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M5218L,P,FP/M5R4558P 

M5219L, P, FP 

M5220L, P, FP 

M5221 L,P,FP/M5T082P 

M5222L, P, FP 

M5223L,P,FP/M5N358P 

M5224P,FP/M5N324P 

M5228P, FP 

M5230L 

M5231TL 

M5232L 

M5233L, P, FP 

M5234P, FP 

M5235L 

M5236L, ML 

M5238L, P, FP 

M5240P 

M5241L 

M52670P, FP 

M5278LXX 

M5T494P, FP 

OIGITAL IC'S 

M4016BP 

M4051BP, BFP 

M4052BP, BFP 

M4053BP, BFP 

M4066BP, BFP 

M50601P 

M50800·XXXSPIM50802·XXXP 

M50805·XXXP,FPIM50806·XXXP,FP 

M54512L 

M54513P 

M54514AP 

M54515P 

M54516P 

M54517P 

M54519P 

M54521P 

M54522P 

M54523P 

M54524P 

M54525P 

M54526P 

M54527P 

M54528P 

M54529P 

M54529AP 

M54530P 

M54531P 

M54532P 

M54533P 

• MITSUBISHI 
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Page Type No. Page 

2-69 M54534P 9 -23 

5 -20 M54535P 9 -46 

2-36 M54536P' 9 -49 

2 -41 M54537P 9 -43 

2 -14 M54538P 9-80 

2 -18 M54539P 9 -26 

2-45 M54540AL 6-65 

2 -51 M54541L 6 -67 

2-57 M54542L 6-70 

10-3 M54543L 6 -73 

2 -23 M54543AL 6-76 

2 -28 M54544L 6 -79 

2 -33 M54544AL 6-82 

4 -8 M54545L 6-85 

4 -15 M54546L 6-88 

10-13 M54547P 6-91 

3 -45 M54548L 6-94 

3 -61 M54549L 6-97 

4 -21 M54549AL 6 -100 

4 -26 M54560P 9 -116 

2 -61 M54561P 9 -119 

2 -65 M54562P 9 -92 

10-11 M54563P 9 -95 

10-61 M54564P 9 -98 

4 -31 M54565P 9 -109 

4 -39 M54566P 9 -106 

M54567P 9 -101 

7-3 M54568L 9 -114 

7-7 M54569P 9 -131 

7-11 M54570L 10-74 

7-15 M54571P 9 -34 

7 -19 M54572L 10-76 

10-19 M54573L 10-78 

10-106 M54576P, FP 9 -104 

10-121 M54577P, FP 9 -41 

9 -3 M54578P 9 -29 

9 -78 M54580P 9 -122 

9 -37 M54581P 9 -125 

9 -39 M54583P 9 -111 

9-8 M54584P 9 -89 

9 -52 M54585P 9 -86 

9-55 M54586P 9 -128 

9-11 M54641 L 6 -103 

9 -83 M54642L 6 -106 

9-60 M54648L 6 -110 

9 -63 M54648AL 6 -113 

9-66 M54649L 6 -116 

9 -69 M54847AP 10-80 

9 -32 M54940P 10-69 

9 -58 M54970P 10-83 

9 -17 M54975P 10-90 

9-14 M54976P 10-95 

9-72 M54977P 10-100 

9-75 M58479P/M58482P 5 -28 

9 -5 

9-20 
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MITSUBISHI GENERAL PURPOSE ICs 

USER'S GUIDE 

OPERATIONAL AMPLIFIER, PRE AMPLIFIER 

Function Generic No. 

Single op amp 741 

4557,4558,4559 

358/2904 
Dual op amp 

324/2902 

J.FET Input op amp 072, 082 

SWitching op amp 

Dual High Voltage op amp 

Dual Low noise pre-amp 

Quad low noise ope amp 

Dual low noise J-FET 
Input op amp 

Note. L:o. Mltsublshl onglnal, _ Funcllonal equivalent 

VOLTAGE COMPARATOR 

Function Generic No. 

Single comparator 

Dual comparator 

Quad comparator 

Note: L:o. Mitsublshi original, _ Functional equivalent 

1-4 

Mltsublshi Pin For 
Mltsubishf Recommended (Features) Pin Replacement 

M51802P/M5F741P -M51802L1P (Single in line paCkage) 

M5218P/M5R4558P -M5218l (compatible With 4557, 4558,4559) 
single In line package 

M5223P/M5N358P -M5223l ( Stngle In line package) 

-M5216P/l (High current output) 
equivalent to 4556 

M5224P/M5N324P 

M5221 P/M5T082P -M5221l (Single In line package) 

"'M5201 

"'M5209 

"'M5210 

"'M5219 

"'M5220 

"'M5228 

"M5238 

"'M5240P 

Mltsublshi Pin For MitsublShI Recommended (Features) Pin Replacement 

"'M51201l 
(LOW Input current ) 

high output dnve, including refference 
with ~steresis, ~1 7-6.5V ' 

"'M51202l (LOW Input current ) 
high output drive, Vcc1 7----6.5V 

"'M51203l 
(LOW Input current ) 

- high output drive, Vcc3 ........ 28V 
inCludl!!.9.. refference With ~steresls 

"'M51204l (LOW input current ) 
high output drive, Vcc2.5-28V 

"'M51205l 
(LOW input current ) 

stabilized power supply terminal 
Includi~ refference With hysteresis 

"'M51206l (LOW Input current ) 
stabilized power supply terminal 

"'M5123Tl 

L:o.M51200P 

"'M51207l 

"'M51922l 

"'M51923P/FP 

"'M5233 

"'M51209P 

"'M51924P/FP 

"'M5234 

. • MITSUBISHI 
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VOLTAGE REGULATOR 

FunotiQn Generio No, 

Variable Dual 

Variable Siogle 

3-Terminal Variable 

78L 

SW Control 494 

Note: '" Mitsubishi original, • Functional equivalent 

DISPLAY DRIVER 
Funetlon Generic No. 

5-Step bar indicator 

6-Step bar indicator 

a-Step bar indicator 

9-Point level indicator 

12-Point level indicator 

Note: '" Mitsubishi original •• Functional equivalent 

MITSUBISHI GENERAL PURPOSE ICs 

USER'S GUIDE 

Mitsublshi Pin For Mitsubishl Reoommended (Features) Pio Replacement 

"'M5230L 

"'M5231TL 

"'M5235L 

"'M5236 

M5278LXX 

M5T494P 

Mltsubishi Pin For Mitsubishi Recommended (Features) Pin Replacement 

"'M51903L ( Linear mode operation) 

"'M51906P ('neluding AC-OC converter] 
log scale 

"'M51911L 
('neluding AC~DC converter) 

,low current 
log scale 

"'M51912L 
cnCIUdlng AC-DC converter) 

low current 
linear scale 

"'M51907P 
cnCIUdlnQ AC-DC converter] 

low current 
log scale 

('neluding AC-OC converter) 
"'M51909P low current 

linear scale 

"'M51910P ( 2 Inputs indicator) 

"'M51901P (23-MOde Indicator) 

• MITSUBISHI 
"'ELECTRIC 1-5 



MITSUBISHI GENERAL PURPOSE ICs 

USER'S GUIDE 

TIMER 

FUIl¢~on Generic No., Mitsubislll Pin For Mitsublshl RecO!TlIIl<lnded (Features) Pin Replacement 

555 M51841P/M5E555P • M51848P/M5E555AP(~~~t ~~~,,';~.\1u;~tn:rbmpatible) 

Single timer 

Dual timer 556 

Counter timer 

long timer 

Note: LI. Mitsubishi original, • Functional equivalent 

MOTOR DRIVER 

Function Generic No. 

Motor control 

Position control 

F-G Servo 

Pll Servo 

2-Phase brush less 

3-Phase brushless 

Bi-directional driver 

Note: LI. Mltsublshi original, • Functional equivalent 

·M51848L 
(High speed guaranty ) 

reset terminal TTL compatible 
single In line package 

"'M51843P [ Large supply voltage apPlication) 

• M51847P/M5E556AP(~~~~t ~~~,,';~.\1u;~tn:rompatlble) 

"'M51849L ( Long time capabilrty ......... SOhours J 
"'M52051P 

"'M58479P 
(LOW power diSSipation J 

superior noise Immunity, extremely 
broad time-delay ranlle (SOms-480h) 

"'M58482P 
(LOW power dissipation ) 

superior nOise immunity, extremely 
broad time-delay range (SOms-480h) 

"'M51845L 

Mitsubishl Pin For Mitsubishi Recommended (Featur~s) Pin Replacement 

"'M51660L 

"'M51970L 

"'M51728L 

"'M51971 L,FP 

"'M51781SP 

"'M51781FP 

"'M51724P 

"'M51714P 

"'M54540AL 

"'M54541L 

"'M54542L 

"'M54543L 

"'M54544L 

"'M54545L 

"'M54546L 

"'M54547P 

"'M54548L 

"'M54549L 

;.M. ITS,' U .. · BI5H . . 1 JIIi'ttA E:LECtR.t· " 

( Radio control servo) 

( Single In line J 
(High stability] 

single in line 

(lolmax)/lo±O 6A/±O lA) 

(lolmax)/lo±O.8A1±O 2A) 

(lo(max)/lo±1.2A/±O 3A) 
(lol ma"6'lo±1.2A1±O 3A) 

Motor raking function 

('Olmax)/lo±l 2A/±O 3A) 
Motor braking function 

(lolma"6'lo±l 2A/±O 2A) 
Motor raking function 

(IOlma"6'lo±O 7A/±O lSA) 
Motor raking function 

(,O(max)/IO±O 6A1±O lSA ) 
BUilt In error amp. motor braking function 

(~( a"6"I&±12A1±O.3A) 
orror ra 1n9 fUnction 

op amp and decoder 

(~b'l'o'l~~'k~~'1C~~,g~A ) 
dual bi-directional, thermal shutdown 



MOTOR DRIVER 

, ~~"';<: " ',' ,~ , .\ ~~~ ~',~'~;~~: :'~ 

, 

Bi-dlrectlonal driver 

F-V Servo 

Note: A Mltsublshl original, • Functional equivalent 

ANALOG SWITCH 
, , , FtiiIcuon ... 

' GtMriC No. 

Analog SW 

Bipolar SW 

40168 

40668 

CMOSSW 40518 

40528 

40538 

Note: A Mltsublshl original, • Functional equivalent 

MITSUBISHI GENERAL PURPOSE les 

USER'S GUIDE 

,'~'PII'IFOr 
" .- , ,. 

, >", -".' , 'M1tIIi.IbI8IIl: ~mendtIId (~:: \' " .' 'PIn'-lBa'mint;', " <. ~ 
" 

lj:' 

.o.M54543AL (~~llk±1,2A1±O.3A) 
thermal rSh~~9c!!:~ctlon 

.o.M54544AL (~Ilrc:f"6'Is{±1.2A1±O,3A) 
thermal r:h~~a~~ct'on 

.o.M54549AL 

.o.M54641L 

.o.M54642L 

.o.M54648L 

.o.M54648AL 

.o.M54649L 

.o.M51714P 

.o.M51722P.FP 

.o.M517231:'.FP 

~or ", : Mlt$UbI8III1'Iecommended {Featuretl 
FtI:I'~n1 , ' 

.o.M51320P (Video SW. 2 Inputs 3Ch) 

.o.M51326P (Video SW. 2 inputs 3Ch) 

.o.M51321P ( Video SW. 3 Inputs 3Ch) 

.o.M51327P ( Video SW, 3 Inputs 3Ch) 

.o.M51329P 

.o.M51551 P/FP(AUdIO SW, 2 Inputs 2Ch) 

M40168P 

M40668P 

M40518P 

M40528P 

M40538P 

• MITSUBISM. 
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MITSUBISHI GENERAL PURPOSE ICs 

USER'S GUIDE 

TRANSISTOR ARRAY 

Function ,Generio No. Mttsublshl Pin For MiI$ubfshi Reoommended (Feeturea) PIn Replacement 

L>M54512L (50mA ) 
Single in line package 

2064 L>54532P ( 1.SA darlington, with clamp diOde) 

4-Unit Tr array 
L>M54567P [1 SA darlington ,With clamp d10de) 

Input "L" active 

L>M54568L (30mA PNP J 
single in line package 

L>M54516P ( SOOmA darlington) 

5-Unit Tr array L>M54521P ( SOOmA darlington) 

L>M54529P/ AP( 320m A with strobe) 

L>M54527P (150mA with clamp diode J 
L>M54533P (320mA with clamp diOde) 

and strobe 

"'M54534P (320mA with clamp diOde) 
and strobe 

6-Unit Tr array 
L>M54578P (700mA with clamp diOde] 

and strobe 

L>M54539P (700mA with clamp diode J 
L>M54571P ( 350mA printer driver) 

