vde 

- - 20 µAde 

- - 10 µAde 

- - 0.1 mAde 

10 

- 900 - MHz 

- 3.5 - pF 

0.5 - - Watt 

45 55 - % 

SMALL-SIGNAL DEVICES 
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FIGURE 1 - 175 MHz OUTPUT POWER TEST CIRCUIT 
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CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

PNPSILICON 

Refer to 2N5160 for graphs. 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc= 10 mAdc, le = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 mAdc, le = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
Ue = 0.1 Ade, le = o) 

Collector Cutoff Current lcEO 
(Vee = 30 Vdc, 18 = O) 

Emitter Cutoff Current leeo 
(Vee = 4.0 Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 250 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage Vce(sat) 
Uc = 250 mAdc, le = 50 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 100 mAdc, Vee = 28 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vee = 30 Vdc, le = o, t = 1 oo kHz) 

FUNCTIONAL TEST 

Power Output Pout 
(Pin = 0.5 W, Vee = 28 Vdc, f = 400 MHz) 

Collector Efficiency ,., 
(Pout = 2.5 W, Vee = 28 Vdc, f = 175 MHz) 

Power Input Pin 
(Pout = 2.5 W, Vee = 28 Vdc, f = 175 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vceo 40 Vdc 

Vceo 60 Vdc 

Veeo 4.0 Vdc 

le 1.0 Ade 

Po 5.0 Watts 
28.6 mwrc 

TJ, Tstg -65 to +200 ·c 

Min Typ Max Unit 

40 - - Vdc 

60 - - Vdc 

4.0 - - Vdc 

- - 0.1 mAdc 

- - 0.1 mAdc 

10 - - -

- - 1.0 Vdc 

- 750 - MHz 

- 7.5 - pF 

- 2.0 - Watts 

50 - - % 

- - 0.25 Watt 

SMALL-SIGNAL DEVICES 
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FiGliRE i - -175 MHz TEST CIRCUIT 

28 Vdc 

C1 
L1 

AF Input 
C3 C4 

C2 

C1 ,C2 3.0-30 pF, ARCO 461 or equivalent. 
C3 40 pF 
C4,C5 5.0-80 pF, ARCO 462 or equivalent. 
L 1 80 nH, 3 Turns #18 AWG, 1/4" 1.0., 1/4" Length 
L2 Ferrite Choke, VK-200 Ferroxcube, Q < 5 

L3 0.15 µH, RF Choke 
L4 27 nH, 2 Turns #18 AWG, 1/4" l.D., 3/8" Length 

• 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MRFS34 
MRFS36 
MM4049 

MRF534 
CASE 22-03, STYLE 1 

T0-206AA 

MRF536 
CASE 317-01, STYLE 2 

MM4049 
CASE 20-03, STYLE 2 

T0-206AF 

/' 
~ 

~ 
HIGH FREQUENCY TRANSISTOR 

PNP SILICON 

MAXIMUM RATINGS 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current -
Continuous 

Total Device Dissipation 
@TA= 25•c 
Derate above 25°C 

Operating and Storage 
Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
He = 2.0 mAdc, le = OI 

Collector-Base Breakdown Voltage 
!le = 100 µAde, IE = 01 

Emitter-Base Breakdown Voltage 
HE = 100 µAde, le= OI 

Collector Cutoff Current 
(Vee = 10 Vdc, IE = 0). 

ON CHARACTERISTICS 

DC Current Gain 
He = 25 mAdc, VcE = 2.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Band\Nidth Product 
He = 20 mAdc, VcE = 5.0 Vdc, f = 500 MHz) MRF534, MM4049 

MRF536 

Collector-Base Capacitance 
(Vee = 5.0 Vdc, le = o, t = 1.0 MHz) 

FUNCTIONAL TEST 

Maximum Available Gain 
He = 15 mAdc, VcE = 5.0 Vdc, f = 500 MHz) MRF534 
Uc = 15 mAdc, VcE = 5.0 Vdc, f = 500 MHz) MM4049 
(le = 15 mAdc, Vee = 5.0 Vdc, t = 1.0 GHz) MRF536 

MOTOROLA SEMICONDUCTORS 

7-124 

MM4049 
Case 20-03 
T0-206AF 

Vern 10 

Vceo 15 

VEBO 4.5 

le 30 

200 
Po 1.14 

TJ, Tstg -65 to +200 

Symbol Min 

V(BR)CEO 10 

V(BR)CBO 15 

V(BR)EBO 4.5 

lceo -

20 

fr 
4.0 
5.0 

Ccb -

MAG 
10 

11.5 
8.5 

MRF534 MRF536 
Case 22-03 Case 317-01 
T0-206AA Macro-X 

10 10 Vdc 

15 15 Vdc 

4.5 4.5 Vdc 

30 30 mAdc 

300 300 mW 
1.71 2.40 mWl°C 

-65 to +200 -65 to +150 "C 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- 10 nAdc 

200 

GHz 
- -
- -
- 1.3 pf 

dB 
12 -
13 -
10 -

SMALL-SIGNAL DEVICES 
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FIGURE 1 - CURRENT GAIN - BANDWIDTH 
PRODUCT versus CURRENT 

FIGURE 2 - MAXIMUM AVAILABLE GAIN versus 
COLLECTOR CURRENT 
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MM4049 • MRF534 • MRF536 

MM4049 COMMON-EMITTER S-PARAMETERS 

VeE le f s,, S21 S12 S22 
(Volts) (mA) (MHz) 1s111 L</> IS21I L</> IS12l L</> IS22l L</> 

5.0 5.0 200 0.634 -31 6.37 120 0.060 69 0.711 -23 
400 0.469 -34 3.95 93 0.107 65 0.602 -30 
600 0.379 -40 2.90 77 0.147 62 0.587 -33 
800 0.368 -51 2.32 65 0.183 56 0.55 -36 
1000 0.381 -54 1.93 55 0.223 50 0.528 -44 

10 200 0.523 -29 7.79 112 0.056 72 0.632 -23 
400 0.418 -28 3.74 89 0.104 68 0.543 -29 
600 0.344 -34 3.20 74 0.146 65 0.542 -32 
800 0.345 -46 2.54 64 0.184 58 0.513 -34 
1000 0.366 -50 2.09 54 0.225 52 0.493 -42 

20 200 0.454 -25 8.43 106 0.065 73 0.584 -21 
400 0.390 -23 4.67 85 0.105 70 0.513 -27 
600 0.325 -30 3.31 72 0.148 66 0.620 -30 
800 0.327 -44 2.61 62 0.188 59 0.497 -32 
1000 0.351 -48 2.15 52 0.231 52 0.476 -41 

10 5.0 200 0.731 -25 5.83 121 0.053 70 0.736 -18 
400 0.589 -30 3.65 95 0.096 67 0.654 -26 
600 0.502 -38 2.71 79 0.132 64 0.645 -29 
800 0.496 -49 2.21 68 0.164 57 0.612 -33 
1000 0.499 -54 1.83 58 0.198 51 0.592 -42 

10 200 0.643 -25 7.37 114 0.051 71 0.668 -18 
400 0.542 -27 4.28 90 0.094 69 0.060 -25 
600 0.466 -34 3.10 76 0.132 65 0.603 -28 
800 0.465 -46 2.49 66 0.166 59 0.577 -31 
1000 0.476 -51 2.05 57 0.202 53 0.557 -40 

20 200 0.57 -23 8.44 109 0.049 73 0.621 -18 
400 0.496 -24 4.73 88 0.093 71 0.562 -24 
600 0.427 -31 3.38 75 0.131 67 0.572 -27 
800 0.427 -43 2.69 66 0.165 60 0.551 -30 
1000 0.445 -47 2.21 57 0.203 54 0.532 -38 

MRF534 COMMON-EMITTER S-PARAMETERS 

VeE le f s,, S21 S12 S22 
(Volts) (mA) (MHz) 1s111 L</> IS21l L</> IS12l L</> IS22l L</> 

5.0 5.0 200 0.734 -22 3.70 126 0.066 66 0.507 -39 
400 0.580 -28 2.56 108 0.116 65 0.409 -48 
600 0.444 -37 2.09 95 0.158 62 0.403 -52 
800 0.400 -47 1.80 86 0.195 56 0.364 -56 
1000 0.366 -47 1.55 79 0.234 51 0.348 -69 

10 200 0.645 -27 5.36 124 0.058 69 0.394 -43 
400 0.503 -33 3.44 106 0.109 71 0.316 -52 
600 0.376 -43 2.68 93 0.153 69 0.323 -52 
800 0.333 -54 2.24 84 0.192 65 0.290 -55 
1000 0.295 -54 1.91 77 0.233 61 . 0.276 -71 

20 200 0.586 -28 5.90 122 0.053 70 0.338 -52 
400 0.454 -34 3.73 105 0.099 73 0.259 -60 
600 0.329 -46 2.87 93 0.143 72 0.267 -58 
800 0.289 -59 2.38 85 0.181 68 0.240 -59 
1000 0.248 -58 2.04 77 0.221 65 0.235 -75 

10 5.0 200 0.752 -21 4.28 125 0.066 70 0.550 -28 
400 0.624 -26 2.77 107 0.123 68 0.495 -38 
600 0.512 -34 2.19 94 0.168 65 0.503 -44 
800 0.476 -44 1.86 86 0.207 60 0.464 -51 
1000 0.447 -45 1.60 79 0.246 55 0.443 -64 

10 200 0.685 -24 5.47 123 0.060 71 0.442 -33 
400 0.553 -28 3.46 105 0.113 71 0.385 -42 
600 0.433 -37 2.68 93 0.156 68 0.397 -46 
800 0.391 -49 2.25 85 0.194 63 0.362 -51 
1000 0.359 -47 1.92 78 0.233 59 0.342 -65 

20 200 0.621 -26 6.38 121 0.055 71 0.372 -40 
400 0.488 -31 3.97 104 0.103 72 0.316 -48 
600 0.365 -41 3.04 93 0.145 70 0.332 -50 
800 0.323 -52 2.51 85 0.182 66 0.301 -54 
1000 0.290 -50 2.13 79 0.219 63 0.288 -68 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MM4049 • MRF534 • MRF536 

MRF536 COMMON-EMITTERS-PARAMETERS 

VcE le f 511 S21 S12 S22 
(Volts) (mA) (MHz) 1s111 L<P IS21I L<P IS12I L<P IS22I L<P 

5.0 5.0 400 0.401 -74 5.38 108 0.09 54 0.49 -48 
800 0.181 -102 3.03 86 0.138 51 0.35 -64 
1200 0.136 -157 2.13 70 0.181 48 0.32 -70 
1600 0.151 175 1.68 59 0.21 45 0.27 -80 
2000 0.16 148 1.44 52 0.24 41 0.269 -100 

10 400 0.289 -94 6.58 1o:i 0.076 56 0.379 -56 
800 0.14 -137 3.55 84 0.122 55 0.266 -73 
1200 0.174 169 2.46 70 0.165 53 0.238 -77 
1600 0.196 154 1.93 60 0.196 50 0.198 -87 
2000 0.227 130 1.65 51 0.230 46 0.202 -110 

20 400 0.233 -118 7.28 99 0.066 60 0.296 -65 
800 0.163 -169 3.88 82 0.110 59 0.204 -84 
1200 0.233 156 2.65 69 0.153 57 0.179 -84 
1600 0.253 144 2.06 59 0.186 55 0.143 -96 
2000 0.290 123 1.75 50 0.220 51 0.160 -121 

10 5.0 400 0.478 -54 5.14 109 0.086 58 0.535 -39 
800 0.279 -66 2.90 88 0.141 53 0.420 -55 
1200 0.166 -97 2.08 73 0.184 48 0.388 -62 
1600 0.151 -123 1.67 64 0.209 44 0.33 -72 
2000 0.110 -158 1.44 55 0.243 39 0.313 -90 

10 400 0.356 -67 6.59 105 0.075 59 0.418 -47 
800 0.182 -84 3.59 86 0.124 56 0.311 -62 
1200 0.119 -141 2.53 73 0.166 52 0.284 -67 
1600 0.131 -166 2.00 62 0.193 49 0.230 -76 
2000 0.135 154 1.72 55 0.226 45 0.222 -98 

20 400 0.26 -85 7.66 101 0.066 61 0.328 -53 
800 0.124 122 4.09 84 0.111 59 0.236 -69 
1200 0.148 172 2.83 72 0.152 56 0.216 -71 
1600 0.172 158 2.22 62 0.182 54 0.172 -80 
2000 0.201 130 1.88 54 0.214 50 0.171 -104 I 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 

7-127 



I 

MMSOOO 
MM8001 
MM8002 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(le = 5.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Oc = 0.1 mAdc, IE= O) 

Emitter-Base Breakdown Voltage 
OE = 0.1 mAdc, le = O) 

Collector Cutoff Current 
(VcE = 28 Vdc, IB = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 50 mAdc, VcE = 15 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 25 mAdc, VcE = 15 Vdc, f = 200 MHz) 

(le = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) 

Oc = 100 mAdc, VcE = 15 Vdc, f = 200 MHz) 

Output Capacitance 
(VcB = 30 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure (Figure 1) 
Oc = 10 mAdc, VcE = 15 Vdc, f = 200 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 
Oc = 10 mAdc, VcE = 15 Vdc, f = 200 MHz) 

MOTOROLA SEMICONDUCTORS 

Symbol 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

icrn 

fr 
MM8000 
MM8001 
MM8002 

MM8000 
MM8001 
MM8002 

MM8000 
MM8001 
MM8002 

Cobo 

NF 

Gpe 

7-128 

Symbol Value Unit 

VcEO 30 Vdc 

VcBo 40 Vdc 

VEBO 3.5 Vdc 

le 0.4 Ade 

Po 3.5 Watts 
20 mwrc 

TJ, Tstg -65 to +200 oc 

Min Typ Max Unit 

30 - - Vdc 

40 - - Vdc 

3.5 - - Vdc 

- - 20 µ.Ade 

30 

MHz 
550 - -
700 - -
1000 - -

700 - -
900 - -
1200 - -

700 - -
900 - -
1000 - -
- - 3.5 pF 

- 2.7 - dB 

11.4 dB 

SMALL-SIGNAL DEVICES 



MMSOOO • MM8001 • MM8002 

FIGURE 1 - 200 MHz TEST CIRCUIT 

Pout (ZL"' 50.nJ 

R1 

C3 

Cz L2 

-Vee 

SMALL-SIGNAL DEVICES 
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C1,C2,C3, 1.0- 30 pf 
C4: 1.0- 20 pf 
C5' 10,000 pf 

Cs.CJ' 1000pf 
ca, 0.01 µf 

L1: 4·1/2iurns, No. 22 
AWG wire, 3/16" l.D. 

1.4: 3·1/2 turns, No. 22 
AWGwire, 3/16" l.D. 

L2, L3' 0.82 µH RFC 
R1: 240 ohms, 2 watts 

MOTOROLA SEMICONDUCTORS 
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MM8009 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 100 µAde, le = O) 

Collector Cutoff Current lcEo 
(VcE = 15 Vdc, Is = O) 

Collector Cutoff Current ICES 
(VcE = 35 Vdc, VBE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 100 mAdc, VcE = 5.0 Vdcl 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 50 mAdc, VcE = 15 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(VcB = 30 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Power Output (Figure 1) Pout 
!Pin = 316 mW, VcE = 2B Vdc, f = 1.0 GHz) 

Power Output (Oscillator) (Figure 2) Pout 
(VcE = 20 Vdc, VEB = 1.5 Vdc, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 

Collector Efficiency 'I 
(Pin = 316 mW, VcE = 28 Vdc, f = 1.0 GHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vern 35 Vdc 

VcBo 45 Vdc 

Vrno 3.0 Vdc 

le 400 mAdc 

Po 1.0 Watt 
5.71 mWl°C 

Po 3.5 Watts 
20 mWl°C 

TJ, Tstg -65 to +200 ·c 

Min Typ Max Unit 

45 - - Vdc 

3.0 - - Vdc 

- - 100 µAde 

- - 10 µAde 

20 

1000 - - MHz 

- 2.3 3.0 pf 

0.9 - - Watt 

- 0.3 - Watt 

35 - - % 

SMALL-SIGNAL DEVICES 



MM8009 

FIGURE 1 - 1.0 GHz POWER AMPLIFIER TEST CIRCUIT FIGURE 2 - 1.68 GHz POWER OSCILLATOR TEST CIRCUIT 
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FIGURE 5 - POWER OUTPUT versus VOLTAGE 
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FIGURE 4 - POWER OUTPUT versus FREQUENCY 
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MM8009 

FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage VcEO 

Collector-Base Voltage Vceo 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation Po 
@Tc = 25"C(1) 

Value Unit 

18 Vdc 

36 Vdc 

4.0 Vdc 

0.4 Ade 

3.5 Watts 

MRF207 

CASE 79-02, STYLE 1 
T0-39 IT0-205AD) 

HIGH FREQUENCY TRANSISTOR 

NPNSIUCON 
Derate above 25"C 20 mW/"C 

Storage Temperature Ts!ll. -65 to +200 

(1) This device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an RF amplifier. 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 5.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Oc = 2.0 mAdc, le = O) 

Emitter-Base Breakdown Voltage 
Oe = 1.0 mAdc, le = OI 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 100 mAdc, Vee = 5.0 Vdc) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(Vee= 12.5 Vdc, Pout= 1.0 W, f = 220 MHz) 

Input Impedance 
(Pout = 1.0 W, f = 220 MHz) 

Output Impedance 
(Pout = 1.0 W, f = 220 MHz) 

SMALL-SIGNAL DEVICES 
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·c 

Symbol Min Typ Max Unit 

V(BR)CEO 18 - - Vdc 

V(BR)CBO 36 - - Vdc 

V(BR)EBO 4.0 - - Vdc 

iceo - - 0.1 mAdc 

5.0 

GpE 8.2 12.5 - dB 

Zin - 10-j11.5 - Ohms 

Zout - 32-j41 - Ohms 

MOTOROLA SEMICONDUCTORS 
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MRF207 

MOTOROLA SEMICONDUCTORS 

220 MHz TEST CIRCUIT 
FIGURE 1 - MRF207 

C1 2.0 · 50 pF ARCO 461 
C2, C4 5.0 · 80 pF ARCO 462 
C3 1.5-15pF ARC0460 
C5 40 pF 
C6 1000 pF 
C7 5.0 µF TANTALUM 
L1 1Turn,#20AWG,1/4"lD 
L2 4 Turns, #20 AWG, 1/4 ID 
L3, L4 15 JJH RFC 

OUTPUT POWER versus INPUT POWER 
(Vee= 12.5 Vdc, t = 220 MHzl 

FIGURE 2 - MRF207 
1.6 

v 
Vi' 

~ 
v 

~ .L 

20 40 60 

P;n. INPUT POWER (mW) 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 18 Vdc 

Collector-Base Voltage VcBo 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 0.25 Ade 

Total Device Dissipation@ Tc = 25"C(1) Po 3.5 Watts 
Derate above 25°C 0.02 mWl"C 

Storage Temperature Ts!lL -65 to +200 "C 

(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 

ELECTRICAL CHARACTERISTICS !TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 20 mAdc, IB = OJ 

Collector-Emitter Breakdown Voltage 
Uc = 20 mAdc, VBE = OJ 

Emitter-Base Breakdown Voltage 
UE = 1.0 mAdc, le = OJ 

Collector Cutoff Current 
(VcB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcB = 12 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain 
(Pout = 1.5 W, Vee = 12.5 Vdc, f = 225 MHz) 

Collector Efficiency 
(Pout= 1.5 W, Vee = 12.5 Vdc, f = 225 MHz) 

SMALL-SIGNAL DEVICES 
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MRF225 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 18 - Vdc 

V(BR)CES 36 - Vdc 

V(BRIEBO 4.0 - Vdc 

lcBo - 100 µAde 

15 150 

Cobo 8.0 pF 

GpE 9.0 - dB 

'I 50 - % 

MOTOROLA SEMICONDUCTORS 
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MRF225 

RF 
Input 

FIGURE 1 - 225 MHz TEST CIRCUIT SCHEMATIC 

C1 
RFC 2 Tc1 lea< 

L2 

C1 ,2,5 50 pF Dipped Mica 

C3 1.5·20 pF ARCO 402 

C4 4.0·40 pf ARCO 403 

C6 100 pf Dipped Mica 

C7 1000 pf UNELCO 

CB 1.0 µF 35 V Tantalum 

L 1 0.6 Inch #18 AWG 

12.5 v 
C5 

C6 
C4 

L2 2 Turns x 0.25 inch ID #18 AWG 

RFC 1 Ferroxcube V K200 

AFC 2 2.2 µ.H Molded Choke 

RF 
Output 

FIGURE 2 - OUTPUT POWER versus INPUT POWER FIGURE 3 - SERIES EQUIVALENT IMPEDANCE 

2.0~-~------------~-----

~ ~ 1.51--+--+----+--+--b-~"+--+---I 

i ~ 
~ 13.SV h' 
~ 1.01--+--+---1,,./~/-1--+--+----+---j 
!; .Ji2.5V 

~ J 
; 0.51--+7",,£-+----+--+--l---+--+---I 
.{! v f=2251Hz 

o~-~--~-~--~--~-~--~---' 
25 50 75 100 125 150 175 200 225 

P;n. INPUT POWER lmWI 
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MRF227 

CASE 79-03, STYLE 5 

MAXIMUM RATINGS 

Rating Symbol Value Unit HIGH FREQUENCY TRANSISTOR 
Collector-Emitter Voltage VcEO 16 Vdc 

Collector-Base Voltage Vcso 36 Vdc 
NPN SILICON 

Emitter-Base Voltage VEBO 400 mdc 

Total Device Dissipation @Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.5 mW/"C 

Storage Temperature Ts!ll_ -65 to +200 "C 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BRICEO 16 - - Vdc 
Uc = 50 mAdc, Is = 01 

Collector-Emitter Breakdown Voltage V(BRICES 36 - - Vdc 
Uc = 50 mAdc, VsE = OI 

Emitter-Base Breakdown Voltage V(BRIEBO 4.0 - - Vdc 
(IE = 1.0 mAdc, le = OI • Collector Cutoff Current lcso - - 1.0 mAdc 
(Vcs = 15 Vdc, IE = 0) 

Collector Cutoff Current ICES - - 10 mAdc 
(VcE = 15 Vdc, VsE = o. Tc = 55°CI 

ON CHARACTERISTICS 

DC Current Gain 20 200 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 15 pF 
(Vcs = 12.5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain GpE 13.5 15 - dB 
(Pout = 3.0 W, Vee = 12.5 Vdc, f = 225 MHz) 

Collector Efficiency ,, 60 - - % 
(Pout = 3.0 W, Vee = 12.5 Vdc, f = 225 MHz) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MRF227 

FIGURE 1 - 225 MHz TEST CIRCUIT 

C1,C2,C3,C4 ARCO 420 

C5 
CG 
C7 

L1 

L2 

1000 pF, UNELCO 

0.047 pF, ERIE 
1.0 pF, TANTALUM 

#18 AWG, 1" Wire Length 

VK200-4 Ferroxcube 

L3 1 Turn, #18 AWG, 1/4" ID x 
2" Wire Length 

L4 0.15 µH DELEVAN Molded Choke 

Board - Glass Teflon, €R = 2.56, t = 0.062" 

Input/Output Connectors - Type N 

C2 

FIGURE 2 - INPUT POWER versus OUTPUT POWER - 12.5 V 
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FIGURE 4 - INPUT POWER versus OUTPUT POWER - 7.5 V 
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C3 

FIGURE 3 - INPUT POWER versus OUTPUT POWER - 13.6 V 
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MRF227 

FIGURE 6 -SERIES EQUIVALENT IMPEDANCE 

II 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MRF229 
MRF230 

MRF229 
CASE 79-03, STYLE 5 

!fl 
MRF230 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

!fl 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation@ Tc = 25°C(1) 
Derate above 25°C 

Storage Temperature 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Symbol Value Unit 

VcEO 18 Vdc 

Vcso 36 Vdc 

Vrno 4.0 Vdc 

le 0.5 Ade 

Po 5.0 Watts 
28.6 mWl°C 

Ts!l!_ -65 to +200 oc 

Symbol Max Unit 

35 oc/W HIGH FREQUENCY TRANSISTOR 
NPN SILICON (1) These devices are designed for RF operation. The total device dissipation rating 

applies only when the devices are operated as Class C RF Amplifiers. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 18 - Vdc 
Oc = 25 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 36 - Vdc 
Oc = 25 mAdc, VBE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - Vdc 
OE = 0.25 mAdc, le = O) 

Collector Cutoff Current le Bo - 0.5 mAdc 
(VcB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 5.0 
(le = 250 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 25 pF 
(VcB = 12.5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain GpE 10 - dB 
(Vee = 12.5 Vdc, Pout = 1.5 W, f = 90 MHz) 

Collector Efficiency ,, 55 - % 
(Vee = 12.5 Vdc, Pout = 1.5 W, f = 90 MHz) 

Load Mismatch - VSWR > 30:1 Through All Phase 
(Vee = 12.5 Vdc, Pout = 1.5 W, f = 90 MHz, Tc"' 25°C) Angles in 3 Second Interval 

After Which Devices Will Meet 
GpE Test Limits 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MRF229 • MRF230 

FIGURE 1 - 90 MHz TEST CIRCUIT SCHEMATIC 

RF 
Input 

C1 S.0-80 pF, ARCO 462 
C2,C6 2S-280 pF, ARCO 464 
C3 2SOpF UNELCO 
C4 10 pf UN ELCO 
CS 9.0-180 pf, ARCO 463 
C7 1000pf UNELCO 
CS 0.47 µ.F ERIE Oise Ceramic 

C4 CS 

C9 20 µF, 15 Vdc TANTALUM 
L 1 2 Turns, #18 AWG, 3/8" 1.0. 3/8" Long 

L2 2.5 Turns, #20 AWG, on Ferrite Bead. 
FERROXCUBE S6·S90·65·3B 

L3 3 Turns, #18 AWG, 3/8" I .D., 1/2" Long 
L4 0.68 µH, 9230-16 MILLER Molded Choke 
LS Ferrite Bead, FERROXCUBE 56-590-65-38 
R1 4.7 OHM, 1/2 W, 10% Carbon 

Input/Output Connectors - Type BNC 

FIGURE 2 - OUTPUT POWER versus INPUT POWER FIGURE 3 - OUTPUT POWER versus FREQUENCY 
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FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 
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MRF229 • MRF230 

FIGURE 5 

SERIES EQUIVALENT INPUT IMPEDANCE 

Z1N 
Ohms 

-~-.-4~nv 

4.25·i B.65 
I 3.B 18.9 
i 3;1-17\ 35 

FIGURE 6 - PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 
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FIGURE 8 - PARALLEL EQUIVALENT OUTPUT RESISTANCE 
versus FREQUENCY 
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SERIES EQUIVALENT OUTPUT IMPEDANCE 

FIGURE 7 - PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 
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versus FREQUENCY 
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MRF237 

CASE 79-03, STYLE 5 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 18 Vdc 

Collector-Base Voltage Vceo 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 640 mAdc 

Total Device Dissipation @ Tc = 25°C Po 8.0 Watts 
Derate above 25'C 45.7 mW/'C 

HIGH FREQUENCY TRANSISTOR 

Storage Temperature Ts_!g_ -65to +200 'C NPNSILICON 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Rruc 20 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 18 - - Vdc 
Uc = 10 mAdc, le = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 36 - - Vdc 
Uc = 5.0 mAdc, VeE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc 
OE= 1.0 mAdc, le= 0) • Collector Cutoff Current iceo - - 0.25 mAdc 
(Vee = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 5.0 
Uc = 250 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 15 20 pF 
(Vee= 15 Vdc, IE = 0, f = 0.1 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain GpE 12 14 - dB 
(Pout = 4.0 W, Vee = 12.5 Vdc, 
lc(max) = 640 mAdc, f = 175 MHz) 

Collector Efficiency '1 50 62 - % 
(Pout = 4.0 w, Vee = 12.5 Vdc, 
lc(max) = 640 mAdc; f = 175 MHz) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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J. 