L>M54514AP (somA NPN driver) 

L>M54515P (16mA NPN driver) 

"'M54517P ( 400mA darlington) 

L>M54519P ( 400mA darlington) 

2003 eM54523P 

2001 eM54524P 

2002 eM54525P 

,2004 eM54526P 

"'M54528P [150mA darlington with clamp) 

7 -Unit Tr array 

"'M54530P ( 400mA darlington with clamp J 
L>M54531 P ( 40pmA darlington with clamp J 
L>M54535P (150mA with clamp a~d strobe) 

"'M54536P ( 150mA with clamp and strobe J 
--

L>M54537P ( 320mA non-darlington driver) 

L>M54538P ( 350mA and motor driver) 

L>M54560P (150mA source darlington J 
L>M54561P ( 300mA source darlington J 
L>M54566P (400mA darlington) 

Input "L" active 

Note: '" Mltsubishi original, e Functional equivalent 

1-8 • MITSUBISHI 
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TRANSISTOR ARRAY 

Funotion Geneoo NO: 

7-Unit Tr array 

2982 

2981 

8-Unit Tr array 

Note: L>. Mitsubishi original, • Functional equivalent 

MITSUBISHI GENERAL PURPOSE ICs 

USER'S GUIDE 

Mlt$\lblshl Pin Fol MltsublShI Reoommended (Features) Pin Replacement 

L>.M54576P/FPUnOp~t"L" active) 

L>.M54577P/FP(30mA non-darlington) 
driver 

L>.M54580P (100mA source darlington) 
for FL 

L>.M54513P (50mA NPN driver) 

L>.M54522P (400mA darlington) 
with clamp diode 

-M54562P 

-M54563P 

L>.M54564P ( 500mA source darlmgton for FL) 

L>.M54565P (50mA ) 
mput "L" active 

L>.M54569P ( 30mA PN P array) 

L>.M54581 P 

L>.M54583P 

L>.M54584P 

L>.M54585P 

6M54586P 

• MITSUBISHI 
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MISCELLANEOUS 

Fllnctlpn G.enerlc No. 

Electonlc Volume Control 

Voltage Defector 

Volume Control 

Disk Drive 

Servo Motor Position Control 

Dual Channel Electronic ATT 

Zero volt trigger ckt 
Flame defector 

Warning driver 

Car cooler control 

Flasher control 

4-BIT A-D Converter 

Dual differential amp 3054 

8-Digit display driver 

2-Digit BCD-? segment 
Decoder/driver 

8-BIT Latched driver 

9-BIT Latched driver 

12-BIT Latched driver 

Single chip CMOS 
speech synthsizer 

Note: 6. Mitsubishi original,. Functional equivalent 

1-10 

MITSUBISHI GENERAL PURPOSE ICs 

USER'S GUIDE 

MlllIubl$hl :Pln F<>r '. 
~itsubl$bi ReeommendH (Features)· '" Pm Replacement 

"'M5222 

"'M5241L 

"'M5232L 

"'M50601P 

"'M51017AP 

"'M51660L 

"'M51523AL 

"'M5172L 

AM51743P 

"'M5174P 

"'M51920P 

"'M51950L 

"'M51961L 

"'M52670P,FP 

M5109P 

"'M54940P 

"'M54847AP 

"'M54975P 

"'M54976P 

"'M54970P 

"'M54977P 

"'M50800-XXXSP/M50802-XXXP 

"'M50805-XXXP,FP/M50806-XXXP,FP 

• MITSUBISHI 
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MITSUBISHI GENERAL PURPOSE ICs 

ORDERING· INFORMATION 

ORDERING INFORMATION 
Function and style may be specified by using the following simplified alphanumeric code. 

). FOR MITSUBISHI ORIGINAL PRODUCTS 
Example: M 5 45 14 A P 

TT-r -, -

I 

~ 

M : indicates the product is a Mitsubishi Electric integrated circuit 
5 : industrial/consumer 

(Operating ambient temperature range is -20-+75"C, standard) 
9 : High-reliability type 

A single or two-digit alphanumeric code indicates circuit type and series name. 
o : CMOS 
1-2 : Linear circuit 
3 : TTL 
10-19 : Linear circuit 
20-29 : Linear circuit 

32-33 : TTL (equivalent to the TI SN74 family) 
41-47 : TTL and others 
48-49 : IlL 

84 : CMOS 
85 : p-channel silicon gate MOS 

86 : p-channel aluminum gate MOS 
87 : n-channel silicon gate MOS 
88 : p-channel aluminum gate ED-MOS 
89 : COMS 

SO-52 : Schottky TTL (equivalent to the TI SN74S family) 

This group consists of a two- or three-digit serial number to indicate the type of 
circuit within the series. 

Consists of a single letter which indicates the difference of outer appearance or 
some part of the device specifications as listed below. 

(1) For linear circuits, this is one letter of the alphabet, chosen in 
alphabetical order but not including I or 0, which is used to flag devices 
for which parts of the specifications differ. 

(2) For devices with identical specifications having only pin-bending direc
tion differences, an R is assigned to this group following group (5). 

(3) When this group designation is not required, the next group is shifted to 
the left to follow group (5) immediately. 

Package style 

K : Low melting point glass sealed ceramic-type package 

L 
5L : Plastic molded SIP (Single In-line Package) 
TL 
P 
5P 
FP 
GP 
5 

: Plastic molded DIP (Dual In-line Package) 

: Plastic molded FLAT package 

: Metal-sealed ceramic 

'MITSUBISHI 
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MITSUBISHI GENERAL PURPOSE ICs 

ORDERING INFORMATION 

2. FOR SECOND SOURCE PRODUCTS 
Example: M 5 K 4116 S-2 

T T r- - r- r 

I 

~ 

PACKAGE CODE 

M : Mitsubishi integrated prefix 

Indicates appliqation and temperture range 
5 : Standard industrial/commercial 

(O-+70/75°C or -20-+S5°C) 
9 : High reliability 

Sales designatioq of original source using 1 or 2 alphabetical characters. 
C : Motorola's MC series 
G : General Instrument's seuies 
K : Mostek's MK series 
L : Intel's series 
M : Mitsubishi products 
T : Texas Instrument's 
W : Western Digital's series 

Circuit function identification code of the original source type name. 

Package style 

K : Low melting point glass sealed ceramic-type package 
P : Plastic molded package 
S : Metal sealed ceramic package 

Electrical characteristics identification code using 1 or 2 digits. 

Package style may be specified by using the following simplified alphanumeric code 

Example: 16 P 4 

1-12 

'---f--I--- Number of pins 
L--+ ___ Package structure 

K : Low melting point glass-sealed ceramic 
P : Molded plastic 

S : Metal sealed ceramic 

Package outline 
2: FLAT 
2W: FLAT wide 
4: DIP 
48 : Shrink DIP 
5: SIP 

5A: ZIP 
6 : FLAT.quip 
7 : SIP with fin 
9 : SIP with fin 

98 : Shrink SIP with fin 

• MITSUBISHI 
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MITSUBISHI GENERAL PURPOSE ICs 

QUALITY ASS!URANCE AND RELIABILITY TESTING 

1 INTRODUCTION 
IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap
pliances. 
To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus
tomers. 
Mitsubishi Electric places great emphasis on quality as a 
basic policy "Quality First", and has striven always to im
prove quality and reliability. 
Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de
livery for IC & LSI, and has supplied highly reliable pro
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi General Purpose ICs. 

2. QUALITY ASSURANCE SYSTEM 
The Quality Assurance System places emphasis on built-in 
reliability in designing and built-In quality in manufacturing. 
The System from development to delivery is summarized in 
Figure 1. 

2.1 Quality Assurance in Designing 
The following steps are applied in designing stage for new 
product. 
(1) Setting of perfomance, quality and reliability target for 

new product. 
(2) Discussion of performance and quality for circuit de

sign, device structure, process, material and package. 
(3) Verification of design by CAD system to meet standar

dized design rule. 
(4) Functional evaluation for bread-board device to confirm 

electrical performance. 
(5) Reliability evaluation for TEG (Test Element Group) 

chip to detect basic failure mode and investigate fai
lure machanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. _ 

(7) Decision of pre-production from the standpoint of per
formance, reliability, production flow/conditions, pro
duction capability, delivery and etc. 

2.2 Quality Assurance in Manufacturing 
The quality assurance in manufacturing are performed as 
follows. 
(1) Environment control such as temperature, humidity and 

dust as well as deionized water and utility gases. 
(2) Maintenance and calibration control for automatized 

manufacturing equipments, automatic testing equip
ments, and measuring instruments. 

(3) Material control such as silicon wafer, lead frame, 
packaging ma~erial, mask and chemicals. 

(4) In-process inspections in wafer-fabrication,' assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 
-Electrical characteristics and visual inspection, lot by 
lot sampling 
-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 

2.3 Reliability Test 
To verify the reliability of a product as described in the Mit
subishi Quality Assurance System, reliability tests are per
formed at three different stages of new product develop
ment, pre-production, and mass-production. 
At the development of new product the reliability test plan 
is fixed corresponding to quality and reliability target of 
each product, respectively. The test plan includes in-house 
qualification test, and TEG evaluation, if necessary. TEG 
chips are designed and prepared for new device structure, 
new process and new material. 
After the proto-type product has passed the in-house qual
ification test, the product advances to the pre-production. In 
the pre-production stage. The specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 
In the mass production, the reliability tests are performed ' 
periodically to confirm the quality of mass production pro
duct according to quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 

Table 1 TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 

Group Test Test condItIon 

1 Solderability 230'C, 5sec Rosin flux 

Soldering heat 260'C, 10sec. 

2 Thermal shock -55"C, 125"C, 15cycles 

Temperature cycling -65"C, 150"C, 100cycles 

3 Lead fatigue 250gr, 90', 2arcs 

Shock 1500G, 0.5msec. 

20G, 100-2000Hz 
4 Vibration X, Y, Z direction 

4min.lcycle, 4cycles/d"ection 

Constant acceteration 20000G, Y direction, 1 mIn 

5 
Steady-state operation T a-Toprmax, Vccmax 
life 1000hours 

6 
High temperature 

Ta=150"C,1000hours 
storage life 

High temperature and 
85"C, 85%, 1000hours 

7 high humidity 

Pressure cooker 121'C, 100%, 100hours 

• MITSUBISHI 
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QUALITY ASSURANCE AND RELIABILITY TESTING 
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FAILURE ANALYSIS REPORT GENERATION 

I 

- FLOW OF PRODUCT --.- FLOW OF INFORMATION 

Flg.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM. 
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QUALITY ASSURANCE AND RELIABILITY TESTING 

2.4 Returned Product Control 
When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of "Analysis Re
quest of Returned Product" 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure, analysis report is 

FAILURE ANALYSIS 

generated to the customer upon completion of the analysis. 
Failure analysis result enforces to take corrective action for 
the design, fabrication, assembly or testing of the product 
to improve reliability and realize lower failure rate. 
Figure 2 shows the procedure of returned product control 
from customer. 

r-~-----------------I 

I' 
I 
I 
I 

CLASSIFICATION OF 
FAILURE MODES 

ACCEPTANCE 15 
i= 
() 
l1J 

Ul 
~------""'ia: 

INTERNAL VISUAL 
INSPECTION 

CHIP ANALYSIS I 
I 
I I REJECTION 

1..~.c~PT~CE ________ _ 
-,-__ -___ -.J ____ -;o.jr CONRRMATIONOF-~ 

L _ ~I~RE C~U~ __ ...J 

,-----\INVESTIGATION OF CAUSE 

PRELIMINARY 
CORRECTIVE ACTION 

NO GO 

Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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SURVEY OF 
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3 RELIABILITY TEST RESULTS 
The reliability test results for Mitsubishl General Purpose 
ICs are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of steady-state 
operation life and high temperature storage life test for rep
resentative types of General Purpose ICs, Operational 
Amplifier, Voltage Comparator, Timer, Motor Driver, Voltage 
Regulator and Transistor Array. From Table 2, the combined 

Table 2 ENDURANCE TEST RESULTS 

failure rate of Mitsubishi General Purpose ICs is calculated 
O.045%/1000hours (60% confidence level) at maximum rat
ing of operating condition. 
Table 3 shows the result of environment test of temperature 
cycling, high temperature/high humidity and pressure cook
er test for the same type of products as of endurance tests. 
Table 4 shows the results of mechanical tests for repre
sentative products of various package types. 

~ 
Test Steady-State Operation Life High Temperature Storage Life 

Test Condition 

Type Number 

M5216P 
M5216L 
M5218P 
M5218L 
M5223P 
M5223L 
M5224P 
M5228P 
M5209P 
M5209L 
M5210P 

Operational 
M5210L 

Amplifier 
M5219P 
M5219L 
M5220P 
M5220L 
M5221P 
M5221L 
M5238P 
M5238L 
M5240P 
M5201P 
M5201L 
M51802P 
M51802L 

M5233P 

Voltage 
M5233L 

Comparator 
M5234P 
M51204TL 
M51209P 

Timer 
M5184BP 
M51848L 

Motor M51970L 
Driver M54543L 

M5230L 
Voltage M5231TL 

Regulator M5236L 
M5278L 

Transistor M54519P 
Array M54523P 

LED Level M51903L 
Indicator M51906P 

Voltage M5222P 
Control M5222L 

Amplifier M5241L 
XOltage M5232L 

1-16 

T a=T cormax. VccliVccmax 
Number of Samples 

22 
22 
66 
66 
44 
44 
22 
44 
22 
22 
44 
22 
44 
44 
22 
22 
22 
22 
22 
22 
22 
22 
22 
48 
48 

44 
44 
22 
66 
22 
70 
70 

22 
44 

66 
40 
44 
44 

40 
44 

22 
22 

22 
22 
22 

22 

Device Hours Number of Failures 

22, 000 a 
22, 000 a 
66, 000 0 
66, 000 a 
44, 000 a 
44, 000 a 
22, 000 a 
44, 000 0 
22, 000 a 
22, 000 a 
44, 000 a 
22, 000 a 
44, 000 a 
44, 000 a 
22, 000 a 
22, 000 a 
22, 000 a 
22, 000 a 
22,000 0 
22, 000 a 
22, 000 a 
22,000 a 
22, 000 a 
48, 000 a 
48, 000 a 
44, 000 a 
44, 000 a 
22, 000 a 

132, 000 a 
22, 000 a 

158, 000 a 
158, 000 a 
22, 000 a 
8B, 000 .0 

66, 000 0, 
40, 000 a 
44, 000 0 
44, 000 a 
40, 000 a 
BB, 000 a 
22, 000 a 
22,000 a 
22, 000 a 
22,000 a 
22, 000 a 
22, 000 a 

• MITSUBISHI 
.... ELECTRIC 

Ta=lS0"C 

Number of Samples Device Hours Number of Failures 

22 22, 000 a 
22 22, 000 a 
44 44, 000 a 
44 44, 000 a 
22 22,000 a 
22 22, 000 a 
22 44, 000 a 
22 44, 000 a 
22 22, 000 a 
22 22,000 a 
22 22, 000 a 
22 22, 000 0 
44 44, 000 a 
22 22,000 a 
22 22,000 a 
22 22,000 a 
22 22,000 a 
22 22,000 a 
22 22, 000 0 
22 22,000 a 
22 22,000 a 
22 22, 000 a 
22 22,000 a 
50 50,000 a 
50 50,000 a 
44 44, 000 a 
22 22, 000 O' 

22 22,000 - a 
50 50, 000 a 
22 22, 000 a 
22 22, 000 a 
22 22, 000 a 
22 22, 000 0 
22 44,000 a 
44 44, 000 a 
22 22, 000 0 
22 22, 000 a 
44 44, 000 0 

44 44, 000 a 
22 44, 000 a 
22 22, 000 a 
22 22, 000 a 
22 22, 000 a 
22 22, 000 a 
22 22, 000 a 
22 22, 000 a 
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Table 3 ENVIRONMENTAL TEST RESULTS 

~ Test 
C<lndltlon 

Type 
Application Number 

M5216P 
M5216L 
M5218P 
M5218L 
M5223P 
M5223L 
M5224P 
M5228P 
M5209P 
M5209L 
M5210P 

Operational 
M5210L 
M5219P 

Amplifier 
M5219L 
M5220P 
M5220L 
M5221P 
M5221L 
M5238P 
M5238L 
M5240P 
M5201P 
M5201L 
M51802P 
M51802L 

M5233P 

Voltage 
M5233L 
M5234P 

Comparator 
M51204TL 
M51209P 

Timer 
M51848P 
M51848L 

Motor M51970L 
Driver M54543L 

M5230L 
Voltage M5231TL 

Regulator M5236L 
M5278L 

Transistor M54519P 
Array M54523P 

LED Level M51903L 
Indicator M51906P 

Voltage M5222P 
Control M5222L 

Amplifier M5241 L 

~~I::~t~1 M5232L 

Soldering Heat 
Thermal Shock High Temperature/High Humidity 
Temperature CYC;ting 

260·C, 10sec 
-55"(;, 125·C, 15cycles 85·C, 85% 
-65·C, 150"(;, l00cycles 

Number of Samples Number of Failures Number of Samples 

22 0 22 
22 0 22 
44 0 66 
44 0 44 
22 0 22 
22 0 22 
22 0 22 
22 0 22 
22 0 22 
22 0 22 
22 0 22 
22 0 22 
22 0 44 
22 0 22 
22 0 22 
22 0 22 
22 a 22 
22 a 22 
22 a 22 
22 0 22 
22 0 22 
22 a 22 
22 0 22 
22 0 44 
22 0 44 

44 0 44 
22 0 22 
22 0 22 
22 0 44 
22 0 22 

22 0 44 
22 0 44 

22 0 22 
22 0 44 

44 0 44 
22 0 40 
22 0 22 
22 0 44 

22 0 22 
22 0 44 

22 0 22 
22 0 22 

22 0 22 
22 0 22 
22 0 22 

22 0 44 

• MITSUBISHI 
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1000hours 

Number of Failures 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
a 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 
0 
0 

0 
0 

0 
0 

0 
0 
0 

0 

Pressure Cooker 

121·C,100%RH 240hours 

Number of Samples Number of Failures 

22 0 
22 0 
44 0 

·44 0 
22 0 
22 0 
22 0 
22 0 
22 0 
22 0 
22 a 
22 0 
22 0 
22 0 
22 0 
22 a 
22 0 
22 0 
22 0 
22 0 
22 0 
22 a 
22 0 
22 a 
22 0 

22 0 
22 0 
22 0 
22 0 
22 0 

22 0 
22 0 

22 0 
22 0 

22 0 
22 0 
22 0 
22 0 

22 0 
22 0 

22 0 
22 0 

22 0 
22 0 
22 0 

22 0 
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Table 4 MECHANICAL TEST RESULTS 

Solderability 

Test 

Package 
Condition See Table 1 ~ Pin Count Type Number ~ Number of Samples Number of Failures 

5P5 M51204TL 22 a 
8P4 

M5218P 44 a 
M51802P 22 a 

8P5 
M5218L 44 a 
M51848L 22 a 

9P9 M54543L 22 a 
10P5 M5241 L 22 0 

14P4 
M5224P 44 0 
M51906P 22 0 

16P4 
M5240P 44 a 
M54519P 22 a 

TO-92L M5278L 44 a 

4 FAILURE ANALYSIS 
Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha
nical stress and those combined stresses on' chips and 
packages. 

Examples of typical failure modes are shown below. 
(1) Wire Bonding Failure by Thermal Stress 

Figure 3, Figure 4 and Figure 5 are example of a failure 
occurred by temperature storage test of 225'C , 
1000hours. 

FigA 
Au-AI plague formation 
on bonding pad 

Fig.5 

Fig.3 
Micrograph of 
lifted Au ball trace 
on AI bonding pad 

Lifted Au wire ball base 

Shock 
Lead Fatigue Vibration 

Constant Acceleration 

See Table 1 See Table 1 

Number of Samples Number of Failures Number of Samples Number of Failures 

15 a 22 a 
15 0 a a 
15 0 22 

15 a 0 
0 

15 a 22 

15 0 22 0 

15 a 0 

15 a 0 
0 

15 0 22 

15 0 0 
0 

15 0 22 

15 a 22 0 

Au-AI intermetallic formation so-called "Purple plague" 
by thermal overstress makes Au wire lift off from alumi
num metallization. The activation energy of this failure 

mode is estimated approximately 1.0eV and no failure 
has been observed so far in practical uses. 

(2) Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 
Figure 6, Figure 7 and Figure 8 are an example of cor

roded failure of aluminum metallization of plastic en
capsulated IC after accelerated temperature/humidity 
storage test (pressure cooker test) of 121'C, 100%RH, 
1000hours duration. 
Aluminum bonding pad is dissolved by penetrated wa
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Figure 8. 

Fig.6 
Micrograph of corroded 
Aluminum metallization 
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Flg.7 
Enlarged 
micrograph 
of corroded 
Aluminum 
bonding pad 

Flg.8 
CI 
distribution 
on corroded 
Aluminum 
bonding pad 

(3) Destructive Failure by Electrical Overstress 
Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure 9 and Figure 10 are an example of failure 
observed by surge voltage test. The trace of destruc
tion is verified as the aluminum bridge by X ray micro 
analysis. 

.,flg.9 
Micrograph of surge 
voltage destruction 

Flg.10 
Aluminum trace 
of destructive spot 

(4) Aluminum Electromigration 
Figure 11 shows an open circuit of aluminum metalliza
tion in high current density region caused by acceler
ated operation life test. This failure is due to aluminum 
electromigration. Voids and hillock have been formed 
in aluminum metallization by high current density op
eration. 

5 SUMMARY 

Flg.11 
Voids and 
hillocks 
formation 
by Aluminum 
electromlgratlon 

The Mitsubishi quality assurance system and examples of 

reliability control have been discussed. Customer's interest 
and requirement for high reliable IC & LSI are increasing 
significantly. To satisfy customer's expectancy. Mitsubishi 
as an IC vendor, would like to make perpetual efforts in the 
following areas. 
(1) EmphaSis on built-in reliability at design stage and re

liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action, and quick response to customer's analysis re
quest. 

(4) Collection of customer's quality data in qualification, in
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreCiate if the customer would 
provide quality and reliability data of incoming inspection or 
field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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TYPE 3P5 3-PIN MOLDED PLASTIC SIP 

4.3MAX 

x 
q; 
:::; 
'" ,,; 

z ;0.45 
~ ... f--0 
.,; 

t-( ~ I ] m 
1.2 51--- 1.25 

'~1f=i ~! G:: ~ 

TYPE SOT·89L 3-PIN TRANSISTOR 
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PACKAGE OUTLINES 

Dimension in mm 

Dimension in mm 

1.5±0.1 ' 



TYPE TO·92L 3-PIN TRANSISTOR 

z 
~ 
'" en 

! 

o~ t-, 

~I 
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II~ 
, , I 

1.21 1.21 

MITSUBISHI GENERAL -PURPOSE ICs 

PACKAGE OUTLINES 

Dimension In mm 

J 

TYPE 5P5 5·PIN MOLDED PLASTIC SIP Dimension In mm 

111 +0.5 
. -0.2 

1.6±02 

N~~ 
~ 110 

J l j L J 

CDu 

2.S4±0.2S 

'Oi ' 
( '_nJ 

, " ' I Ii i 

"'N od x 
+1 <t 

... ::; 
ID 
ui 

l '~ 
0::; 

Z 

~ 
en 
N 

@ ,-
0.S±0.1 

1.2 !g:~ 

"" ' 

• MITSUBISHI 
.... ELECTRIC 

1. 91 ±0.2 

~ 

021+ 0.1 
. -0.05 0.7±0.1 
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TYPE 8P2S 8-PIN MOLDED PLASTIC MINI FLAT 

0.4±0.1 

0.395 

5±0.3 

1.27 

1.27X3=3.81 

0.395 

0> 

d 

TYPE BP4 8-PIN MOLDED PLASTIC DIP 

0.5±0.1 

1.5~n 

2. 54± O. 25 

1 +0.3 
-0.1 

4.5MAX 

3MIN 

MITSUBISHI GENERAL PURPOSE les 

PACKAGE OUTLINES 

Dimension in mm 

0.2 

7 62+ 0 3 -

I .. ---" \ 
\ J 

0.27:::tg~ 

7.6 -10 

1-22 '" MITSUBISHI 
.... E ... ECTRIC· 



TYPE 8P5 8-PIN MOLDED PLASTIC SIP 

. TYPE 9P9 9-PIN MOLDED PLASTIC SIP 

2.S4±O.2S 

""" 00 
+~i:::t::=:;\-........:..:~ +1 

® 

O.S±O.l 

1.4±O.l 

~ 
~ 

z 
::; 
o 

'" 
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MITSUBISHI GENERAL PURPOSE ICs 

PACKAGE OUTLINES 

Dimension In mm 

2.8 ±O 2 

tj 

........ -

1.2 ±O.l 

Dimension In mm 

-
O.S±O.l O.8±O.l 

3.S±O.l 
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TYPE 10P2 10-PIN MOLDED PLASTIC FLAT 
@ ® 

0 

I I 

cD @ 

3 
1 1.27±0.2 0.45~g: .11 .. 