MRF237 

FIGURE 1 - 175 MHz TEST CIRCUIT SCHEMATIC 

II L4 L5 C6 
.__,.,rY...._-e--fY"lrY'-o._.~1--'::>.-< RF 

Output 
RF>--+-4--l'"YY"l"'\...._ _ _,.,rv-....__.._ ___ ....rY"YY'L.--~,._-+-f 

Input 

C1,C4,C5 
C2 
C3 
C6 

•c1 
ca 
C9 
C10 

C1 C2 C3 L6 II 
Bead 

3.0-180pf,ARC0463 
1.75- 30 pf, ARCO 461 
40pf, UNELCO 
0.01 µ.F, ERIE 
0.1 µ.F, ERIE REDCAP 
1.0µ.F, TANTALUM 
1000pf, UNELCO 
100 pf UN ELCO 

FIGURE 2 - OUTPUT POWER versus INPUT POWER 
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f= 175 MHz 
Vee= 12.5 Vdc 

C4 

C10 

L 1 1/2 Turn, #16 AWG, 0.5" 1.0. 
L2 1",#16AWG 
L3 0. 75" #16 AWG 

L4,L5 1 Turn, #16 AWG, 0.5" 1.0. 
L6 0.15 µH Molded Choke 
L7 1.2 µH Molded Choke 

Beads FERRITE Beads, FERAOXCUBE 
#56-5 70-65/38 

C5 

FIGURE 3- OUTPUT POWER versus FREQUENCY 
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FIGURE 4- OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 5 -SERIES EQUIVALENT IMPEDANCE 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO 30 

Collector-Base Voltage Vceo 40 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous le 150 

Total Device Dissipation @Tc = 25°C Po 2.5 
Derate above 25°C 35 

Storage Temperature Ts!ll_ -65 to +200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 28.5 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, le = Ol 

Collector-Emitter Breakdown Voltage 
Uc = 5.0 mAdc, VeE = O) 

Collector-Base Breakdown Voltage 
Uc= 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 1.0 mAdc, le = O) 

Collector Cutoff Current 
!VcE = 20 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 100 mAdc, VcE = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 100 mAdc, VcE = 20 Vdc, f = 200 MHz) 

Output Capacitance 
(Vee = 28 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain(1) 
Nee = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

Collector Efficiency 
(Vee = 28 Vdc, Pout = 1.0 w, f = 400 MHz) 

Series Equivalent Input Impedance 
(Vee = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

Series Equivalent Output Impedance 
(Vee = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