'" 
N 

6.1~g:~ d d 

+1 +1 
It> 

~ '": o _ 

TYPE 10P2-C 10-PIN MOLDED PLASTIC FLAT 

o 
cD 

1.27±0.l,i i. 
.@ 

.11. 0.45 ± O. 1 

MITSUBISHI GENERAL PURPOSE les 

PACKAGE OUTLINES 

0.15±0.07 

Dimension In mm 

53+03 -

It> 
0 
0 
-H 
It> -

f= + 

l~ 0.5 ±0.2 
It> 
0 
d 

8.12±0.3 
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PACKAGE OUTLINES 

TYPE 10P5 10-PIN MOLDED PLASTIC SIP Dimension In mm 

2.8 ±O.2 

I' [J 

o o 

05 ±O.l @ O.27:::~:g~ CD 
2.54 ±O.25 

1.2:+:n 1.2±O.1 

t t ___ : :---: , 

TYPE 12P5 12-PIN MOLDED PLASTIC SIP Dimension In mm 

30. 312:~: ~ 

o 

2.54 ±0.25 

( 

O. 5±0. 1 

1 2+0.3 
. -0.1 

o 
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dd 
+1 
'" 00 

O 25+0.1 
. -0.05 

1.2±0.1 
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TYPE 12P9 12·PIN MOLDED PLASTIC SIP 

23 

~6 

XCl ll\--_--{\~ I11t\ '\ .., t 
~cY \l ~ 1-:1 

) I II 

CD 
2.54±O.2S 

, ' 

·1 II 

"'''' o ~,} 
II :1'-

TYPE 12P9B 12·PIN MOLDED PLASTIC SIP 

\'--__ \~\ ===~/ __ --,J 
-

16+0.1 I 

PACKAGE OUTLINES 

'" o 
+1 
". 

0.6±0.l O.S±O.l 

3.S±O.2 

Dimension in mm 

2- ~l. 7±0. 1 
~3.4±0. 1 

'\ _ t2: 6±0,/ 

IrX 1\ 
\.. ~ 

-d 
+1 
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d 

L--

! 
CD 

1.7S±O.25 
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TYPE 14P2 14-PIN MOLDED PLASTIC FLAT 

G @ 

0 
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-
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9.4±0.2 +1 +1 
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d 

TYPE 14P2-C 14-PIN MOLDED PLASTIC FLAT 

o 
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PACKAGE OUTLINES 
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+1 

In 

d 
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TYPE 14P2S 14-PIN MOLDED PLASTIC MINI FLAT 

8.8±0.3 

0.4±0.1 
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CD 
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TYPE 14P5A 14-PIN MOLDED PLASTIC ZIP 

1 ' 

1.27±0.25 

19 +0.5 
;- 0.2 

TYPE 16P2-B 16PIN MOLDED PLASTIC FLAT 
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PACKAGE OUTLINES 

Dimension In mm 
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TYPE 18P4 18-PIN MOLDED PLASTIC DIP 

O.S±O.l 

2.S4±0.2S 

TYPE 2OP4 20-PIN MOLDED PLASTIC DIP 

o S±O.l 
2.S4±0 2S 
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TYPE 22P4 22-PIN MOLDED PLASTIC DIP Dimension In mm 

I~ 
28:+:U 

;1 

~ ~: : : : : .: : ~ ]1 
CD <OJ 

1O.16tO.3 

li-- Sf]: [ . , } , , 

~:~!HIH H R H ~ H H 5.5MAX l ' I J 

• U V U V V n_ '.'M" '.'M" 

. , 

O. 27:+:~: ~~ 

2.54 + 0.25 0.5tO.l 10 -14 

1.2:+:~:~ 

TYPE 24P2T-C 24-PIN MOLDED PLASTIC FLAT DimenSion In mm 

o 

CD--t---t--O_. B TYP b. 1@ 

9. 4±0. 2 

1-32 

~11 0 
~t=dtb h, 

0~5±0'2 E-;r 

• MITSUBISHI 
..... ELECTRIC 

B.12±O.3 
-----~ 



TYPE 24P2W 24-PIN MOLDED PLASTIC FLAT 
@ 

o 
o 

CD 
1. 27±O. 2 

-

'" o 
+1 .. 
cO 

-o 
+1 
'" 

MITSUBISHI GENERAL PUKPU:t1:. .\,;s 

PACKAGE OUTLINES 

Dimension in mm 

o 
.:l:9:: 

O.S±O.2 ~~ ~~ 
dd 
+1 15±O.2 +1 

~---~~----~ ~ 
o 

::;0 

.... 
~ __ ..:...:.11.:.;;;93:..=±:.;;;O.;.;;..3 __ ~ 0 

TYPE 28P48 28-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm} Dimension in mm 

I~ 28:!:~J ~ 

[~::::::::~]] 
CD @ 

~~ 
• 5.SMAX 

••• " "M" 
O.5±O.1 

1. 778±O. 25 1 :!:~:~ 
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C10. 16 ±O.3-

f\' • 

1-33 



MITSUBISHI GENERAL PURPOSE ICs 

PACKAGE OUTLINES 

TYPE 30P4B 30-PIN MOLDED PLASTIC DIP(SHRINK) 

tD ~. I! A R-ApIl '.'M" 

V U V V v~ij'+~l~2'8MIN fl U U 1+ 0 . 3 
1. 778±0.25~ 1 -0.1 

TYPE 32P4B 32-PIN MOLDED PLASTIC DIP (SHRINK) 

1-34 

28+ 0 . 5 

I~ -0.2 ~I 

~:~::::::::::~JJ1 
--I 

tl II~ 

u u U U 
1. 778 ±0.25 

--

R 
u IU 
0.5±0.1 

ITl5.5MAX 

~2.8MIN 
0.5MI 

1 +0.3 
-0.1 

• MITSUBISHI 
;"ELECTRIC 

Dimension In mm 

I~ ":::;' ~I 
[\. ! \ J 

o 27::t:~:~~ 

I" 10-14 J 

Dimension In mm 

I 10.16±0.3 

,e ~ I 
I \ -- I \ i 
\ ;.. I 
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MITSUBISHI GENERAL PURPOSE ICs 

PACKAGE OUTLINES 

TYPE 32P4B-A 32-PIN PLASTIC DIP(SHRINK) Dimension in mm 

-
d 
+1 
t8 
.,; 

o 
z 
~ 

---: 

fi 0 

1.78±0.2S 

D M MM 
H HH 

---.... ij V 

._-_ .. z 
~ 
'" d 

O.S±O.1 

,+0. 3 
-0.1 

>< 
<t 
::!! 
'" .,; 

CX)~ 
N::!!y 

10. 16±0. 3 

/ :'---"; \ 

i\ J i 

10-14 

TYPE 36P2R-A 32-PIN MOLDED PLASTIC FLAT Dimension -in mm 

o 

15±O.2 
-d 
+1 
~ 
d 

N 

d 
+1 .... 
to 

-
d 
+1 
N . 1 0:+t=:3~~==f:::::-;-;;-;;;-_...J 

10 MIN O. 05 

11. 93±O. 3 
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MITSUBISHI GENERAL PURPOSE ICs 

PACKAGE OUTLINES 

TYPE 60P6-B 60-PIN MOLDED PLASTIC FLAT DImension In mm 

@ 

o 

~ o O~ 

-.,; 
+1 
co 
.,; 

® @ 

CD ~ @ "' o 
.,; 
+1 

~ .=:!lciiMUUUUUUUUWU) ~ ~ 

N ~ ., 19.8+0.3 ... 19.8±0.3 
o . 
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QUICK REFERENCE TABLE OF OPERATIONAL AMPLIFIERS 

§ 
15 
.~ 
c. 
c. « 

Type No 

M51802 

M5216 

CirCUIt Function 

Single With offset 
adlusting pin 

Features 

• No latch-up 
• Built-In protection circuit 

against output short CirCUit 
• Easy offset adjustment 

Maximum Ratings 

Operalmg supply 
voltage range 

Vee 
(V) 

±2-±18 

Load 
current 

IL 
(mA) 

Allowable power 
dlSSlpallon 

Pd 
(mW) 

360(L) 
625(P) 

Electrical Characteristics (TYPical characteristics) 

errcUlI IlnpUlOHsel 
currenl vollage 
Icc VIO 

(mA) (mV) 

1.7 

Inpul bias 
current 

IB 
(nA) 

150 

Slew I Gam bandwidth I Input-referred 
rale 
SR 

(vips) 

0.3 

producl 
fT 

(MHz) 

0.7 

nOise voltage 
VNI 

( ,uVrms) 

Dual large-current (l)(P)(FP) 1. 8 ) 

(Headphone • High-speed - - - 800/625/440 Flat 

Package 
Outline 

L: a-pin P. a-pm 
SIP DIP "'. L' 8cpm SIP 

Inter· 
hangeabl, 
producls 

741 

4556 • large-current, high output +2-+18 +100 4.5 0.5 180 3.0 10 (Rs=lkQ ,. 

'" amplifier) 

~ 2.0 4557 e- M5218/ Dual low-noise • Large-current ±2-±18 ±50 800/625/440 3.0 0.5 100 2.2 7 (Rs=l kQ) P: 8-pm DIP 4558 
~ M5R4558P general-purpose • High-speed Flat ~ 4559 

~ . I~.B 
~ M5223/ Dual single power • Both input and output pins 3-36 ±50 800/625/440 0.7 2.0 30 0.6 1 - FP' 8-pm 2904 
'" M5N358P supply can be operated from OV mini FLAT 

. rnp ~4 
(!J (GND) P.14 p.'n 

M5224/ Quad Single power • High voltage .. 3-36 ±50 700/550 1.2 2.0 30 0.6 1 - 2902 
M5N324P supply • Low power dissipation . 

I 2 0 FP' 14-pln 4136 
• FLAT . ~ 228 Quad low-noise • Large-currnet ±2-±18 ±50 700/550 6.0 0.5 100 2.2 7 (Rs=lkQ) ~ 6554 

5 general-purpose • High-speed Flat ...... 4741 

* M5209 
Dual high Withstand 
voltage 

• High Withstand voltage Vcc=±25V 
• Low-noise. high-speed 

±2-±25 I ±50 I 800/625/440 3.5 
1.2 

0.5 300 6.5 20 (~?:2.2kQ ) 

1.0 '" * Dual high SIN • High wlthstangd voltage Vcc=±25V ±2-±25 ±50 800/625/440 4.0 0.5 700 6.5 20 (Rr2. 2kQ ) 6 M5210 (microphone amplifier) • Low noise, high-speed Fat 

L' 8-pm SIP ,. 
P: 8-pin DIP 

~ f 0.9 J ~ /. Low noise, high-speed +2-±25 ±50 800/625/440 3.5 0.5 300 6.5 20 (Rg=2. 2kQ ) 
-' M5219 Dual 77dB S N • High wrthstand voltage Vcc=±25V - R1AA 'j FP' 8-pin 

7r::.. mini FLAT 0 .. _ 

( Rg=2.2kQ) 
RIAA I 

• Low noise, high speed 
• High withstand voltage Vcc=±25V • ±2-±25 I ±50 I 800/625/440 4. a 0.5 6.5 20 Dual 83dB SiN 700 M5220 

4562 

2043 

4562 

2043 

M5221/ • High input impedance. 2. 2 ~'I:-Pln ~ ~72 
M5T082P Dual general-purpose (l.oOOMO) ±5-±18 ±50 800/625/440 3.0 5.0 30PA 13 3 (Rs=100kQ) ~-, 082 

• High-speed Flat P: 8-pln ~ 

Iii * • Low noise, high-speed 1.6 i ~: 8-pm l"i~il 
':- M5238 Dual 73dB SIN • High input impedance ±5-±18 ±50 800/625/440 4.5 5. a 30PA 20 6 (Rg=2.2kQ) I mini ~ 
cii (1000MO) RIAA FLAT~' 

>< 

* M5240P 

~I* ~ M5201 
o 
(,,) 

*: New product 

Dual 82dB SIN 

Dual input switching 
( general-purpose 
switching operational 
amplifier) 

• Low nOise, high-speed 
• External phase compensatton pin 

• Operational amplifier equiva
lent to the M5218 is bUilt-in 

• Gain can be set Independently 
• Small sWitching shock nOise 

±5-±18 I ±50 I 1000 

±2.5 
~±18 

±50 I 800/625/440 

10 

2.3 

10.0 200PA 40 18 

0.5 100 2.2 7 

0.9 16-Pin~11 I 
(~~~i2kQ) DIP ~illl 

2.0 

( Rs=lkO) 
Flat 

L:8-pm~ 
SIP ~. 
P'8-pm • 
DIP , 
FP: 8-pm 
mini ~ 
FLAT ~"I 

-Z ., 
III 
>< 
tv 
-< 
'"II c: 
Z 

~ -o 
Z 
o 
'"II 

o! 
;a:."fIt 
~lIIi 
,,::aiii 
.-)l! 
--I~ '"11--_o~ 
IIIZ;a.. 
::a;a:.~ 
tn.-rl 
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INTERCHANGEABLE PRODUCTS OF OPERATIONAL AMPLIFIERS 
'C: Mitsubishi Interchangeable products of other manufacturers -0 0.._ 

~~ CircUit function Type No. JRC NEC Matsushita Toshiba 

M5216L NJM4556S(9L) 

Dual large-current 
operational ampli-

M5216P NJM4556D "PC4556C 

fier 

* M5216FP NJM4556M "PC4556G 

NJ M4558S( 9L) AN6551(9L) TA75557S(9L) 
M5218L 

NJM4559S(9L) AN6555(9L) 
TA7~558S(9L) 
TA75559S(9L) 

Dual general-pur- M5218P NJM4558D "PC4557C AN4558 TA75557P 
pPC4558C AN6552 TA75558P 

pose low-noise M5R4558P NJM4559D pPC4559C AN6553,6556 TA75559P 
operational ampll-

* NJM4558M AN4558S - TA75558F 
lIer M5218FP "PC4558G AN6553S 

NJM4559M AN6556S TA75559F 

~ M5219L 
NJM4562S(9L) 

I' PC1224(8L) 

a. Dual low-noise NJM4560S(9L) 

E operatIonal amp li- NJM4562D 
'" M5219P 
0; fier NJM4560D 
c: 
0 
-§ M5220L 

NJM2041 S(9L) 
AN6557(9L) 

iii Dual low-nOise NJM2043S(9L) 
0. 
0 operatIonal ampll- NJM2041D 

fler M5220P 
NJM2043D 

AN6558 

M5221L 
NJM072S(9L) 

AN6581 
NJM082S(9L) 

Dual J-FET mput M5221P NJM072D "PC803C 
AN1082 

operatIonal ampll- M5T082P NJM082D "PC4082C 
fler 

* NJM072M 
M5221FP 

NJM082M 
"PC4082G AN1082S 

M5223L NJM2904S(9L) AN6561 (9L) 

Dual Single power M5223P 
NJM2904D 

"PC358C AN1358 
TA75358P 

supply operatIonal M5N358P "PC1251 C AN6562 

amplifIer 

* M5223FP NJM2904M "PC358G AN1358S TA75358F 

- - -

L. SIP (8-pin), P: DIP(8-pin), (9L): SIP(9-pin), FP' mIni FLAT (8-, 14-pin) 

*: New product 

HItachI Tokyo Sanyo ROHm TI 

LA6458S(9L) BA715(9L) 

TL4558P 
(HA17458) LA6458D BA4558 RM4558 

RC4558 

LA6458M BA4558F 

HA17082 BA082 
TL072 
TL082 

LA6358S(9L) BA718(9L) 

HA17904PS LA6358 
BA728 

LM358P 
BA10358 

BA728F 
BA10358F 

- - ----

-NSS FC MOTa Z .... 
I'll ::a, 
n :z: 
:. 
z 
G) 

"A4558 (MC1458) 
"A4558TC 

I'll :. 
III .-
I'll 

" ::a 
LM833 0 

c:J c n 
LM833 .... en 

0 
LF353 "':1 

0=4 

LM358 
LM358 

MLM358 
LM2904 

:."! 
3:1'II! ::aUt 
,,~! 
'--11: --Z "'0.., -Z)l I'll ::a ::a:.(; en.-. 
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INTERCHANGEABLE PRODUCTS OF OPERATIONAL AMPLIFIERS (CONTINUED) 

=8 0.._ Mitsubishi Interchangeable products of other manufacturers 

~~ Circuit function Type No. JRC NEC MatsushHa Toshiba 

Quad Single 
M5224P 

NJM2902D 
pPC324 AN1324 TA75902P 

power supply 
M5N324P pPC451C AN6564 TA75324P 

operational 
amplifier M5224FP NJM2902M pPC324G AN1324NS TA75902F 

Quad M5228P 
NJM2058 

pPC4741 AN6554 
NJM2059 

~ 
general-purpose 
low-noise NJM2058M 

Ci. operational M5228FP 
NJM2059M 

pPC4741G AN6554NS 

E amolifier 

'" * a; Dual J-FET Input, M5238L c: 
0 low-noise / 

~ operational * Q) amplifiers M5238P 0. 
0 

Dual J-FET input, High SIN 
M5240P 

operabonal amplifier 

* Dual input sWltchmg M5201L 

general-purpose 

* operational amplifier M5201P 

L: SIP (8-pin), P: DIP (8-pin), (9U: SIP (9-pin), FP: mini FLAT (8-, 14-pins) 

*: New product 

HitachI Tokyo Sanyo ROHm TI 

HAl7902PS LA6324 BA10324 
LM2902 
LM324N 

LA6324M BA10324F 

BA14741 RC4136 

NSS FC MOTO 

LM324 pA324 
MLM2902 i LM2902 pA2902 

I 

pA4136 

-Z ... 
1'1 
::III 
n 
:c 
~ z 
G) 
1'1 
~ 
II 
r-
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::a 
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MIT5UBI5HI LIN~"IC ."'. 

HOW TO CHOOSE OPERATIONAL AMPLIFIERS 

How to choose operational amplifiers 
Choose operational amplifiers according to the following 
categories of usage. 
• By basic circuit configuration of operational amplifiers 

(1) Dual power supply operational amplifiers 
M5218/M5R4558P, M5219, M5220 ... 

(2) Single power supply operational amplifier 
M5223/M5N358P, M5224P/M5N324P 

• By functional type of operational amplifiers 
(1) High voltage operational amplifiers 

M5209, M5219, M5210, M5220 (Vce=~±25V) 
(2) Low-noise operational amplifiers 

M5219, M5220, M5240 (S/N=77~83dB) 
(3) High-speed operational amplifiers 

M5209, M5210, M5219, M5220, 
M5221/M5T082P, M5238 
(SR=6.5~13V/ ps) 

(4) Large-current operational amplifiers 
M5216 (I LP=±100mA) 

(5) High input impedance operational amplifiers 
M5221/M5T082P, M5238 

(Bi-FET operational amplifier Ri=,1 OOOM {} ) 
Method of choosing operational amplifiers according 

to the features of each type shown above is explained in 
the following. 

1. Dual power supply and single power supply 
operational amplifiers 

A dual power supply operational amplifier is one of the 
most popular operational amplifiers, represented by old 
types 709 or 741 or the more recent type 4558 
(Mitsubishi's M5218/M5R4558P) and is usually used at 
a supply voltage of Vce ± 15V. As shown in Fig. 1, tow 
power supplies of positive and negative voltages are 
applied to GND, and the device is used mainly at near 
GND level. In this case, Vx and Vy are residual voltage, 
generated inside an operational amplifier. Fig. 2 shows 
the relationship between the input and output of ampli
fiers, and voltage gain Av, i.e., ratio of output Vo against 
input Vi, is determined by ratio of externally connected 
resistors R2/Rl. On the other hand a single power supp
ly operational amplifier is used by applying a single 
power supply and amplification operation for GND level 
input is made pos:;ible. As shown in Fig. 3, the signal 
can be activated up to GND level. 

Residual voltage Vx of +Vee is generated as in dual 
power supply type operational amplifiers. Fig. 4 shows 
the input and output characteristics. (Refer to operation
al logic in the indevidual data of M5223/M5N358P, 
M5224/M5N324P for details.) 

Care must be taken with a single power supply oper
ational amplifier that only a single power supply is ap
plied. The'output DC bias level is not determined auto
matically and an operational amplifier is activated only 
to GND level. It operates in the same way as a dual 
power supply operational amplifier operates within the 

activated range. To sum up, basic DC output levels for 
both types of amplifiers must be determined by the vol
tage of non-inverted input (+ input). In other words, a 
single power supply operational amplifier can be used 
with level-shifted voltages just as a dual operational 
amplifier used GND level as its basic DC level. 

Fig. 1 

~----+----_+VI -VI 

Fig. 2 

~ ------f--~ 
a: I --- ------- ~NO 

Fig. 3 

~operatlon up to Vj=GND 
level possible 

I~ 

I ' 
\'-/) VI 

Fig. 4 

• MITSUBISHI 
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MITSUBISHI· LINEAR IC. 

HOW TO CHOOSE OPERATIONAL AMPLIFIERS 

2. High voltage operational amplifiers 
Ordinary amplifiers accept maximum supply voltage of 
Vcc+18V and are usually used at Vcc±15V, but, Vcc± 
20V or above is used for audio amplifiers for a wider 
dynamic range. Mitsubishi has a variety of products for 
the M52XXseries of operational amplifiers such as the 
M5209, M5210, M5220, which garantee maximum supply 
voltage of Vcc±25V suitable for audio preamplifiers. 

3. Low-noise operational amplifiers 
To satisfy low-noise specifications required in audio 
equipment, the M52XX series includes the M5209, 
M5210, M5219 and M5220. The M5209 and M5210 are 
suitable for high SiN microphone or line amplifiers. The 
M5219 and M5220 have suppressed 1/f noise, 
pulse-related noise and low-wave noise and are suit
able for EO amplifiers of stereo equipment and tape 
decks. The M5238, M5240 are low-noise Bi-FET oper
ational amplifiers. 

4. High-speed operational amplifiers 
The M52XX series includes the M5209, M5210, M5219 
and M5220, which have characteristics of high-speed as 
well as high-voltage and low-noise, and SR = 6.5V / f1. s 
typo The SR stands for slew rate and is a parameter to 
indicate high speed in an amplifier and is related to 
high frequency distortion such as 20kHz in processing 
fast-rising signals and in audio circuits. 

Gain bandwidth product fr is also a high-frequency 
parameter of an operational amplifier as well as slew 
rate SA. This parameter indicates the limit of amplifica
tion capacity of an operational amplifier in small signal 
and indicates the frequency at which voltage gain is 1 
(Gv = 0). It is an important parameter fpr determining 
the gain and frequency characteristics of an operational 
amplifier. For example, when an amplifier of Gv=40dB 
is designed, the M5209 of h = 20MHz becomes an 
amplifier with a bandwidth of 200kHz and the 
M5218/M5R4558P becomes an amplifier with a band
width of 70kHz. Choose the most suitable operational 
amplifier according to usage. 

~ Gvo 

> 
C!l 

z 
:( 
C!l 
w 
C!l 

~ 
o 
> 

M5219 
M5220 

OdBL-________ ~~~~~~ 
FREQUENCY f (Hz)1 'I 

200kHz 

70kHz 

Fig. 5 

5. Large-current operational amplifier 
The M5216 is a large-current operational amplifier with 
load current ILP = ± 100mA and is suitable for applica
tions that require lar.ge-current, for example, for head
phone drive, relay circuit or LED. 

6. High input impedance operational amplifier 
The M5221/M5T082P, M5238 Bi-FET operational ampli
fiers are high input impedance operational amplifiers, 
and have characteristic of input impedance Ri = 1000 
M Q typo The device is suitable for application that is re
lated to high input impedance, such as sample-hold cir-
cuit or various types of filters. . 

2-6 
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MITSUBISHI LINEAR ICs 

TEST METHOD OF OPERATIONAL AMPLIFIERS 

• Test method of operational amplifiers 

(1) Circuit current Icc 

* If output pin current is maintained at 0 and in quies
cent state, the circuit needs not be a voltage follower 
as shown above. 

(2) Input offset voltage VIO• supply voltage rejection 
ratio SVRR 

lMO 

10k 

VOI -V02 
• SVRR= 100X5 

*SVRR 

vo 

(VOl: Vcc±17.5V) 

V02: Vcc±12.5V 

Measure change of offset VIO when Vcc =±12.5 and 
±17.5 (where Rs=10kQ). 

(3) Input bias current lB. input offset current 110 

+Vcc 

-vo 

* Is: Base current of first stage L-PNP 
+ +Vo 

• 18= 1MQ 
_ -Va 

• 18= 1MQ 

• 110= I +Is- -Is I 

(4) Common phse input voltage width VCM• common 
phase signal rejection ratio CMR 

lOMO 

• VCM DC input voltage when output Vo becomes 
+ 10V or - 10V by applying DC input vol
tage to VIN . 

• CMR Measure Vo by applying AC input signal 
OdBm to VIN . 