(1) Class C 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Wstts 
mWl°C 

·c 

MRF313 
MRF313A 

MRF313 
CASE 30!jA-01, STYLE 1 

~ 
MRF313A 

~~~, 

Unit 

0 c1W 
HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

Symbol Min Typ Max Unit 

V(BR)CEO 30 - - Vdc 

V(BR)CES 35 - - Vdc 

V(BR)CBO 35 - - Vdc 

V(BR)EBO 3.0 - - Vdc 

ICEO - - 1.0 mAdc 

20 60 150 

tr - 2.5 - GHz 

Cobo - 3.5 5.0 pf 

Gpe 15 16 - dB 

,., - 45 - % 

Zin - 6.4-j4.8 - Ohms 

Zout - 75-j45 - Ohms 

MOTOROLA SEMICONDUCTORS 
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MRF313 • MRF313A 

FIGURE 1 - 400 MHz POWER GAIN TEST CIRCUIT 

C1,C2,C4 1.0-20 pF JOHANSON 9063 
C3 1.0-10 pF JOHANSON 
CS 150 pF Chip 
C6 0.1 µF 

C7 ,CS 680 pf Feedthru 
C9 1.0 µF TANTALUM 

MOTOROLA SEMICONDUCTORS 

A 

L1,L3 5 Turns, AWG #20, 14" 1.0. 

L2 Ferrite Bead, FERROXCUBE 

No. 56-590-65/48 
L4 FEAROXCUBE VK200-20/4B 

Input/Output Connectors - Type N 

Board - Glass Teflon, e = 2.56, t = 0.062" 

7-146 

R 4.7 Ohms,% W 
Z1 2.0" x 0.1" MICAOSTRIP LINE 

Z2,Z3 2.6" x 0. 1" MICROSTRIP LINE 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage Vceo 18 

Collector-Base Voltage Vceo 36 

Emitter-Base Voltage Veeo 4.0 

Collector Current - Continuous le 0.5 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 5.62 

Storage Temperature TS!ll -65 to +200 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 mAdc, le = OJ 

Collector-Emitter Breakdown Voltage 
Uc = 100 mAdc, Vee = OJ 

Emitter-Base Breakdown Voltage 
lie = 0.25 mAdc, le = OJ 

Collector Cutoff Current 
!Vee= 15 Vdc, le = oJ 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 250 mAdc, Vee = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee= 15 Vdc, le= o, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain 
!Vee = 12.5 Vdc, Pout = 1.0 W, lc(max) = 160 mAdc, f = 50 MHz) 

Collector Efficiency 
!Vee = 12.5 Vdc, Pout = 1.0 W, lc(max) = 160 mAdc, f = 50 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watts 
mwrc 

•c 

MRF402 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

NPNSILICON 

Symbol Min Max Unit 

V(BR)CEO 18 - Vdc 

V(BR)CES 36 - Vdc 

V(BR)EBO 4.0 - Vdc 

iceo - 0.5 mAdc 

5.0 

Cobo 25 pF 

Gpe 10 - dB 

'1 50 - % 

MOTOROLA SEMICONDUCTORS 
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MRF402 

FIGURE 1 - 50 MHz TEST CIRCUIT SCHEMATIC 

RF 
Input 

C1 L1 

C2 L2 

C1 ,C2,C5 - 25·280 pf, ARCO 464 or equiv. 
C3- 40pF, 500 Vdc UNELCO 
C4 - 9.0·180 pF ARCO 463 or equiv. 
C6 - 1000 pF feedthru 
C7 - 0.1 µF, 75 Vdc 

MOTOROLA SEMICONDUCTORS 
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c;rL ____ 'J'._c_1 __ 1_2 ..... ~ Vdc 

L3 C5 

C3 C4 

L 1 - 2 Turns No. 18 AWG, 3/8" 1.0. 
L2 - 2 1/2 Turns, Small Ferrite Bead 
L3 - .5 Turns No. 18 AWG, 3/8" 1.0. 
L4 - 1.0 µH RF Choke 

RF 
Output 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 
Rating Symbol MRF501l MRF502 

Collector-Emitter Voltage VcEO 15 

Collector-Base Voltage Vceo 25 I 3.5 

Emitter-Base Voltage VEBO 3.5 

Collector Current le 50 

Total Device Dissipation@ TA = 25'C Po 200 
Derate above 25'C 1.14 

Storage Temperature Tst.JI. -65 to +200 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 3.0 mAdc, le = Ol 

Collector-Base Breakdown Voltage 
Uc= 1.0 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
UE = 1.0 µAde, le= O) 

Collector Cutoff Current 
(Vee = 1.0 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 1.0 mAdc, VcE = 6.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee= 10 Vdc, IE = 0, f = 0.1to1.0 MHz) 

Collector Base Time Constant 
UE =a.a mAdc, Vee= 6.0 Vdc, t = 31.8 MHz) 

Noise Figure (Figure 1) 
Uc = 1.5 mAdc, VcE = 6.0 Vdc, 
Rs = 50 ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 
(Vee = 6.0 Vdc, le = 5.0 mAdc, f = 200 MHz) 

SMALL-SIGNAL DEVICES 

MRF501 
MRF502 

MRF501 
MRF502 

MRF501 
MRF502 

MRF501 
MRF502 

MRF501 
MRF502 

MRF501 
MRF502 

7-149 

Unit 

Vdc 

Vdc 

MRF501 
MRF502 

CASE 20-03, STYLE 10 
T0-72 (T0-206AFI 

I 
Vdc 

mAdc 
HIGH FREQUENCY TRANSISTOR 

mW 
mwrc 

'C 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

tr 

Ccb 

rb'Cc 

NF 

NPNSILICON 

Refer to 2N5179 for curves 

Min 

15 

25 
35 

3.5 

-
-

30 
40 

600 
800 

-

-

-
-

Typ 

-

-
-
-

-
-

1000 
2000 

0.6 

8.0 

4.5 
4.0 

15 
17 

Max 

-

-
-
-

50 
20 

250 
170 

-
-
-

-

-
-

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

MHz 

pF 

ps 

dB 

dB 

MOTOROLA SEMICONDUCTORS 

• 
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MRF501 • MRF502 

DC 

FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 

1N3195 

COMMON ']200 

FROM50n""' 
SOURCE 

L113/4Turns, #18 AWG, 0.5" Long, 0.5" Diameter 
L2 2 Turns, #16 AWG, 0.5" Long, 0.5" Diameter 
L3 2 Turns. #18 AWG, 0.25" Long, 0.5" Diameter. Position Approxim11aly 0.25" lrom L2 

MOTOROLA SEMICONDUCTORS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 20 

Collector-Base Voltage Vcso 35 

Emitter-Base Voltage Ve so 3.5 

Collector Current - Continuous le 250 

Total Device Dissipation @ Tc = 25°C Po 5.0 
Derate above 25°C 28.6 

Storage Temperature Ts.!!!_ -65 to +200 

Stud Torque(1) - 6.5 

(1) For Repeated Assembly use 5 In. Lb. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 5.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, le = o) 

Emitter-Base Breakdown Voltage 
!le = 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 15 Vdc, IB = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 80 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 100 mAdc, IB = 10 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 80 mAdc, Vee = 20 Vdc, t = 200 MHz) 

Output Capacitance 
(VcB = 20 Vdc, le = o, t = 1.0 MHz) 

Noise Figure 
!le = 50 mAdc, Vee = 20 Vdc, f = 200 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain 
(Vee = 20 Vdc, le = 80 mAdc, t = 250 MHz) 

2nd Order Intermodulation Distortion 
(Vee = 20 Vdc, le = 80 mAdc, V0ut = +50 dBmV, 
Chn 2 + Chn 13 = 266.5 MHz) 

Cross-Modulation Distortion 
(Vee = 20 Vdc, Vout = +50 dBmV, le = 80 mAdc) Chn 13 

Chn R 

Triple Beat 
(Vee = 20 Vdc, le = 80 mAdc, Vout = +50 dBmV, 
Chn 2 + Chn 3 + Chn E = 261.75 MHz) 

SMALL-SIGNAL DEVICES 

7-151 

Unit 

Vdc 

Vdc 

Vdc 

MRFSll 

CASE 244A-01, STYLE 1 
T0-117 

* mAdc HIGH FREQUENCY TRANSISTOR 

Watts NPN SILICON 
mW!°C 

·c 

In. Lb. 

Symbol Min Typ Max Unit 

V(BR)CEO 20 - - Vdc 

V(BR)CBO 35 - - Vdc 

V(BR)EBO 3.5 - - Vdc 

iceo - - 100 µAde 

hFE 25 50 200 -

Vce(sat) - 0.2 0.5 Vdc 

tr 1.5 2.1 - GHz 

Cobo - 3.2 4.5 pF 

NF - 7.3 10 dB 

Gpe 10 11 - dB 

IMD - -55 -50 dB 

dB 
12 Chn XMD - -59 -57 
30 Chn XMD - -46 -

TB - -68 -65 dB 

MOTOROLA SEMICONDUCTORS 
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MRF511 

FIGURE 1 - 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 

C1 ,C3,C4,C5,C6 
C2 

L 1 

L2 

R4 L4 

R3 

0.002 µF Cwamic Disc 
0.36-3.5 pF JOHANSON 4702 

C6 

2 Turns, #20 AWG, 1/8" l.D .. 0.2" Long 
5 "H, F•rlte Choke, Ml LLER 

RF Output 

CIRCUIT PERFORMANCE 

Min' Typ 

Input/Output Return Loss - 18 dB 

Flatness 

Gain 

Bandwidth 

R1 
R2 
R3 
R4 

- +0.3 dB 

10 dB 

- 40-300 MHz 

4.7 kfl, 1/4W, 10% 
27 fl, 1W, 10% 
27 fl, 1W,10% 
300 fl, 1/4W, 10%. 

L3 18 Turns, #24 AWG Enamelled, on Ferrite Torrid Core 

FERROXCUBE 1041T060-4C7 
Input/Output Connectors - Type F 
Z0 - 75 Ohms 

5 Turns, #20 AWG, 3/16" 1.0., 0.36" Long 

FIGURE 2 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 6 - 12 CHANNEL CROSS-MODULATION 
versus COLLECTOR-EMITTER VOLT AGE 
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FIGURE 11 - TRIPLE BEAT versus COLLECTOR CURRENT 
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FIGURE 16 - FORWARD TRANSMISSION 
COEFFICIENT (S21) versus FREQUENCY 
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FIGURE 17 - REVERSE TRANSMISSION 
COEFFICIENT (S12) versus FREQUENCY 
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MRF515 

CASE 79-02, STYLE 1 
T0-39 (T0-205ADJ 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Colector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation@ Tc = 25°C 
Derate above 25°C 

Storage Temperature 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 5.o mAdc, Is = OI 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, le = 01 

Emitter-Base Breakdown Voltage V(BRIEBO 
!IE = 100 µAde, le = OI 

Collector Cutoff Current lcEO 
!Vee = 15 Vdc, Is = 01 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 50 mAdc, VcE = 10 Vdcl 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(le = 100 mAdc, VcE = 10 Vdc, f = 200 MHz) 

Output Capacitance Cobo 
(Vcs = 12.5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST {FIGURE 1) 

Common-Emitter Amplifier Power Gain GpE 
(Vee = 12.5 Vdc, Pout = 0.75 W, f = 470 MHz) 

Collector Efficiency 1/ 
(Vee = 12.5 Vdc, Pout = 0.75 w, f = 470 MHz) 

Series Equivalent Input Impedance Zin 
{Vee = 12.5 Vdc, Pout = 0.75 W, f = 470 MHz) 

Series Equivalent Output Impedance Zout 
{Vee = 12.5 Vdc, Pout = 0.75 W, f = 470 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

Vceo 20 Vdc 

Vcso 35 Vdc 

Ve so 4.0 Vdc 

le 150 mAdc 

Po 2.5 Watts 
14.3 mWl°C 

Tst...9. -65 to +200 oc 

Min Typ Max Unit 

20 - - Vdc 

35 - - Vdc 

4.0 - - Vdc 

- - 10 µAde 

20 60 150 -
- - 0.5 Vdc 

1800 2000 - MHz 

- 3.5 4.0 pF 

8.0 8.5 - dB 

50 70 - % 

- 14+j4.0 - Ohms 

- 28-j38 - Ohms 

SMALL-SIGNAL DEVICES 
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C7 

12.5 Vdc 

C1,C2,C3 · 1.0·10 pF JOHANSON 
C4 - O. 1 µF disc 
C5 - 1.0 µF TANTULAM 
C6 - 0.018 µF chip 
C7 - 1000 pf Feedthru 

L 1, L2 - O. 15 µF Choke 
L3 Bead Ferrite 

C4 

FIGURE 1 - 470 MHz TEST CIRCUIT 

L2 

C6 

BOARD= 0.032" TEFLON GLASS, 
€R=2.5 

Z1,Z2 - 0.09" x 0.5" LINE, Zo = 100 n 
Z3- 0.18" x 1.0" LINE, Zo = 50 n 

1 
2" 

l 

FIGURE 2 - OUTPUT POWER versus INPUT POWER FIGURE 3 - CURRENT-GAIN - BANDWIDTH PRODUCT 

versus COLLECTOR CURRENT 
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FIGURE 5 '- S11 and 822 venus FREQUENCY 

I 

- FIGURE 6 - S12 versus FREQUENCY 
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FIGURE 7 - S21 versus FREQUENCY 
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MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage (RBE = 3300) VcER 

Collector-Base Voltage Vceo 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation @ Tc - 50'C Po 

Value 

25 

35 

3.5 

150 

2.5 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 

MRF517 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

Derate above 50'C 20.0 .mW/'C 

Junction Temperature TJ +175 'C HIGH FREQUENCY TRANSISTOR 

Storage Temperature TS!!L -65 to +200 'C NPNSIUCON 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Rruc 50 'C/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 20 - - Vdc 
Uc = 5.0 mAdc, le = O) 

Collector-Emitter Breakdown Voltage V(BR)CER 25 - - Vdc 
Uc = 5.0 mAdc, ReE = 330 Ohms) 

Collector-Base Breakdown Voltage V(BR)CBO 35 - - Vdc 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.5 - - Vdc 
UE = 100 µAde, le = O) 

Collector Cutoff Current ICEO - - 100 µAde 
(VcE = 15 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 40 200 
Uc = 60 mAdc, VcE = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 2200 2700 - MHz 
Uc= 60 mAdc, VcE = 15 Vdc, f = 200 MHz) 

Output Capacitance Cobo - 3.0 4.5 pf 
(Vee = 15 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain 
(VcE = 15 Vdc, le = 60 mAdc, f = 300 MHz) 

Gpe - 10 - dB 

Broadband Noise Figure NF - - 7.5 dB 
(VcE = 15 Vdc, le = 50 mAdc, f = 300 MHz). 

2nd Order Distortion IMD2 - - -57 dB 
(VcE = 15 Vdc, le= 60 mAdc, Eout = +45 dBmV, 
Ch 2 + Ch G = 212.5 MHz) 

NCTA Cross Modulation Distortion, 12 Ch's (2-13) XMD12 - - -57 dB 
(VCE = 15 Vdc, le= 60 mAdc, Eout = +45 dBmV, 
Measured at Ch's 2 and 13) 

Triple Beat Distortion, 3 Ch's TB3 - - -72 dB 
(VcE = 15 Vdc, le= 60 mAdc, Eout = +45dBmV, 
Ch's (4 + 5 + A) = 265 MHz) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - POWER DISSIPATION 
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FIGURE 2 - 40 to 330 MHz BROADBAND TEST CIRCUIT SCHEMATIC 
L3 

+Vee>----. 
R2 

C3 

C1 1.0 - 10 pF JOHANSON 

C2,C6,C7 0.002 µ. F Ceramic Disk 
C3,C5 0.1 µ.F, 50 Vdc Tantalum 

C4 1000 pF Button 

L 1 1 Turn, tt20 AWG 

L2 5.6 µ.H Molded Choke 

L3 4 Turns, tt20 AWG, 1 /4" I. 0. 

C4 

~ 
R3 

+15 
Vdc 

C5 

L4 VK200 

Tl 16: 1 Bifilar Wound, #20 AWG Enameled Wire, 

Wound on a FERAOXCUBE 1041T060-4C4 Core 

Al 4.7 k!2, 1/4 Watt, 10% 

A2,A3 27 Sl , 1/4 Watt, 5% 
R4 270 H, 1/4 Watt, 5% 

Input/Output Connectors - Type F 
Z 0 ~ 75 Ohms 
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FIGURE 4 - COMMON-EMITTER POWER GAIN 
versus FREQUENCY 

~ 3.01----+--l----i--+--+-+--+-+---+--+-+--< 

"' o.__ __ _._ __ ...___._....___...__. __ _.__...__.____.__..._. 
I OD 100 300 400 500 700 1000 

I, FREQUENCY (MHz) 
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FIGURE 9 - 2nd ORDER DISTORTION (11 ± 121 versus 
COLLECTOR CURRENT 

90~~~~~~~--'~--'~--'~~~~~-'-~-' 
30 40 50 60 70 BO 

le. COLLECTOR CURRENT (mAJ 

FIGURE 11 - DIN 45004 CROSS-MODULATION DISTORTION 
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Vee •c Frequency S11 521 S12 SZ2 

CVoltsl CmAI CMHzl 1s111 LQ> 1s211 LQ> 1s121 L<JJ. 1s221 j I.Qi 

100 0.538 -152 12.821 100 0.043 49 0.381 -102 
200 0.546 -173 6.612 86 0.064 55 0.314 -121 

5 30 
400 0.557 163 3.440 71 0.105 60 0.315 -132 
600 0.602 147. 2.357 59 0.144 61 0.360 -140 
BOO 0.625 136 1.872 46 0.181 59 0.437 -143 

1000 0.626 120 1.614 34 0.211 57 0.482 -144 

100 0.532 -160. 13.475 98 0.040 54 0.362 -111 
200 0.542 -178 6.850 86 0.063 60 0.314 -130 

60 
400 0.558 160 3.586 72 0.109 63 0.313 -140 
600 0.602 145 2.475 60 0.151 62 0.353 -146 
800 0.619 134 1.962 48 0.190 59 0.423 -147 

1000 0.616 118 1.706 35 0.221 57 0.464 -147 

100 0.532 -163 13.530 98 0.038 57 0.354 -115 
200 0.545 179 6.908 85 0.063 62 0.313 -133 

90 
400 0.558 159 3.607 72 0.111 64 0.312 -143 
600 0.604 145 2.489 61 0.153 63 0.352 -148 
800 0.620 133 1.982 48 0.193 59 0.419 -149 

1000 0.614 117 1.721 35 0.224 57 0.455 -148 

100 0.500 -145 14.176 102 0.040 50 0.386 -87 
200 0.502 -170 7.358 87 0.059 55 0.304 -105 

10 30 
400 0.512 164 3.819 71 0.097 61 0.304 -118 
600 0.559 149 2.593 59 0.133 62 0.356 -128 
800 0.583 137 2.033 46 0.166 60 0.442 -134 

1000 0.584 122 1.724 34 0.194 59 0.497 -137 

100 0.487 -154 14.977 100 0.037 55 0.353 -96 
200 0.498 -174 7.715 86 0.059 60 0.287 -114 

60 
400 0.506 161 4.009 72 0.101 63 0.29:4 -125 
600 0.553 146 2.731 60 0.139 63 0.341 -133 
800 0.572 135 2.158 47 0.174 60 0.422 -137 

1000 0.569 119 1.835 35 0.202 58 0.475 -139 

100 0.486 -157 15.192 99. 0.036 57 0.337 -98 
200 0.493 -176 7.764 86 0.058 61 0.280 -116 

90 
400 0.508 160 4.043 72 0.101 64 0.287 -126 
600 0.555 145 2.761 60 0.141 63 0.336 -134 • 800 0.574 134 2.184 47 0.176 60 0.417 -138 

1000 0.568 118 1.861 35 0.204 58 0.469 -139 

100 0.465 -153 15.774 100 0.035 56 0.337 -88 
200 0.475 -174 8.091 86 0.056 61 0.274 -105 

15 30 
400 0.487 161 4.209 71 0.097 64 0.284 -116 
600 0.532 146 2.863 59 0.133 63 0.337 -126 
800 0.551 135 2.249 47 0.167 60 0.425 -132 

1000 0.547 119 1.909 34 0.193 58 0.482 -135 

100 0.468 -150 15.650 101 0.036 54 0.354 -87 
200 0.475 -172 8.088 87 0.057 60 0.282 -104 

60 
400 0.486 163 4.178 72 0.096 63 0.290 -116 
600 0.530 147 2.846 60 0.133 63 0.341 -126 
800 0.549 136 2.228 47 0.166 60 0.429 -132 

1000 0.547 120 1.887 34 0.192 59 0.487 -135 
100 0.487 -141 14.773 103 0.039 50 0.391 -80 
200 0.486 -167 7.724 87 0.057 55 0.303 -97 

90 
400 0.491 166 3.986 71 0.093 61 0.306 -110 
600 0.537 150 2.694 59 0.127 62 0.359 -122 
800 0.565 138 2.108 45 0.159 60 0.448 -129 

1000 0.566 123 1.779 33 0.185 60 0.507 -134 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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CASE 79-03, STYLE 5 
T0-39 (T0·205AD) 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter. Voltage Ree = 330 0 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 50°C 
Derate above 50°C 

Junction Temperature 

Storage Temperature 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 5.0 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage V(BR)CER 
Uc = 5.0 mAdc, Ree = 330 Ohms) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 0.1 mA, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 0.1 mA, le = 0) 

Collector Cutoff Current lcEO 
(Vee = 15 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= so mAdc, Vee = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 50 mAdc, Vee = 20 Vdc, f = 200 MHz) 

Output Capacitance Cobo 
(Vee= 10 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain Gpe 
(Vee = 26 Vdc, Pin = O dBm, f = 400 MHz) 

Broadband Noise Figure NF 
(Vee = 26 Vdc, f = 400 MHz) 

MOTOROLA SEMICONDUCTORS 
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Symbol Value Unit 

VcER 25 Vdc 

Vcso 35 Vdc 

Ve so 3.5 Vdc 

le 150 mAdc 

Po 2.5 Watts 
0.017 wrc 

TJ +175 ·c 

Ts!ll_ -65 to +200 ·c 

Symbol Max Unit 

R8JC 60 ·c!W 

Min Typ Max Unit 

20 - - Vdc 

25 - - Vdc 

35 - - Vdc 

3.5 - - Vdc 

- - 100 µA 

60 175 

2.2 2.5 - GHz 

- 3.0 4.0 pF 

13 14 - dB 

- - 4.0 dB 

SMALL-SIGNAL DEVICES 
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FiGURE I - 225 to 400 MHz EIROADBAND TEST CIRCUIT SCHEMATIC 

RF 
Input 

C1 L1 

01 •T.U.T. 

L2 

C4 

A1 L3 

A2 

C7 

L4 

AF 
Output 

-=- r7 02 

30 

24 

~ 
18 

11 
~ 11 

6 0 

16 

C3 A3 

A4 

C1, C2 - 2.5-11 pF Erie Ceramic Variable 

C3 - 47 µF 6.0 Volt Electrolytic 
C4, C5 - 1000 pF Feedthru 
CG - ·470 pF Ceramic Chip 
C7 - 5.5-18 pF Erie Ceramic Variable 

A 1 - 150 .n 1 /8 Watt Carbon 

A2 - 100 fl 1/8 Watt Carbon 
A3, A4 - 10 k.fl 1/8 Watt Carbon 
RS - 3.3 kn 1/8 Watt Carbon 

FIGURE 2- COMMON-EMITTER POWER GAIN (Gmaxl 
versus FREQUENCY 

VcE 0 13.6V ~ 

I, F REOUENCY IMHzl 

FIGURE 4 - BROADBAND AMPLIFIER RESPONSE 

-

! a.01--+--+--+-+--+--+--+--+--+----1 

~ 

4.0 >--+--+---t---t---+---+---+---+--t----< 
Measured in circuit 

1--+--+---!---t---+--+--+shown in Figure 1. -

o~-~-~-~-~-~-~--+--P-in_:i~O-d-Bm_.l.~-~ 
100 300 400 

I, FREQUENCY IMHzl 
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i C5 

AG 

+ 26 Vdc 
A5 

~ 4.0 

~ 
>u 
=> 

~ 3.0 

I 
>
D 

~ 2.0 

;ii 

=> 
u 

i- 0 

w 
~ 12 

R6 - 120 n 1 /2 Watt Carbon 

Ll - 1 Turn #24, 0.125 mil JD 
L2, L4 - 0.47 µH Molded Choke 

L3 - 2 Turns #24, 0.125 mil 10 
L5 - 4 Turns #24, 0.125 mil ID 

02 - 2N2907A 

•Transistor Under Test 
le= 47 mAdc (Nominal) 

FIGURE 3- CURRENT GAIN BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 

0 

V~E 0 13
1
6 V -

-I. 

.# ~ ~ 
L V~E 0 16 1~ 

10 10 30 40 50 60 70 80 90 100 

le, COLLECTOR CURRENT (mA) 

FIGURE 5- 1.0 dB GAIN COMPRESSION OUTPUT 
versus FREQUENCY 

~ t--+--+--+---t---t---+--r--r--+--1 

~ 8.0 t--+--+--+---1---+---+--+---r--t--1 
0 

4.0 l--+--+--+---t---t---+--r--r--+--1 

01~0~0-~-~-~-~-~30~0-~-~-~-~-4~00 

I, FREQUENCY (MHz) 
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FIGURE 6 - THIRD ORDER INTERCEPT 
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/ 

Measuredinwcuit_ 
shown1nF1gure1._ 

!~;~:~n:o~e~~z -
'10 •10 •30 •40 +50 +60 

P10 , INPUT LEVEL (dBm) 

$-PARAMETERS 

$11 $21 S12 

15111 Lq, 1$211 L</> 1$121 L</J 

0.388 -111 12.318 107 0.032 61 
0.331 -151 6.768 88 0.049 68 
0.337 -171 4.650 77 0.072 73 
0.344 176 3.580 68 0.096 78 
0.349 166 2.889 59 0.125 80 

0.287 -125 14.160 103 0.030 67 
0.263 -160 7.585 86 0.053 73 
0.275 -177 5.167 76 0.078 76 
0.288 172 3.968 68 0.104 77 
0.293 164 3.214 60 0.135 78 

0.206 -140 15.745 99 0.029 74 
0.208 -171 8.299 84 0.056 76 
0.226 176 5.612 75 0.084 76 
0.235 169 4.307 68 0.113 77 
0.243 161 3.488 60 0.114 76 

0.179 -151 15.931 98 0.029 77 
0.187 -177 8.293 85 0.058 80 
0.203 171 5.626 77 0.087 80 
0.212 164 4.276 70 0.115 80 
0.213 157 3.456 63 0.147 79 

0.454 -100 13.580 105 0.027 58 
0.313 -138 7.339 88 0.040 67 
0.291 -161 4.989 78 0.060 76 
0.287 -175 3.826 70 0.080 84 
0.287 173· 3.096 63 0.106 89 

0.313 -105 15.191 102 0.025 62 
0.220 -144 8.086 87 0.044 73 
0.213 -166 5.487 77 0.067 78 
0.215 -178 4.204 71 0.092 83 
0.214 170 3.404 64 0.116 86 

0.165 -117 16.375 102 0.026 71 
0.139 -157 8.695 87 0.048 78 
0.151 -176 5.882 78 0.073 80 
0.157 173 4.494 71 0.098 82 
0.158 164 3.659 65 0.124 84 

0.215 -147 13.156 103 0.023 72 
0.212 -176 7.220 88 0.044 82 
0.222 171 4.951 79 0.069 84 
0.230 164 3.851 72 0.093 87 
0.233 156 3.123 64 0.123 89 

7-166 

522 

1$221 L</J 

0.597 -24 
0.480 -25 
0.443 -31 
0.442 -40 
0.459 -47 

0.516 -24 
0.414 -23 
0.378 -30 
0.378 -38 
0.396 -45 

0.446 -24 
0.358 -21 
0.324 -27 
0.326 -36 
0.345 -42 

0.430 -22 
0.358 -19 
0.330 -25 
0.338 -33 
0.364 -39 

0.625 -15 
0.552 -17 
0.532 -23 
0.544 -30 
0.570 -36 

0.566 -14 
0.509 -15 
0.489 -20 
0.498 -28 
0.523 -34 

0.529 -14 
0.471 -14 
0.449 -20 
0.458 -27 
0.485 -32 

0.602 -14 
0.536 -17 
0.507 -24 
0.513 -31 
0.534 -36 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 100 

Collector-Base Voltage VcBo 100 

Emitter-Base Voltage Ve Bo 3.5 

Total Device Dissipation @ Tc = 25'C Po 2.5 
Derate above 25°C 14.3 

Storage Temperature TsN_ -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case ROJC 70 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
(le = 0.1 mAdc, le = O) 

Emitter-Base Breakdown Voltage 
llE = 0.1 mAdc, le = O) 

Collector Cutoff Current 
(Vee = 75 Vdc, VBE = Ol 

ON CHARACTERISTICS 

DC Current Gain 
(le= 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, IB = 1.0 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie= 50 mAdc, VcE = 25 Vdc, f = 100 MHz) 

Output Capacitance 
(VcB = 10 Vdc, le = o, f = 1.0 MHz) 

Input Capacitance 
(VBE = 3.0 Vdc, le = 0, f = 1.0 MHz) 

SMALL"SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Watts 

MRF531 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

mW/"C HIGH FREQUENCY TRANSISTOR 
'C 

NPNSILICON 

Unit 

'CM/ 

Symbol Min Typ Max Unit 

V(BR)CEO 100 - - Vdc 

V(BR)CBO 100 - - Vdc 

V(BR)EBO 3.5 - - Vdc 

ICES - - 10 µAde 

hFE 25 - - -

VcE(sat) - - 1.0 Vdc 

fr 500 800 - MHz 

Cobo - - 4.0 pF 

Cibo - 9.0 - pF 

MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 3- OUTPUT CAPACITANCE' 
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FIGURE 2 - INPUT CAPACITANCE 
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o.___~_.___.____,.____, _ __,_-+--+--+-~ 
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FIGURE 4 - DC SAFE OPERATING AREA 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 80 Volts 

Collector-Base Voltage Vcso 80 Volts 

Emitter-Base Voltage VEBO 3.5 Volts 

Total Device Dissipation @Tc = 25°C Po 2.5 Watts 
Derate above 25°C 14.3 mW/°C 

Storage Temperature Ts!ll_ -60 to +200 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 70 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie= 10 mA) 

Collector-Base Breakdown Voltage 
lie= 0.1 mA) 

Emitter-Base Breakdown Voltage 
(IE= 0.1 mA) 

Collector Cutoff Current 
(VcE = 75 V) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 5.0 mA. VcE = 10 V) 

Collector-Emitter Saturation Voltage 
lie = 10 mA, Is = 1.0 mA) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 50 mA, VcE = 25 v. f = 100 MHz) 

Output Capacitance 
!Vea = 10 v. f = 1.0 MHz) 

MRf534, MRf536 For Specifications, See MM4049 Data. 

MRF532 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO 80 - Vdc 

V(BR)CBO 80 - Vdc 

V(BR)EBO 3.5 - Vdc 

ICES - 10 !<Ade 

hFE 25 - -

VcE(sat) - 1.0 Vdc 

tr 500 - MHz 

Cobo - 4.0 pF 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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CASE 317·01, STYLE 2 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

HIGH FREQUENCY TRANSISTOR Collector-Emitter Voltage Vern 18 Vdc 

NPN SILICON 
Collector-Base Voltage VcBo 36 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 150 mAdc 

Total Device Dissipation@ Tc = 50°C Po 2.0 Watts 
Derate above 50°C 20 mWl°C 

Storage Temperature TS!ll._ -65 to + 150 ·c 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 18 - - Vdc 
Oc = 5.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 36 - - Vdc 
(le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
(IE = 100 µAde, le = 0) 

Collector Cutoff Current ICES - - 1.0 mAdc 
(VcE = 15 Vdc, VBE = O) 

ON CHARACTERISTICS 

DC Current Gain 30 90 200 
Uc = 50 mAdc, VcE = 10 Vdcl 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 3000 - MHz 
Uc = 100 mAdc, Vee = 10 Vdc, I = 200 MHz) 

Output Capacitance Cobo - 2.0 2.5 pF 
(VcB = 12.5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) GpE dB 
(Vee = 12.5 Vdc, Pout = 0.5 W) f = 870 MHz 8.0 9.5 -

I = 512 MHz - 13 -
Collector Efficiency (Figure 1) 7j % 

(Vee = 12.5 Vdc, Pout = 0.5 Wl I= 870 MHz 50 65 -
f = 512 MHz - 60 -

TYPICAL PERFORMANCE@ Vee = 7.5 v 
Common-Emitter Amplifier Power Gain Gpe dB 

(Vee = 7.5 Vdc, Pout = 0.5 W) I= 870 MHz - 6.5 -
I= 512 MHz - 10 -

Collector Efficiency 7j % 
(Vee = 7.5 Vdc, Pout = 0.5 Wl I= 870 MHz - 70 -

I= 512 MHz - 65 -

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 1 - 870 MHz TEST FIXTURE 

c1· 

Vee 

- ) 

C1. C2, C4, C5 - 1.0-10 pF Johanson 
C3, C6 - 0.001 µF Chip Capacitor 
C7 - 1.0 µF Tantulam 
L 1, L4 - 4 Turns #26 AWG, 0.3 cm 10, 0.4 cm Long 
L2, L3 - Ferrite Bead 

Z1 - 50 n 1.5 cm 
Z2 - 30 n 2.5 cm 
Z3 - 50 n 2.0 cm 
Z4 - 50 n 1.2 cm 
Z5. ZS - 50 n 1.25 cm 

Microstrip Elements - er = 1.0 

FIGURE 2 - OUTPUT POWER versus INPUT POWER 
f=512MHz 

L 

l soo t-+---+--t.v~L-+-1-+--+1----::: ___,l=-"'""'i---F----1 
= Vee= 12.5 VL._ Vee= 7.5 v .....-r 
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~ lZL 
~200>---<~~-+--+---+---+--+---1----t--+--f 

O'----''-----L--'----'---'---"---'----'---'---' 
0 20 40 60 80 100 

Pin· INPUT POWER (mW) 

FIGURE 4 - OUTPUT POWER versus COLLECTOR VOLTAGE 
f=512 MHz 
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FIGURE 3 - OUTPUT POWER versus FREQUENCY 
Vcc=7.6V 

aoo.---...,.---,.----.-~-~-~-.--~----.-~ 

--+--t- Pin1= 100 1mw 

O'----'--'---'----'---'--'----''-----'--'--~ 
400 425 450 475 500 

I, FREQUENCY (MHz) 

FIGURE 5 - OUTPUT POWER versus FREQUENCY 
Vee= 12.s v 

Pin= 40 mW 

525 

:t::J laooi===f====+-~t--=f:;:::::±::=-f---+--S~!;;---j 
= ~s"'J! 

~400 115m~ 
~ t---d 
0 
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FIGURE 8 -Zin AND ZoL versuaCOLLECTORVOLTAGE. INPUT POWER. AND OUTPUT POWER 

Z;n ZoL* 
f OHMS OHMS 

FREQUENCY 
Vee= 7.&-12.& v vcc=7.&v Vee= 12.11 v MHz 

15mW 25mW &OmW 0.2&W O.llOW 0.711W o.211w O.&OW 0.7&W 

400 4.3 -j13.3 4.9 - j11.0 5.7 - j8.7 31 -j49 44-j34 42-j4.9 20-j68 42-j50 52-j54 

440 3.9-j8.8 4.5 -j8.7 5.4-j6.9 27-j42 39-j30 40-j6.9 19-j62 37-j54 49-j50 

480 3.5-j4.4 4.1 -j6.5 6.0-j4.3 24-]36 36-j25 39-j9.0 18-j56 33-j48 47-j46 

520 3.2-j2.2 3.8-j4.3 4.7-j1.7 22 -j30 34-j20 37-j12 17-j62 31 -j44 47-j42 

•zoL =Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 

FIGURE 7 - OUTPUT POWER versus INPUT POWER 
f = 870 MHz 

I BOD , /I .L._ r-= 
Vee = 12.5 vLJ Vee= 7.5 v i.---r-

I y I __;..-
~4110f---l--+~.L_'-+--+-"""7'~;...--"'--+ 1--+--+--+-~ 

~ v ~ 
j 2001--_L....,,,,t-V-+---+--+---+--+---+--+---l y 
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FIGURE 9 - OUTPUT POWER versua COLLECTOR VOLTAGE 
f = 870 MHz 

800 ~~-~-~-~1-~ ,_-~..,.-, . .,...--~--,---, 

Pin= 100 mW ..,.r· 

D'---'---1--...L---''---'---'--....__-'-'--__.. _ _, 
5.0 7.5 10 12.5 15 17.5 

Vee. COLLECTOR VOLTAGE (V) 
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I BOO 

I i 400 

0 

J200 

0 
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FIGURE 8 - OUTPUT POWER versus FREQUENCY 
vcc=7.sv 

Pin= 100 mW--1 

l 
= 50 mW 

=125 m~ 

830 860 890 920 950 
I, FREQUENCY (MHz) 

FIGURE 10 - OUTPUT POWER versus FREQUENCY 
Vee= 12.11 v 

o.___...__ ...... ~_._~....._~_.__~.._~.____.~_._~_, 
800 830 860 890 920 950 

I. FREQUENCY (MHz) 

FIGURE 11 - Z;n AND ZOL)flirsus COLLECTOR VOLTAGE, INPUT POWER, AND OUTPUT POWER 