~ CMR=2010g ~ 

1000 

(5) Voltage gain 

Rs 
1000 

Rf lOOk 

• Gvo=20 log AVd 
Rs+Rt X VII -VI2 Ad---

v Rs Vo1-Voi 

=103 X 20 
VOI -V02 

2X104 

VOI -V02 
Example VOI-V02=0.2V-+1 OOdB 

* Measure DC voltage gain by using NULL amplifier. 
DUT output is maintained at ± 1 OV by varying (-) in
put of NULL amplifier between +1OV and -10V, and 
output Vo is the DUT input voltage, multiplied by Rs+ 
RI/Rs times. 

• MITSUBISHI 
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MITSUBISHI LINEAR Ie. 

TEST METHOD OF OPERATIONAL AMPLIFIERS 

(6) Maximum output voltage VOM 

>-....... ---<l vo 

RL 
2kO 

* OUT is used in open status without feedback and out
put Vo is measured by applying +1V to an input. In 
this case, the output is saturated when an input is 1 V 
as open gain is high. 

(7) Gain bandwidth product h. voltage gain Gv 

• fT: Frequency where Gvo=OdB 

Vo 

RL 
2kO 

* Measure frequency characteristics of voltage gain Gv 
when a feedback of 100% (1 M n) is applied for OC 
and feedback is open (1000pF//470p) for AC. The h 
can be simply obtained by multiplying voltage gian of 
1 kHz by frequency. 

(8) Slew rate SR 

* Measure high-speed capacity of OUT by reading on 
an oscilloscope and output pulse response (rising 
speed) by inputting pulse step in a voltage follower 
circuit of 100% feedback. 

(9) Input-referred noise voltage VNI 

Rs 
1 k 

Rf 

lOOk 

BAND PASS FILTER 

r--\ VNO 

~ 
1 OHz-30kHz( -3dB) 

(10) Isource. Isink (Single power supply operational 
amplifier) 

+7.5V 

L 

-7.5V 

{ 
H Isource 

V, L 
Ismk 

Vo 
Isource, Ismk= 500 

Vo 

RL 
50D 

5V 

oj 
.r::/~~(V/ /1s) 

Vo Jo uvu· 

500 

2-8 
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MITSUBISHI LINEAR ICs 

MS1802L,P 

INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS 

DESCRIPTION 
The M51802L, P are semiconductor integrated circuits de
signed for a high-gain, high-stability operational amplifier. 
No phase compensation is required and the devices come 
with offset adjusting pins and are suitable for home use and 
industrial equipment. 

FEATURES 
• Built-in capacitor for phase compensation 

• No latch-up 
• Built-in protection circuit for output short circuit 
• Easy offset adjustment 

PIN CONFIGURATION (TOP VIEW) 

OFFSET ADJUSTMENT 1 

INVERTED INPUT 2 

NON-INVERTED INPUT 3 

OFFSET ADJUSTMENT 5 

APPLICATION 
NC : NO CONNECTION 

Amplifier for measuring instrument, DC amplifier, various 
types of operational circuit, comparator, multi-vibrator, and 
oscillator. 

OFFSET ADJUSTMENT 1 

INVERTED INPUT 2 

NON-INVERTED INPUT 3 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range·········· vcd+v), VEE( -v) 4-18V 
Rated supplyvoltage···············Vcc(+V), VEE(-V) 15V 

5 OFFSET ADJUSTMENT 

APPLICATION EXAMPLES 
An operational amplifier employs feedback and has a varie
ty of functions by the configuration of feedback circuits. 
Note (1) shows a method adjusting offset voltage. 

EQUIVALENT CIRCUIT 

#,.,;, mo'.'. """, SIP 

8-pin molded plastic DIP 

r---I r-------~--~~---r----~----~-r---r--------------~--{7 Vee 
I Dl 

INVERTED INPUT 2 }-----+------, 

NON-INVERTED 
INPUT 

1 

OFFSET OFFSET 
ADJUSTMENT ADJUSTMENT 

• MITSUBISHI 
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MITSUBISHI LINEAR ICs 

MS1802L,P 

INTERNALLY PHASE COMPENSATED OPERAT.IONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless' otherwise noted) 

Symbol Parameter Condinions 

Vee 

VEE 
Supply voltage 

Vid Differential input voltage -

Vic Common phase input voltage 

Pd Power dissipatIon 

K. Thermal derating Ta~25'C 

Topr Operating temperature 

TsIg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=25'e, Vcc=+15V, VEE=-15V) 

Symbol 

Via 

I'B 

1'0 

Rin 
Gv 

Vopp 

Vic 
CMRR 

SVRR 

Pd 

Ir 

Kov 

SR 

2-10 

Parameter 

Input offset voltage 

Input bias current 

Input offset current 

Input resistance 

Voltage gain 

Maximum output voltage width 

Common phase mput voltage range 

Common phase signal rejection ratio 

Supply voltage rejection ratio 

Power dIssipation 

I Rising time 
Transient response ! 

Overshoot 

Slew rate 

Test conditions 

Rg",1Okll 

Input frequency f= 1 kHz 

RL~2kll, Vo=±1OV 

RL~1Okll 

RL~2kll 

Rg",1Okll 

Rg",1Okll 

RL=oo 

V,n=20mV, RL=2kll, CL",1OOpF 

RL=2kll 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

18 V 

-18 V 

±30 V 

±15 V 

360(M51802L), 
mW 

625(M51802P) 

3.6(M51802L) 
mWI'C 

6. 25(M51802P) 

-20-+75 'C 

-40-+125 'C 

Limits 
Unit 

Min Typ Max 

1.0 5.0 mV 

150 500 nA 

30 200 nA 

1.0 MO 

86 100 dB 

±12 ±14 

±10 ±13 
V 

±12 ±13 V 

70 90 dB 

80 150 ",V/V 

50 85 mW 

0.3 ",s 

5.0 % 
0.5 V/",s 



MITSUBISHI LINEAR ICs 

MS1802L,P 

INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (Ta=25·C. Vcc=+15V. V •• =-15V. unless otherwise noted) 

THERMAL DERATING INPUT OFFSET VOLTAGE 
(MAXIMUM RATING) VS. AMBIENT TEMPERATURE 

750 

~ 
E 600 
U 
0-

z 
450 0 

i= « 
0-
Cii 300 C/) 

B 
a: 
w 

I M51801p 

~ 
I M51802L ~ ........ 

......... 

~ 
" 

"" 
~ 150 
0 
0-

.... , , , 
0 

" ,,~ 

0.5 

~ 0.4 

f
Z 
~ 0.3 

25 50 75 100 125 

AMBIENT TEMPERATURE T aCC) 

INPUT BIAS CURRENT 
VS AMBIENT TEMPERATURE 

a: 
:::J 
(.) ............... 
~ 0.2 
iii 
f
:::J 
~ o. 1 

o 
o 

-
15 30 45 60 75 

AMBIENT TEMPERATURE T a( 'C) 

> 
'C. 

MAXIMUM OUTPUT VOLTAGE 
WIDTH VS FREQUENCY 

a. 30 
~ 
I 
f
e> 
3: 
w 
(!l 

~ 
o 
> 
f
:::J 
0-
f
:::J 
o 
~ 
:::J 
~ 

~ 

25 

20 

15 

10 

5 
10 100 

11 

\ 
\ 

1\ 
lk 10k lOOk 1M 

FREQUENCY f(Hz) 

> 
E 

-5 

o -4 
:> 
w 
(!l 

~ 
o 
> 

3 

Iii -2 
(j) 
LL 
LL 
o 
f
:::J 
0-

~ 

1 

o 

f-- --
o 15 30 45 60 75 

100 

OJ 80 
"C 

;;-
(!l 

60 z « 
(!l 

w 40 (!l 
« 
f-
...J 
0 
> 20 

o 

> 
C. 

a. 32 
o 

> 
I 
f
e> 
3: 
w 
(!l 
« 
~ 
o 
> 
f
:::J 
0-
f
:::J 
o 
~ 
:::J 
~ 

~ 
~ 

28 

24 

20 

16 

12 

AMBIENT TEMPERATURE Ta(t;) 

VOLTAGE GAIN 
VS FREQUENCY RESPONSE 

--...., 

1 

~ 
'\ 

'" "-~ 
"-
~ 

10 100 lk 10k lOOk 

FREQUENCY f( Hz) 

MAXIMUM OUTPUT VOLTAGE 
WIDTH VS LOAD RESISTANCE 

V 
II 
/ 

V 

0.1 5 7 1 5 7 10 

LOAD RESISTANCE (k.G) 
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100 

~ 
E 80 

"0 
0.. 

Z 
0 60 
f= 
<C 
0.. 
1ii 

40 en 
is 
cc 
w 
?: 20 0 
0.. 

a 

MITSUBISHI LINEAR ICs 

M51802L,P 

INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS 

POWER DISSIPATION VS. 
SUPPLY VOLTAGE 

v 
V 

V 

/ 
/ 

1/ 
V 

;" 

10 a 

a 
" 

a 

40 

20 

a 

" 

VOLTAGE GAIN VS 
SUPPLY VOLTAGE 

:.-I---

o 2 4 6 8 10 12 14 16 18 20. a 2 4 6 8 10 12 14 16 18 20 

0.5 

1 
'] 0.4 

f
Z 
~ O. 
cc 
::l 
() 

3 

~ 0.2 
iii 
f-

~ O. 1 
~ 

SUPPLY VOLTAGE vcd+v), VEE(-V) 

INPUT BIAS CURRENT VS 
SUPPLY VOLTAGE 

.. ' :.- --r--r--

"> 
E 

-5 

o -4 
:> 
w 
(!l 

~ -3 

o 
> 
Ii; -2 
en 
LL 
LL 
o 
f
::l 
0.. 
Z 

1 

SUPPLY VOLTAGE Vcc(+V), VEE ( -V) 

INPUT OFFSET VOLTAGE VS 
SUPPLY VOLTAGE 

v -........ /' r--.... 

a a 2 4 6 8 10 12 14 16 18 20 
a 
o 2 4 6 8 10 12 14 16 18 20 

f
Z 
w 
cc 
cc 
::l 
() 

Ii; 
~ 
LL 
o 
f
::l 
0.. 
~ 

50 

a 

a 

a 

a 

a 

SUPPLY VOLTAGE Vcc(+V), VEE(-V) 

INPUT OFFSET CURRENT VS 
SUPPLY VOLTAGE 

V I-
~ 

/ ,. , 

a 2 4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE Vcd+V).VEE(-V) 
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MITSUBISHI LINEAR ICs 

MS1802L,P 

INTERNALLY PHASE COMPENSATED OPERATIONAL AMPLIFIERS 

APPLICATION EXAMPLES 
An operational amplifier employs feedback and has a varie
ty of functions by the configuration of feedback circuits. 
Note (1) shows a method adjusting offset voltage. 

R, 

(1) Inverted amplifier 
RI 

10 k 

R - RI' Rj Rf 
eq- RI+Rj AVO=Rj 

(3) Differentiator 
R2 

DEFINTION OF ABBREVIATED TERMS 
CMRR : Common phase signal rejection ratio. Ratio of 

output voltage against allowable common phase 
input voltage and ratio against differential gain. 

Gv : Voltage gain. Ratio of output voltage against in-
put voltage required to change the output vol
tage from av to a fixed 'value in an open loop 
circuit. 

liB : Input bias current. Average current supplied to 
two input pins when output voltage is set at av. 

1'0 : Input offset current. Difference of current sup-
plied to two input pins when output voltage is set 
at av. 

Pd : Power dissipation. DC power required to set no 
load output at av in quiescent state. 

Rin : Input resistance. Resistance of an integrated cir-
cuit measured at one differential input pin by 
grounding the other input pin. 

(2) Integrator 

R, 

Note (1) Method of adjusting input offset voltage 
R2 

VEE 
(1) Set e" to equal av. 

(2) Adjust Rv=10kfl so that eo=OV, 

SR : Slew rate. Time in which output is increased 
from normal value of 10% to 90% against step 
input and ratio of the voltage (voltage between 
10% to 90%). 

SVRR : Supply voltage rejection ratio. Ratio of input 
offset voltage change to supply voltage change. 

tr, Kov : Transient response. Response against pulse in 
an open loop amplifier circuit. 

Vic : Common input voltage range. Common input vol-
tage range in which an amplifier operates nor
mally. 

V,O : Input offset voltage. Voltage between input pins 
when output voltage is set at av. 

Vopp : Maximum output voltage width. Maximum output 
voltage obtained without being clipped. 

• MITSUBISHI 
..... ELECTRIC 2-13 



MITSUBISHI LINEAR ICs 

M5216L,P,FP 
DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

DESCRIPTION 
The M5216 is a semiconductor integrated circuit disigned as 
a high-output and high-speed operational amplifier for use 
in high-performance headphone amplifiers and mizer ampli
fiers found in cassette decks. 