Zin ZoL* 
f OHMS OHMS 

FREQUENCY 
Vee= 7.&-12.11 v MHz vcc=7.sv Vee= 12.5 v 

211mW 50mW 100mW 0.25W O.&OW 0.7&W 0.25W O.llOW 0.75W 

800 2.9 + j2.2 3.8 + j4.4 4.7 + j6.5 15.0-j36.8 22.7 -j30.6 27.1 -j22.6 14.6-j43.6 17.2-j39.7 23.4-j37.7 

850 3.2 + j3.5 3;8 + j6.2 4.8 + j7.4 15.7-j35.3 23.9 -j28.7 27.3-j21.5 16.3-j40.8 17.8-j39.5 23.7 -j36.8 

900 3.8 + j6.7 4.4 + j7.0 5.4 + j8.7. 16.4-j33.7 25.1 -j27.0 27.5-j20.5 17.3-j38.2 18.3-j39.3 23.9 -j36.0 

950 4.1 +j7.4 4.5 + j8.8 5.5 + j10.1 17.0-j32.2 26.3-j25.2 27.6-j19.4 17.2 -j36.1 20.1 - j38.6 24.5 -j35.6 

*ZoL =Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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~ 

FIGURE 12 - GAIN versus FREQUENCY 
Vee= 10 V, le= 50-100 mA 
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FIGURE 14 - NOISE FIGURE AND ASSOCIATED GAIN 
versus COLLECTOR CURRENT 

Vee= 10 v 

~ GNf+---+---1---+--1 
/ _1--r----1-- -t--t----

/ 
IS211 2 

~ 8.0 r---1--+ _-.=±--~---""1--+---Ji-b---+t----+-""' 
:::>Q 
.,,~ 

~ ~ 8.0 +---l+---+---+----+---+--+---+---1---+--I 
~g 

a. -.,, 
f = 500 MHz--

4.0 t- f = 1 0 GHz - - _-+---1--+---+---+---+---< 

l l J_ 

o~--1----~-~--+----+---l+---I---+--~ 

0 30 60 90 120 150 
le. COLLECTOR CURRENT (mA) 

FIGURE 15 - CURRENT GAIN BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 

Vce=1ov 
_ 4,0---------~---------
:l" 
!,2. 

t 
:::> 

~ 3.0 

:z: 
::; 
ii' ! 2.0 

z r---1--+--+--+--+--t----I+--+--+-""' 
;;: .,, ro 
a r---1--+--+--+--+--+---<1---+--+-""' 

.: 0'----'--"--~---'---+----+---1'---_. _ _.__~ 
0 30 60 90 120 150 

le. COLLECTOR CURRENT (mA) 

SMALL-SIGNAL DEVICES 

"'"' "'"' -.- -
...: "'- - J... -1- - - _, NF -
z i 4.o t~~...,±~±==t:=r.__=1:t:tJ:j 

7-173 

0'----'--"--~---'---+----+---1---'--"--~ 

0 20 40 60 80 
le. COLLECTOR CURRENT (mA} 

FIGURE 16 - OUTPUT CAPACITANCE versus 
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FIGURE 17 - COMMON !MITTER SCATTERING PARAMETERS 

Vee ic f s,, S21 S12 S22 
(Volts) (mA) (MHz) 1S111 L</> 1S211 .L</> 1S121 L</> 1s221 L</> 

5.0 10 250 0.72 -16"1 6.20 93 0.057 30 0.30 -91 
500 0.73 179 3.16 76 0.069 43 0.27 -94 

1000 0.76 1_58 1.62 55 0.105 63 0.27 -119 
1500 0.82 142 1.08 41 0.155 70 0.41 -137 

25 250 0.70 -173 7.17 89 0.045 47 0.26 -123 
500 0.70 172 3.63 75 0.073 60 0.20 -128 

1000 0.74 152 1.90 54 0.134 67 0.21 -157 
1500 0.79 136 1.32 39 0.196 66 0.32 c167 

50 250 0.72 -178 7.63 89 0.038 56 0.27 -139 
500 0.72 170 3.85 77 0068 67 0.23 -141 

1000 0.75 153 2.01 59 0.129 72 0.23 -162 
1500 0.81 137 1.40 46 0.188 70 0.32 -164 

100 250 0.73 179 7.34 88 0.036 61 0.26 -143 
500 0.74 169 3.70 77 0.067 71 0.22 -144 

1000 0.76 153 1.94 59 0.130 74 0.24 -166 
1500 0.81 138 1.36 46 0.191 71 0.32 -167 

150 250 0.78 176 5.19 92 0.033 64 0.22 -131 
500 0.78 167 2.76 78 0.065 74 0.21 -131 

1000 0.80 151 1.49 68 0.129 17 0.24 -155 
1500 0.85 135 1.05 45 0.191 73 0.35 -161 

10 10 2!i0 0.69 -157 7.03 94 0.050 33 0.34 -67 
500 0.70 -178 3.59 77 0.06Q 46 0.32 -69 

1000 0.74 160 1.84 55 0.094 67 0.29 -94 
1500 0.81 142 1.20 41 ·0.148 76 0.42 -121 

25 250 0.67 -168 8.30 91 0.039 46 0.24 -93 
500 0.68 176 4.25 77 0.060 60 0.21 -89 

• I 

1000 0.72 158 2.19 57 0.109 71 0.19 -114 
1500 0.78 142 1 .47 44 0.165 74 0.31 -134 

50 250 0.68 -174 8.88 90 0.035 55 0.21 -110 
500 0.68 172 4.49 77 0.060 67 0.18 -104 

1000 0.72 155 2.31 59 0.113 74 0.17 -128 
1500 0.77 139 1.58 46 0.169 74 0.28 -140 

100 250 0.68 -178 8.49 89 0.03 61 0.19 -104 
500 0.69 170 4.32 76 0.06 71 0.17 -97 

1000 0.72 153 2.25 58 0.12 76 0.17 -123 
1500 0.78 137 1.53 44 0.18 75 0.28 -137 

150 250 0.72 178 6.53 91 0.029 64 0.22 -71 
500 0.73 169 3.37 77 0.056 75 0.24 -75 

1000 0.76 152 1.79 57 0.112 80 0.22 -105 
1500 0.83 137 1.22 43 0.175 79 0.34 -129 
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1-IGUi'IE 18 - TUNAblf TfS'f FIX'fURI: 

FIGURE 19 - PRINTED CIRCUIT BOARD LAYOUT • 

--.. 
I CM 
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MRF571 
MRF572 
MRF573 

MRF571 
CASE 317-01, STYLE 2 

~ 
MRF572 

CASE 303-01, STYLE 1 x 
MRF573 

CASE 358-01, STYLE 1 

x 
HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating Symbol MRF571 MRF572 MRF573 Unit 

Collector-Emitter Voltage Vern 10 10 10 Vdc 

Collector-Base Voltage VcBo 20 20 20 Vdc 

Emitter-Base Voltage VEBO 3.0 3.0 3.0 Vdc 

Collector Current - Continuous le 70 70 70 mAdc 

Total Device Dissipation Po 
@Tc = 100'C(1) 0.5 0.75 0.75 Watts 
Derate above 100'C 5.0 7.5 7.5 mW/"C 

Storage Temperature Tstg -65 to -65 to -65 to 'C 
+150 +200 +200 

(1) Case temperature measured on collector lead immediately adjacent to body of 
package. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Charactu"ristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 10 12 - Vdc 
Oc = 0.1 mAdc, Is= O) 

Collector-Base Breakdown Voltage V(BR)CBO 20 - - Vdc 
(le = 1.0 mAdc, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.5 - - Vdc 
(IE = so µAde, le = o) 

Collector Cutoff Current lcso - - 10 µAde 
(Vee = 8.0 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 50 300 
Oc = 30 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT - 8.0 - GHz 
!VcE = 8.0 Voe. le = 50 mA. t = 1.0 GHz) 

Collector-Base Capacitance Ccb - .7 1.0 pF 
(Vee = 6.0 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Noise Figure NF dB 
(le = 5.0 mAdc, VcE = 6.0 Vdc, f = .50 GHz) - 1.0 -
He = 5.0 mAdc, VcE = 6,0 Vdc, f = 1.0 GHz) - 1.5 2.0 
He = 5.0 mAdc, VcE = 6.0 Vdc, f = 2.0 GHz) MRF571 - 2.8 -
He = 5.0 mAdc, VcE = 6.0 Vdc, .f = 2.0 GHz) MRF572;573 - 2.5 -

Gain @ Noise Figure GNF dB 
(VcE = 6.0 Vdc, le = 5.0 mAdc, f = .50 GHz) - 16.5 -
(VcE = 6.0 Vdc, le = 5.0 mAdc, f = 1.0 GHz) 10 12 -

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 1 - Ccb• COLLECTOR-BASE CAPACITANCE 
versus VOLTAGE 
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FIGURE 7 - GA MAX, MAXIMUM AVAILABLE GAIN 

versus FREQUENCY 
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FIGURE 10 - MRF572, MRF573 - Gumax and IS2112 
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MRF571 
INPUT/OUTPUT REFLECTION COEFFICIENTS 

versus FREQUENCY (GHz) 
VcE = 8.o v. le = 5.o mA 

+jSO 

-j50 

MRF571 
FORWARD/fl.INERSE TRANSMISSION 

COEFFICIENTS versus FREQUENCY (GHz) 
VcE = 8.o v, le = 5.0 mA 

MRF571 COMMON EMITTER S-PARAMETERS 

VcE le f S11 S21 S12 Su 
(Volts) (mA) (MHz) 1s111 Lt/> 15211 Ltf> 1s121 Lt/> 15221 Lt/> 

6.0 5.0 200 0.74 -86 10.5 129 0.06 48 0.69 -42 
500 0.62 -143 5.5 97 0.08 33 0.41 -59 
1000 0.61 178 3.0 78 0.09 37 0.28 -69 
1500 0.65 158 2.0 62 0.11 44 0.26 -88 
2000 0.70 140 1.6 51 0.14 51 0;27 -99 

10 200 0.64 -111 15 118 0.04 44 0.53 -59 
500 0.58 -160 6.9 93 0.06 42 0.27 -77 
1000 0.59 168 3.7 77 0.09 52 0.16 -91 
1500 0.63 151 2.5 64 0.12 56 0.16 -113 
2000 0.67 134 2.0 53 0.16 57 0.16 -118 

50 200 0.56 -160 20.4 102 0.02 57 0.27 -98 
500 0.57 176 8.4 86 0.05 67 0.14 -130 
1000 0.60 156 4.4 75 0.09 70 0.11 -164 
1500 0.62 152 2.9 64 0.13 68 0.13 -175 
2000 0.66 127 2.4 53 0.18 62 0.11 -178 

8.0 5.0 200 0.75 -83 10.7 129 0.06 49 0.71 -39 
500 0.62 -140 5.1 98 0.08 34 0.43 -54 
1000 0.60 -179 3.7 78 0.09 38 0.31 -62 
1500 0.64 159 2.1 62 0.10 45 0.29 -80 
2000 0.69 141 1.7 52 0.13 52 0.29 -91 

10 200 0.64 -99 15.1 120 0.05 46 0.54 -60 
500 0.52 -152 7.1 94 0.07 45 0.32 -75 
1000 0.52 170 3.7 76 0.10 54 0.15 -82 
1500 0.52 150 2.5 62 0.13 56 0.16 -108 
2000 0.57 133 2.0 51 0.18 55 0.16 -107 

50 200 0.52 -153 19.6 102 0.03 56 0.28 -92 
500 0.52 178 8.1 86 0.05 67 0.16 -98 
1000 0.56 157 4.1 73 0.10 70 0.06 -130 
1500 0.64 139 2.8 62 0.13 68 0.11 -146 
2000 0.69 126 2.2 52 0.19 83 0.10 -137 
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MRF572 
. INPUT/OuTPuT REFLECTION 

COEFFICIENTS venue FREQUENCY (GHz) 
VcE = 8.o v.1e = s.o mA 

MRP.i72 
FORWARD/REVERSE COEFFICIENTS 

versus FREQUENCY (GHz) 
Vee = 8.0 V, le = 5.0 mA 

MRF572 COMMON EMITIER S·PARAMETERS 

VCE le f 811 821 812 8zz 
(Volts) (mA) (MHz) 18111 L<f> 18211 L<f> 18121 L<f> ISzzl L<f> 

6.0 5.0 200 0.81 -73 10.9 134 0.06 50 0.74 -40 
500 0.68 -130 6.1 102 0.09 29 0.43 -64 
1000 0.66 -167 3.3 79 0.10 22 0.29 -77 
1500 0.66 174 2.3 63 0.10 22 0.27 -94 
2000 0.68 161 1.8 49 0.11 23 0.29 -104 

10 200 0.72 -101 15.9 123 0.05 43 0.57 -58 
!i()O 0.86 -150 7.7 95 0.06 30 0.29 -86 
1000 0.86 -178 4.0 77 0.08 33 0.19 -103 
1500 0.67 166 2.7 63 0.09 36 0.19 -122 
2000 0.69 155 2.1 51 0.10 37 0.20 -129 

50 200 0.67 -154 21.8 104 0.02 43 0.30 -94 
500 0.68 -177 9.0 87 0.03 52 0.17 -129 
1000 0.70 167 4.5 74 0.06 58 0.14 -151 
1500 0.71 157 3.0 62 0.08 59 0.16 -160 
2000 0.73 148 2.3 51 0.10 55 0.17 -161 

8.0 5.0 200 0.83 -69 10.9 136 0.06 52 0.75 -36 
500 0.71 -125 6.3 103 0.08 30 0.46 -57 
1000 0.64 -164 3.5 80 0.09 24 0.31 -68 
1500 0.65 176 2.4 63 0.10 23 0.29 -84 
2000 0.86 163 1.8 49 0.11 24 0.30 -94 

10 200 0.74 -94 16.2 125 0.05 45 0.60 -51 
500 0.66 -146 7.9 96 0.06 32 0.31 -74 
1000 0.64 -176 4.2 n 0.07 33 0.20 -87 
1500 0.65 168 2.8 63 0.09 36 0.19 -104 
2000 0.67 156 2.2 50 0.10 37 0.20 -111 

50 200 0.62 -150 22.7 104 0.02 43 0.30 -81 
600 0.64 -174 9.4 86 0.03 51 0.15 -107 
1000 0.68 167 4.8 74 0.06 58 0.10 -126 
1600 0.69 160 3.2 61 0.07 58 0.13 -140 
2000 0.70 147 2A 50 0.09 66 0.15 -i40 
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MRF573 
INPUT/OUTPUT REFLECTION 

COEFFICIENTS venu1 FREQUENCY (GHz) 
VcE = 8.0 v, le = 5.0 mA 

MRF673 
FORWARD/REVERSE COEFFICIENTS 

ver1u1 FREQUENCY (GHz) 
VcE = 8.0 V, le = &.O mA 

MRF573 COMMON EMITTER S-PARAMETERS 

Vee le f s,, 821 S12 S22 

(Volts) {mAI {MHzl 1s111 Lt/> IS21I Lt/> 1s121 Lt/> 1s221 Lt/> 
6.0 5.0 200 0.76 -73 10.6 134 0.06 52 0.72 -40 

500 0.61 :-132 6.0 100 0.09 35 0.41 -63 
1000 0.59 -173 3.2 77 0.11 33 0.24 -76 
1500 0.61 165 2.2 59 0.12 35 .0.19 -99 
2000 0.64 149 1.8 45 0.13 36 0.18 -117 

10 200 0.64 -99 15.1 122 0.05 48 0.56 -55 
500 0.56 -152 7.2 94 0.07 41 0.27 -81 
1000 0.58 175 3.8 74 0.09 45 0.14 -102 
1500 0.60 158 2.6 60 0.12 47 0.13 -135 
2000 0.64 144 2.0 46 0.13 45 0.13 -155 

50 200 0.54 -153 19.6 104 0.03 55 0.29 -83 
500 0.56 -179 8.1 85 0.05 62 0.13 -115 
1000 0.59 162 4.1 71 0.09 63 0.08 -157 
1500 0.61 150 2.8 58 0.12 60 0.12 179 
2000 0.65 138 2.1 46 0.13 54 0.14 165 

8.0 5.0 200 0.78 -67 10.6 136 0.06 54 0.75 -36 
500 0.61 -125 6.1 102 0.09 36 0.44 -56 
1000 0.57 -169 3.4 78 0.10 33 0.27 -66 
1500 0.59 168 2.3 60 0.12 35 0.21 -84 
2000 0.62 151 1.8 46 0.14 36 0.19 -100 

10 200 0.66 -92 15.3 125 0.05 49 0.60 -49 
500 0.56 -147 7.5 95 0.07 41 0.30 -70 
1000 0.56 178 3.9 75 0.09 45 0.16 -81 
1500 0.57 160 2.7 60 0.12 47 0.12 -109 
2000 0.62 146 2.1 47 0.13 45 0.11 -130 

50 200 0.63 -147 20.8 106 0.02 47 0.31 -73 
600 0.53 -176 9.0 87 0.04 67 0.16 -90 
1000 0.67 168 4.6 72 O.o? 61 0.08 -110 
1600 0.69 1&1 3.1 81 0.11 &9 0.07 -154 
2000 0.83 143 2.3 49 0.13 66 0.09 -172 
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MRF571 - CONSTANT GAIN and NOISE FIGURE CONTOURS 

-j50 

+j50 

-j50 

MOTOROLA SEMICONDUCTORS 
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VeE = 6.0 v, le = 5.0 mA 
f = 500 MHz 
~ - REGION OF INSTABILITY 

f(GHz) NFoprldB) Rn (!1) NF50 n (dB) 

0.5 0.9 

fmsNFOPT K 

0.49 L74° 0.58 

VeE = 6.0 V, le = 5.0 mA 
f = 1.0 GHz 

9.3 1.3 

f(GHz) NFopr(dB) Rn (fl) NF50 n (dB) 

1.0 1.5 7.5 2.2 

fms fml 

0.89 L -179° 0.81 L66' 

rmsNFoPT 

0.48L134° 
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MRF572, MRF573 - CONSTANT GAIN and NOISE FIGURE CONTOURS 

+j50 
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7-183 

VcE = 6.0 v. I = 5.0 mA 
f = 500 MHz 
~ - REGION OF INSTABILITY 

f(GHzl Rn (ll) NF (500) rmsNFoPT 

0.5 17.1 1.5 0.43 L 57° 

K NFOPT 

0.55 1.0 

VcE = 6.0 V, IC = 5.0 mA 
f = 1.0 GHz 

f(GHz) NFoPT Rn (ll) NF50 (ll) (dB) 

1.0 1.5 

rmsNFoPT K 

0.56 L 116' 0.93 

6.0 2.0 

MOTOROLA SEMICONDUCTORS 
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MRF571 1.0 GHz TEST CIRCUIT 

VBs 

RF 
Input 

C1, CZ, C6 
C5,C7 
CJ, ca 
C4, C9 
R1 

Z1 Z2 Z3 Z4 

560 pf Chip Capacitor 
O.Q18 µF Chip Capacitor 
0.1 µF Mylar Capacitor 
1.0 µF Electrolytic Capacitor 
2.7 k(I 

I 
I 

Z9 

I I 
-1.96-

1 I 

RFC1, RFC2 
Z1-Z9 
Bead 

cm 

Board Material 

Z6 

MRF571 TEST CIRCUIT 

MOTOROLA SEMICONDUCTORS 
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RFC2 

VK-200, Ferroxcube 
Microstrip, See Photomaster 

Vee 

RF 
Output 

Ferrite Bead, Ferroxcube 56-590-65/JB 
0.0625" Teflon Fiberglass <r ~ 2.5 ± 0.05 

SMALL-SIGNAL DEVICES 
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MRF572, 573 1.0 GHz TEST. FIXTURE 

RFC1 

VBB 

RF 
Input 

C1, CZ, C6, C7 
cs. ca 
C3,C9 
C4, C10 
R1 

Z1 

Z4 

IC6 

I 
--i 1.Z7 

I 
cm 

Z2 

S60 pF Chip Capacitor 
O.Q18 /LF Chip Capacitor 
0.1 !LF Mylar Capacitor 

Z3 

1.0 ILF Electrolytic Capacitor 
2.7 k.!1 

I 
I 
I 
I 
I 
I 
I ___, 

RFC1, RFCZ 
Z1-Z7 
Bead 

I 

Board Material 

Z7 

Vee 

C7I 

2.57 
cm 

ZS 

T 
'4-
I 

Z6 

CZ 

VK-ZOO, Ferroxcube 
Microstrip, See Photomaster 

RF 
Output 

Ferrite Bead, Ferroxcube S6-590-65/3B 
0.031" Teflon Fiberglass <r ~ Z.5 ± 0.05 

MRF572, 573 TEST CIRCUIT 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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PHOTOMASTER OF MRF571 CIRCUIT LA VOUT 

I ' 

PHOTOMASTER OF MRF572, 573 CIRCUIT LA VOUT 

• 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol MRF581 

Collector-Emitter Voltage Vern 18 

Collector-Base Voltage Vcso 36 

Emitter~Base Voltage VEBO 2.5 

Collector Current - Continuous le 200 

Total Device Dissipation Po 
@Tc = 50°C(1) 2.5 
Derate above Tc = 50°C 25 

Operating and Storage Junction TJ, Tstg -65 to 
Temperature Range +150 

MRF581 Unit 

18 Vdc 

36 Vdc 

2.5 Vdc 

200 mAdc 

2.5 Watts 
25 mW/°C 

-65 to oc 

+150 

MRFSSO 
MRFS81 

CASE 317A-01, STYLE 2 

~ 
HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

CASE 317-01, STYLE 2 

~ 
HIGH FREQUENCY TRANSISTOR 

(1) Case temperature measured on collector lead immediately adjacent to body of 
package. 

NPN SILICON 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 18 - - Vdc 
!le = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 36 - - Vdc 
!le = 1.0 mAdc, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.5 - - Vdc 
!IE = 0.10 mAdc, le = O) 

Collector Cutoff Current icso - - 100 µ.Ade 
(Vcs = 15 Vdc, IE = 0) 

Emitter Cutoff Current IEBO - - 100 µ.Ade 
(VcE = 2.0 Vdc, VsE = O) 

ON CHARACTERISTICS 

DC Current Gain(1) 50 200 
!le = 50 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr - 5.0 - GHz 
!le = 75 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 

Collector-Base Capacitance Ccb - 1.4 2.0 pF 
(Vcs = 10 Vdc, IE = o, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Noise Figure MRF580/581 NF - 2.0 3.0 dB 
!le = 50 mAdc, VcE = 10 Vdc, f = 0.5 GHz) Figure 18 

Power Gain at Optimum Noise Figure MRF580 GNF 11 14 - dB 
!le = 50 mAdc, VcE = 10 Vdc, f = 0.5 GHz) Figure 18 

Power Gain at Optimum Noise Figure MRF581 GNF 13 15.5 - dB 
!le = 50 mAdc, VcE = 10 Vdc, f = 0.5 GHz) Figure 18 

Maximum Available Power Gain MRF580(2) Gmax - 15 - dB 
!le = 75 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

Maximum Available Power Gain MRF581(2) Gmax - 17.5 - dB 
!le = 75 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

Intermodulation Distortion MRF581(3) IMD(d3) - -65 - dB 
(VcE = 10 V, le= 75 mA, Vout = +50 dBmV) Figure 16 

(1) 300 µs pulse on Tektronix 576 or equivalent. 
(2) Characterized on HP8542 Automatic Network Analyzer. 
(3) 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone reference. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MRF580 • MRF581 

FIGURE 1-Cfb INPUT CAPACITANCE versus VOLTAGE 

10 

!'-.. 
~ I= 1.0 MHz 

8.0 

t- ~ib 
u: 
.Bo 60 
~· 
~ 
~ 4.0 

~ 
<..) 

2.0 

0 
0 1.0 2.0 3.0 

VEB• EMlmR-BASE VOLTAGE (VOLTS) 

FIGURE 2 - Ccb, Cob COLLECTOR-BASE CAPACITANCE FIGURE 3 - GAIN-BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT versus VOLTAGE 

4.0~ 
]:-.... I= 1.0MHz 

~ ;:: 6.0 ~-l--l---+-+---1--1---+-+---l--1-~-+---l--I 

~ ~ "b, ~ 
~ 3.o l-'"<~+i-...-+""""N1::--++--+---1co-b-1--+-+--f 

~ ~ 
~ 2.0 t--+--jo.....t-""....!:::---+--+--='--+-+--t--l 

iE ~ i5 4.0 .__,_/_._17'_..___.___.___.___,___,___.___.__,---1---1'--I 

~ 
~ 

1.0 t---+--+---+---11----+-+--+---+--+---I 
z 2.0 ,__....__....._..._,__....__.__..._,__,VcE = 10 Vdcf.--+--

~ '11.or 
~ 

5 r--+- Ccb 

2.0 4.0 6.0 8.0 10 20 40 60 80 100 120 140 
Vcb• COLLECTOR-BASE VOLTAGE (VOLTS) le. COLLECTOR CURRENT (mA) 

FIGURE 4 - 2ND AND 3RD ORDER INTERCEPT POINTS 

+70 

.L'T 

rr. ~ 2ND Order Intercept 

3RD Order lntercep~~ 7' 

lL"" L 
+ 1.0 dB Comp.,..-"1 11 = 495 MHz 

f--1 
J.~J.L1 lli. 12 = 501 MHz 

VcE = 10 V f--1 -VT I I/ le= 75mA 

+60 

I 
cc +50 

~ 
I-

~ +40 

J+30 

+20 IZ v 
+W +~ +~ +40 +50 +60 +ro +80 

Pin• INPUT POWER (dBm) 
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MRF580 TYPICAL PERFORMANCE 

FIGURE 5 - Gu max-MAXIMUM UNILATERAL GAIN, 

IS21\2 versus FREQUENCY 

"- T\. Gu max = 11 - IS1112111 - IS22121 
20 f--+---1 'ij..~~t-+--1--1-++H---t--t--t--+-+-++-t+i 

~Gu max 

a;: 15 f--1--+---+-['\4-th.-'l.++++i------jr-f-r-f---t-+-t-+-l-+1 

~ 10 >---+-+--+--+1s I 'i::-.121b..,........__+-,__-+--+-t-t-++H 
~ 21 ~ 

VcE=10V ~ 
5.0 t-- le = 75 mA +-+-+-+-1+1---1'-t~"<M--+--t--t--H-H-i 

o~~~~~~~~~~~~~ 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

f, FREQUENCY (GHz) 

FIGURE 6 - GA max• MAXIMUM AVAILABLE GAIN 

versus FREQUENCY 
FIGURE 7 - NOISE FIGURE AND GAIN ASSOCIATED 

WITH NOISE FIGURE versus FREQUENCY 

20>--+-+---+-+--+--+--+-+----+----+---t---i 

~ 15 rs:. """ 
~ ~ 

101-t--<--+--+--+--+--r--.<~---+---+--+--< 

VcE = 10V ~ 
5·0 f-+ le = 75 mA -+--+-+-+--+-----+--.-.....,_o-+--+----1 

~25~--~-~-~~~~-~~--r-.--r-; 
~ 
:::> 

"' ~ 20f"'""----.tr---=--+t---+--t-t--t---+-t--t-+-t-1 
5 

i15 ~F y3.0 

~ ~ ~ ~ 
~ 10 1----+---+--t---+--+- NIF ~ I" 2.0 ~ 
g ~ -
~ ~ 
z 50 1.0~ ~ . 1----+---+--t---+--+--+--r--r-;--r---t-1 

u:. 
z 

OL......-'--'---'--'--'--'--'-'----'----'---'---' "' o~--~-~-~~~~-~~~~~o 
0.3 0.5 0.7 1.0 2.0 3.0 0.1 0.2 0.3 0.5 0.7 1.0 

f, FREQUENCY (GHz) f, FREQUENCY (GHz) 

SMALL-SIGNAL DEVICES 

FIGURE 8 - NOISE FIGURE AND GAIN ASSOCIATED WITH 
NOISE FIGURE versus COLLECTOR CURRENT 

~ 15 
~ t---t--+---+---t---+--t--+--t--+----1 

§ 12 t---t--t---:j;;;;;:;=-f--t-GN_F-r-r----t~=f;::;:;;;;;;l 
tJj v-i-
~ Y rs= rL = o "' S.O t---t---+---+--+---+---+- Z0 = 50 0.--+-
§ 
~6.0 -4~ 

~ t=;t~E:E:t::t~rkE"t~~~r::J 3 ~ ~ 3.0 NF f I 500 ~Hz -t-- 2 ::; 

~ VcE = 10 Vdc 1 ~ 

~ o~~-~--'---"~~-~-~~-~~o 
"' 0 25 50 75 100 125 

le, COLLECTOR CURRENT (mA) 
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FIGURE 9 .;,_ MRF580 COMMON EMITTER S'PARAMETERS 

INPUT/OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 

+j50 

-j50 

VcE le f 811 
(Volts) (mA) (MHz) 

18111 

5.0 300 0.49 

25 
500 0.52 
1000 0.53 
1500 0.56 

300 0.48 

50 
500 0.51 
1000 0.51 
1500 0.54 

300 0.48 

75 
500 0.51 
1000 0.50 
1500 0.53 

300 Q.48 

100 
500 0.51 
1000 0.51 
1500 0.53 

10 300 0.44 

25 500 0.47 
1000 0.48 
1500 0.52 

300 0.47 

50 
500 0.47 
1000 0.50 
1500 0.53 

300 0.41 

75 500 0.45 
1000 0.45 
1500 0.48 

300 0.42 

100 
500 0.45 
1000 0.45 
1500 0.49 

15 300 Q.48 

25 
500 0.48 

1000 0.51 
1500 0.54 

300 0.39 

50 
500 0.42 
1000 0.43 
1500 0.46 

300 0.39 

75 
500 0.42 
1000 0.42 
1500 0.46 

300 0.39 

100 
500 0.43 

1000 0.43 
1500 0.47 

MOTOROLA SEMICONDUCTORS 

FORWARD/REVERSE TRANSMISSION 
VcE = 10 V le = 50 mA COEFFICIENTS versus FREQUENCY 

+90° 

.25 .5 .75 1.0 

821 812 822 

L<f, 18211 L<f, 18121 L<f, 18221 L<f, 

-170 5.97 91 0.083 60 0.24 -108 
171 3.63 78 0.127 64 0.18 -117 
149 1.98 58 0.24 66 0.13 -154 
125 1.46 44 0.35 60 0.19 -172 

-175 6.35 90 0.08 64 0.24 -126 
168 3.85 79 0.13 67 0.18 -139 
148 2.10 59 0.25 66 0.16 -178 
123 1.56 46 0.36 58 0.20 169 

-177 6.42 90 0.08 65 0.24 -132 
167 3.88 79 0.13 67 0.19 -145 
147 2.12 59 0.26 65 0.17 175 
123 1.57 46 0.36 58 0.21 164 

-177 6.41 89 0.08 66 0.24 -134 
167 3.87 78 0.13 68 0.19 -148 
146 2.114 59 0.26 65 0.17 172 
123 1.58 46 0.36 58 0.21 162 

- 164 6.67 92 O.Q7 61 0.25 - 76 
175 4.08 79 0.11 66 0.19 -75 
152 2.2 60 0.21 68 0.12 -91 
126 1.56 45 0.32 64 0.15 -129 

- 167 7.40 91 0.07 65 0.17 -89 
174 4.53 79 0.11 68 0.12 -112 
149 2.38 62 0.20 67 0.13 -126 
131 1.71 47 0.31 63 0.11 -147 

-171 7.24 91 0.07 66 0.20 -96 
171 4.39 79 0.12 69 0.13 -99 
150 2.36 61 0.23 67 0.07 -130 
125 1.72 47 0.33 61 0.12 -157 

- 172 7.22 90 0.07 67 0.19 -97 
170 4.38 78 0.12 69 0.14 -98 
149 2.35 60 0.23 67 O.Q7 -129 
125 1.71 46 0.33 62 0.11 -158 

-159 7.28 93 0.06 60 0.24 -55 
-179 4.44 80 0.09 66 0.17 -62 
153 2.33 62 0.18 68 0.19 -82 
133 1.67 46 0.27 68 0.17 -97 

-165 7.49 0.92 0.07 65 0.23 -71 
174 4.57 80 0.11 69 0.18 -67 
152 2.44 61 0.21 68 0.11 -74 
126 1.76 47 0.31 64 0.12 - 115 

-167 7.57 91 O.Q7 66 0.21 -74 
173 4.57 79 0.11 70 0.17 -69 
151 2.45 61 0.21 68 0.09 -75 
126 1.76 46 0.31 64 0.11 -118 

-168 7.46 90 0.07 67 0.20 --72 
172 4.53 78 0.11 70 0.17 -66 
151 2.41 60 0.21 69 0.10 -71 
126 1.74 46 0.31 64 0.12 -113 

SMALL-SIGNAL DEVICES 
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MRF58i TYPICAL PERFORMANCE 

FIGURE 10 - Gu max - MAXIMUM UNILATERAL GAIN, 

IS2112 versus FREQUENCY 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 
f, FREQUENCY (GHz) 

FIGURE 12 - NOISE FIGURE AND GAIN ASSOCIATED 

WITH NOISE FIGURE versus FREQUENCY 

FIGURE 11 - GA max• MAXIMUM AVAILABLE GAIN 

versus FREQUENCY 

20 t--+--+---t---+---+ GA max = :~~;: IK ± f.2~11, K "' 1 

~15 ....,...._ 

z t--t--t--t---t----t----t-f "'k"'-.;::---j---f--t--i 

~ 10t--+-+--t---+--+--+-+-t--~....i---t----+---I 
VcE=10V t:-....._ 

t-+-+ le = 75 mA -+--+-+-+----+--""-f--+---1 

5.0 t--+-+--t---+--+--+-+-+----+--t----+---1 

o..__,__.__..__.___.__._.__.__ __ _,_ __ ..__.___, 

0.3 0.5 0.7 1.0 2.0 
f, FREQUENCY (GHz) 

FIGURE 13 - NOISE FIGURE AND GAIN ASSOCIATED WITH 
NOISE FIGURE versus COLLECTOR CURRENT 

3.0 

~ 2s~----~--~-~~~--~~~ ~ 15.--,--.-~---~-.-~-~-~~ 

~ f-l--==--1~=--+t---+-T+--+-+-+--+-l-t-H ~ _.1--1 GNF 

~ 20t----t---+-""~~ ~ 12f------t--...1±--"""'-f---+--+---t---t--t-----1-----i 

5 6 L_J 
z I'-- z -1 rs = rL = o 
i'O 15 t----+----+---+----+---1t--t----+-.,o--+,___---1 1-+---<I ..-J..1-1 i'O 9.0 t------1--+--+-+--+-- Zo = 50 fl -+-+----1 
~ ~ ~ ~ ~ 
~ 10 f----+---+-+----t-----if-t-==-l-~-qJ..--1___,_"'l_b:JH...., 2 ~ ~ 6.0 t------t--+--+-+--t--f---t--t=--t'""'--~ 4 ~ 
~ _i--r- ~ ~ t=t;t=~=t~j~!__,~ll--1=:;-:t-~~~j 3 :i ~ l-::===t===::i:!--=-~N",'Fi__j__j_ "' NF :::> ;;;:: 5.0 F Vee = 10 ~ +-+-1--i 1 6 ;;; 3.0 f 500 MHz - 2 S:> 
<( le = 50 mA z « VcE - 10 Vdc w 

<::_ ~ 15 
& '----'----+---'-~~,__,__~-~~--+-~o 6 o '-~-~---+---'---~->---~---+--~~ o 2 

0.1 0.2 0.3 0.5 0.7 1.0 0 25 50 75 100 125 

1.5 

1.2 

0 

f, FREQUENCY (GHz) 

FIGURE 14 - OUTPUT POWER versus INPUT POWER 
I= 470 MHz 

lL 
k'.'.:::: 

lZ 
/_ 

I--"" 
L ~ 

L L v 
L v Circuit per 

t--i 

IL Figure 18 

0 10 W ~ • ~ M M 00 00 ~ 
INPUT POWER (mW) 
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le, COLLECTOR CURRENT (mA) 

FIGURE 15 - OUTPUT POWER versus INPUT POWER 
I= 870 MHz 

1.2 1--+----1--+---+---4-~A+V__._t--i 

i O.S t-----1--+--+V_c_E-i12,,,~~+--_,..d-j?t----+--+--+---i 
"' L"1 .---1---1 
~ L1 >-1 
~ o.s t-----1--V----,-+k-'1-+-1_.5--+--+--+--+----1t---1 

6 O.J t--_L.---1"T77'L.__,,.'t-~--+-+--t----1t----t-Circuit per 
~ Fig~ 18-+--

o~ 
50 100 1~ 200 2~ 

INPUT POWER (mW) 

MOTOROLA SEMICONDUCTORS 

• 



MRF580 • MRF581 

FIGURE 16 - MRF581 COMMON EMITTER S-PARAMETERS 

INPUT/OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 

+j50 

VcE le I •11 
!Volts) (mAI (MHz) 1•111 

5.0 300 0.69 

25 
500 0.72 

1000 0.73 
1500 0.76 

300 0.70 

50 
500 0.72 
1000 0.72 
1500 0.76 

300 0.70 

75 
500 0.72 
1000 0.72 
1500 0.76 

300 0.70 

100 
500 0.72 
1000 0.72 
1500 0.75 

10 300 0.66 

25 
500 0.69 
1000 0.70 
1500 0.74 

300 0.65 

50 
500 0.68 
1000 0.69 
1500 0.72 

300 0.66 

75 
500 0.68 

1000 0.69 
1500 0.72 

300 0.66 

100 500 0.68 
1000 0.68 
1500 0.72 

15 300 0.65 

25 
500 0.67 
1000 0.68 
1500 0.72 

300 0.64 

50 
500 0.66 
1000 0.67 
1500 0.71 

300 0.64 

75 
500 0.66 
1000 0.69 
1500 0.70 

300 0.64 

100 
500 0.66 
1000 0.67 
1500 0.70 

MOTOROLA SEMICONDUCTORS 

VcE = 10 V, le = 50 mA 

•21 
L</> 1•211 L</> 

- 169 6.57 93 
176 3.95 82 
157 2.10 62 
139 1.47 50 

-173 7.14 93 
173 4.27 82 
157 2.24 65 
138 1.61 53 

-175 7.26 92 
172 4.33 82 
155 2.28 65 
138 1.64 53 

-176 7.30 92 
172 4.34 82 
155 2.28 65 
137 1.64 53 

-165 7.58 95 
178 4.56 82 
159 2.39 64 
141 1.65 50 

-169 8.25 94 
175 4.96 82 
157 2.60 65 
139 1.82 52 

-171 8.49 93 
175 5.06 82 
157 2.64 65 
139 1.86 53 

-172 8.46 93 
174 5.06 82 
157 2.64 65 
139 1.86 52 

-163 7.96 95 
179 4.82 82 
160 2.51 63 
141 1.73 49 

-167 8.76 94 
177 5.37 82 
159 2.75 65 
141 1.91 51 

-168 8.93 93 
176 5.34 82 
158 2.78 65 
140 1.93 51 

-169 8.91 93 
176 5.33 82 
158 2.78 64 
140 1.93 51 

7-192 

FORWARD/REVERSE TRANSMISSION 
COEFFICIENTS versus FREQUENCY 

+90° 

-90" 

•12 •22 
IS12I L</> 1•221 L</> 
0.06 39 0.34 -129 
0.07 47 0.29 -142 
0.12 60 0.27 -165 
0.17 61 0.33 -172 

0.05 45 0.38 - 144 
0.07 53 0.34 -157 
0.13 62 0.33 179 
0.18 61 0.37 173 

0.05 48 0.40 -148 
0.07 55 0.36 -161 
0.13 63 0.35 176 
0.19 61 0.39 170 

0.05 48 0.40 -151 
0.07 56 0.37 -163 
0.13 63 0.362 175 
0.19 61 0.39 168 

0.05 40 0.29 -106 
0.07 48 0.23 -116 
0.11 61 0.19 -141 
0.16 64 0.26 -153 

0.05 46 0.30 -126 
0.07 54 0.24 -138 
0.12 63 0.22 -164 
0.17 63 0.27 -171 

0.05 48 0.30 -132 
0.07 55 0.25 -145 
0.12 64 0.23 -170 
0.17 63 0.27 --176 

0.05 49 0.30 -134 
0.07 56 0.25 -147 
0.12 64 0.23 -172 
0.17 63 0.27 -177 

0.05 40 0.28 -92 
0.06 48 0.21 -98 
0.10 62 0.17 -119 
0.16 65 0.24 -137 

0.0 46 0.26 -112 
0.06 54 0.20 -122 
0.11 64 0.16 -148 
0.16 64 0.22 -157 

0.05 47 0.25 -117 
0.06 55 0.20 ~128 

0.11 65 0.16 -154 
0.16 64 0.22 -162 

0.05 48 0.25 -117 
0.6 56 0.19 -129 

0.11 65 0.16 -154 
0.16 64 0.21 -160 
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FIGURE 17 - MRF581 CONSTANT GAIN CONTOURS NOISE FIGURE CONTOURS 

0 

SMALL-SIGNAL DEVICES 

+j50 

-j50 

fMS 
I( MHz) fMS fML NF OPT 

500 0.91l11§0 0.18/JZ 0.39LJ.fil!.0 

Circuit Per Figure 20 

GA MAX 
(dB) 

18 

VcE ~ 10V, 
le~ 50 mA 

Rn NF 
(!l) OPT 

10.5 2.0 

NF 
1500) 

2.5 

FIGURE 18 - FUNCTIONAL CIRCUIT SCHEMATIC 

Vee 
VBB 

DUT 

L ____ _J _ _J---i~r--<; RF Output 

Slug Tuner Bias 

Bias Slug Tuner 
Tee 

Tee 
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FIGURE 19 - Z;n AND ZoL versus COLLECTOR VOLTAGE, INPUT POWER AND FREQUENCY 

Z;n ZoL* 

P;n f Ohms Ohms 

(mW} MHz 7.5V 12.5 v 7.5 v 12.5V 

420 9.8 - j12.0 10.3 - j11.1 27.5 - j2.7 54.5 + j5.7 

50 470 14.2 - j11.1 10.2 - j10.2 28.6 - j2.9 30.8 - j26.3 

520 13.6 - j8.6 8.2 - j7.7 27.0 - j5.0 30.4 - j26.0 

806 7.6 + j1.3 7.7 + j0.8 16.4 - j22.7 22.3 - j34.0 

75 870 7.7 - j1.7 7.7 - j2.1 18.4 - j19.2 25.1 - j28.1 

960 6.0 + j4.3 5.9 + j2.5 21 - j17.1 24.5 - j20.4 

*ZQL = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 

FIGURE 20 - MRF580/581 TEST FIXTURE SCHEMATIC 
500 MHz 

R1 RFC1 

TL3 

TL1 

RF~ Input 

Y1 C1 

C1, C2 
C3, C4 
C5, C6 
C7, CS 
C9 

C10 

- 470 pF Chip (Ceramic) 
- O.Q18 µ,F Chip Capacitor 
- 0.1 µ,F Mylar 
- 1.0 µ,F, 25 Vdc Electrolytic 
- 91 pF Mini-Unelco (C9 Taped 3.68 cm from 

Collector Connection on TL4 as shown) 
- 35-45 pF Johanson Ceramic Capacitor, JMC 

5801 or Equivalent (C10 Taped 3.12 cm from 
Base Connection on TL 1) 

MOTOROLA SEMICONDUCTORS 

OUT 

7-194 

TL4 

TL2 

R1 - 2.7 kn, 1Y, W 
RFC1 - 0.15 µ,H Molded Choke 

I II / RF 
~Output 

C2 Y2 

TL 1, TL2 - Z0 = 26 n, 0.0625 TFG as shown in 
Photomaster 

TL3, TL4 - >J4 Microstrip, Zo = 100 n 
Y1, Y2 - N-Type Connection (Female) 
Y3, Y4 - BNC-Type Connector (Female) 
Board Material - 0.0625" Thick Glass Teflon <r = 2.5 

SMALL-SIGNAL DEVICES 
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FiGURE 2:1 - FC BOARD PHOTOMASTER 

MIPUI 

• 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MRF604 

CASE 26-03, STYLE 1 
T0-46 (T0-206AB) 

I 
HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Storage Temperature 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 5.0 mAdc, Is = O) 

collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, le = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 µAde, le = O) 

Collector Cutoff Current ICEO 
(Vee = 12 Vdc, Is = Ol 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 50 mAdc, Vee = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 50 mAdc, Vee = 10 Vdc, f = 200 MHz) 

Output Capacita nee Cobo 
(Vee = 12.5 Vdc, le = o, t = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain Gpe 
(Vee= 12.5 Vdc, Pout= 1.0 w, f = 175 MHz) 

Collector Efficiency '1 
(Vee = 12.5 Vdc, Pout = 1.0 W, f = 175 MHz) 

Series Equivalent Input Impedance Z;n 
(Vee= 12.5 Vdc, Pout= 1.0 W, f = 175 MHz) 

Series Equivalent Output Impedance Zout 
(Vee = 12.5 Vdc, Pout= 1.0 W, f = 175 MHz) 

MOTOROLA SEMICONDUCTORS 

7-196 

Symbol Value Unit 

Vceo 20 Vdc 

Vcso 40 Vdc 

Ve so 2.0 Vdc 

Po 2.5 Watts 
0.04 wrc 

Tsjg_ -65 to +200 ·c 

Min Typ Max Unit 

20 - - Vdc 

40 - - Vdc 

3.5 - - Vdc 

- - 1.0 mAdc 

20 80 200 

800 - - MHz 

- - 3.5 pF 

10 - - dB 

50 - - % 

- 7.5-j14 - Ohms 

- 47-j60 - Ohms 

SMALL-SIGNAL DEVICES 



MRF604 

RF 
tnput 

Cl 

FIGURE 1 -- 175 MHz TEST CIRCUIT SCHEMATIC 

C5 

Ll 

C4 
C2 R1 

C1 ,C2,C3,C4 3.0-30 pF 
C5 1000 pF 
C6 0.01 µF 
L 1 2 Turns, #16 AWG, 3/16" LO., 1/4" Long 
L2 0.15µH,MOLOEDCHOKE 
L3 4 Turns, #16 AWG, 3/8" 1.0., 3/8" Long 

R1 100 H, 1/4 W, 10% 

RF 
Output 

FIGURE 2 - OUTPUT POWER versus INPUT POWER FIGURE 3 - CURRENT-GAIN BANDWIDTH PRODUCT 

6 

1. 4 

2 
f:: 
~ 1.0 
oc 

~ 0.8 

>--
~ 0.6 

0 0.4 

0.. 0.2 

0 
0 

Vee 0 12.5 Vdc 
f"' 1'75 MHz 

v L 
v 

20 40 60 

-;; 2000 r--~-~---.----,---~-.--.---,--~-~ 

~1800r--+--+--+--+----+---+---t---+---+---< 
>--

----v ...... 
g 160 0 

~ 140 0 

~ 120 0 

Vee 0 12.5 Vdc 

~ 100 0 

;;\ 80 0 
2 

~ 600 

"" 40 0 d'i 
oc 
oc 20 0 
"' u 

80 100 120 140 160 
i' 0·~-~10-~20-~30-~4~0--5~0--6-0-~70--8-0-~90-~100 

Pin. INPUT POWER (mW) IC, COLLECTOR CURRENT lmA) 

SMALL-SIGNAL DEVICES 

FIGURE 4 - OUTPUT CAPACITANCE versus 
COLLECTOR BASE VOLTAGE 

8.0 .----,----,------.------.----,--~---.---.------,--, 

70~ 
6.0 'l'I. 
5_011---+il--"'--+-----"l---l---t--+---+---+----+-----1 

4.01 r---r-"--r~-..~---r---r---r----r-----r---i----i r-+-3-01-t-1-t-1=r-r-'4;:::t==+:::::l 
2.0 >--+--+--+--+----+---+---t----+---+---< 

1.0 f---t--t--+---+----+---+---+---t---t------i 

o~-~-~-~-~-~-~-~-~-~-~. 
2.0 4.0 6.0 8.0 10 12 14 16 18 20 

Vea. COLLECTOR BASE VOLTAGE (VOLTS) 
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MRF607 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 16 Vdc 

Collector-Base Voltage VcBo 36 Vdc 

Emitter-Base Voltage Ve Bo 4.0 Vdc 

Collector Current - Continuous le 0.33 Ade 

Total Device Dissipation@ Tc = 75°C(1) Po 3.5 Watts 
Derate above 75°C 28 mwrc 

Storage Temperature Tsm_ -65 to +200 oc 

(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as class B or C RF amplifiers. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 16 - Vdc 
Oc = 25 mAdc, IB = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 36 - Vdc 
Oc = 25 mAdc, VBe = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - Vdc 
Oe = 0.5 mAdc, le = O) 

Collector Cutoff Current iceo - 0.3 mAdc 
!Vee = 10 Vdc, IB = O) 

ON CHARACTERISTICS 

DC Current Gain 20 150 
Oc = 50 mAdc, Vee = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 15 pF 
!VcB = 12 Vdc, le = o. f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain Gpe 11.5 - dB 
(Pout= 1.75 w, Vee= 12.5 Vdc, f = 175 MHz) 

Collector Efficiency '1 50 - % 
(Pout = 1.75 W, Vee = 12.5 Vdc, f = 175 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MRF607 

F!GURE 1 - 175 MHJ: TEST CIRCUIT SCHEMATIC 

RF 
Input 

Cl 

L4 

C2 

C1 2.7-15 pF, ARCO 461 

C2 9.0-180 pF, ARCO 463 

C3,C4 5.0-80 pf, ARCO 462 

C5 1000 pF UNELCO 

C6 5µF, 25 Vdc, TANTALUM 

L3 

12.5 Vdc 

L2 C4 

C3 

L 1 1 Turn #20 AWG, 3/8" ID 

L2 3 Turns #20 AWG, 3/8" ID 

L3 0.22 µH Molded Choke 

L4 0.15 µH Molded Choke 
with FERAOXCUBE 

56-590-65-39 Bead on 
ground lead 

RF 
Output 

TYPICAL PERFORMANCE DATA 

FIGURE 2 - OUTPUT POWER versus FREQUENCY 
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f, FREQUENCY (MHz) 

FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 
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~ 1.75 ).../ 
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~ 17~ f= 175MHz 
Pin= 150 mW --1 ~ 1.25 lL_. 
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~ :::bZ:F--+--+--+---+---+---+---t---r--+----< 

0.25,__~-~-~-~-~-~-~-~-~-~ 
5.0 6.0 7.0 8.0 9.0 10 11 12 13 14 15 

Vee.SUPPLY VOLTAGE (VOLTS) 
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3.25 

3.0 

en 2.75 ,_ 
i 2.50 

ffi 2.25 
s: 
~ 2.0 

~ 1.75 
!:; 
0 1.50 
5 
~ 1.25 

1.0 

0.75 
0 

FIGURE 3 - OUTPUT POWER versus INPUT POWER 

;z .L._ 
175 MHz 

v425MHl ;z 
lL 

cf ~ Ve~· 12.5 Vdc -

i t 
50 100 150 200 250 300 350 400 450 500 

P;n. INPUT POWER (mW) 

FIGURE 5 - SERIES EQUIVALENT IMPEDANCE 
PARAMETERS 
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MRF626 
MRF627 

MRF626 
CASE 305-01, STYLE 1 

~ 
MRF627 

CASE 305A-01, STYLE 1 

~ 
HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Tot~I Device Dissipation@ Tc = 25'C 
Derate above 25'C 

Storage Temperature 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 5.0 mAdc, le = OI 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
UE = 0.1 mAdc, le = O) 

Collector Cutoff Current ICED 
(VcE = 12 Vdc, le = 01 

Emitter Cutoff Current IEBO 
(VeE = 3.5 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 50 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc= 50 mAdc, VcE = 12.5 Vdc, f = 200 MHz) 
Uc = 100 mAdc, VcE = 12.5 Vdc, f = 200 MHz) 
Uc= 150 mAdc, VcE = 12.5 Vdc, f = 200 MHz) 

Output Capacitance Cobo 
(Vee= 12.5 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VeE = 1.0 Vdc, le = o. f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain Gpe 
(Vee= 12.5 Vdc, Pout = 0.5 w, f = 470 MHz) 

Collector Efficiency 1/ 
(Vee = 12.5 Vdc, Pout = 0.5 w, f = 470 MHz) 

Series Equivalent Input Impedance Zin 
(Vee = 12.5 Vdc, Pout = 0.5 w, f = 470 MHz) 

Series Equivalent Output Impedance Zout 
(Vee = 12.5 Vdc, Pout = 0.5 w, f = 470 MHz) 

MOTOROLA SEMICONDUCTORS 

7-200 

Symbol Value Unit 

VcEO 20 Vdc 

Vceo 30 Vdc 

VEBQ 3.5 Vdc 

le 150 mAdc 

Po 2.5 Watts 
35 mW/'C 

Ts!Q. -65 to +200'C 'C 

Symbol Max Unit 

R9JC 28.5 'C/W 

Min Typ Max Unit 

20 - - Vdc 

30 - - Vdc 

3.5 - - Vdc 

- - 1.0 mAdc 

- - 1.0 mAdc 

15 150 

GHz 
- 2.5 -
- 2.7 -
- 2.6 -
- 3.0 3.5 pF 

- 8.8 - pF 

10 12 - dB 

- 60 - % 

- 6.0-j4.0 - Ohms 

- 45-j28 - Ohms 

SMALL-SIGNAL DEVICES 
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FIGURE 1 - OUTPUT POWER versus INPUT POWER 
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FIGURE 2 - OUTPUT CAPACITANCE versus 
COLLECTOR BASE VOLTAGE 
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FIGURE 3 - 470 MHz TEST CIRCUIT SCHEMATIC 

C1,C2 -
C3,C4 -
C5 -
C6,C7 -

L1,L2 -

RF 
Input 

1.0-25 pF ARCO 421 

1.0-25 pF ARCO 421 
1.0 µF, 35 V Capacitor 
1000 pF Feedthru 

7 Turns, #22 AWG, 0.2" l.D. 

SMALL-SIGNAL DEVICES 

L3-
R1 -
21 -
22 -

R1 

C6 L3 C7 

I 

C3 

C5 + 12.5 V 

I<-
RF 

Output 

Choke FERROXCUBE VK 200-20-48 23 - Microstrip Line, 0.50" W x 1.00" L 

1 Ohm, 1/2 W Carbon 
Microstrip Line, 0.25" W x 1.75" L 
Microstrip Line, 0.25" W x 2.00" L 

Board-Glass Teflon, 3" x 5" x 0.060" 
Mounting Plate is 3" x 5" x 0.75" 
Input/Output Connectors - Type N 

FIGURE 4 - 470 MHz TEST CIRCUIT LAYOUT 

MOTOROLA SEMICONDUCTORS 
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MRF626 • MRF627 

FIGURE 5 - TYPICAL S11 and S22 versus FREQUENCY 

60° 

700 
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FIGURE 6 - TYPICAL S12 versus FREQUENCY 
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MOTOROLA SEMICONDUCTORS 
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FIGURE 7 - TYPICAL S21 versus FREQUENCY 
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MRF628 

CASE 249-05; STYLE 1 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 16 Vdc 

Collector-Base Voltage Vcso 36 Vdc UHF AMPLIFIER TRANSISTOR 
Emitter-Base Voltage VEBO 4.0 Vdc NPN SILICON 
Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ Tc = 25°C Po 3.0 Watts 
Derate above 25°C 17.2 mWi°C 

Storage Temperature TsN_ -65 to +200 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 16 - - Vdc 
(le = 20 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage(1) V(BR)CES 36 - - Vdc 
(le = 20 mAdc, VsE = O) 

Collector-Base Breakdown Voltage V(BR)CBO 36 - - Vdc 
(le = 20 mAdc, IE = O) • Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc 
(IE = 5.0 mAdc, le = O) 

Collector Cutoff Current icso - - 0.5 mAdc 
<Vcs = 15 Vdc, le = Ol 

Collector Cutoff Current ICES - - 2.0 mAdc 
(VcE = 15 Vdc, VsE = o, Tc = 25°C) 

ON CHARACTERISTICS 

DC Current Gain 20 
(le = 100 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 6.0 10 pF 
(Vcs = 12 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURES 5 AND 6) 

Common-Emitter Amplifier Power Gain GpE 10 - - dB 
(Vee = 12.5 Vdc, Pout = 0.5 W, lc(max) = 80 mAdc, f = 470 MHz) 

Collector Efficiency 1/ 50 - - % 
(Vee = 12.5 Vdc, Pout = 0.5 W, lc(max) = 80 mAdc, f = 470 MHz) 

(1) Pulsed thru 25 mH inductor. 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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FIGURE 1 - SERIES EQUIVALENT 
IMPEDANCE PARAMETERS 

FIGURE 3 - OUTPUT POWER versus FREQUENCY 
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FIGURE 2 - OUTPUT POWER versus INPUT POWER 
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FIGURE 4- OUTPUT POWER versus VOLTAGE 
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FIGURE 5 - 470 MHz TEST CIRCUIT 
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MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MRF628 

RF 
INPUT 

Cl,2,3,4 
C5,6 
Cl 
Ll,2 

L3 

SMALL-SIGNAL DEVICES 

FIGURE 6 - 470 MHz TEST CIRCUIT SCHEMATIC 

1.0·25 pf ARCO 421 OR EQUIVALENT 
1000 pf FEEDTHRU CAPACITOR 
1.0 µf, 35 V CAPACITOR 
7 TURNS =22 AWG, 0.2" 1.0. 
FERRITE BEAOS FERROXCUBE 
56-590·65.JB AS SHOWN ON L 1 
!-CHOKE FERROXCUBE VK·200·20·4B 

7-205 

C5 L3 C6 

BOARO·GLASS TEFLON,<R • 2.56, t • 0.062 
MOUNTING PLATE - 3"' 5" '0.060" 
INPUT/OUTPUT CONNECTORS -TYPE N 

MOTOROLA SEMICONDUCTORS 
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MRF629 

CASE 79-03, STYLE 5 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

HIGH FREQUENCY TRANSISTOR 
Coilector-Emitter Voltage Vern 16 Vdc 

Collector-Base Voltage Vcso 36 Vdc 

NPN SILICON Emitter-Base Voltage Vrno 4.0 Vdc 

Collector Current - Continuous le 400 mAdc 

Total Device Dissipation@ Tc = 25'C Po 5.0 Watts 
Derate above 25'C 50 mwrc 

Storage Temperature Ts!g_ -65to +200 'C 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 16 - Vdc 
!le = 50 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 36 - Vdc 
!le = 50 mAdc, VBE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - Vdc 
!le = 1.0 mAdc, le = O) 

Collector Cutoff Current lcso - 1.0 mAdc 
(Vcs = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 20 200 
Oc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 15 pF 
(Vcs = 12.5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain GpE 8.0 - dB 
(Vee = 12.5 Vdc, Pout = 2.0 W, f = 470 MHz) 

Collector Efficiency "1 50 - % 
(Vee = 12.5 Vdc, Pout = 2.0 W, f = 470 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 1 - 470 MHz TEST CIRCUIT SCHEMATIC 
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FIGURE 2 - OUTPUT POWER versus INPUT POWER 
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CASE 79-03, STYLE 5 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 16 Vdc 

Collector-Base Voltage VCES 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

UHF AMPLIFIER TRANSISTOR Total Device Dissipation @ Tc = 25'C Po 8.75 Watts 
Derate above 25'C 50 mW/'C 

NPN SILICON Storage Temperature Ts!ll -65 to +200 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ROJc 20 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 16 - - Vdc 
!le = 50 mAdc, le = O) 

Collector-Emitter Brea.kdown Voltage V(BR)CES 36 - - Vdc 
!le = 50 mAdc, VeE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 - - Vdc • !IE = 1.0 mAdc, le = O) 

Collector Cutoff Current ICES - - 1.0 mAdc 
(VcE = 12.5 Vdc, VeE = o. Tc = 25'C) 

ON CHARACTERISTICS 

DC Current Gain 20 60 
!le = 100 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 8.0 12 pF 
(Vee = 12.5 Vdc, IE = o. f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain GpE 9.5 10 - dB 
(Vee = 12.5 Vdc, Pout = 3.0 W, f = 470 MHz) 

Collector Efficiency 11 - 55 - % 
(Vee = 12.5 Vdc, Pout = 3.0 W, I = 470 MHz) 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 1 - 470 MHz TEST CIRCUIT SCHEMATIC 
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L3 - 0.33 µH Molded Choke 
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FIGURE 3 - OUTPUT POWER versus FREQUENCY 
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FIGURE 6 - OUTPUT POWER versus FREQUENCY. 
BROADBAND CIRCUIT 
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FIGURE 7 - MRF630 BROADBAND CIRCUIT 
420-520 MHz -----+---...--0----< +12.5 Vdc 

Input 

Cl. C5 - 43 pF Mini-Unelco 
C2 - 10 pF Mini-Unelco 
C3 - 18 pF Mini-Unelco 
C4 - 27 pF Mini-Unelco 
C6 - 6.8 pF l\/lini-Unelco 

Cl 

RFC2 

Bead 

AFC3 

TLl 

C7 - 220 pF Ceramic Chip 
C8-0.1 mF 
C9 - 1.0 mF Tantalum 

Rl 

AFCl - 0.47 µH Molded Choke 
RFC2 - 1.0 µH Molded Choke 

Bead 

TL2 
C5 

T C6I 

AFC3 - 0.3 µH Molded Choke 
Al - 12 ll/1/4 W 

Output 

TL 1 - Transmission Line 0.166" x 1.85" (WXL) 
TL2 -Transmission Line 0.166" x 1.77" (WXL) 
Board Material - 2 oz. 0.0625" TFG 

FIGURE 8 - BROADBAND CIRCUIT 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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CASE 317-01, STYLE 2 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 15 Vdc 

Collector-Base Voltage VcBo 25 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 30 mAdc HIGH FREQUENCY TRANSISTOR 
Total Device Dissipation @Tc = 25'C Po 0.375 Watt 

Derate above 25'C 3.3 mwrc NPN SILICON 

Storage Temperature Ts.!!!. 150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 300 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BRICEO 15 - - Vdc 
Uc= 1.0 mAdc, IB = OI 

Collector-Base Breakdown Voltage V(BR)CBO 25 - - Vdc 
Uc = 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBD 2.0 - - Vdc 
(IE = 0.1 mAdc, le = 01 • Collector Cutoff Current le Bo - - 50 nAdc 
(VcB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 30 80 200 
Uc = 5.0 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 4.5 - GHz 
!le= 15 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 

Collector-Base Capacitance Ccb - 0.4 1.0 pF 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure NF - 2.0 2.5 dB 
Uc = 5.0 mAdc, VcE = 6.0 Vdc, f = 1.0 GHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain 
(Vee = 6.0 Vdc, le = 5.0 mA, f = 1.0 GHz) 

Gpe 10 12 - dB 

Third Order Intercept - - +23 - dBm 
Uc = 5.0 mAdc, VcE = 6.0 Vdc, f = 0.9 GHz) 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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FIGURE 1 -1.0 GHz TEST CIRCUIT SCHEMATIC 
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FIGURE 4- NOISE FIGURE - FREQUENCY 
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FIGURE 5- NOISE FIGURE wrsus COLLECTOR CURRENT 
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TABLE l-S11 

FREQUENCY (MHz) 200 500 1000 1500 2000 

Vee le IS11 I L4> I S11 I L4> 1s111 L4> I S11 I L4> 1s111 L4> 
1.0mA .83 -54 .65 -110 .61 -153 .62 +177 ,65 +157 

2.5 .72 -74 .57 -132 .56 -171 .58 +165 .61 +148 
5.0 .63 -98 .55 -151 .55 +174 .58 +154 .60 +140 

1 Volt 
10 .55 -130 .55 -170 .56 +164 .59 +148 .61 +135 
15 .55 -147 .56 -178 .58 +160 .62 +145 .63 +133 
20 .58 -165 .60 +174 .62 +158 .65 +144 .67 +132 

1.0 .85 -48 .68 -100 .61 -149 .62 +178 .65 +156 
2.5 .75 -63 .58 -121 .53 -169 .56 +164 .59 +146 
5.0 .64 -82 .52 -139 .51 +177 .54 +156 .57 +139 

3 Volts 10 .53 -112 .48 -160 :51 +167 .54 +149 .56 +134 
15 .49 -126 .48 -168 .52 +162 .55 +145 .57 +132 
20 :48 -137 .49 -173 .53 +160 .56 +145 .58 +131 

1.0 .87 -45 .71 -94 .60 -148 .60 +179 .63 +156 
2.5 .77 -58 .60 -114 .52 -164 .55 +168 .57 +148 
5.0 .66 -75 .52 -132 .48 -177 .52 +159 .54 +142 

6 Volts 10 .53 -101 .46 -151 .47 +171 .50 +152 .53 +137 
15 .47 -115 .45 -162 .47 +166 .51 +148 .53 +135 
20 .46 -125 .45 -167 .48 +163 .52 +147 .54 +134 

1.0 .88 -43 .72 -91 .60 -145 .60 -178 .63 +158 
2.5 .79 -55 .60 -109 .52 -160 .54 +170 .57 +150 
5.0 .68 -70 .50 -130 .47 -175 .50 +160 .53 +143 

10 Volts 
10 .55 -93 .45 -147 .45 +173 .48 +154 .52 +138 
15 .50 -107 .43 -158 .44 +168 .49 +151 .52 +136 
20 .47 -116 .43 -163 .45 +166 .49 +150 .52 +136 

SMALL-SIGNAL DEV.ICES MOTOROLA SEMICONDUCTORS 
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TABLE II - S21 

FREQUENCY (MHz) 200 500 1000 1500 2000 

Vee le I S21 I L<P I S21 I L<P I S21 I L<P I S21 I L<P I S21 I L<P 

1.0mA 4.2 +140 2. 7 +104 1.4 +73 .96 +52 .77 +39 

2.5 7.2 +130 3.9 +98 2.1 +73 1.4 +55 1.1 +42 

5.0 9.9 t121 4.8 +92 2.6 +72 1.8 ;,57 1.4 +44 
1 Volt 10 12.0 +109 5.2 +87 2.8 +70 1.9 +57 1.5 +44 

15 11.4 +103 4.9 +84 2.7 +68 1.8 +55 1.4 +42 

20 6.3 +96 2.6 +81 1.9 +65 1.3 +52 1.0 +41 

1.0 4.5 +144 3.0 +110 1.5 +78 1.0 +56 .82 +43 

2.5 7.8 +136 4.5 +103 2.5 +76 1.7 +58 1.3 +45 
5.0 11.2 +127 5.7 +97 3.0 +74 2.0 +58 1.6 +45 

3 Volts 10 14.9 +116 6.8 +91 3.4 +72 2.3 +58 1.8 +45 
15 16 +111 7.0 +88 3.6 +70 2.4 +57 1.8 +45 
20 16.4 +108 7.0 +87 3.5 +69 2.4 +56 1.8 +44 

1.0 4.5 +146 3.1 +113 1.8 +81 1.2 +60 .96 +46 
2.5 7.8 +139 4.8 +106 2.7 +78 1.8 +60 1.4 +46 
5.0 11.6 +130 6.2 +99 3.3 +75 2.2 +60 1.7 +47 

6 Volts 
10 15.9 +120 7.5 +92 3.8 +73 2.5 +59 1.9 +47 
15 17.2 +114 7.7 +90 4.0 +71 2.6 +58 2.0 +46 

20 17.7 +110 7.8 +88 4.0 +70 2.6 f57 2.0 +45 

1.0 4.5 +147 3.2 +114 1.8 +82 1.2 +61 .96 +47 

2.5 7.8 +140 4.9 +107 2.7 +79 1.8 +61 1.4 +47 

5.0 11.7 +132 6.4 +100 3.5 +75 2.3 +60 1.8 +48 
10 Volts 

10 15.9 +121 7.6 +93 4.0 +73 2.6 +58 2.0 +47 

15 17.4 +115 8.0 +90 4.0 +71 2.7 +57 2.0 +46 

20 17.8 +112 8.0 +88 4.0 +70 2.6 +56 2.0 +45 

TABLE 111-512 

FREQUENCY(MHzl 200 500 1000 1500 2000 

Vee •c 1s121 LI/> I S12 t LI/> tS12 t LI/> IS12 ! LI/> I S12 I LI/> 

1.0mA .09 +57 .14 +32 .15 +17 .15 +13 .13 +21 
2.5 .08 +49 .10 +32 .12 +27 .13 +32 .14 +40 
5.0 .06 +43 .08 +35 .10 +42 .13 +48 .16 +51 

1 Volt 
10 .05 +42 .06 +45 .09 +54 .13 +57 .17 +57 
15 .04 +43 .06 +50 .09 +60 .13 +60 .18 +60 
20 .03 +41 .05 +55 .09 +63 .14 +64 .18 +62 

1.0 .06 +61 .10 +37 .13 +21 .12 +20 .10 +31 
2.5 .06 +57 .08 +36 .09 +33 '.10 +40 .12 +49 

3Volts 
5.0 .05 +51 .07 +39 .OB +45 .11 +52 .14 +56 
10 .04 +49 .05 +49 .OB +56 .11 +61 .15 +61 
15 .03 +49 .05 +55 .08 +62 .12 +64 .15 +64 
20 .03 +52 .04 +59 .08 +65 .12 +65 .15 +65 

1.0 .05 +63 .09 +40 .10 +26 .09 +29 .09 +43 
2.5 .05 +59 .07 +39 .08 +37 .09 +45 .11 +55 

6 Volts 
5.0 .04 +55 .05 +42 .07 +4B .09 +56 .12 +62 
10 .03 +50 .04 +51 .07 +5B .10 +64 .13 +66 
15 .02 +53 .04 +55 .07 +64 .10 +67 .13 +6B 
20 .03 +54 .04 +60 .07 +66 .10 +69 .13 +69 

1.0 .05 +65 .OB +41 .09 +2B .08 +32 .OB +4B 
2.5 .04 +59 .06 +42 .07 +3B .08 +4B .09 +59 

10 Volts 
5.0 .03 +57 .05 +44 .07 +51 .OB +60 .11 +65 
10 .03 +54 .04 +51 .06 +60 .09 +66 .12 +69 
15 .03 +52 .04 +55 .06 +64 .09 +6B .12 +70 
20 .02 +54 .03 +59 .06 +66 .09 +69 .12 +71 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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TABLE IV - 522 

FREQUENCY (MHzl 200 500 1000 1500 2000 

Vee ic 1522 I L</> I 522 I L</> 1522 I L</> 1522 I L</> I 522 I L</> 

1.0mA .88 -23 .66 -41 .57 -56 .54 -76 .53 -96 
2.5 .76 -34 .48 -50 .40 ~1 .37 -78 .37 -98 

1 Volt 5.0 .61 -45 .34 -58 .25 ~7 .23 -84 .24 -103 
10 .42 ~o .20 -70 .15 -75 .14 -95 .16 -115 
15 .31 ~7 .15 -77 .11 -83 .11 -105 .14 -125 
20 .16 -72 .09 -82 .10 -92 .12 -119 .16 -140 

1.0 .91 -18 .75 -32 .66 -47 .62 ~5 .60 -82 
2.5 .83 -25 .60 -38 .47 -50 .44 ~4 .43 -81 
5.0 .72 -32 .47 -41 .36 -50 .34 ~4 .33 -80 

3 Volts 
10 .56 -40 .34 -42 .27 -49 .25 ~2 .25 -78 
15 .48 -43 .30 -41 .23 -46 .21 ~o .22 -76 
20 .43 -43 .27 -39 .22 -44 .21 -58 .22 -75 

1.0 .93 -15 .79 -27 .68 -42 .65 -57 .63 -74 
2.5 .87 -20 .67 -31 .55 -42 .52 -56 .51 -71 
5.0 .77 -26 .55 -34 .45 -41 .43 -53 .42 ~8 

6 Volts 
10 .63 -32 .43 -33 .37 -38 .36 -50 .35 ~4 

15 .57 -33 .40 -31 .35 -35 .34 -47 .33 ~2 

20 .53 -33 .38 -29 .34 -34 .33 -46 .33 ~1 

1.0 .94 -13 .82 -25 .73 -38 .69 -53 .67 ~9 

2.5 .89 -18 .70 -28 .60 -38 .57 -51 .56 ~ 

10 Volts 5.0 .81 -23 .60 -29 .50 -37 .48 -48 .47 ~1 

10 .68 -27 .50 -28 .44 -34 .43 -45 .42 -58 
15 .62 -28 .47 -26 .43 -30 .42 -42 .42 -56 
20 .59 -27 .46 -24 .43 -30 .42 -42 .42 -56 

• 
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CASE 20-03, STYLE 10 
T0-72 (T0-206AF) 

I 
HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Storage Temperature 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Uc= 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 0.1 mAdc, le= O) 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 5.0 mAdc, VcE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 15 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = o. f = 1.0 MHz) 

Noise Figure 
(le = 5.0 mAdc, VcE = 6.0 Vdc, f = 450 MHz) 
Oc = 5.0 mAdc, VcE = 6.0 Vdc, f = 1 .0 GHz) 

FUNCTIONAL TEST 

Maximum Available Power(1) 
Uc = 5.0 mAdc, VcE = 6.0 Vdc, f = 450 MHz) 
Uc= 5.0 mAdc, VcE = 6.0 Vdc, f = 1.0 GHz) 

MOTOROLA SEMICONDUCTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

tr 

Ccb 

NF 

Gmax 

7-216 

Symbol 

VcEO 

Vcso 

VEBO 

le 

Po 

Ts!ll 

Min 

15 

25 

3.0 

-

30 

-

-

-
-

Value 

15 

25 

3.0 

30 

0.2 
1.14 

-65 to +200 

Typ 

-

-

-

-

4.0 

-

1.5 
2.5 

16 
10 

Max 

-
-

-

50 

200 

-
1.0 

-
-

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/"C 

oc 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

GHz 

pf 

dB 

dB 
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FIGURE 2 - NOISE FIGURE versus COLLECTOR CURRENT 
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TABLE 1 - S11 PARAMETERS 

Frequency TMHif 

Vee le 100 200 500 800 1000 

(Volts) (mA) S11 L </> S11 Lt/> S11 Lt/> 511 Lt/> 511 LT 

1.0 1.0 0.941 -22 O.B5 -43 0.57 -91 0.37 -128 0.30 -151 
2.5 O.B5 -31 0.67 -57 0.35 -102 0.20 -136 0.14 -157 
5.0 0.69 -44 0.46 -n 0.21 -109 0.10 -144 0.069 -166 
10 0.45 -67 0.2B -94 0.13 -136 0.087 172 0.075 145 
15 0.37 -110 0.31 -145 0.26 170 0.27 139 0.27 122 
30 0.71 -17B. 0.71 169 0.68 144 0.68 121 0.65 107 

3.0 1.0 0.94 -19 0.B7 -37 0.61 -80 0.39 -114 0.30 -134 
2.5 0.B7 -26 0.71 -47 0.39 -84 0.21 -106 0.15 -115 
5.0 0.74 -34 0.52 -55 0.25 -77 0.13 -82 0.109 -79 
10 0.55 -42 0.35 -58 0.1B -66 0.11 -60 0.105 -55 
15 0.46 -46 0.2B -59 0.15 -64 0.096 -55 0.092 -49 
30 0.2B -95 0.21 -134 0.16 175 0.17 135 0.17 116 

6.0 1.0 0.95 -1B O.BB -35 0.63 -76 0.40 -108 0.30 -126 
2.5 O.B9 -23 0.74 -43 0.42 -77 0.23 -94 0.17 -100 
5.0 0.77 -31 0.56 -49 0.29 -67 0.1B -69 0.15 -66 
10 0.61 -37 0.40 -50 0.23 -55 0.16 -51 0.16 -50 
15 0.52 -40 0.34 -51 0.20 -52 0.15 -47 0.15 -47 
30 0.36 -55 0.21 -70 0.098 -77 0.037 -59 0.033 -27 

10 1.0 0.96 -17 0.89 -33 0.65 -73 0.41 -103 0.31 -121 
2.5 O.B9 -22 0.76 -41 0.44 -73 0.25 -88 0.1B -93 
5.0 0.79 -28 0.59 -46 0.32 -63 0.20 -65 0.1B -63 
10 0.64 -34 0.44 -47 0.26 -62 0.19 -49 0.1B -49 
15 0.57 -37 0.3B -4B 0.23 -49 0.1B -46 0.17 -46 
30 0.41 -51 0.24 -64 0.12 -67 0.061 -52 0.055 -36 

I 

~ 
TABLE 2 - '21 PARAMETERS 

Frequency (MHz) 

Vee le 100 200 500 800 1000 
(Volts) (mA) S21 Lt/> S21 Lt/> S21 Lt/> S21 Lt/> S21 Lt/> 

1.0 1.0 5.32 156 3.06 137 2.22 97 1.65 70 1.44 56 
2.5 6.79 146 5.57 124 3.15 B6 2.14 64 1.81 52 
5.0 10.97 133 7.60 110 3.62 79 2.3B 61 2.00 49 
10 13.16 11B B.07 99 3.60 74 2.35 57 1.96 46 
15 9.84 108 5.66 91 2.44 67 1.63 49 1.3B 38 
30 1.65 B3 0.88 69 0.47 46 0.43 37 0.45 31 

3.0 1.0 3.33 159 3.11 142 2.36 103 1.79 76 1.55 62 
2.5 6.B9 150 5.B5 129 3.48 92 2.3B 70 2.00 58 
5.0 11.49 13B B.34 115 4.12 84 2.70 66 2.25 55 
10 15.71 125 9.B2 104 4.39 79 2.B5 63 2.34 53 
15 16.97 119 10.05 100 4.39 77 2.B3 61 2.34 52 
30 12.66 108 7.02 92 2.9B 70 1.94 54 1.61 44 

6.0 1.0 3.31 160 3.10 144 2.41 106 1.B3 79 1.60 65 
2.5 6.BO 151 5.85 131 3.60 94 2.46 77 2.07 60 
5.0 11.44 140 B.54 117 4.2B B6 2.83 68 2.33 57 
10 15.B5 127 10.14 107 4.61 B1 2.96 65 2.46 55 
15 17.20 122 10.47 102 4.60 79 2.96 63 2.45 54 
30 16.37 113 9.3B 96 4.00 75 2.58 59 2.14 49 

10 1.0 3.25 160 3.08 145 2.40 108 1.B3 B1 1.61 67 
2.5 6.73 152 5.85 132 3.63 96 2.50 74 2.10 62 
5.0 11.19 142 B.49 119 4.34 BB 2.85 69 2.37 59 
10 15.59 129 10.16 108 4.66 B2 3.00 66 2.47 56 
15 17.04 124 10.49 104 4.65 BO 2.99 64 2.47 55 
30 16.1B 115 9.3B 9B 4.03 96 2.60 60 2.14 50 

I 
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TABLE 3 - S12 PARAMETERS 

Frequency (MHz) 

Vee le 100 200 500 800 1000 

(Volts) (mAI S12 LIP S12 LIP S12 LIP S12 L<I> S12 LIP 

1.0 1.0 0.054 73 0.097 61 0.159 41 0.184 36 0.194 37 

2.5 0.051 69 0.084 58 0.140 50 0.189 48 0.220 46 

5.0 0.046 65 0.072 60 0.137 58 0.201 53 0.239 50 

10 0.041 64 0.067 64 0.142 62 0.215 56 0.256 51 

15 0.043 61 0.070 63 0.152 62 0.230 55 0.277 50 

30 0.058 50 0.093 58 0.209 57 0.311 46 0.372 39 

3.0 1.0 0.039 75 0.072 65 0.123 46 0.143 42 0.151 44 

2.5 0.037 72 0.063 62 0.110 54 0.150 53 0.174 52 

5.0 0.033 70 0.055 64 0.108 62 0.160 58 0.190 55 

10 0.030 70 0.050 68 0.109 67 0.165 61 0.199 57 
15 0.028 70 0.049 70 0.109 68 0.167 62 0.200 57 

30 0.026 68 0.046 70 0.105 69 0.165 64 0.200 61 

6.0 1.0 0.032 76 0.060 66 0.106 49 0.123 45 0.131 48 

2.5 0.031 73 0.054 64 0.095 57 0.130 56 0.151 55 

5.0 0.028 71 0.048 66 0.094 64 0.139 61 0.165 58 

10 0.026 71 0.043 69 0.094 68 0.144 63 0.172 59 
15 0.024 71 0.042 71 0.093 69 0.144 64 0.172 60 

30 0.021 71 0.037 72 0.086 71 0.134 67 0.162 63 

10 1.0 0.028 77 0.053 68 0.095 50 0.109 47 0.116 50 

2.5 0.027 74 0.048 65 0.085 58 0.116 57 0.134 57 

5.0 0.025 73 0.043 67 0.084 64 0.125 62 0.148 60 

10 0.023 72 0.037 69 0.084 69 0.128 64 0.153 61 

15 0.022 73 0.037 70 0.084 69 0.128 65 0.152 62 

30 0.019 72 0.033 72 0.076 72 0.119 68 0.143 66 

TABLE 4 - S22 PARAMETERS 

Frequency (MHz) 

Vee le 100 200 500 800 1000 

(Volts) (mAI $22 LIP S22 LIP S22 LIP 522 LIP S22 LIP • 1.0 1.0 0.966 -12 0.893 -23 0.693 -41 0.612 -53 0.594 -59 

2.5 0.901 -18 0.760 -29 0.548 -42 0.498 -51 0.494 -56 

5.0 0.793 -24 0.619 -32 0.456 -39 0.429 -49 0.439 -54 

10 0.635 -29 0.486 -32 0.390 -36 0.377 -47 0.389 -53 

15 0.453 -29 0.364 -29 0.313 -34 0.309 -48 0.321 -14 

30 0.048 -78 0.035 -88 0.032 -135 0.031 -162 0.007 -167 

3.0 1.0 0.976 -9.0 0.926 -18 0.770 -35 0.702 -46 0.683 -51 
2.5 0.935 -13 0.828 -23 0.648 -35 0.608 -43 0.608 -48 

5.0 0.853 -18 0.712 -25 0.577 -32 0.555 -41 0.565 -46 
10 0.758 -20 0.629 -23 0.539 -29 0.529 -39 0.544 -44 
15 0.711 -20 0.601 -22 0.533 -27 0.526 -38 0.540 -44 
30 0.631 -15 0.576 -16 0.548 -25 0.546 -38 0.558 -45 

6.0 1.0 0.982 -8.0 0.939 -16 0.803 -31 0.742 42 0.734 -47 

2.5 0.947 -11 0.861 -20 0.699 -31 0.662 -40 0.660 -45 

5.0 0.882 -15 0.759 -21 0.633 -29 0.617 -31 0.627 -43 
10 0.801 -17 0.684 -20 0.607 -26 0.601 -35 0.610 -41 
15 0.769 -17 0.667 -19 0.602 -25 0.601 -35 0.607 -40 
30 0.737 -14 0.672 -15 0.640 -22 0.641 -33 0.655 -40 

10 1.0 0.983 -7.0 0.949 -14 0.830 -29 0.774 -39 0.765 -40 
2.5 0.954 -10 0.880 -18 0.733 -29 0.698 -37 0.702 -42 

5.0 0.901 -13 0.793 -19 0.676 -27 0.659 -35 0.668 -41 
10 0.834 -15 0.725 -18 0.646 -24 0.646 -33 0.658 -39 