The device comes in an 8-pin SIP, DIP or FP and it con
tains two circuits for yielding a high internally phase-com
pensated gain, a high current capacity and a high slew rate. 
It can be widely used as a general-purpose dual amplifier in 
electronic equipment. In addition, it can be used in a single 
power supply format and employed in conditions where the 
supply voltage is low. These are features which make this 
device ideal for headphone amplifiers in portable products. 

FEATURES 
• Large current capacity··· .......................... ·I LP=+1 OOmA 

• High power output 
.................... Po=40mW(typ.)(@Vcc=6V, RL =320) 

Po=27mW(typ.) [@Vcc=20V(±10V) J 
Ro+RL=1000+80 

• High slew rate, high h····· SR=3.0V/ p.s, h=10MHz(typ.) 
• Low noise(Rs=1kO )FLAT ··············VN1 =1.8p.Vrms(typ.) 
• Low supply voltage drive possible ........... Vcc~4V(±2V) 
• High allowable power ......................... Pd=800mW(SIP) 

Pd=625mW(DIP), Pd=440mW(FP) 

APPLICATION 
High-performance headphone amplifiers in VTRs, tape 
decks and stereo cassette tape recorders with bulit-in 
radios; also as a large current high speed, general-purpose 
operating amplifier in other electronic products and equip
ment. 

RECCOMENDED OPERATING CONDITION 
Supply voltage range···±2V-±16V(dual power supply) 

±4V-±32V(single power supply) 
Rated supply voltage ........................................ ± 15V 

EQUIVALENT CIRCUIT 

NON- + 3 }--t---j---' 
INVERTED 
INPUT 1 

PIN CONFIGURATION (TOP VIEW) 
SIP 

DIP, MINI FLAT 

8 (+) POWER SUPPLY 

OUTPUT 2 

INVERTED INPUT 2 

NON-INVERTED INPUT 2 

(-) POWER SUPPLY 

NON-INVERTED INPUT 1 

INVERTED INPUT 1 

OUTPUT 1 

OUTPUT 1 8 (+) POWER 
SUPPLY 

INVERTED INPUT 1 7 OUTPUT 2 

NON-IN~~~~~~ - 6 INVERTED INPUT 2 

(-) :~~~~_4'-__ -I_5 ~N~~i~VERTED 

#.:. mo;"'" pl .. "oSlP 

8-pin molded plastic FP 
(MINI FLAT) 8-pin molded plastic DIP 

(+) 
POWER 
SUPPLY 

INVERTED 
INPUT 2 

'-1i---1i---{ 5 + NON
INVERTED 

INPUT 2 

(-) 
__ ---' POWER 

SUPPLY 
OUTPUT 1 OUTPUT 2 

2-14 
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MITSUBISHI LINEAR IC. 

M5216L, P, FP 

DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage ±lB 

ILP Load current ±100 

V,d Differential Input voltage ±30 

Vic Common input vOltage ±15 

Pd Power diSSipation BOO( SIP)/625( DIP)/440( FP) 

Ke Thermal derating Ta225'C 8(SIP)/6. 25(DIP)/4. 4(FP) 

Topr Ambient temperature -20-+75 

TS!9 Storage temperature -55-+125 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=±15V) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

Icc CircUit current Vin=O 4.5 9.0 

V,O Input offset voltage Rs~10kO 0.5 6.0 

1,0 Input offset current 5 200 

liB Input bias current lBO 500 

Rin Input resistance 0.3 5 

Gvo Open loop voltage gain RL22kO, Vo=±10V B6 110 

RL210kO ±12 ±13.5 
YOM Maximum output voltage 

RL22kO ±10.5 ±11 

VCM Common input voltage width ±12 ±14 

CMRR Common mode rejection ratio RsS:JOkO 70 90 

SVRR Supply voltage relectlon ratio Rs~10kO 30 150 

Pd Power dissipation 135 270 

SR Slew rate Gv=OdB, RL =2k 0 3.0 

h Gain bandwidth product 10 

VNI Input referred nOise voltage Rs=lkO, BW=10Hz-30kHz 1.B 

TYPICAL CHARACTERISTICS 

THERMAL DERATING 
(MAXIMUM RATING) 

1000r----r----~--~----._--_, 

~ 
E BOO M5216L 

~ 

~ 600r---~~--~----+---~----_; 

~ 
iii 
UJ 
is 
ffi 200l----+----+-----l'--..--'~..,_--_i 
~ o 
Q. 

Dl 
"C 

> 
Cl 

z « 
Cl 
w 
Cl « 
t-
...J 
0 
> 

140 

120 

100 

BO 

60 

40 

20 

VOLTAGE GAIN VS, 
FREQUENCY RESPONSE 

Vcc=±15V 
RL=2kO 

r--I"\. 

" " " ~ 
~ 

o 1 10 100 1 k 10k lOOk 1 M 10M 

AMBIENT TEMPERATURE T a ("C) 
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FREQUENCY f (Hz) 

Unit 

V 

mA 

V 

V 

mW 

mW/'C 

'C 

'C 

Unit 

mA 

mV 

nA 

nA 

MO 

dB 

V 

V 

dB 

,.,V!V 

mW 

vi ,.,s 

MHz 

,.,Vrms 
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MITSUBISHI LINEAR ICs 

MS216L,P,FP 

DUAL LARGE.CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 

10 

'< 
1 ! 

Vin=O 

E 
8 

0 
.2 

f- 6 
Z 
L!J 
II: 
II: 
:::> 4 
() 

't 
:::> 
() 2 
II: 

~ -'--" -
/'r--I--I--

I 
U 

±10 ±20 

SUPPLY VOLTAGE Vee (V) 

INPUT OFFSET VOLTAGE VS. 
AMBIENT TEMPERATURE 

> 2. 5 r--"'--~---r--""'T""---' 
E Vee=±15V 

Rs =10kO 

.J 2.01---+---+--+---+---1 

L!J 

(!) 1. 51---+----+--+----+---1 
~ 
O· 
> 
to 1.0 
(/) 
LL 

~ O.5~--~--_+--~~~~==~ 
f
:::> 
0.. 
Z ~~20~~0--+20~-4~0--6~0-~80 

> 20 
~ 
o 
> 

~ 10 

~ 
o 
~ 0 
:::> 
0.. 
f
:::> 
0-10 
:2 
:::> 
:2 
X 

AMBIENT TEMPERATURE T a COC) 

MAXIMUM OUTPUT VOLTAGE 
VS. SUPPLY VOLTAGE 

RL=1500 

-~ 
f.--

~ I-----

---V V 

r--r-
r--r--. 

-I"-- t---.. 
~ -20 
:2 ±2 ±6 ±10 ±14 ±18 

SUPPLY VOLTAGE Vee (V) 

'< 
E 

0 
.2 

f-
Z 
L!J 
II: 
II: 
:::> 
() 

f-
:3 
(J 
II: 
0 

Vi 
E 
:> 

0 
> 
L!J 
(!) 
~ 
f-
..J 
0 
> 
f-
:::> 
0.. 
f-
:::> 
0 

~ 

ci. 
o 

> 
L!J 
(!) 
~ 
f
..J 
o 
> 
f
:::> 
0.. 
f
:::> 
o 
:2 
:::> 
:2 
X 
..: 
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CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 

10 I 
Vcc=±15V 

Vin=O 
8 

6 
I---r--r--l-

4 I---
2 

o 
-20 o 20 40 60 80 

AMBIENT TEMPERATURE T a COC) 

OUTPUT VOLTAGE I LOAD CURRENT 
PEAK VS. LOAD RESISTANCE 

Vee=±15V 
12 f=lkHz 

THD=l% 

10 

8 

6 

Vo, 

\ V 150k 

J\ 4.7" I~_ 
IN + _ lOUT 

47k ~ '"T"<l 
3 150PI ~RL 

\ 3300 ?! 

\ 
4 

~ ILP 

~I 
100 200 500 1 k 2k 5k 

32 

24 

16 

8 

LOAD RESISTANCE RL (0) 

MAXIMUM OUTPUT VOLTAGE 
VS. FREQUENCY RESPONSE 

1 .1. 
Vee=±15V 

) 
RL=2kO 

RL 1~00 I---

.l\ 
~ 
~ 

1 20 

~ 
E 

1 00 ~ 

-= 
::..: 

80 ;5 
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f
Z 
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II: 
:::> 
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MITSUBISHI LINEAR ICs 

M5216L, P, FP 

DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

APPLICATION EXAMPLE FOR A HEADPHONE 
AMPLIFIER (DUAL POWER SUPPLY TYPE) 

INVERTED INPUT TYPE 

IN 

4.7pF 47kO 
+ 

150kO 

HEADPHONE 
LOAD 

RH 

~ 
E 200 

0 100 0.. 

f-
~ 
0.. 
f-
~ 
0 

10 a: 
L!J 
3: 

HEADPHONE AMPLIFIER CIRCUIT 
Po-Vee CHARACTERISTICS 

Ta=25'C 
l=lkHz 
THD=3% 

RH 320 

A-jRo10) 

/ RH=80 -1/ 
(Ro 100) 

,., 
I ~ i"'" 

1/ k'" ./ f'(' RH=320 

./ Y _"- (':'0=1200) 
RH=80£r-----

(Note) For a single power supply type, (+) input pin voltage level is 

shifted at Vee/2 and output must be used by AC connection by 

means of a capacitor 

0 
0.. 

1 

(Ro 920)=f= 

RH-80 
(Rol=4~0 ) 

APPLICATION EXAMPLE FOR A HEADPHONE 
AMPtlFIER (SINGLE POWER SUPPLY TYPE) 

NON-INVERTED INPUT TYPE 

4.71' 

+ 

Vee 

CD 
40 "C 

> 
CJ 

z 30 

;;: 
CJ 
L!J 20 
CJ -< 
f-
ol 
0 10 > 

10 

Ro100 + 4701' 

47k 

10kO 

Gv""'20dB 

1kO 

+ 

VOLTAGE GAIN VS, 
FREQUENCY RESPONSE 

100 1 k 

FREQUENCY I (Hz) 

10k 

4 6 8 10 12 14 16 18 20 22 24 
(±2) (±4) (±6) (±8) (±1O) (±12) 

SUPPLY VOLTAGE Vee (V) 

HEADPHONE AMPLIFIER CIRCUIT 
~ THO-Po CHARACTERISTICS 

o 
I 
f- 10 

~ HEADPHONE Z 
LOAD 0 
RH ~ 

o 
to 1.0 

15 
~ 
z 
~ O. 
a: 
< 
I 
ol 
< 

1 

Ta 25'C 
1-1=1 kHz 

Vee-+9V 
II II 
RH 80 

(Ro 100) 

R~~31A 
(Ro 100) 

b 0.01 
f- 0.1 10 100 

POWER OUTPUT Po (mW) 

COUNTERMEASURE AGAINST 
OSCILLATION 
If oscillation occurs due to load condition, substrate wir
ing condition, instability of power supply after the M5216 
is mounted on the equipement, the following preventa-
tive circuit is recommended. 

Capacitance 01 10 - 100pF 
~ may be effective lor preventing 

oscillation In some circuits 

Ro 

3300 preventing high 
frequency OSCillation. 

150P1) co. mparatlvely light 
load is effective lor 

Ro is recommended because it is effective for pre
venting capacitative load oscillation and controlling cur
rent when load is shorted. 
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MITSUBISHI LINEAR les 

M5218L,P,FP/M5R4558P 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

DESCRIPTION 
The M5218/M5R4558P are simiconductor integrated circuits 
designed for a low noise preamplifier in audio equipment 
and a general-purpose operational amplifier in other .elec- . 
tronic equipment. Two low noise operational amplifier cir
cuits displaying internal phase-compensated high gain and 
low distortion are contained in an 8-pin SIP, DIP or FP for 
application over a wide rage as a general-purpose dual 
amplifier in general electronic equipment. 

The devices have virtually the same characteristics as the 
4557,4558,4559 and 741 operational amplifiers. 

The units can also be used as a single power supply type 
and amplifier in portable equipment. It is also suitable as a 
headphone amplifier because of its high load current. 

FEATURES 
• High gain, low distortion 

........................... Gvo=110dB, THE=O.0015%(typ.) 

• High slew rate, high fT 
.................................. SR=2.2V/ ps, h=7MHz(typ.) 

• Low nOise(Rs=1kO ) FLAT ................ VN1 =2pVrms(typ.) 
RIAA ................ VN1 =1 pVrms(typ.) 