15 0.802 -15 0.706 -17 0,645 -23 0.648 -33 0.661 -39 

30 0.776 -13 0.712 -14 0.678 -22 0.686 -32 0.699 -38 
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CASE 26-03, STYLE 1 
T0-46 (T0-206AB) 

I 
RF OSCILLATOR TRANSISTOR 

NPNSILICON 

MAXIMUM RATINGS 
. Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Currant - Continuous 

Total Device Dissipation@ Tc = 100"C 
Derate above 1 OO"C 

Storage Temperature 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 10 mAdc, le = OJ 

Collector-Base Breakdown Voltage 
!le= 0.1 mAdc, le =OJ 

Emitter-Base Breakdown Voltage 
!le = 0.1 mAdc, lc = Ol 

Collector Cutoff Current 
!Vee = 20 Vdc, le = OJ 

ON CHARACTERISTICS 

DC Current Gain 
!le= 100 mAdc, Vee = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 100 mAdc, Vee = 10 Vdc, f = 200 MHz) 

Output Capacitance 
(Vee = 20 Vdc, le = o. f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Collector Oscillator Output Power (Figure 1) 
(Ve = -20 Vdc, iE"' 110 mAdc, f"' 1.68 GHz) 

MOTOROLA SEMICONDUCTORS 

symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

tr 

Cobo 

Pout 

7-220 

Symbol Value Unit 

VcEO 20 Vdc 

Vceo 35 Vdc 

veeo 3.5 Vdc 

le 150 mAdc 

'Po 2.5 Watts 
40 mWf'C 

Tsjg_ -65 to +200 'C 

Symbol Max Unit 

Rruc 25 'CNV 

Min Typ Max Unit 

20 30 - Vdc 

35 - - Vdc 

3.5 5.0 - Vdc 

- - 0.1 mAdc 

20 60 150 

- 2500 - MHz 

- 3.0 5.0 pF 

400 500 mW 

SMALL-SIGNAL DEVICES 
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C1 

C1,C6 
C2,C5 
C3,C4 
C7,C8 

C2 

SMALL-SIGNAL DEVICES 

FIGURE 1 - 1.68 GHz OSCILLATOR TEST CIRCUIT SCHEMATIC 

L1 

1.0µF, 35 Vdc TANTALUM 
0.1 pf Cer•mlc Disk 
680 pF Feedthru 
0.4-6.0 pf JO.HANSON 

R1 

C7 

7-221 

B-

R2 

R1 
R2 
R3 

L1,L2 
L3 

R3 

C5 

CB 

4 7 Ohms. 1 /4 Witt 
510 Ohms, 1/4 Watt 
1.5 kSl, 1/4 Watt 
5 Turns, #22 AWG, 0.125" l.D. 
#20 AWG, 0.4" Length. 

C& 
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CASE 317-01, STYLE 2 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 12 Vdc 

Collector-Base Voltage Vcso 20 Vdc 

Emitter-Base Voltage VEBQ 3.0 Vdc 

HIGH FREQUENCY TRANSISTOR 
Collector Current - Peak le 40 mAdc 

Total Device Dissipation @ TL = 50°C Po 400 mW 

NPN SILICON Derate above 50°C 4.0 mW!°C 

Storage Temperature Ts!ll -65to +150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Lead RoJL 250 oc;w 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 12 - - Vdc 
Oc = 1.0 mAdc, Is = O) 

• Collector-Base Breakdown Voltage V(BR)CBO 20 - - Vdc 
Oc = 0.1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc 
OE = 0.1 mAdc, le = 0) 

Collector Cutoff Current le Bo - - 50 nAdc 
(VcB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 30 200 
Oc = 30 mAdc, VcE = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 5.0 - GHz 
Oc = 30 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 

Collector-Base Capacitance Ccb - 0.6 1.0 pf 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Noise Figure NF dB 
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 GHz) - 2.5 -
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 2.0 GHz) - 4.0 -

Power Gain at Optimum Noise Figure GNF dB 
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 GHz) - 10 -
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 2.0 GHz) - 6.0 -

Maximum Available Power Gain(1) Gmax dB 
Oc = 30 mAdc, VcE = 10 Vdc, f = 1.0 GHz) - 12.5 -
Oc = 30 mAdc, VcE = 10 Vdc, f = 2.0 GHz). - 7.5 -

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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FIGURE 2 - POWER GAIN AND NOISE FIGURE 
versus FREQUENCY 

FIGURE 3 - POWER GAIN AND NOISE FIGURE 
versus COLLECTOR CURRENT 

vce=10v 
f= 1.0 GHz -t--t--+---t-~-+--t---1 

16 ~ 8.0 16 t--+---t---+--+--t--t--+----iB.0 
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""" "b,_ 2.0 m 4.01-----<--+--+--NF-+--+--+--t----<2.0 

hf'h 
OL-.L--'--'-'--'----'---'---'-'--L"'-'-r--.~'1~0 
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I, FREQUENCY (GHz) 

10 20 30 
le. COLLECTOR CURRENT (mA) 

FIGURE 4 - S11 PARAMETERS 
Frequency (MHz) 500 1000 1500 2000 

Vee le 
(Volts) lmAI Sll L</J Sll L</J Sll L</J Sll L</J 

5.0 2.0 0.66 -125 0.64 -175 0.68 160 0.73 140 
5.0 0.57 -150 0.58 170 0.62 150 0.66 135 
10 0.54 -165 0.57 160 0.60 145 0.64 130 
20 0.54 -180 0.57 155 0.60 140 0.64 125 
30 0.54 175 0.57 155 0.61 140 0.65 125 

10 2.0 0.66 -120 0.63 -170 0.67 160 0.71 140 
5.0 0.56 -145 0.56 175 0.60 150 0.64 135 
10 0.51 -160 0.53 165 0.57 145 0.61 130 
20 0.49 -175 0.52 160 0.57 145 0.60 130 
30 0.49 -175 0.53 160 0.57 145 0.61 130 
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FIGURE 5 - S22 PARAMETERS 

Frequency (MHz) 500 1000 1500 2000 

VcE ic 
(Volts) (mA) S22 L</> S22 L</> S22 L<I> S22 L</> 

5.0 2.0 0.61 -45 0.50 -60 0.48 -80 0.50 -100 

5.0 0.40 -55 0.31 -65 0.30 -85 0.32 -100 

10 0.27 -60 0.20 -70 0.20 -90 0.23 -105 

20 0.19 -70 0.13 -75 0.14 -95 0.17 -110 

30 0.16 -70 0.11 -75 0.13 -95 0.16 -110 

10 2.0 0.66 -35 0.55 -50 0.53 -70 0,54 -90 

5.0 0.47 -45 0.38 -50 0,37 -70 0.38 -75 

10 0.35 -45 0.28 -50 0.27 -65 0.29 -85 

20 0.26 -45 0.22 -50 0.22 -65 0.24 -80 

30 0.25 -40 0.21 -45 0.22 -60 0.24 -80 

FIGURE 6 - S21 PARAMETERS 

Frequency (MHz) 500 1000 1500 2000 

VcE ic 
(Volts) (mAI S21 L</> S21 l</> S21 L</> S21 L<I> 

5.0 2.0 3.24 100 1.84 70 1.23 50 0.96 35 
5.0 4.85 90 2.60 70 1.76 50 1.38 40 
10 5.78 85 3.04 70 2.05 50 1.61 40 
20 6.40 85 3.30 65 2,23 50 1.24 40 
30 6.47 80 3.35 65 2.26 50 1.76 40 

10 2.0 3.42 100 1.95 70 1.31 50 1.01 35 
5.0 5.20 95 2.80 70 1.89 50 1.45 40 
10 6.22 90 3.28 70 2.20 55 1.71 40 

• 
20 6.82 85 3.55 65 2.37 55 1.84 40 
30 6.90 85 3.55 65 2.36 50 1.81 40 

FIGURE 7 - S12 PARAMETERS 

Frequency (MHz) 500 1000 1500 2000 

VcE ic 
(Volts) (mA) S12 L</J S12 l</> S12 L</> S12 L</> 

5.0 2.0 0.11 30 0.12 25 0.11 35 0.13 50 

5.0 0.08 40 0.10 45 0.13 55 0.17 55 
10 0.07 50 0.10 55 0.14 60 0.19 60 

20 0.06 60 0.11 65 0.15 65 0.20 60 

30 0.06 65 0.11 65 0.15 65 0.20 60 

10 2.0 0.10 35 0.10 30 0.10 40 0.12 55 
5.0 0.07 40 0.09 45 0.12 55 0.15 60 
10 0.06 50 0.09 55 0.13 60 0.17 60 

20 0.06 60 0.10 65 0.13 65 0.18 60 
30 0.06 60 0.10 65 0.14 65 0.18 65 
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CASE 303-01, STYLE 1 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 12 Vdc 

Collector-Base Voltage Vcso 20 Vdc 

Emitter-Base Voltage Ve so 3.0 Vdc 

Collector Current - Peak le 50 mAdc 

Total Device Dissipation @Tc = 75°C Po 500 mW 
Derate above 75°C 4.0 mwrc HIGH FREQUENCY TRANSISTOR 

Storage Temperature Ts!!!.. -65 to +200 ·c 
NPN SILICON 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case Rruc 250 •CfW. 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 12 - - Vdc 
Uc= 1.0 mAdc, ls= O) 

Collector-Base Breakdown Voltage V(BR)CBO 20 - - Vdc 
Uc= 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 - - Vdc • Ue = 0.1 mAdc, le= O) 

Collector Cutoff Current lcso - - 50 nAdc 
(Vea= 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 30 200 
Uc = 30 mAdc, Vee = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 5.0 - GHz 
Uc = 30 mAdc, Vee = 10 Vdc, f = 1.0 GHz) 

Collector-Base Capacitance Ccb - 0.6 1.0 pF 
(Vea = 10 Vdc, IE = o. f = 1.0 MHz) 

FUNCTIONAL TEST 

Noise Figure NF dB 
Uc= 5.0 mAdc, Vee = 10 Vdc, f = 1.0 GHz) - 2.5 3.0 
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 2.0 GHz) - 4.0 -

Power Gain at Optimum Noise Figure GNF dB 
(le= 5.0 mAdc, Vee = 10 Vdc, f = 1.0 GHz) - 12 -
Uc= 5.0 mAdc, Vee = 10 Vdc, f = 2.0 GHz) - 7.0 -

Maximum Available Power Gain(1) Gmax dB 
Uc= 30 mAdc, Vee·= 10 Vdc, f = 1.0 GHz) 14 16.5 -
Uc = 30 mAdc, Vee = 10 Vdc, f = 2.0 GHz) - 11.0 -

- 152112 
(l) Gmax - (1 -151112) (1 -152212) 
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~IGURE 1 - POWER OERATING 
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FIGURE 4 - S11 PARAMETERS 

Frequency (MHz) 500 1000 

Vee ic 
(Volts) (mA) Sll UI> Sll U/J S11 

5.0 2.0 0.76 -120 0.74 -160 0.76 
5.0 0.72 -145 0.73 -170 0.75 
10 0.71 -160 0.74 180 0.75 
20 0.73 -170 0.75 175 0.77 
30 0.74 -175 0.76 170 0.78 
40 0.74 -180 0.76 165 0.79 
50 0.74 180 0.77 165 0.79 

10 2.0 0.77 -115 0.74 -155 0.76 
5.0 0.71 -140 0.72 -170 0.73 
10 0.69 -155 0.71 -175 0.73 
20 0.69 -165 0.72 175 0.74 
30 OJO -170 0.73 175 0.75 
40 0.69 -175 0.72 165 0.75 
50 0.70 -175 0.73 165 0.76 
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.J_--t--
NF 

2.0 

10 20 30 400 

le, COLLECTOR CURRENT (mA) 

1500 2000 

U/J Sll U/J 

-175 0.79 175 
175 0.77 165 
170 0.77 160 
165 0,79 155 
165 0.81 155 
155 0.81 145 
155 0.82 145 

-170 0.78 175 
175 0.75 165 
170 0.75 165 
165 0.76 160 
165 0.77 160 
155 0.78 145 
155 0.80 145 
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FIGURE 5 - S22 PARAMETERS 

Frequency (MHz) 500 1000 1500 2000 

Vee le 
!Volts) (mA) S22 ~'/> S22 L'i> S22 L'i> S22 L'i> 

5.0 2.0 0.66 -50 0.57 -70 0.57 -95 0.61 -115 
5.0 0.45 -65 0.37 -85 0.39 -105 0.44 -120 
10 0.33 -80 0.27 -100 0.30 -115 0.35 -130 
20 0.24 -95 0.21 -115 0.24 -125 0.29 -135 
30 0.21 -100 0.18 -120 0.22 -125 0.28 -135 
40 0.18 -100 0.16 -115 0.20 -125 0.27 -135 
50 0.17 -95 0.16 -110 0.21 -120 0.28 -135 

10 2.0 0.71 -45 0.62 -65 0.62 -85 0.64 -105 
5.0 0.51 -55 0.43 -70 0.44 -90 0.48 -105 
10 0.37 -60 0.31 -75 0.33 -95 0.38 -110 
20 0.27 -70 0.23 -80 0.26 -95 0.32 -115 
30 0.23 -65 0.21 -80 0.25 -95 0.31 -110 
40 0.23 -60 0.22 -70 0.25 -90 0.32 -110 
50 0.24 -50 0.24 -65 0.28 -90 0.34 -105 

FIGURE 6 - S21 PARAMETERS 

Frequency (MHz) 500 1000 1500 2000 

Vee le 
(Volts) (mAI 521 L'i> S21 L'i> S21 L'i> S21 L'/> 

5.0 2.0 3.52 102 1.97 70 1.33 50 0.99 35 
5.0 5.61 95 2.96 70 1.98 50 1.50 35 
10 6.84 90 3.55 70 2.35 55 1.78 40 
20 7.65 85 3.94 65 2.59 50 1.96 40 
30 7.93 85 4.02 65 2.63 50 1.98 40 
40 7.87 80 3.95 65 2.57 45 1.92 30 
50 7.65 80 3.86 60 2.48 45 1.86 30 

10 2.0 3.70 105 2.12 75 1.43 50 1.07 35 
5.0 6.09 95 3.24 70 2.17 50 1.62 35 • 10 7.53 90 3.91 70 2.58 55 1.96 40 
20 8.54 85 4.38 70 2.86 55 2.17 40 
30 8.79 85 4.45 65 2.92 50 2.17 40 
40 8.58 80 4.32 65 2.80 45 2.08 30 
50 8.30 80 4.15 60 2.69 45 1.98 30 

FIGURE 7 - S12 PARAMETERS 

Frequency {MHz) 500 1000 1500 2000 

Vee le 

(Volts) (mA) S12 L'i> S12 L'i> S12 L'i> S12 L'i> 

5.0 2.0 0.11 25 0.11 5.0 0.10 -5 0.09 -5 
5.0 0.07 25 0.08 15 0.08 15 0.08 15 
10 0.05 25 0.06 25 0.07 30 0.08 30 
20 0.04 35 0.05 40 0.07 40 0.08 40 
30 0.03 45 0.05 45 0.06 50 0.08 45 
40 0.03 50 0.05 50 0.07 50 0.08 50 
50 0.03 55 0.05 55 0.06 50 0.08 50 

10 2.0 0.09 25 0.10 5.0 0.09 0 0.08 0 
5.0 0.06 25 0.07 15 0.07 20 0.07 20 
10 0.05 30 0.06 30 0.06 30 0.07 35 
20 0.03· 40 0.05 40 0.06 45 0.07 40 
30 0.03 40 0.05 45 0.06 47 0.07 45 
40 0.03 45 0.05 50 0.06 50 0.07 45 
50 0.03 50 0.04 50 0.06 50 0.07 50 
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CASE 20-03, STYLE 10 
T0-72 (T0-206AF) 

I 
HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage Vceo 

Collector-Base Voltage Vcso 
Emitter-Base Voltage Ve so 
Collector Current - Peak le 

Total Device Dissipation @ TA = 75'C Po 
Derate above 75'C 

Storage Temperature Ts.!9_ 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Ambient RoJA 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 12 
Uc = 1.0 mAdc, Is = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 20 
Uc= 0.1 mAdc, le = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 
Ue = 0.1 mAdc, lc = O) 

Collector Cutoff Current le Bo -
(Vee = 15 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain 30 
Uc = 20 mAdc, Vee = 10 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr -
Uc = 20 mAdc, Vee = 10 Vdc, f = 0.5 GHz) 

Collector-Base Capacitance Ccb -
!Vee= 10 Vdc, le = o. f = 1.0 MHzl 

FUNCTIONAL TEST 

Noise Figure NF 
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 0.5 GHz) -
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 1.0 GHz) -

Power Gain at Optimum Noise Figure GNF 
Uc = 5.0 mAdc, Vee = 10 Vdc, f = 0.5 GHz) -
Uc= 5.0 mAdc, Vee = 10 Vdc, f = 1.0 GHz) -

Maximum Available Power Gain(1) Gm ax 
Uc = 20 mAdc, Vee = 10 Vdc, f = 0.5 GHz) -
Uc = 20 mAdc, Vee = 10 Vdc, f = 1.0 GHz) -

Value Unit 

12 Vdc 

20 Vdc 

3.0 Vdc 

40 mAdc 

200 mW 
1.6 mWFC 

-65to +200 'C 

Max Unit 

625 'CIW 

Typ Max Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- 50 nAdc 

200 

4.5 - GHz 

0.7 1.0 pf 

dB 
2.0 -
2.5 -

dB 
12 -
7.0 -

dB 
15 -
10 -
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FIGURE 1 - POWER OERATING 
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FIGURE 4 - S11 PARAMETERS 
Frequency {MHz) 100 300 500 700 1000 

VcE ic 
(Volts) (mA) S11 L<P S11 L<P S11 L¢ S11 l,i S11 L¢ 

5.0 2.0 0.84 -35 0.57 .ao 0.42 -115 0.34 -140 0.27 -166 
5.0 0.65 -45 0.34 -85 0.23 -115 0.18 -130 0.16 -150 
10 0.48 -50 0.32 -85 0.14 -105 0.12 -115 0.09 -120 
20 0.33 -50 0.15 -75 0.10 -90 0.09 -100 0.09 -101 
30 0.27 -50 0.13 -70 0.09 -85 0.09 -100 0.09 -101 

10 2.0 0.86 -30 0.59 -75 0.42 -105 0.34 -130 0.25 -155 
5.0 0.70 -40 0.37 -75 0.24 -95 0.18 -110 0.13 -125 
10 0.55 -45 0.26 -70 0.17 -80 0.14 -90 0.13 -90 
20 0.41 -45 0.21 -60 0.15 -65 0.13 -75 0.14 -80 
30 0.36 -45 0.19 -55 0.14 -65 0.13 -75 0.13 -80 
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FIGURE 5 - S22 PARAMETERS 

Frequency (MHz) 100 300 500 700 1000 

Vee ie 
(Voltsl (mA) S22 L¢ S22 L¢ S22 L¢ S22 L¢ S22 L¢ 

5.0 2.0 0.94 -15 0.77 -25 0.68 -30 0.66 -35 0.64 -45 
5.0 0.85 -20 0.63 -30 0.57 -30 0.55 -35 0.55 -45 
10 0.75 -25 0.55 -25 0.51 -30 0.50 -35 0.50 -40 
20 0.66 -25 0.50 -25 0.47 -30 0.47 -35 0.48 -40 
30 0.62 -25 0.49 -25 0.46 -25 0.46 -30 0.47 -40 

10 2.0 0.95 -10 0.81 -20 0.74 -30 0.72 -35 0.71 -40 
5.0 0.87 -15 0.69 -25 0.64 -25 0.63 -30 0.63 -40 
10 0.80 -20 0.63 -20 <>.59 -25 0.59 -30 0.60 -40 
20 0.72 -20 0.59 -20 0.57 -23 0.57 -30 0.58 -35 
30 0.70 -20 0.59 -20 0.57 -20 0.57 -30 0.58 -35 

FIGURE 6 - S21 PARAMETERS 

Frequency (MHzl 100 300 500 700 1000 

Vee le 
(Volts) mA S21 L¢ S21 UP S21 L¢ S21 L¢ S21 L¢ 

5.0 2.0 5.99 150 4.06 110 2.90 90 2.27 75 1.71 55 
5.0 11.38 135 5.91 1t'O 3.90 80 2.93 70 2.17 55 
10 15.21 125 6.78 95 4.34 80 3.23 70 2.38 55 
20 17.98 115 7.27 90 4.58 75 3.40 65 2.50 50 
30 18.78 110 7.37 85 4.64 75 3.42 65 2.50 50 

10 2.0 6.05 150 4.20 115 3.04 90 2.37 75 1.75 55 
5.0 11.46 135 6.17 100 4.06 85 3.08 70 2.26 55 
10 15.45 127 7.08 95 4.56 80 3.41 70 2.50 55 
20 18.35 120 7.57 90 4.80 75 3.58 65 2.61 55 
30 19.12 115 7.63 90 4.79 75 3.56 65 2.60 55 

FIGURE 7- S12 PARAMETERS 

Frequency (MHz) 100 300 500 700 1000 

Vee le 
(Volts) (mA) S12 L¢ S12 L¢ S12 L¢ S12 L¢ S12 L¢ 

5.0 2.0 0.04 70 0.09 50 0.11 50 0.12 50 0.16 50 

5.0 0.04 70 0.07 60 0.11 60 0.14 60 0.19 55 
10 0.03 70 0.07 70 0.11 65 0.15 65 0.20 55 
20 0.03 75 0.07 70 0.12 70 0.15 65 0.21 55 
30 0.03 75 0.07 70 0.12 70 0.16 65 0.21 57 

10 2.0 0.03 70 0.07 55 0.09 50 0.10 50 0.13 55 
5.0 0.03 70 0.06 60 0.09 65 0.12 60 0.15 60 
10 O.Q3 70 0.06 65 0.09 65 0.12 65 0.17 60 
20 0.03 75 0.06 70 0.09 70 0.13 65 0.18 60 
30 0.03 75 0.06 70 0.10 70 0.13 65 0.17 60 
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MAXIMUM RATINGS 

Rating Symbol Value Unit CASE 317-01, STYLE 2 

Collector-Emitter Voltage Vern 5.0 Vdc 

Collector-Base Voltage Vcso 10 Vdc 

Emitter-Base Voltage VEBO 2.0 Vdc 

Collector Current - Peak le 5.0 mAdc 

Total Device Dissipation @ TA = 100°C Po 50 mW 
Derate above 100°C 1.0 mW/'C HIGH FREQUENCY TRANSISTOR 

Junction Temperature TJ +150 'C 
NPN SILICON 

Storage Temperature Ts.!!!_ -65 to + 150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 500 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 5.0 - - Vdc 
Uc= 0.1 mAdc, Is= O) 

Collector-Base Breakdown Voltage V(BR)CBO 10 - - Vdc 
(le = O.Q1 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 2.0 - - Vdc 
(IE = 0.1 mAdc, le = O) • Collector Cutoff Current lcso - - 50 nAdc 
(Vcs = 5.0 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 30 150 
Uc= 0.25 mAdc, VcE = 1.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT - 3.0 - GHz 
(IE = 1.0 mAdc, VcE = 1.0 Vdc, f = 1.0 GHz) 

Collector-Base Capacitance Ccb - 0.35 0.5 pF 
(Vea= 1.0 Vdc, IE = o, f = 1.0 MHz) 

FUNCTIONAL TEST 

Noise Figure NF dB 
(IE = 0.25 mAdc, VcE = 1.0 Vdc, f = 0.5 GHz) - 3.8 -
(IE = 0.25 mAdc, VcE = 1.0 Vdc, f = 1.0 GHz) - 4.3 -

Power Gain at Optimum Noise Figure GNF dB 
(IE = 0.25 mAdc, VcE = 1.0 Vdc, f = 0.5 GHz) - 16 -
(IE = 0.25 mAdc, VcE = 1.0 Vdc, f = 1.0 GHz) - 10 -

Transducer Power Gain GT dB 
(IE = 0.5 mAdc, VcE = 1.0 Vdc, f = 0.5 GHz) - 18 -
(IE = 0.5 mAdc, VCE = 1.0 Vdc, f = 1.0 GHz) - 12 -
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FIGURE 1 - POWER DERATING 

w 
u 

62.5 

~ 25 

~ e 12.s 
,f> 

0 
0 50 

~ 
:I 

\ 

~ 
\ 

100 150 200 
TA, AMBIENT TEMPERATURE (OC) 

FIGURE 2 - TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus FREQUENCY 

FIGURE 3 - TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus EMITTER CURRENT 
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MAXIMUM RATINGS 

Rating Symbol MRF966 MRF967 Unit 

Drain-Source Voltage Vos 10 10 Vdc 

Gate-Source Voltage - Reverse VG1S -8.0 -8.0 Vdc 
-8.0 -8.0 

Gate-Source Voltage - Forward VG1S +1.0 +1.0 Vdc 
VG2S + 1.0 +1.0 

Drain Current 10 60 60 mAdc 

Total Device Dissipation Po 
@TA= 25"C 350 350 mW 
Derate above 25"C 3.5 3.5 mW/"C 

Junction Temperature Range TJ -65 to -65 to "C 
+125 +125 

Storage Channel Temperature Tstg -65 to -65 to "C 
Range +125 +125 

Handling and Packaging - MES devices are susceptible to damage from electrostatic 
charge. Reasonable precautions in handling and packaging MES devices should be 
observed. 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
(VG1s = VG2S = -4.0 Vdc, I[) = 100 µA) 

Gate 1 Leakage Current IG1ss 
(VG1S = -5.0 Vdc, VG2s = Vos = 0) 

Gate 2 Leakage Current IG2ss 
(VG2s = -5.0 Vdc, VG1s = Vos = O) 

Gate 1 to Source Cutoff Voltage VG1S(off) 
(Vos = 5.0 Vdc, VG2S = O) 

Gate 2 to Source Cutoff Voltage VG2S(off) 
(Vos = 5.0 Vdc, VG1S = 0) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain ioss 
(Vos = 5.0 Vdc, VG1S = VG2S = 0) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYtsl 
(Vos = 5.0 Vdc, VG2S = 0, lo = 10 mA, f = 1.0 kHz) 

Input Capacitance Ciss 
(Vos = 5.0 Vdc, VG2S = 0, lo = 10 mA, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = 5.0 Vdc, VG2S = 0, lo= 10 mA, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(Vos = 5.0 Vdc, VG2S = 0(1), los = 10 mA, f = 1.0 GHz) 

Common Source Power Gain Gps 
(Vos = 5.0 Vdc, VG2S = 0(1), MRF967 
los = 10 mA, t = 1.0 GHz) MRF966 

Intermodulation Distortion IMD3 
(Vos = 5.o Vdc, los = 10 mA. t1 = 995 MHz, 
12 = 1001 MHz, VG2 = 0, Pin = -40 dBm) 

SMALL-SIGNAL DEVICES 
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MRF966 
MRF967 

CASE 317-01, STYLE 1 

DUAL GATE 
GaAs FET 
N-CHANNEL 

CASE 358-01, STYLE 2 

Min 

10 

-
-

-2.0 

-2.0 

30 

14 

-

-

-

13 
15 

-

x 
DUAL GATE 

GaAs FET 
N-CHANNEL 

Typ Max 

- -

- 10 

- 10 

- -4.5 

- -4.5 

50 80 

20 -

0.45 -

0.04 -

1.2 1.5 

15 -
18 -

-65 -

Unit 

Vdc 

µAde 

µAde 

Vdc 

Vdc 

mAdc 

mmhos 

pf 

pf 

dB 

dB 

dB 
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ELECTRICAL CHARACTERISTICS (continued) !TA= 25"C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Linear Power Point(2) PL - +1.0 - dBm 
(Vos = 5.0 Vdc, los = 10 mA, 
t, = 995 MHz, f2 = 1001 MHz, VG2 = 0) 

Output Power at 1 dB Compression Point Pout - 10 - dBm 
(Vos = 5.0 Vdc, los = 10 mA, f = 1.0 GHz) 

(1) Data taken using a HP11608A 50 0 test fixture, Microlab slug tuners, HP11590A bias networks and the HP8970A noise figure meter. 
Note: VG2S = 0. Refer to Figure 16. 

(2) The linear power point is the output power level at which either the signal 2f1 ± f2 or 2f2 ± f1 are 30 dB below t, or f2. 

TYPICAL CHARACTERISTICS 
MRF966 
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FIGURE 2 - DRAIN CURRENT versus 
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FIGURE 5 - COMMON SOURCE PO\\'E~ GAIN 
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FIGURE 10 - OUTPUT POWER v.ersus 
INPUT POWER @ 500 MHz 
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FIGURE 11 - OUTPUT POWER versus 
INPUT POWER @ 1.0 GHz 
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FIGURE 12 - THIRD ORDER INTERMODULATION 
DISTORTION @ 500 MHz 
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FIGURE 14 - THIRD ORDER INTERMODULATION 
DISTORTION@ 1.0 GHz 
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FIGURE 17 - CONSTANT GAIN AND NOISE FIGURE 
CONTOURS AT Vos = 5.0 V, los = 10 mA, f = 500 MHz 

!MATCHED OUTPUTI 

f(MHzl NFopt(dBI fMS NFopt fML NFopt Rn(O) 
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FIGURE 18 - CONSTANT GAIN AND NOISE FIGURE 
CONTOURS AT Vos = 5.0 V, los = 10 mA, f = 1.0 GHz 

(MATCHED OUTPUTI 

MRF966 

rn NF5onldBI 

2.03 I 4.5 I 

I 1000 I 1.2 I o.14fll· I 0.11/J:r_ I 63 1.26 

f(MHzl NF0 pt(dBI fMS NFopt fML NFopt Rn(O) rn 

3.5 

SMALL-SIGNAL DEVICES 

7-237 

+j50 

+j500 

-j500 

-j50 

+j50 • 
+j500 

-j500 

-j50 

MOTOROLA SEMICONDUCTORS 



MRF966 • MRF967 

MRF966 COMMON-SOURCE 5-PARAMETERS 

Vos los I 511 521 512 522 
(Volts) (mAI (MHz) 1s111 L<f>_ IS21I L<f> 15121 L</> IS22I L<f> 

3.0 5.0 200 0.99 -4.0 1.10 171 0.002 94 0.96 -3.0 
500 0.96 -12 1.07 155 0.004 79 0.95 -8.0 
1000 0.92 -24 1.06 134 0.008 71 0.93 -17 
1500 0.84 -38 1.00 112 0.008 70 0.90 -26 
2000 0.71 -49 0.96 90 0.006 100 0.86 -34 

10 200 0.99 -5.0 1.31 171 0.002 82 0.95 -3.0 
500 0.96 -13 1.28 155 0.005 78 0.94 -8.0 
1000 0.90 -26 1.25 134 0.008 73 0.91 -17 
1500 0.81 -40 1.19 112 0.009 72 0.88 -27 
2000 0.67 -51 1.08 90 0.008 100 0.84 -35 

15 200 0.99 -5.0 1.34 170 0.002 92 0.93 -3.0 
500 0.96 -14 1.30 155 0.005 78 0.93 -8.0 

1000 0.90 -27 1.29 133 0.009 73 0.91 -17 
1500 0.79 -42 1.23 111 0.009 74 0.87 -26 
2000 0.65 -53 1.12 88 0.009 98 0.83 -34 

20 200 0.99 -5.0 1.24 170 0.002 95 0.91 -3.0 
500 0.96 -15 1.21 154 0.006 80 0.90 -8.0 
1000 0.89 -29 1.20 131 0.010 74 0.88 -17 
1500 0.79 -45 1.17 108 0.011 74 0.85 -26 
2000 0.64 -57 1.08 84 0.012 94 0.83 -33 

5.0 5.0 200 0.99 -5.0 1.33 170 0.001 84 0.97 -3.0 
500 0.98 -13 1.29 156 0.004 70 0.97 -9.0 
1000 0.90 -27 1.25 132 0.006 78 0.95 -17 

II 
I 

1500 0.81 -40 1.19 112 0.005 73 0.91 -25 
2000 0.68 -51 1.00 94 0.006 115 0.88 -35 

10 200 0.99 -5.0 1.66 170 0.001 75 0.97 -3.0 
500 0.97 -14 1.63 156 0.004 76 0.96 -9.0 
1000 0.89 -28 1.56 132 0.006 79 0.94 -17 
1500 0.78 -41 1.47 112 0.005 80 0.90 -25 
2000 0.65 -52 1.23 94 0.007 121 0.87 -35 

15 200 0.99 -5.0 1.84 170 0.001 78 0.96 -3.0 
500 0.97 -14 1.80 155 0.004 72 0.95 -8.0 
100 0.89 -29 1.71 131 0.006 79 0.94 -17 
1500 0.77 -42 1.61 110 0.005 83 0.90 -25 
2000 0.63 -52 1.34 93 0.007 119 0.87 -34 

20 200 0.99 -5.0 1.89 170 0.001 71 0.96 -3.0 
500 0.97 -15 1.84 155 0.004 78 0.95 -9.0 
1000 0.87 -30 1.75 130 0.006 80 0.93 -17 
1500 0.75 -43 1.64 109 0.006 84 0.90 -24 
2000 0.61 -54 1.37 91 0.008 123 0.87 -34 
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FIGURE 19 - CONSTANT GAIN AND NOISE FIGURE 
CONTOURS AT Vos = 5.0 V, los = 10 mA, I = 500 MHz 

(MATCHED OUTPUT) 

f(MHzl NFoptldBI fMS NFopt fML NFopt Rnl!11 
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FIGURE 20 - CONSTANT GAIN AND NOISE FIGURE 
CONTOURS AT Vos = 5.0 V, los = 10 mA, f = 1.0 GHz 

(MATCHED OUTPUT) 
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MRF967 COMMON-SOURCE 5-PARAMETERS 

Vos •os f s,, S21 S12 

(Volts) (mA) (MHz) IS11I LI/> IS21I LI/> 1s121 
3.0 5.0 200 0.99 -5 1.19 170 0.005 

500 0.97 -14 1.16 155 0.016 
1000 0.92 -27 1.11 131 0.030 
1500 0.86 -40 1.03 111 0.040 
2000 0.78 -52 0.96 91 0.048 

10 200 0.99 -5 1.47 170 0.006 
500 0.97 -15 1.43 155 O.D16 
1000 0.91 -29 1.39 131 0.031 
1500 0.84 -43 1.29 111 0.040 
2000 0.75 -56 1.19 90 0.047 

15 200 1.00 -6 1.50 170 0.006 
500 0.97 -16 1.46 155 O.D16 
1000 0.89 -31 1.42 131 0.031 
1500 0.83 -46 1.33 110 0.040 
2000 0.73 -59 1.24 89 0.048 

20 200 1.00 -6 1.33 170 0.007 
500 0.97 -17 1.30 154 0.017 
1000 0.89 -33 1.27 129 0.033 
1500 0.82 -49 1.21 108 0.043 
2000 0.73 -63 1.14 86 0.050 

5.0 5.0 200 0.99 -5 1.17 170 0.006 
500 0.97 -14 1.16 155 0.014 
1000 0.93 -27 1.11 131 0.027 
1500 0.87 -28 1.07 110 0.039 
2000 0.79 -53 0.97 91 0.045 

10 200 0.99 -5 1.47 170 0.006 
500 0.97 -15 1.43 156 0.014 
1000 0.92 -29 1.35 132 0.027 
1500 0.85 -44 1.32 111 0.038 
2000 0.77 -56 1.19 91 0.044 

15 200 1.00 -6 1.53 170 0.006 
500 0.98 -15 1.48 156 0.014 
1000 0.91 -29 1.41 131 0.027 
1500 0.85 -46 1.37 110 0.038 
2000 0.75 -58 1.24 90 0.043 

20 200 1.00 -6 1.32 170 0.006 
500 0.98 -16 1.29 155 O.D15 
1000 0.91 -32 1.23 129 0.027 
1500 0.88 -49 1.21 107 0.038 
2000 0.75 -62 1.11 87 0.043 
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Sz2 

LI/> 1s221 LI/> 
77 0.96 -4 
73 0.94 -11 
65 0.93 -21 
54 0.87 -31 
45 0.83 -43 

81 0.95 -4 
73 0.93 -11 
65 0.92 -21 
54 0.86 -31 
45 0.81 -44 

82 0.93 -4 
74 0.91 -11 
64 0.90 -21 
53 0.84 -31 
45 0.79 -43 

78 0.90 -3 
73 0.88 -10 
64 0.88 -21 
53 0.82 -30 
44 0.78 -42 

84 0.97 -3 
76 0.97 -9 
65 0.94 -18 
57 0.93 -28 
50 0.88 -37 

84 0.97 -3 
76 0.96 -9 
65 0.93 -18 
57 0.90 -29 
49 0.86 -37 

85 0.96 -3 
77 0.95 -9 
64 0.93 -18 
57 0.90 -28 
49 0.86 -36 

85 0.95 -3 
76 0.95 -8 
64 0.92 -17 
55 0.90 -27 
48 0.86 -36 

SMALL-SIGNAL DEVICES 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 30 

Collector-Base Voltage Vcso 50 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous le 0.5 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 5.7 

Storage Temperature Ts!ll_ -65 to +200 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage 
Uc= 0.1 mAdc, VsE = O) 

Emitter-Base Breakdown Voltage 
(IE = 0.5 mAdc, le = O) 

Collector Cutoff Current 
(Vcs = 12 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 100 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
!Vcs = 12.5 Vdc, le = o, f = 1.0 MHz) 

FUNCTIONAL TEST (FIGURE 1) 

Common-Emitter Amplifier Power Gain 
(Vee = 12.5 Vdc, Pout = 0.5 W, f = 27 MHz) 

Collector Efficiency 
!Vee = 12.5 Vdc, Pout = 0.5 w, f = 27 MHz) 

SMALL-SIGNAL DEVICES 
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Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mWl°C 

oc 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

lcso 

Cobo 

Gpe 

'1 

MRF8003 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

RF AMPLIFIER TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

30 - - Vdc 

50 - - Vdc 

3.0 - - Vdc 

- - 0.1 mAdc 

20 

15 pF 

10 - - dB 

50 % 

MOTOROLA SEMICONDUCTORS 
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·MRF8003 

C1 

C2 

MOTOROLA SEMICONDUCTORS 

FIGURE 1 - 27 MHz TEST CIRCUIT SCHEMATIC 

R1 

L1 

L3 

~--~-------+--------<>----<+ 
12.5 Vdc ._ _____ _... ___ -<< -

L2 

C6 

C1,C2, C3, C4 
C5 

7-242 

C6 
C7 
CB 

L1, L2 
L3 
L4 
R1 

C4 

C3 

9.0·180 pF ARCO 463 or equivalent 
25 pF UNDERWOOD 
100 pF UNDERWOOD 
1000 pF UNDERWOOD 
10µF ELECTROLYTIC 
0.47 µH Molded Coil 
VK 200-20/48 RFC 
16 Turns No. 26 Wire Closewound on R1 
390.ll, 2W 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 30 Vdc 

Collector-Base Voltage VcBo 60 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

Total Device Dissipation Po 
@Tc = 25°C(1) 5.0 Watts 
Derate above 25°C 28.6 mW!°C 

Storage Temperature Ts.!ll._ -65 to +200 oc 

(1) This device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an RF amplifier. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 50 mAdc, Is = o) 

Collector-Emitter Breakdown Voltage V(BR)CES 
Oc = 200 mAdc, VsE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 1.0 mAdc, le = O) 

Collector Cutoff Current icso 
(Vee = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 400 mAdc, VcE = 2.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
(Vea = 12.5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (See Figure 1) GpE 
(Pout = 3.5 W, Vee = 12.5 Vdc, f = 27 MHz) 

Collector Efficiency(2) (See Figure 1) '1 
(Pout = 3.5 W, Vee = 12.5 Vdc, f = 27 MHz) 

Percentage Up-Modulation(1) (See Figure 1) -
(f = 27 MHz) 

Parallel Equivalent Input Resistance Rin 
(Pout = 3.5 W, Vee = 12.5 Vdc, f = 27 MHz) 

Parallel Equivalent Input Capacitance Cin 
(Pout = 3.5 W, Vee = 12.5 Vdc, t = 27 MHz) 

Parallel Equivalent Output Capacitance Cout 
(Pout = 3.5 W, Vee = 12.5 Vdc, f = 27 MHz) 

MRF8004 

CASE 79-02, STYLE 1 
T0-39 (T0-205AD) 

RF AMPLIFIER TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

30 - - Vdc 

60 - - Vdc 

3.0 - - Vdc 

- - O.Q1 mAdc 

10 

35 70 pF 

10 - - dB 

62.5 70 - % 

- 85 - % 

- 21 - Ohms 

- 900 - pF 

- 200 - pF 

(1) Percentage Up-Modulation is measured in the test circuit (Figure 1) by setting the Carrier Power (P0 ) to 3.5 Watts with Vee = 12.5 Vdc 
and noting the power input. Then the Peak Envelope Power (PEP) is noted after doubling the original power input to simulate driver 
modulation (at a 25% duty cycle for thermal considerations) and raising the Vee to 25 Vdc (to simulate the modulating voltage). 
Percentage Up-Modulation is then determined by the relation: 

P U Md I . [(PPEcP)v,-1] •100 ercentage p- o u at1on = 

-~· (2l 11 - (Vccl Ocl 100 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MRF8004 

FIGURE 1 - 27 MHz TEST CIRCUIT 

Cl. C2 9.0-180 pf ARCO 463 or Equivalent 
C3, C4 5.0·80 pf ARCO 462 or Equivalent 

C5 0.02 µF Ceramic Disc 
CS 0.1 µF Ceramic Disc 

RFCI 4 Turns #30 Enameled Wire Wound on 
Ferroxcube Bead Type 56-590·65/38 

RFC2 26 Turns #22 Enameled Wire (2 Layers -
13 Turns Each Layer) 'J.. 'Inner Diameter 

L 1 0.22 µH Molded Choke 

L2 0.68 µH Molded Choke 

(1)This device is designed for RF operation. The total device dissipation rating 

applies only when the device is operated as an RF amplifier. 

FIGURE 2 - CIRCUIT TUNED AT 25 V, 25% DUTY CYCLE, 
Pout= 15 W PEAK 

FIGURE 3 -CIRCUIT TUNED AT 12.5 V.Pout = 4 W 

0.2 0.4 0.6 0.8 1.0 0 0.3 0.6 0.9 1.1 

Pin. INPUT POWER (WATTS) Pin. INPUT POWER (WATTS) 

1.5 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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MAXIMUM RATINGS 

Rating Symbol 

RF Input Power Pin 

DC Supply Current 10 

Maximum Case Temperature Tc 

Storage Temperature Range Ts!fl_ 

OPERATING CONDITIONS 

Device Voltage Vo 

Device Current 10 

Decoupling Impedance Zo 

Value 

MWA11~MWA12~MWA130 
100 

25 I 55 I 100 

125 

-65 to +200 

2.9 5.0 5.5 

10 25 60 

1000 1000 330 

Unit 

mW 

mA 

oc 

oc 

Vdc 

mAdc 

n 

MWAllO 
MWA120 
MWA130 

CASE 31A-01, STYLE 2 

GENERAL PURPOSE HYBRID 
AMPLIFIERS 

ELECTRICAL CHARACTERISTICS (Tc= -25 to +125°C, 50 n system and specified operating conditions.) 

Characteristic Symbol Min Typ Max Unit 

Frequency Range BW 0.1 - 400 MHz 

Power Gain ~ 13 14 - dB 

Response Flatness F - 0 ±1.0 dB 

Input VSWR 
MWA110/120 - - - 2.5:1 -
MWA130 - - - 3:1 -

Output VSWR MWA110/120/130 - - - 2.5:1 -
Output@ 1.0 dB Gain Compression dBm 

MWA110 - -2.5 -
MWA120 - +8.2 -
MWA130 - +18 -

Noise Figure NF dB 
MWA110 - 4.0 -
MWA120 - 5.5 -
MWA130 - 7.0 -

Reverse Isolation PRI dB 
MWA110 - 18.8 -
MWA120 - 19.2 -
MWA130 - 16.8 -

Harmonic Output dso dB 
MWA110(Pout = -9.0dBm) - -24 -
MWA120 (Pout = 0 dBm) - -34 -
MWA130 (Pout = + 10 dBm) - -35 -

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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MWA110 • MWA120 • MWA130 

FIGURE 1 - DEVICE VOLTAGE versus DEVICE CURRENT 
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MWA110 • MWA120 • MWA130 
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FIGURE 5 - POWER GAIN versus CASE TEMPERATURE 
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MWA110 • MWA120 • MWA130 

FIGURE 10 - INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 

MWA110 

+j50 

-j50 

Coordinates in Ohms 

FIGURE 12 - INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 

MWA130 

-j50 

Coordinates in Ohms 

MOTOROLA SEMICONDUCTORS 

FIGURE 11· - INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
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Coordinates in Ohms 

FIGURE 13 - 1.0 dB GAIN COMPRESSION versus FREQUENCY 
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MWA110 • MWA120 • MWA130 

FIGURE 14 - 1.0 dB GAIN COMPRESSION 
vanus DEVICE CURRENT 
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FIGURE 18 - SECOND HARMONIC OUTPUT versus FREQUENCY 

0.----,,--,--,---.--.--.--,---,---,---~ 

~ -101--_,i----+---+---t--+--+--+--+--+--~ 
5 
~ 
::> 
0 -201--_,i----+---+---+--+--+--+--+----+--~ .., 
iii 

I -30 I .::==j...~~::;J~~;::i"::::~:;:i:M:_w_li13-0-(0_Jt8-c =_•_l~O d_B_m~) 
£1- -......i LS:! t---... MWA 110 (0 d8c • -9.0 dBm) i -4IJ ~-+--+-+--+~"""SJS,.._,,,.~+.:'-:.:..:,-..-"-'-,c-'--1 

~WA120 (0 dBc = 0 dBm) 
-50'--'----''----''---"'---'---'-~-~-~--' 

0 200 400 600 800 1000 
f, FREQUENCY (MHz) 

SMALL-SIGNAL DEVICES 

7-249 

+24 

~ 
; +16 
0 

m 
~ +8.0 
s 
z 
;;; .. ., 
~ 

0 

-8.0 

-60 
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versus CASE TEMPERATURE 

f =400 MHz 

~WA13J 

MWA120 

1wA1J 

-20 +20 +60 +100 

Tc, CASE TEMPERATURE 1•c1 

+140 
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FIGURE 20 - SECOND AND THIRD ORDER INTERCEPT 
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MWA110 • MWA120 • MWA130 

MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 

The MWA series hybrid amplifiers are designed for 

wideband general purpose applications in 50 n systems. 

Fully cascadable for any gain combination, operable at 

voltages as low as 3 Vdc, and external control of the 

low frequency corner make the MWA amplifiers extremely 

versatile gain blocks. 

Basic Circuit Configuration 

Figure 26 shows the basic internal circuit. It is impor

tant to note that the specified operating conditions of 

voltage, current, and external decoupling impedance 

must be applied to the units in order to achieve the 

published electrical characteristics. 

FIGURE 26 - INTERNAL CIRCUIT 

DC Supply 
and 
AF Output 

RF Input 

Ground 

Amplifier Application 

The circuit schematic for a simple amplifier design 

is shown in Figure 27. External to the MWA hybrid 

amplifier the only components required are: 

Decoupling elements - Bypass Capacitor 

Decoupling Impedance 

I resistor/inductor) 

DC Blocking Capacitors at the RF input and output. 

External Decoupling Impedance 

In all cases the external bias !decoupling elements) 

must present an impedance which is large compared to 

the 50 l2 load impedance to minimize RF gain reduction. 

The loss in gain due to the decoupling impedance is given 

by the equation: 

Loss = 20 Log ~ dB 
Zo + 25 

where Zo = decoupling impedance in ohms. For example, 

if Zo = 1 kn, Loss= 0.214 dB. 

SMALL-SIGNAL DEVICES 
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FIGURE 27-AMPLIFIER SCHEMATIC DIAGRAM 

50 !! 
Source 

Supply Voltage 

+Vee 

Decoupling 
Impedance (Zo) 

>--+--.(-----<> ~~;~ 
Csrock 

The value of the external decoupling resistive imped· 

ance !Ro) determines the supply voltage l+Vcc) and is 
determined by the following equation: 

Vee= Rox 10 + vo 

where lo and Vo are the device current and voltage stated 

in the data sheet. For example, for MWA 110, 

lo=lOmA 

Vo= 2.9 V 

and, if Ro = 330 Q, then 

Vee= 6.2 v 
More commonly Vee is predetermined and Ro may be 
calculated from: 

Ro= Vee - vo 

lo 

If an RF choke is used for decoupling, then the supply 

voltage IVccl required is equal to the device voltage 

!Vol 

Low Frequency Response 

The value of the blocking capacitors determines the 

low frequency response of the amplifier. The following 

expression is used to determine the blocking capacitor 

value to yield a desired 3 dB low frequency corner 

lfLFCl. 

CBlockiFarads) = 1 
100 1r fLFc(Hz) 

Bypass Capacitor 

The reactive impedance of the bypass capacitor should 

be small compared to the impedance of the decoupling 

element at the lowest frequency of operation. 
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Blocking Capacitor 
(Ceramic Chip) 

FIGURE 28 - TEST FIXTURE 

Grounding Screws 

Bypass Capacitor 

(Ceramic Chip) 
+Vee Supply 

50 U Bulkhead 

Connector 

Impedance 

Note: The circuitry indicated is on the underside of the printed circuit board with sockets tor the 

amplifier pins. The case of the amplifier should contact the printed circuit board top surface to 

ensure effective RF grounding. 

Text Fixture 
The 50 11 input/output impedance levels of the MWA 

hybrids are most easily preserved on a circuit board by 

using 50 n m1crostrip transmission lines. Figure 28 IS 

an example of a circuit board layout which utilizes 

microstrip transmission lines in conjunction with other 

sound RF construction techniques. 

MATERIAL 
TYPE 

Teflon· 
Fiberglass 

Fiberglass 

Epoxy 

DIELECTRIC 
DIELECTRIC THICKNESS 
CONSTANT INCHES 

2.5 0.03125 
0.0625 

5 0 0.0625 

LINE 
WIDTH 
INCHES 

0.090 
0.180 

0.100 

The characteristic impedance and corresponding line 

width of the microstrip are a function of the circuit board 

dielectric constant. and thickness. The table lists appro· 

priate line widths for 50 n microstrip lines on commonly 

used circuit board materials. 

As in all good RF circuit designs, care should be 

taken to minimize parasitic lead inductances and to 
provide adequate grounding. 

FIGURE 29 - TYPICAL CASCADE 

+Vee 

50~l 50!l 

So~ ~oad 

All Capacitors (Cl are 0 018 µF Chip Capacitors 

Cascading 

The inherent stability of the MWA hybrid modules 

makes possible the cascading of two or more units with 

no oscillatory problems. Figure 29shows a typical 3 hybrid 

cascade with measured data fo1 400 MHz and 1000 MHz 

hybrids. 
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Frequency Range 

Gain 

Gain Flatness 

Input VSWR 

Output VSWR 

Vee Supply 

I Supply 

MWA#1 

MWA #2 

MWA#3 

R1 

R2 

R3 

Cascade 1 Cascade 2 
0.25 to 400 MHz 0.25 to 1000 MHz 

43.5 dB 20.5 dB 

± 1.0dB ±0.75dB 

2.0,1 2.4:1 

1.2,1 2.1 :1 

12 Vdc 33 Vdc 

44 mAdc 150 mAdc 

MWA110 MWA320 

MWA110 MWA330 

MWA120 MWA330 
1ooon 1ooon 
1000 n soon 
300 n 500 n 
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MAXIMUM RATINGS 

Rating Symbol 

RF Input Power Pin 

DC Supply Current lo 

Maximum Case Temperature Tc 

Storage Temperature Range Ts.lg_ 

OPERATING CONDITIONS 

Device Voltage Vo 

Device Current io 

Decoupling Impedance Zo 

Value 

MWA21aj_MWA22aj_MWA230 

100 

25 I 55 I 100 

125 

-65 to +200 

1.75 3.2 4.4 

10 25 60 

1000 1000 330 

Unit 

mW 

mA 

oc 

oc 

Vdc 

mAdc 

n 

MWA210 
MWA220 
MWA230 

CASE 31A-01, STYLE 2 

GENERAL PURPOSE HYBRID 
AMPLIFIERS 

ELECTRICAL CHARACTERISTICS (Tc= -25 to +100°C, 5011 system and specified operating conditions.) 

Characteristic Symbol Min Typ Max Unit 

Frequency Range BW 0.1 - 600 MHz 

Power Gain ~ 9.0 10 - dB 

Response Flatness F - 0 ±1.0 dB 

lnputVSWR 
MWA210/220 - - - 2.5:1 -
MWA230 - - - 3:1 -

Output VSWR MWA21012201230 - - - 2.5:1 -
Output @ 1 .0 dB Gain Compression dBm 

MWA210 - +1.5 -
MWA220 - +10.5 -
MWA230 - +18.5 -

Noise Figure NF dB 
MWA210 - 6.0 -
MWA220 - 6.5 -
MWA230 - 7.5 -

Reverse Isolation PRI dB 
MWA210 - 13.5 -
MWA220 - 14.5 -
MWA230 - 12.9 -

Harmonic Output dso dB 
MWA210 (Pout = -9.0 dBm) - -29 -
MWA220 (Pout = 0 dBm) - -36 -
MWA230 (Pout= + 10 dBm) - -36 -
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MWA210 • MWA220 • MWA230 

FIGURE 1 - DEVICE VOLTAGE versus DEVICE CURRENT 
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FIGURE 5 - POWER GAIN versus CASE TEMPERATURE 
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MWA210 • MWA220 • MWA230 

FIGURE 10 - INPUT AND OUTPUT IMPEDANCE versus 

FREQUENCY MWA210 
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FIGURE 12 - INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY MWA230 
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FIGURE 11 - INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY MWA220 
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FIGURE 13 - 1.0 dB GAIN COMPRESSION 
versus FREQUENCY 
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MWA210 • MWA220 • MWA230 

FIGURE 14 - 1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT f = 600 MHz 
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FIGURE 20 - SECOND AND THIRD ORDER INTERCEPT 
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MAXIMUM RATINGS 

Rating Symbol 

RF Input Power Pin 

DC Supply Current lo 

Maximum Case Temperature Tc 

Storage Temperature Range T s.!ll_ 

OPERATING CONDITIONS 

Device Voltage Vo 

Device Current 10 

Decoupling Impedance Zo 

Value 

MWA31'1MWA32~MWA330 
100 

25 I 55 I 100 

125 

-65 to +200 

1.6 2.9 4.0 

10 25 60 

1000 1000 330 

Unit 

mW 

mA 

oc 

oc 

Vdc 

mAdc 

n 

MWA310 
MWA320 
MWA330 

CASE 31A-01, STYLE 2 

GENERAL PURPOSE HYBRID 
AMPLIFIERS 

ELECTRICAL CHARACTERISTICS (Tc = -25 to +80°C, 50 n system and specified operating conditions.) 

Characteristic Symbol Min Typ Max Unit 

Frequency Range BW 0.1 - 1000 MHz 

Power Gain Gp dB 
MWA310/320 7.0 8.0 -
MWA330 - 6.2 -

Response Flatness F - 0 ±1.0 dB 

Input VSWR - - - 3:1 -
Output VSWR - - - 3:1 -
Output@ 1.0 dB Gain Compression dBm 

MWA310 - +3.5 -
MWA320 - + 11.5 -
MWA330 - +15.2 -

Noise Figure NF dB 
MWA310 - 6.5 -
MWA320 - 6.7 -
MWA330 - 9.0 -

Reverse Isolation PRI dB 
MWA310 - 10.4 -
MWA320 - 10.4 -
MWA330 - 9.0 -

Harmonic Output dso dB 
MWA310 (Pout = -9.0 dBm) - -30 -
MWA320 (Pout = 0 dBm) - -38 -
MWA330 (Pout = + 10 dBm) - -35 -
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MWA310 • MWA320 • MWA330 

FIGURE 1 - DEVICE VOLTAGE versus DEVICE CURRENT 
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MWA310 • MWA320 • MWA330 

FIGURE 5 - POWER GAIN versus CASE TEMPERATURE 
f=100MHz 
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FIGURE 10 - INPUT IMPEDANCE versus FREQUENCY 
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FIGURE 11 - OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 16 - 1.0 dB GAIN COMPRESSION versus FREQUENCY 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 

The MWA series hybrid amplifiers are designed for 

wideband general purpose applications in 50 n systems. 

Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 

low frequency corner make the MWA amplifiers extremely 

versatile gain blocks. 

Basic Circuit Configuration 

Figure 29 shows the basic internal circuit. It is impor· 

tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 

must be applied to the units in order to achieve the 

published electrical characteristics. 

FIGURE 29 - INTERNAL CIRCUIT 

RF Input 

Ground 

Amplifier Application 

DC Supply 
and 
AF Output 

The circuit schematic for a simple amplifier design 

is shown in Figure 30. External to the MWA hybrid 

amplifier the only components required are: 

Decoupling elements - Bypass Capacitor 

Decoupling Impedance 

I resistor /inductor) 

DC Blocking Capacitors at the RF input and output. 

External Decoupling Impedance 
In all cases the external bias (decoupling elements) 

must present an impedance which is large compared to 

the 50 n load impedance to minimize RF gain reduction. 

The loss in gain due to the decoupling impedance is given 

by the equation: 

Loss = 20 Log ~ dB 
Zo + 25 

where Zo = decoupling impedance in ohms. For example, 

if Zo = 1 kn. Loss= 0.214 dB. 

SMALL-SIGNAL DEVICES 
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FIGURE 30-AMPLIFIER SCHEMATIC DIAGRAM 

son 
Source 

Supply Voltage 

+Vee 

Decoupling 
Impedance (Zol 

>---~E---o ~~;~ 
Csiock 

The value of the external decoupling resistive imped

ance (Ro) determines the supply voltage l+Vcc) and is 

determined by the following equation: 

Vee= Ro x lo+ Vo 

where lo and Vo are the device current and voltage stated 

in the data sheet. For example, for MWA 110, 

10 = 10 mA 

Vo= 2.9 V 

and, if RD = 330 n. then 

Vee= 6.2 v 
More commonly Vee is predetermined and Ro may be 
calculated from: 

Vee-Vo 
Ro=---

lo 

If an RF choke is used for decoupling, then the supply 

voltage (Vee) required is equal to the device voltage 

!Vo). 

Low Frequency Response 

The value of the blocking capacitors determines the 

low frequency response of the amplifier. The following 

expression is used to determine the blocking capacitor 
value to yield a desired 3 dB low frequency corner 

ifLFC). 

CBlocklFarads) = 1 
100" fLFCIHz) 

Bypass Capacitor 
The reactive impedance of the bypass capacitor should 

be small compared to the impedance of the decoupling 

element at the lowest frequency of operation. 

MOTOROLA SEMICONDUCTORS 
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Text Fixture 

Blocking Capacitor 

(Ceramic Chip) 

FIGURE 31 -TEST FIXTURE 

Grounding Screws 

Bypass Capacitor 
(Ceramic Chip) 

+Vee Supply 

50 n Bulkhead 
Connector 

Impedance 

Note: The circuitry indicated 1s on the underside of the printed circuit board with sockets for the 

amplifier pins. The case of the amplifier should contact the printed circuit board top surface to 

ensure effective RF grounding. 

The 50 Q input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 50 Q microstrip transmission lines. Figure 31 is 
an example of a circuit board layout which utilizes 
micrnstrip transmission lines in conjunction with other 
sound RF construction techniques. 

DIELECTRIC LINE 

The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 
dielectric constant and thickness. The table lists appro· 
priate line widths for 50 n microstrip lines on commonly 
used circuit board materials. 

MATERIAL DIELECTRIC THICKNESS WIDTH 
TYPE CONSTANT INCHES INCHES 

Teflon· 2.5 0.03125 0.090 
Fiberglass 0.0625 0.180 

Fiberglass- 5.0 0.0625 0.100 
Epoxy 

As in all good RF circuit designs, care should be 
taken to minimize parasitic lead inductances and to 
provide adequate grounding. 

FIGURE 32 - TYPICAL CASCADE 

+Vee 

GD GD 

So~ ~oad 

All Capacitors (C) are 0.018 µF Chip Capacitors 

.Cascading 

The inherent stability of the MWA hybrid modules 
makes pos~ible the cascading of two or more units with 
no oscillatory problems.Figure 32 shows a typical 3 hybrid 
cascade with measured data for 400 MHz and 1000 MHz 
hybrids. 
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Frequency Range 

Gain 

Gain Flatness 

Input VSWR 

Output VSWR 

Vee Supply 

I Supply 

MWA tt1 

MWA .i::2 

MWA~3 

R1 

R2 

R3 

Cascade 1 Cascade 2 

0.25 to 400 MHz 0.25 to 1000 MHz 

43.5 dB 20.5 dB 

:t 1.0 dB :!:. 0. 75 dB 

2.0,1 2.4:1 

1.2:1 2.1 :1 

12 Vdc 33 Vdc 

44 mAdc 150 mAdc 

MWA110 MWA320 

MWA110 MWA330 

MWA120 MWA330 

1000D 1000 D 

1000D 500 D 

300 D 500 D 
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The following pages contain information on the various pack
ages referenced on the individual data sheets. Information in
cludes: a picture of the package, dimensions in both millimeters 
and inches, the various pinout configurations (styles), a cross 
reference for Case numbers, "old" JEDEC "TO" numbers, and 
the new JEDEC "TO" designation. 

Additionally, abstracts of available application notes are pro
vided. Please contact your local sales representative for those 
desired. 
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Package Outline 
Dimensions IJ 

and Application Information 



Package Outline Dimensions 
Dimensions are in inches unless otherwise noted. 

CASE 20-03 T0-72 (T0-206AF) 

I 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

5.31 0.209 
4.52 0.178 
4.32 0.170 
0.41 O.Q16 

ALL JEOEC dimensions and not11 apply 

CASE 22-03 T0-18 (T0-206AA) 

! 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 

• 4.52 4.95 0.178 0.195 
c rn:: iml: 0.170 0.210 
D 0.406 0.016 0.021 
E - 0.762 - 0.030 

• ' 

F ~ fil.. 
I OJI'!_ 

G ~ ]; 
H 0.914 1.17 .036 o~ 
J 0.711 1. 2 ~ 

_I\_ 1210_ - ~ 
L 8. 5 - !1l!I_ -
M 46 SSC -1!'J ~ 

T 1. 7 im: 
p - 1.27 

All JED EC not111nd dimensions apply. 

CASE 26-03 T0-46 (T0-206AB) 

DIM 

STYLE 1: 
PIN 1. EMITIER 

2. BASE 
3. COLLECTOR 

All JEOEC dimensions 1nd no1u 1pply 

MOTOROLA SEMICONDUCTORS 

CASE 20 STYLES 

STYLE 1 
PIN 1. SOURCE 

2. DRAIN 
3. GATE 
4. CASE LEAD 

STYLE 2 
PtN 1. SOURCE 

2. GATE 
3. DRAIN 
4. SUBSTRATE AND 

CASE LEAD 

STYLE 3 
PtN 1. DRAIN 

2. SOURCE 
3. GATE 
4. CASE LEAD 

STYLE 4 
PIN 1. SOURCE 

2. GATE 
3. DRAIN 
4. GATE 2 -

SUBSTRATE ANO 
CASE 

CASE 22 STYLES 

STYLE 1 
PIK 1. EMITTER 

2. BASE 
3. COLLECTOR 

STYLE 2 

STYLES 
PIN I. 

1. 
3. 
4. 

STYLES 
PIN 1. 

2. 

3. 
4. 

STYLE 7 
PIN 1. 

2. 
3. 
4. 

STYLES 
PIN 1. 

1 
3. 
4. 

PIN 1. SOURCE.SUBSTRATE 
AND CASE 

2. GATE 
J. DRAIN 

STYLE 3 
PIN 1. SOURCE 

2. DRAIN 
3. GATE 

STYLE 4: 
PIN 1. SOURCE 

2. ORAIN 
3. GA TE &CASE 

STYLE 5 
PIN 1. EMITTER 

2. 8ASE 1 
3. SASE 2 

STYLE 6 
PIN 1. CATHODE 

2.GATE 
3.ANOOE 

SOURCE 
GATE 1 
ORAIN 
CASE 

DRAIN 
SOURCE AND 
SUBSTRATE 
GATE 
SOURCE AND 
SUBSTRATE 

DRAIN 
SOURCE 
GATE 
CASE ANO 
SUBSTRATE 

EMITTER 2 
BASE 1 
COLLECTOR 
EMITTER 1 
BASE 2 

STYLE 7: 
PlN 1. ANODE 

2. BASE 
3. CATHODE 

STYLE 8: 
PIN l. GATE 

2. ANOOE 1 
3. ANODE 2 

STYLES 
PIN 1. ANODE 2 

2.ANOOE 1 

1 

JQ3 

4 

STYLE 9 
PIN 1. DRAIN 

2. GATE2 
3. GATE I 
4. SOURCE, 

SUBSTRATE 
AND CASE 

STYLE 10 
PIN I. EMITTER 

2. BASE 
3. COLLECTOR 
4. CASE 

STYLE 11 
PIN 1. EMITTER 

2. CATHODE 
3. COLLECTOR 
4. ANODE 

NOTE: 
1. All RULES ANO 

NOTES WITH 
T0-72 OUTLINE 
SHALL APPLY 

3. GATE 
(CONNECTED TO 

CASE) 

STYLE 10 
PIN 1. BASE 

2. EMITTER 
3. BASE 

STYLE 11 
PIN 1. DRAIN 

2.GATE 
3. SOURCE, SUBSTRATE 

STYLE 12: 
PIN 1. SOURCE 

2. GATE 
3, DRAIN (CASE) 

STYLE 1 
PIN 1 EMITIER 

2 BASE 
3 COLLECTOR 

STYLE 3: 
PIN 1. EMITTER 

2. BASE 
3. BASE 2 

STYLE2 STYLE 4: 

8-2 

SEATING 
PLANE 

PIN I DRAIN PIN 1. SOURCE 
2 SOURCE 2. DRAIN 
3 GATE& CASE 3. GATE & CASE 

All JED EC dlmention1 ind no tu 1pply 
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PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 29-02 T0-92 (T0-226AA) 

, 

CASE 29 STYLES 
STVLE1 

PINl EMITTER 
2.BASE 
3.COLLECTOR 

STYLE2 
P\Nl BASE 

2 EMITTER 
3COLLECTOA 

STYLE3 
~JN 1 ANODE 

2ANOOE 
3 CATHODE 

STVLE4 
PINl CATHODE 

2 CATHODE 
3ANOOE 

STVLE5 
PINl DRAIN 

2.SDURCE 
3GATE 

STYLE6· 
PINI.GATE 

STVLE9 
PIN 1. BASEl 

2. EMITTER 
3. BASE2 

STYLE 10· 
PtN1. CATl-IOOE 

2. GATE 
3.ANOOE 

STVLE 11 
PIN 1. ANODE 

2. CATHOOE&ANOOE 
3.CATHOOE 

STVLE12 
PIN 1. MAIN TERMINAL 1 

2GATE 
3 MAINTERMINAL2 

STYLE13 
PIN 1. ANODE 1 

2 GATE 
3.CATHOOE2 

2. SOURCE&SUBSTAATE 
3.0AA!N 

STVLE7: 
P!N1.SOURCE 

2.0AAIN 
3GATE 

STYLES 
PINI DRAIN 

2 GATE 

STYLE14 
PINl EMITTER 

2 COLLECTOR 
38ASE 

STV~E 15· 
PIN 1. ANODE 1 

2. CAniOOE 
3.ANOOE2 

3 SOUACE&SUBSTAAH 

CASE 31A-01 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 4.32 5.33 0.170 0.210 
B 4.44 5.21 0.175 llY> c 3.18 4.19 0.125 0.165 
D 0.41 0.56 0.016 0.022 
F 0.41 0.48 0.016 0.019 
G 1.14 1.40 0.045 0.055 
H 2.54 - 0.100 
J 2.41 2.67 0.095 0.105 
K 12.70 - 0.500 -
L 6.35 - 0.20 -
N 2.03 2.67 0.080 0.105 
p 2.92 - 0.115 -
R 3.43 - [];OC -
s 0.36 0.41 0.014 0.016 

AllJEDECdimensionsandnatesapply. 

STYLE 16 
l'INl.ANOOE 

2.GATE 
3 CATHODE 

STYLE 17 
PIN1 COLLECTOR 

2. BASE 
3. EMITTER 

STYLE 18 
PIN1 ANODE 

2 CATHODE 
3.NOTCONNECTEO 

STYLE 19: 
P!Nl GATE 

2.ANOOE 
3CATHOOE 

STYLE 20 
PIN1 NOTCONNECTEO 

2 CATHODE 
3.ANOOE 

STYLE21 
PINI.COLLECTOR 

2, EMITTER 
3.BASE '2 J 

STYLE22. e 
PINl.SOURCE 

2.GATE 
3. DRAIN 

STVLE23· 
PIN 1. GATE 

2.SOURCE 
3. tlAAIN 

STYLE24 
1 EMITTER 
2 COLLECTOR/ANODE 
3 CATHODE 

STYLE26 
PINl,Vcc 

2.GROUN02 
3.0UTPUT 

STYLEV 
PIN 1.MT 

2.SUBSTRATE 
3.MT 

STYLE28 
PINI. CATHODE 

2.ANODE 
3. GATE 

STYLE29 
PIN1.NOTCONNECTEO 

2. ANODE 
3. CATHODE 

STYLE30· 
PINl. OAAIN 

2. GATE 
3.SOURCE 

STYLE 1: STYLE 2: 
PIN 1. EMITTER PIN 1. INPUT 

SMALL-SIGNAL DEVICES 

2. BASE 2. OUTPUT 
3. COLLECTOR 3. GROUND 

NOTE: 
1. LEADS WITHIN 0.36 mm (0.014) DIA 

OF TRUE POSITION AT SEATING 
PLANE AT MAXIMUM MATERIAL CONDITION. 

CASE 29-03 T0-226AE 

I 
NOTES: 

L DIMENSIONS A AND ·B· ARE DATUMS. 
2. ·T· IS SEATING PLANE. 

3. POSITIONAL TOLERANCE FOR LEADS: 

Ill~ 0.1010.o041@lriA ®I •@I 
4. DIMENSIONING ANO TOLEAANCING 

PER ANSI Y14.5, 1973. 

DIM 
A 
B 
c 
D 
G 
J 
K 
N 
R 
s 

CASE 31-03 T0-5 (T0-205AA) 

STYLE 1: 
PIN 1. EMITTER 

2.BASE 
3.COLLECTOR 

STYLE2: 
PIN 1. CATHODE 

2. GATE 
3.ANODE 

STYLE3: 
PIN 1. GATE 

2. CATHODE 
3.ANODE 

CASE 79·02 T0-39 (T0-205AD) 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
7.37 7.87 0.290 0.310 
4.44 5.21 0.175 0.205 
3.18 4.19 0.125 0.165 
0.46 0.61 0.018 0.024 
1.27BSC o.osoesc 
2.54BSC O.lOOBSC 

12.70 0.500 -
2.03 2.92 0.080 0.115 
3.43 - 0.135 -
0.46 0.61 0.018 0.024 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

8.89 9.40 
B 8.00 8.51 
c 6.10 6.60 
D 0.406 0.533 
E 0.229 3.18 
F 0.406 0.483 
G 483 5.33 
H 0.711 0.864 
J 0.737 1.02 
K 12.70 
L 6.35 
M 450 NOM 
p 1.27 
Q 900 NOM 
R 2.54 

AllJEDECdimensionsandnottsapply. 

MOTOROLA SEMICONDUCTORS 
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PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 79-03 

DIM MIN MAX 
A 9.02 9.30 
B 8.00 8.51 
c 4.19 4.57 
0 0.43 0.53 
E 0.43 0.89 
F 0.41 0.48 
G 4.83 5.33 
H 0.71 0. 6 
J 0.74 1.02 
K 12.70 
M 450NOM 
N 2.54TYP 
0 90DNOM 

CASE 244A·01 

STYLE 1: STYLE 2: 
PIN 1. EMITTER .PIN 1. COMMON 

2. BASE 2. OUTPUT 
3. EMIITER 3. COMMON 
4. COLLECTOR 4. INPUT 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 7.06 7.26 0.278 0.286 
B 6.20 6.50 0.244 .Jh256 
c 15.24 16.51 0.600 0.650 
0 0.66 0.86 0.026 0.034 
E 1.40 1.65 0.055 0.065 
F 1.52 0.060 -
J 0.10 0.15 0.004 0.006 
K 11.17 - 0.440 
M 450 NOM 45 NOM 

:J'_ - 1.27 - :::g]§[ 
s 2.74 3.35 0.108 0.132 
T 1.40 1.78 0.055 0.070 
u 2.92 3.68 0.115 0.145 

CASE 303-01 

-1 
K STYLE 1: I PIN 1. COLLECTOR 
_ 2. EMITTER 

'-'·----~ :: ~~~~TER 

STYLE 2: 
PIN 1. COLLECTOR 

2. BASE 
3. EMITTER 
4. BASE 

NOTE: 
1. DIMENSION K APPLIES TO ALL LEADS. 

MILLIMETERS ~ 
DIM MIN MAX ~ A 2.29 2.67 ~ c 0.89 1.40 ~ D 0.41 0.61 ~ F 0.89 1.09 ~ J 0.08 0.15 ~ K 4.45 5.84 0.230 

MOTOROLA SEMICONDUCTORS 
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CASE 79 STYLES 

PIN 1. INPUT 
2. OUTPUT 
3. GROUND 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

STYLE 2: 
PIN I. CRAIN 

2. SOURCE 
3. GATE 

STYLE 3; 
PIN 1. CATHODE 

2. GATE 
3. ANODE 

NOTES. 

STVLE4: 
PIN I. MAIN TERM. 1 

2. GATE 
3. MAIN TERM. 2 

STYLES: 
PIN 1. COLLECTOR 

2. BASE 
3. EMITTER 

STYLE 6: 
PIN I. SOURCE 

2. GATE 
3. DRAIN 

(CASE) 

1. All RULES ANO NOTES ASSOCIATED WITH T0-39 
OUTLINE SHALL APPLY. 

CASE 249-05 

D ST~': 11 .. EMITTER 
STYLE2: 

PIN 1. EMITTER 
2.BASE 
3.EMITIER 

2. BASE 
3. EMITTER 

4. COLLECTOR 4. COLLECTOR 

DIM 
A 
c 
D 
J 

• M 
s 

SEATING PLANE~ 
GROUND AND IS 
CONNECTED TO 
PIN I ANO PIN 3. 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
7.06 7.26 0.278 0.286 
2.84 HS 0.112 0.138 
5.46 5.97 0.215 0.235 

_M! O • .!!_ ~ ~ 
11.05 - 0.435 

45 NOM 45 NOM 
1.40 1.65 0.055 0.065 

2 BASE 
3 EMITTER 
4 COLLECTOR 

SMALL-SIGNAL DEVICES 



PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 305A·01 

My" 
D 

CASE 317A·01 

A 

CASE 318 T0-236AB 

SMALL-SIGNAL DEVICES 

STYLE 1: 
PIN I. EMITIER 

2. BASE 
3. EMITTER 
4. COLLECTOR 

MILLIMETERS 
DIM MIN MAX 
A 5.08 5.59 
c 2.41 3.30 
D 1.40 1.65 
E 1.02 1.27 
F 0.64 0.89 
J 0.08 0.18 
K 11.05 -

4 D NOM 

STYLE 1: STYLE 2: 
PIN 1. COLLECTOR PIN 1. COLLECTOR 

2. SASE 2. EMITTER 
3. EMITTER 3. BASE 

MILLIMETERS INCHES 
DIM MIN l!M MIN MAX 
• .... w o.11l..llm_ 
C 1.90 2.54 J.Mil_ O.lfil!_ · 
D 0.94 0.99 0.033 0.039 

f ·:~ m- ~: 0.012 
K 7.24 8.13 o.285 0.320 
L 10.54 11.43 0.415 0.450 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 2.80 3.04 0.1102 0.1197 

• 1.20 !AO M472 0.0551 
c 0.89 1.04 0.05 0.0412 
D 0.37 D.48 0.015 0.0177 
F 0.086 0.13 0.0034 0.00&1 

• 1.78 2.04 0.0701 .0807 
H 0.51 0.80 0.020 0.0238 
K 0.013 0.10 0.0005 0.0040 
L 2.10 2.50 0.083 
M 0.45 0.80 0.018 0.0238 

J! 0.89 Ll!Z 0.035 0. 
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CASE 317-01 

STYLE 1: STYLE2: 
PIN 1. DRAIN PIN I. COLLECTOR 

CASE 318 T0-236AA 

CASE 318 STYLES 

STYLES: 
PtN I. BASE 

2. EMITTER 
3. COLLECTOR 

STVLE7: 
PIN 1. EMITTER 

Z. BASE 
3. COLLECTOR 

STYLE&: 
PIN 1. ANODE 

2. NO CONNECTION 
3. CATHODE 

STYLE9: 
PIN 1. ANODE 

2. ANODE 
3. CATHODE 

STYLE 10: 
PIN 1. DRAIN 

2. SOURCE 
3. GATE 

STYLE 11' 
PINI. ANODE 

2. CATHODE 
l CATHODE 

ANODE 
STYLE 12: 

PIN 1. CATHODE 
Z. CATHODE 
3. ANODE 

STYLE 13: 
PIN 1. SOURCE 

Z. DRAIN 
3. GATE 

STYLES 1 THAU 6 ARE OISOLETE. 

NOTES 
1. 318 • D2 MEETS ALL JEDEC 

DIMENSIONAL REQUIREMENTS 
FDRTO·ZllAA. 

2. SOURCE 2. EMITTER 
3. GATE I 
4. GATE2 

3. BASE 
4. EMITTER 

STYLE 14: 
PIN t. CATHODE 

2. GATE 
3. ANODE 

STYLE 15: 
PiN 1. GATE 

2. CATHODE 
3. ANODE 

STYLE 16. 
PIN 1.ANODE 

2. CATHODE 
3. CATHODE 

STYLE 17: 
PIN t. NO CONNECTION 

2. ANODE 
3. CATHODE 

STYLE 18' 
ANl.NC 
AN2.CATHODE 
ANlANODE 
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PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 345-01 

STYLE 1: STYLEJ: 
PIN 1. BASE PIN 1. GATE 

2. COLLECTOR 2. ANODE 
3. EMITTER 3. CATHODE 

STYLE 2 STYLE4 
PIN 1. ANODE PIN 1. DRAIN 

2. GATE 
3.SDURCE 

2. CATHODE 
3. NO CONNECTION 

STYLE 1 
BASE 2, a·, 9, 13 
EMITTER 3, 5, 10, 12 
COLLECTOR 1, 7, 8, 14 

FOR COMPLEMENTARY QUADS 
NPN PINS 1 THAU 3, 12 THAU 14 
PNP PINS 5 THAU 7, 8 THAU 10 

(REFER TO STYLE 1 
FOR PIN IDENTIFICATION) 

CASE 632-02 T0-116 CERAMIC 

~ 
~ 
F 

I ·-1_1 1-LJ 

J~~iY\-
PLANE 

STYLE 1 
COLLECTOR 1, 7, 8, t 4 
BASE 2, 6, 9, 13 
EMITTER 3, 5, 10, 12 

DIM 
A 

' c 
D 
f 
G 
J 
K 
l 
M 
N 
p 

COMPLEMENTARY PAIRS 

MILLIMETERS 
MIN MAX 

16.B 19.9 
5.59 7.11 
- 5.08 

0381 0.584 
0.77 1.77 

2.54BSC 
0.203 0.381 
2.54 -

7.628SC 
- 150 

0.5i 0.76 
- 8.25 

TYPE 1 TYPE 2 

INCHES 
MIN MAX 

0.660 0.785 
0.220 0.280 

- 0.200 
O.D15 0.023 
0030 0.070 

0.100BSC 
0.008 0.015 
0.100 -

0.300BSC 
- 150 

0.020 0.030 
- 0.325 

NPN 1 THAU 3, 5 THAU 7 NPN i THAU 3, 12 THAU 14 
PNP 8 THAU 10, 12 THAU 14 PNP 5 THAU 7, 8 THAU 10 
(REFER TO STYLE 1 FOR PIN IDENTIFICATION) 

MOTOROLA SEMICONDUCTORS 

CASE 358-01 

x 
[. 

. 
" 

_I' 
I 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
3. COLLECTOR 
4. EMITTER 

STYLE2: 
PIN 1. DRAIN 

2.SOURCE 
3. GATE 1 
4. GATE2 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 2.41 2.92 0.095 0.115 
8 1.95 2.36 0.077 0.093 
c 1.09 1.6(1 0.043 0.063 
D 0.43 0.58 0.ll17 0.023 
f O.ll7 0.15 0.003 0.006 
K 4.82 6.60 0.190 0.260 
R 0.53 0.96 0.021 0.038 
u 1.98 2.18 0.078 0.086 

CASE 61 OA-04 CERAMIC 

STYLE 1 
BASE 1, 5 
EMITTER 2, 4 
COLLECTOR 9, 7 

FOR COMPLEMENTARY PAIRS 
NPN PINS 1. 2, 9 
PNP PINS 4, 5, 7 

(REFER TO STYLE 1 FOR PIN IDENTIFICATION) 

DIM 

A 

' c 
D 
f 
G 
H 
K 
l 
N 
R 
T 

MllllMETlRS 
MIN MAX 

610 7.37 
2.92 4.06 
0.76 2.03 
0.36 0.48 
0.08 0.15 

1.27BSC 
0.13 0.89 

3.81 
10.54 

2.54BSC 
1.27 

165 2.03 

INCHES 
MIN MAX 

0.240 0.290 
0115 0.160 
0.030 0070 
0.014 0.019 
0.003 0.006 

0.050BSC 
0.005 0.035 
0150 -
0415 

0100BSC 
0.050 

0065 0.080 

CASE 646-05 

8-6 

-
STYLE 1 

BASE 2, 6, 9, 13 
EMITTER 3, 5, 10, 12 
COLLECTOR 1, 7, 8, 14 

COMPLEMENTARY PAIRS 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 
N 

TYPE 1 TYPE 2 

1 

MILLIMETERS 
MIN MAX 
18.16 19.56 
6.10 6.60 
4.06 5.08 
0.38 0.53 
1.02 1.78 

.54BSC 
1.32 2.41 
0.20 0.38 
2.92 3.43 

7.62BSC ..- IOO 
0.51 1.02 

NPN 1 THAU 3, 5 THAU 7 NPN 1 THAU 3, 12 THAU 14 
PNP 8 THAU 10, 12 THAU 14 PNP 5 THAU 7, 8 THAU 10 
(REFER TO STYLE 1 FOR PIN IDENTIFICATION) 

INCHES 
MIN MAX 
0.715 0.770 
0.240 0.60 
0.160 0.200 
O.o15 0.021 
0.040 0.070 

0.10 est 
0.052 0.095 
0.008 "[[015 

[O." 0.135 
0.3008SC 
00 100 

0.020 0.040 

SMALL-SIGNAL DEVICES 



PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 654..()2 

·E: 
K 

·--' 
-IL o 

1vjL 

CASE 654 STYLES 

CASE 714-02 

NOTES: 
1. ALL RULES& NOTES ASSOCIATED WITH 

REFERENCED T0·78 (6&4-021 OUTLINE 
SHALL APPLY. 

STYLE 1: 
PIN 1. COLLECTOR &. EMITTER 

2.BASE B. BASE 
3. EMITTER 7. COLLECTOR 
4.0MITTED 8. OMITTED 

STYLE2: 
PIN 1. COLLECTOR &. SOURCE 

2. BASE 6. DRAIN 
3. EMITTER 7. GATE 
4. OMITTED 8. OMITTED 

STYLE3: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 
4. OMITTED 
5. ANODE 
6. NO CONNECTION 
7. CATHODE 
8. OMITTED 

PIN 1, RF IN 
4, RF OUT 

SECOND STAGE: PIN 6, RF IN 
9, RF OUT 

Vdc: PIN5 

DC ANO RF GROUND; Pt NS 2, 3, 7, 8 

NOTE: 
1. MOUNTING HOLES WITHIN 

0.25 mm(0.010) DIA OF TRUE 
POSITION AT MAXIMUM 
MATERIAL CONDITION. 

SMALL-SIGNAL DEVICES 

CASE654-07 

STYLE4: 
PIN 1. GATE 

2. SOURCE 
3. DRAIN 
4. OMITTED 

STYLES: 
SIDE 1 INPN) 
PIN 1. COLLECTOR 

2. BASE 
3. EMITTER 
4. OMITIEO 

STYLES: 
PIN 1. SOURCE 

2. DRAIN 
3. GATE 
4, OMITTED 

8-7 

DIM MIN MAX 
A 8.51 9.40 
B 7.75 8.51 
c 3.81 4.70 
0 0.41 0.53 
G 5.08 BSC 
H 0.71 0.86 
J 0.74 1.14 
K 12.70 
M 450 BSC 
N 2.54BSC 

5. DRAIN 
6. SOURCE 
7. GATE 
8. OMITTED 

SIDE21PNP) 
S. EMITTER 
6. BASE 
7. COLLECTOR 
8. OMITTED 

5. SOURCE • 6. DRAIN 
7. GATE 
8. OMITTED 

MILLIMETERS INCHES 
DIM ••• MAX MIN MAX 
A 45.08 .ill_ 

• 26.42 26.92 1.040 1.060 
c 20.57 21.34 0.810 0.840 
D 0.46 0.56 0.018 0.022 
E 11.81 12.95 0.465 0.510 
F 1.62 8.13 0.300 0.320 
G 2.41 2.67 0.095 0.105 
H 9.65 9.78 0.380 0.385 

• 3.96BSC 0.1568SC 

• 6.86 7.37 0.270 0.290 
L 25.40 BSC 1.0008SC 

• 4.06 4.32 0.160 0.170 
p 2.16 2.92 ... , 0.115 
0 '-'rr•.21 D.148 0.168 
R - 15.11 0.595 
s 38.IOBSC 1.500BSC 
T 11.05 11.43 0.435 0.450 
u 4.95 5.21 0~0.205 
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Application Note Abstracts 
(Application Notes are available upon request.) 

AN·139A Understanding Transistor 
Response Parameters 

This note explains high-frequency transistor response param
eters and discusses their interdependence. Useful nomograms 
are given tor determining h10, fr, 100, fmax• and many other 
parameters. 

AN-211A Field-Effect Transistors in 
Theory and Practice 

The basic theory, construction, and application information for 
field-effect transistors uunction and MOS types) are given. Also 
included are some typical test circuits for checking FET 
parameters. 

AN-215A FIF Small-Signal Design Using 
2-Port Parameters 

Power gain and stability of high-frequency transistors may be 
completely described by two port parameters. 

This paper presents a summary of the overall design solution 
for the small-signal RF amplifier using two-port parameters. 
Design considerations and relationships for both the stable and 
the potentially unstable transistor are presented together with 
a discussion of neutralized, unneutralized, matched, and mis
matched amplifiers. 

AN-267 Matching Network Designs with 
Computer Solutions 

Computer solutions for four networks commonly used in solid
state high frequency amplifiers have been tabulated. 

AN-268 Pulse Triggering of Radar 
Modulator SCFl's 

Factors involved in dynamic gate triggering are examined and 

MOTOROLA SEMICONDUCTORS 

8-8 

relations of gate triggering characteristics to variations of total 
current amplifications with gate current are shown. 

AN-270 Nanosecond Pulse Handling Techniques In 
IC Interconnections 

The rapid advancement in the field of high speed digital in
tegrated circuits has brought into focus many problem areas in 
the methods of pulse measurement techniques and new con
cepts dealing with these problems. This paper is intended to 
discuss the more common, yet perhaps not well 

AN-421 Semiconductor Noise Figure 
Considerations 

A summary of many of the important noise figure consider
ations related with the design of low noise amplifiers is pre
sented. The basic fundamentals involving noise, noise figure, 
and noise figure-frequency characteristics are then discussed 
with the emphasis on characteristics common to all semicon
ductors. A brief introduction is made to various methods of data 
sheet presentation of noise figure and a summary is given for 
the various methods of measurement. A discussion of low noise 
circuit design, utilizing many of the previously discussed con
siderations, is included. 

EN-101 Verifying Collector Voltage Ratings 
Methods of verifying the various voltage ratings given on tran

sistor data sheets are described. Practical test circuits are given 
and testing problems are discussed. A detailed discussion of 
the avalanche breakdown mechanism and the significance of 
various voltage ratings is also included. 
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Discrete products are available from Motorola in three quality 
levels: Industrial/Commercial grade, Military grade, and Cus
tomer Specials. 

This Reliability and Quality Assurance section contains infor
mation on final test and quality assurance processing. Included 
is a listing of Q.A. tests and the applicable MIL-STD methods 
relating to the above-rtoted quality levels. 

High reliability (JAN, JANTX, JANTXV, and JANS) processing 
of transistors is outlined by using a processing and quality control 
flow chart. 

A glossary of Reliability and Quality terms is also included. 
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Reliability and Quality Assurance 

Quality Levels 
Most small-signal discrete products are available from 

Motorola in three quality levels: 

1. INDUSTRIAUCOMMERCIAL GRADE - Identified by 
a part number prefix such as 2N, MM or MPS and tested 
to a published Motorola, JEDEC or Proelectron 
specification. 

2. MILITARY GRADE - Identified by a 2N part number 
prefix, a JAN, JTX, JTXV or JANS suffix, and manu
factured and tested per MIL-S-19500. 

JAN - Controlled lot with sample environmental and 
life testing 

JTX - Same as JAN plus 100% processing 

JTXV - Same as JTX plus 100% internal visual 
inspection 

JANS- Same as JTXV plus wafer lot acceptance and 
additional 100% processing requirements. 

3. CUSTOMER SPECIAL- Screening, testing and mark
ing as determined by the customer to meet his particular 
requirements. This may range from a custom-marked 
industrial/commercial grade product to a hi-rel product 
which is subjected to a series of stringent inspections 
and tests to meet aerospace or special military 
requirements. 

Final Test Processing 
Device lots are subjected to 100% processing in Final Test. 

This processing may be as simple as electrical testing to data 
sheet specifications or as complex as a series of mechanical, 
environmental and burn-in screening tests preceded and fol
lowed by electrical readouts. All lots, whether industrial/com
mercial, military or hi-rel, are subjected to a minimum eight-hour 
storage bake at 150°C or 200°c. 

Quality Assurance Processing 
All products are transferred to QA where they are subjected 

to Group A electrical testing, usually to the same specifications 
used by Final Test. In the past, QA has primarily performed 
sample testing; but now, at Motorola, most small-signal metal 
can transistors are 100% electrical tested by QA, and when this 
expansion program is completed, all small-signal transistors will 
be subjected to 100% QA electrical testing. Military and hi-rel 
lots may undergo additional 100% screening in QA. Using the 
popular 2N2222A family as an example, Table 1 compares the 
varying degrees of preconditioning and screening that are done 
on the 2N2222A, 2N2222AJAN, 2N2222AJTX, 2N2222AJTXV 
and 2N2222AJANS transistors. QA randomly selects test sam
ples for Group A, Band C testing as defined in MIL-S-19500. 
The individual tests are defined in MIL-STD-750. Tables 2 and 
3 list the Group B and C test requirements for the 2N2222A 
military family. 

TABLE 1 - 100% PRECONDITIONING AND SCREENING (2N2222A Family) 

Test 
MIL-STD-750 

Condition 
2N2222A 2N2222AJTX 

2N2222AJANS 
Method 2N2222AJAN 2N2222AJTXV 

1. Electrical tests - go- no go 100% 100% 100% 
2. High temperature storage 1032 200'C, 24 hours - 100% 100% 
3. Thermal shock 1051 C, 20 cycles - 100% 100% 
4. Constant acceleration 2006 20,000 G, Y1 - 100% 100% 
5. Particle impact noise 2052 B - - 100% 
6. Hermetic seal 

fine leak 1071 G or H - 100% 100% 
gross leak 1071 A, C, E or F - 100% 100% 

7. Electrical tests - read & record - - 100% 
8. H.T. reverse bias 1039 150'C, 48 hours - 100% 100% 
9. Electrical tests - read & record• - 100% 100% 

10. Full-power burn-in 1039 25'C, 168 hours - 100% -
11. Full-power bum-in 1039 25'C, 240 hours - - 100% 
12. Electrical tests - read & record• - 100% 100% 
13. Hermetic seal 

fine leak 1071 GorH - 100% 100% 
gross leak 1071 A, C, E or F - 100% 100% 

14. X-ray 2076 - - - 100% 
15. External visual 2071 - - - 100% 

•sin & cell may be used for JTX and JTXV product 

MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES 
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TABLE 2 - GROUP B TESTS (2N2222AJAN/JTX/JTXV/JANS) 

Inspection or Test 
MIL-STD-750 

Condition LTPD (Accept No.) 
Method and Miiitary Classlficatlon 

SUBGROUP LTPD 10 (0) 
1 . Physical dimensions 2066 - JANS 

SUBGROUP LTPD 15(1) 
2. Solderability 2026 - ALL 
3. Solvent resistance 1022 - ALL 

SUBGROUP LTPD 10 (1) 
4. Thermal shock 1051 C1, 25 cycles JAN, JTX, JTXV 

Thermal shock 1051 C3, 100 cycles JANS 
5. Hermetic seal 

fine leak 1071 G orH ALL 
gross leak 1071 A, C, E or F ALL 

6. Decap internal visual 2075 - JANS 
7. Bond strength 2037 A JANS 
8. Die shear 2017 - JANS 

SUBGROUP LTPD 5(2) 
9. Operating life 1027 25°C, 340 hours JAN, JTX, JTXV 

SUBGROUP LTPD 20 (0) 
1 O. Decap internal visual 2075 - JAN, JTX, JTXV 
11. Bond strength 2037 A JAN, JTX, JTXV 

SUBGROUP LTPD 10 (2) 
12. Intermittent operating life 1037 25°C, 2000 cycles JANS 

SUBGROUP LTPD 10 (2) 
13. Accelerated operating life 1027 125°C, 96 hours JANS 

SUBGROUP LTPD 7(2) 
14. High-temperature storage life 1032 200°c, 340 hours JAN, JTX, JTXV 

TABLE 3 - GROUP c TESTS (2N2222AJAN/JTX/JTXV/JANS) 

Inspection or Test MIL-STD· 750 
Condition LTPD (Accept No.) and Miiitary 

Method Classlficatlon 
SUPGROUP LTPD 15(1) 

1. Physical dimensions 2066 - ALL 
SUBGROUP LTPD 10(1) 

2. Thermal shock 1056 A ALL 
3. Terminal strength 2036 E ALL 
4. Hermetic seal 

fine leak 1071 G or H ALL 
gross leak 1071 A, C, E or F ALL • 5. Moisture resistance 1021 Omit initial precond. ALL 

6. External visual 2071 - ALL 
SUBGROUP LTPD 10 (1) 

7. Shock 2016 1500G ALL 
8. Variable-frequency vibration 2056 100-2000 Hz ALL 
9. Constant acceleration 2006 20,000 G ALL 

SUBGROUP LTPD 15 (1) 
1 O. Salt atmosphere 1041 - ALL 

SUBGROUP LTPD 10 (1) 
11. Operating life 1026 25°C, 1000 hours ALL 

SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS 
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High Reliability Processing of Transistors 

I WAFER PROCESSING 

After wafers are processed,- they are subjected to Motorola visual 
Inspection requirements and overlay geometry wafers are sub
jected to a sample SEM inspection to assure good step cov
erage. The wafers are then probed to electrical requirements 
and the rejects are inked. Anally, they are sawn and separated 
to form the individual dice. 

II ASSEMBLY 

The die are attached to headers and then wire bonded. The 
following mechanical tests are performed by Quality Control in
spectors on a sample basis to ensure assembly process 
controls. 

(1) Wire pull tests 
(2) Die push off tests 

Units are stored in dry air until ready for capping. 

Ill CAN WELD OR UD SEAL 

Completed headers are loaded Into a vacuum chamber for can 
weld or processed thru a furnace for top attachments on ceramic 
packages. All devices are subjected to a high temperature stor
age (stabiUzatlon bake) prior to final electrical test 

PROCESSING AND QUALITY CONTROL FLOW CHART 

COMMERCIAL 
GRADE 

MILITARY GRADE 

I 

WAFER 
PROCESSING 

t 
JANTXV 

__.., ... 

VII SCANNING 
ELECTRON 

MICROSCOPE 
(SEM) 

I 
VIII 

100% 

II Ill 
CAN WELD 

ASSEMBLY _.... OR - LID SEAL 

• JAJxv • 
JANS 

IX 

~ 
100% LOW POWER 
ASSEMBLY VISUAL 1---

~ HIGH POWER 1---' 

IFIED CUSTOMER SPEC 
SCREENING AND T ESTING 

DIE VISUAL 

__.. ... 
XII 

CUSTOMER 
SPECIFIED 

PROCESSING 

VII SCANNING ELECTRON MICROSCOPE 

AU JANS product with overlay geometry requires a SEM in
spection per MIL-STD-750, method 2077. To assure good 
metallization step coverage, Motorola monitors all overlay ge
ometry transistor wafer lines whether or not It Is required. 

XII CUSTOMER SPECIFIED PROCESSING 

Screening, testing and marking as determined by the customer 
to meet his particular requirements, which may range from a 
custom-marked standard product to a hi-rel product that Is sub
jected to the most stringent tests for aerospace or military 
applications. 

VIII 100% HIGH POWER DIE VISUAL 

The high power portion of the inspection is performed to assure 
good die construction and front metal conditions. Individual reject 
criteria includes the following: Metallization defects such as 
scratches, voids, corrosion, adherence, bridging and alignment. 
Poor die construction conditions such as oxide and faults are 
also rejected. 
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IX 100% LOW POWER ASSEMBLY VISUAL 

The low power visual inspection controls workmanship, i.e., die 
attachment, internal lead-wire attachment, and package defects. 
Die attachment inspection includes assuring good waiting, die 
placement and proper orientation. Internal lead wires must have 
proper arc and all attachment bonds must be properly placed 
and Jn good condition. Package detect inspection includes 
checking for foreign material, improper construction and cracked 
feedthroughs. 
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IV 100% FINAL ELECTRICAL TEST 

Completed devices are subjected to 100% testing to electrical 
requirements. When different devices are sourced from a single 
product line, they are sorted for voltage and gain. 

IV 100% 
FINAL _... - ELECTRICAL 
TEST 

r 
JANTX JANTXV JANS 

x 
100% 

V QUALITY CONTROL 

Although it has been traditional for OA to per1orm sample testing, 
today most small-signal metal can transistors are 100% electrical 
tested by QA. Soon, all transistors will be 100% tested by QA. 
Group A and B tests are perfonned on JAN devices. Group A 
and B tests and 100% processing are perfonned on JANTX, 
JANTX.V and JANS devices. Group C testing is required on a 
periodic basis. 

v 
QUALITY -- CONTROL 

...... 
~ -

J JN 

XI 

VI WAREHOUSE 

Upon completion, the finished product Is ready for shipping. 
Purchase order requirements are carefully checked again prior 
to shipping. Warranty tests (Group A) are performed every 24 
months on military devices. 

VI 
WAREHOUSE 

SHIP 
COMMERCIAL 

VI 

QUALITY CONTROL 1------.. 1 
PROCESSING 

GROUP B SAMPLE 
GROUP C SAMPLE 

WAREHOUSE 
SHIP 

JAN-JANTX..JANTXV 

X 100% QUALITY CONTROL PROCESSING 

a. HigMemperature storage 
b. Thermal shock 
c. Constant acceleration 
d. Particle impact noise (JANS) 
e. Hermetic seal 
f. High-temperature reverse bias 
g. Full-power bum-in 
h. X-ray (JANS) 

External visual (JANS) 
Read and record parameters 
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-
VI 

WAREHOUSE 
SHIP 

CUSTOM SPECIAL 

XI GROUP B AND GROUP C INSPECTION 

Typical Group B Processing 

a Physical dimensions 
b. Solderabllity 
c. Solvent resistance 
d. Thermal shock 
e. Hermetic seal 
f. Oecap intemal visual 
g. Bond strength 
h. Die shear 

Typical Group C Processing 

a. Physical dimensions 
b. Thermal shock 
c. Terminal strength 
d. Hermetic seal 
e. Moisture resistance 
f, External visual 
g. Shock 
h. Variable-frequency 

vibration 
340 hr. operating life Constant acceleration 
Intermittent operating life Salt atmosphere 
(JANS) 

k. Accelerated operating life k. 1000 hr. operating fife 
(JANS) 
340 hr. storage life 
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Test Descriptions 
The following tests are frequently used for screening, acceptance and evaluation of semiconductor devices. 

A. Steady State Operating Life (SSOL) G. Pressure Cooker 
The purpose of this test is to evaluate the bulk stability of The purpose of this test is to evaluate the moisture resis-
the die and to generate defects resulting from manufacturing lance of non-hermetic components under pressure/ 
aberrations that are manifested as time and stress- temperature conditions. 
dependent failures. Conditions: T = 121 'C, P = 1 atmosphere (15 psig) 
Conditions: TA = 25'C, PD = max rated power 

H. Temperature Cycle (Air to Air) 
B. Intermittent Operating Life (IOL) The purpose of this test is to evaluate the ability of the 

The purpose of this test is the same as Operating Life in device to withstand both exposure to extreme temperatures 
addition to checking the integrity of both the wire and die and the transition between temperature extremes, and to 
bonds by means of thermal stressing. expose excessive thermal mismatch between materials. 

Conditions: TA = 25'C, PD = max rated power. T(on) Conditions: Mil-Std-750, Method 1051, -55'C to 150'C, 
= T(off) = 1 min. 15 minutes dwell time at each temperature 

c. High Temperature Storage Life I. Thermal Shock (Liquid to Liquid) 
The purpose of this test is to generate time/temperature This test is an accelerated version of temperature cycle. 
failure mechanisms and to evaluate long-term storage Conditions: Mil-Std-750, Method 1056, O'C to 100'C, 15 
stability. seconds dwell time at each temperature 
Conditions: TA = 150'C no bias applied 

J. Terminal Strength 
D. High Temperature Reverse Bias (HTRB) The purpose of this test is to evaluate the ability of the 

The purpose of this test is to align mobile ions by means device terminals to withstand the lead forming and tension 
of temperature and voltage stresses to form a high-current associated with component installation into a circuit. 
leakage path between two or more terminals. Conditions: Mil-Std-750, Method 2036, Condition E. 
Conditions: TA= 150'C, Vcs = 80% max rated Vcs. 

K. Solderability 
E. Hlr Temperature High Humidity Reverse Bias The purpose of this test is to determine the solderability of 

(H TRB) the device terminals. 
The purpose of this test is to evaluate the moisture resis- Conditions: Mil-Std-750, Method 2026. 
lance of non-hermetic components. The addition of voltage 
bias accelerates the corrosive effect after moisture pene- L. Salt Atmosphere (Corrosion) 
!ration has taken place. With time, this is a catastrophically The purpose of this test is to accelerate the corrosion effects 
destructive test. of an environment in which salt (NaC1) is present. 
Conditions: TA = 85'C, RH = 85%, Vcs = 80% max Conditions: Mil-Std-750, Method 1041 
rated Vcs. :. M. Mechanical Stress Tests 

F. Moisture Resistance 
Vibration, shock and constant acceleration tests are infre-

The purpose of this test is to evaluate the moisture resis- quently used since they rarely generate failures in small-
lance of components under temperature/humidity condi- signal transistors. However, they are still specified for ac-
lions typical of tropical environments. ceptance of military product. 
Conditions: Mil-Std-750, Method 1021 . 
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Glossary of Reliability and Quality Terms 

Acceptable Quality Level (AQL) -A measure of quality for 
which a given lot will be accepted most of the time. This is 
usually established at a probability of acceptance equal to 
95%. It is referred to as the producer's risk because the 
probability of rejecting a good lot is 5%. 

Acceptance Number (Ac) - The largest number of defec
tives in an inspection sample under consideration that will 
permit acceptance of the lot. 

Acceptance Tests - Tests to determine conformance to 
specification requirements as a basis for lot acceptance. 

Average Outgoing Quality (AOQ) - The average quality of 
outgoing product after 100% screening of rejected lots. This 
is usually measured in parts per million (PPM). 

Average Outgoing Quality Limit (AOQL) - The maximum 
average outgoing quality that is possible for a given sam
pling plan. 

Defect - Any deviation of a device that does not conform 
to specified requirements. One device may contain more 
than one defect. 

Defective - A device which contains one or more defects. 

Double Sampling - Sampling inspection in which the in
spection of the first sample leads to a decision to accept, to 
reject, or to take a second sample. The inspection of a sec
ond sample, when required, always leads to a decision to 
accept or to reject. 

Failure - The inability of a device to perform a specified 
function within previously-established limits. 

Failure Rate - The statistical probability of a failure occur
ring within a stated period of time. For electronic compo
nents it is usually assumed that failures follow an exponen
tial distribution, in which case the failure rate over any stated 
period of time is constant. The failure rate of semiconductor 
devices is generally given in percent per thousand hours. 

Infant Mortality- Premature failures occurring at a failure 
rate substantially greater than that observed during sub
sequent life prior to wear-out. 

Lot - A group of devices from which samples are drawn 
and inspected to determine compliance with acceptance 
criteria (inspection lot). 

Lot Tolerance Percent Defective (LTPD) - A measure of 
quality for which a given lot will be rejected most of the 
time: This is usually established at a probability of accep
tance equal to 10%. It is referred to as the consumer's risk 
because the probability of accepting a bad lot is 10%. 
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Mean Time Between Failures (MTBF)- The total measured 
operating time of a group of equipments divided by the total 
number of failures of a repairable equipment. In the case 
of an exponential failure distribution, this ratio is the recip
rocal of failure rate. 

Operating Characteristic Curve (OC curve)-A graph of the 
probability of acceptance as a function of the lot quality or 
process average quality, whichever is applicable. 

Percent Defective - The number of defective devices in a 
lot divided by the total number of devices in that lot, mul
tiplied by 100. 

Probability of Acceptance (Pa) - The fractional probability 
that a lot will be accepted, usually expressed as a decimal. 

Process Average Quality- The expected quality of product 
from a given process, usually estimated from first sample 
results of previous inspection lots. 

Quality - A measure of the degree to which a product 
conforms to specification and workmanship requirements. 

Rejection Number (Rel- The smallest number of defectives 
in an inspection sample under consideration that will pre
vent acceptance of the lot. 

Reliability - A measure of the performance of a product 
over a specified period of time. 

Sample - One or more devices selected at random from 
an inspection lot to represent that lot for acceptance 
purposes. 

Sampling Plan - A specific plan which defines the sample 
size and the criteria for accepting or rejecting a lot. 

Screening Tests - Tests employing nondestructive envi
ronmental, electrical, thermal and/or mechanical stresses, 
for the purpose of identifying anomalous devices. 

Single Sampling - Sampling inspection in which a decision 
to accept or to reject is reached after the inspection of a 
single sample. 

Wearout Failures - Those failures which occur as a result 
of deterioration processes and whose probability of occur
rence increases with time. 

100% Inspection - Inspection of every device, in which each 
device is accepted or rejected individually for the charac
teristic concerned, on the basis of its own inspection only. 
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