• Operation with low supply voltage 
...................................................... Vcc~4V(±2V) 

• High load current, high power dissipation 
................................ IIP=±50mA, Pd=800mW(SIP) 

Pd=625mW( DIP), Pd=440mW( FP) 

APPLICATION 
General-purpose amplifier in stereo equipment, tape decks, 
and radio stereo cassette recorders; active filters, servo 
amplifiers, operational circuits in other general electronic 
equipment. . 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................ ±2-±16V 
Rated supply voltage ........................................ ± 15V 

BLOCK DIAGRAM 

I 

I 

+ 3 }-----t--t-;:;J 
NON
INVERTED 
INPUT 11 

Rl09 

PIN CONFIGURATION (TOP VIEW) 
SIP 

DIP. MINI FLAT 

(+) POWER SUPPLY 

OUTPUT 2 

INVERTED INPUT 2 

NON-INVERTED INPUT 2 

(-) POWER SUPPLY 

NON-INVERTED INPUT 1 

INVERTED INPUT 1 

OUTPUT 1 

OUTPUT 1 8 ~t~;g,WER 
INVERTED INPUT 1 7 OUTPUT 2 

NON-INY~~J~~ INVERTED INPUT 2 
(-) POWER NON-INVERTED 

SUppLy --.. ___ ...-INPUY2 

#.;. mold'" pI_ SIP 

• 8-pin molded plastic FP 
(MINI FLAT) 

8-pin molded plastic DIP 

(+) 
POWER 
SUPPLY 

L-+-_-+ __ --{ 5 + NON

INVERTED 
INPUT 2 

7r---

• OUTPUT 2 
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MITSUBISHI LINEAR ICs 

MS218L,P,FP/MSR4SS8P 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage ±18 

ILP Load current +50 

Vid Differential Input voltage ±30 

Vic Common input voltage ±15 

Pd Power dissipation 800(SIP)/625( DIP)/440( FP) 

KO Thermal dlratmg Ta225'C 8(SIP)/6. 25(DIP)/4. 4( FP) 

Topr Ambient temperature -20-+75 

Tstg Storage temperature -55-+125 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=±15V) 

Limits 
Symbol Parameter Test conditions 

Icc Circuit current Vin=O 

V ,O Input offset voltage Rs";:10kQ 

1'0 Input offset current 

I,s Input bias current 

Rm Input resistance 

Gvo Open loop voltage gam RL22kQ ,Vo =±10V 

RL~10kQ 
VOM Maximum output voltage 

RL~2kQ 

VCM Common input voltage range 

CMRR Common mode'rejection ratio Rs";:lOkQ 

SVRR Sypply voltage Rs";:10kQ 

Pd Power dissipation 

SR Slew rate Gv=OdB, RL=2kQ 

h Gam bandwidth product 

V N , Input referred nOise voltage Rs=lkQ, BW.l0Hz-30kHz 

TYPICAL CHARACTERISTICS 

1000 

~ 
E 

" a. 

z 
0 
i= « 
a. 
iii 400 
C/) 

is 
a: 

200 w 
~ 
0 
a. 

0 

THERMAL DERATING 
(MAXIMUM RATING) 

m 
'tl 

> 
(!) 

z « 
(!) 

w 
(!) 
« 
I-
...J 
0 .... , 

~, 
> 

0 25 50 75 100 125 

AMBIENT TEMPERATURE Ta ('C) 
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140 

120 

100 

80 

60 

40 

20 

o 

Mm Typ Max 

3.0 6.0 

0.5 6.0 

5 200 

500 

0.3 5 

86 110 

±12 ±14 

±10 ±13 

±12 ±14 

70 90 

30 150 

90 180 

2.2 

7 

2.0 

VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 

Vcc-15V 
RL=2kQ 

- ~ 

'" ~ ~ 
"-
~ 

1 10 100 lk 10k lOOk 1M 10M 

FREQUENCY f (Hz) 

Umt 

V 

mA 

V 

V 

mW 

mW/"C 

·C 

·C 

Umt 

mA 

mV 

nA 

nA 

MQ 

dB 

V 

V 

dB 

flV!V 

mW 

viI's 
MHz 

flVrms 
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MITSUBISHI LINEAR Ie. 

M5218L,P,FP/M5R4558P 

DUAL LOW·NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 
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MITSUBISHI LINEAR Ie. 

M5218L,P,FP/M5R4558P 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

APPLICATION EXAMPLES TYPICAL CHARACTERISTICS (Vcc=±15V. RIM) 

(1) Stereo Equalizer amplifier circuit ·Gv =35.6dB(f=lkHz) 
'. VNI=l f,Vrms(Rs=lkQ, BW=20Hz-30kHz) 

• Signal-to-noise=72.5dB (IHF-A network. shorted input, 

2. 5mVrms input sensitivity) 

r-----------o+Vcc • THD=0.0015%(f=lkHz,Vo =3Vrms) 

(+15V) 

lOOk 

I 
I 

Ro 
+ lk 

2.2" 

270k18k 

R 
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:0.018 f' O. 0047 f' 
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0.05 

~ 0.02 
o 
lii is 0.01 
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TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 

Vcc=±15V._ 
RIAA I 

I 
~20HZ J 

...... 
....... 

-
:"~;:riHI 

Units 
Resistance Q 
Capacitance : F 

..J 
'--________ -c-Vcc « 0.001 

(-15V) I- I 
~ 

Left channel circuit constants are Identical to those of right channel. 
C Bb CB2 : Capacitors for buzz prevention. use if required. 
Ro : ReSistor used to prevent parasitic oscillation for capacitive loads 
and current limiting with shorted and other abnormal load conditions. 
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MITSUBISHI LINEAR IC. 

M5218L,P,F~/M5R4558P 

DUAL LOW.NOISE OPERA'tIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

(2) High SIN stereo DC ICL equalizer TYPICAL CHARACTERISTICS (Vcc=±15V, RIAA) 

Rch 47 
IN 

G 

r-__ r-__________ ~--------~--_c+Vcc 
(+15V) 

lk Rch 
OUT 

47k 

~---4----2+-------+---------4~--oG 

2mA~ 7.5k 

• Signal-to-nOlse=72.5dB (IHF-A network, shorted Input, 
2.5mVrms ,nput se'ns,tivity) 

• VNI=O. 77 "Vrms(Rs=5. lkO, BW=5Hz-l00kHz) 
• Gv =35. 6dB(I=1 kHz) 

~ 

0 0.05 
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TOTAL HARMONIC DISTORTION 
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Left channel circuit constants are 
identical to those 01 right channel. 

(3) Headphone amplifier 

Units Resistance: 0 
Capacitance F 

TOTAL HARMONIC DISTORTION 
~ VS. OUTPUT VOLTAGE 
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MITSUBISHI LINEAR IC. 

MS223L,P,FP/M5N358P 
DUAL SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 

DESCRIPTION 
The M5223/M5N358P are' semiconductor integrated circuits 
designed as dual operational amplifiers which permit sign Ie 
power supply operation. . 

The devices come in a compact 8-pin SIP, DIP or FP and 
contain two sircuits for yielding a high internal phase com
pensation and high performance. For both input and output, 
operation is possible from the GND level and this makes it 
possible for the divice to be used widely as a general-pur
pose operational amplifier in the motor control circuits of 
such equipment as cassette decks, turntables, VTRs and 
digital audio disc players as well as in automotive electronic 
products and communications equipment. It can also be em
ployed as a simple comparator. 

FEATURES 
• Wide common input voltage range and operation 

permitted with GND level input .......... ·VI=-O.3V~+36V 
• Output voltage level can be reduced to near the GND 

level 
• Wide operating supply voltage range and single power 

supply operation possible ........... Vcc=3V~36V(Vccmax) 
• High voltage gain .............................. Gvo=110dB(typ.) 
• High allowable power dissipation ......... Pd=800mW(SIP) 

APPLICATION 

Pd=625mW(DIP) 
Pd=440mW(FP) 

General-purpose amplifier in control circuits of cassette 
decks, turntable, VTRs, video disc players and audio disc 
players; general-purpose amplifier in automotive electronic 
products, communications equipment and copying machines. 

General-purpose amplifier in radio-controlled and electro
nic toys, and electronic games. 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION (TOP VIEW) 
SIP 

8 (+) POWER SUPPLY 

7 OUTPUT 2 

6 INVERTED INPUT 2 
5 NON-INVERTED INPUT 2 

4 (-) POWER SUPPLY 

3 NON-INVERTED INPUT 1 

2 INVERTED INPUT' 

1 OUTPUT' L-__ .r-

DIP, MINI FLAT 

OUTPUT' (+) POWER 
SUPPLY 

INVERTED INPUT' 2 OUTPUT 2 

NON-INVERTED 3 INVERTED INPUT 2 
INPUT' 

(-) POWER 4 NON-INVERTED 
SUPPLY -, ___ -r-INPUT 2 

'-::m-.. P""" SIP .. 
8-pin molded plastic FP 

(MINI FLAT) 

8-pin molded plastic DIP 

r-----------~--~--~--~--.-~VCC 

INPUT (-) 

RI 

INPUT(+)o----+----~--~ t---~-+----O OUTPUT 

'-----+-------+----....... -+---4--.0 GND 

• MITSUBISHI 
.... ELECTRIC 

* Two circuits are featured 10 
the CIrCUIt on the left 

2-23 



MITSUBISHI LINEAR IC. 

MS223L,P,FP/MSN3S8P 

DUAL SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Condibons Ratings 

Vcc Supply voltage 36(+18) 

Islnk 
Load current ±50 

Isource 

V,d Differential Input voltage ±36 

V, Input voltage -0.3-+36 

Pd Power dissipation aoO(SIP)/625(DIP)/440(FP) 

Ke Thermal derating Ta2:25"C 8(SIP)/6. 25(DIP)/4. 4(FP) 

Topr , Ambient temperature -20-+75 

Tstg Storage temperature -55-+125 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vcc=+5V) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

Icc Circuit current Vln=O 0.7 1.5 

Via Input offset voltage Rs=50Q, VCM=7.5V 2 7 

1,0 Input offset current 11 6 (+)-1 6 (-) 1 ,VcM=7. 5V 5 50 

1,6 Input bias current VC>A=7.5V - 30 250 

CSR Channel separation f=lkHz 120 

Gvo Open loop voltage gain RL2:2kQ, VCM=7. 5V 90 110 

VOH RL2:2kO 12.0 13.5 
Maximum output voltage 

VOL RL 2:2kO 0.9 1.8 

VCM Common phase input voltage width Rs=lkO,f=100Hz -0.3 +13.5 

CMRR Common phase rejection ratio Rs=50 0, VCM=7. 5V 85 

SVRR Supply voltage rejection ratio Rs=500 100 

Pd Power dissipation 10.5 22.5 

SR Slew rate Gv=OdB, RL =2k 0 0.6 

Isource Output source current V,N(-)=OV, V,N(+)=lV 20 40 

ISlnk Output sink current V,N(-)=lV, V,N(+)=OV 10 20 

TYPICAL CHARACTERISTICS 
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MITSUBISHI LINEAR ICs 

M5223L,P,FP/M5N358P 

DUAL SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 

CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 
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MITSUBISHI LINEAR ICs 

M5223L,P,FP/M5N358P 

DUAL SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 

Vo VS. 'sink CHARACTERISTICS 
100 

7 
5 V 15V 

> 3 

0 10 
> 7 

5 
UJ 3 
(!J 
« 

1.0 I- / 
...J 7 
0 5 
> 3 
I- v+ 
:::J 

0.1 0.. 
I- 7 
:::J 5 
0 3 

V+~;' 
+ Va 

O. 01 
O. 01 3 5 7 O. 1 3 57 1. a 3 5 7 10 3 5 7 1 00 

OUTPUT SINK CURRENT ISlnk (mA) 

BASIC OPERATION OF SINGLE POWER 
SUPPLY OPERATIONAL AMPLIFIER 
The M5223/M5N358P is an operational amplifier that 
operates from OV (GND) level for both input and output 
if used at a single-power supply voltage. 

Basic operation of the device is explained in the fol
lowing, comparing characteristics of the operational 
amplifier M5218/M5R4558P. 

Dual power supply operational amplifier 
M5218/M5R4558P 

Fig. 1 

Single power supply operational amplifier 
M5223/M5N358P 

Fig. 2 

!::,. V VS. Isource CHARACTERISTICS 

z~ 
ill> 
~<l 
I
UJI
aJ:::J 
UJo.. 
()I
z:::J 
UJO 
tI:UJ 
UJ(!J t« 
-I
C...J 
UJO 
(!J> 
«>
I-...J 
...Jo.. 
00.. 
>:::J 

(f) 

5 

4 

3 

2 

a 

V+ V+:e? -F tL>V 
~ 

I 

V 

O. 01 3 57 O. 1 3 571. a 3 5710 3 57 100 

OUTPUT SOURCE CURRENT Isource (mA) 

Fig. 1 illustrates the dual power supply operational 
amplifier M5218/M5R4558P, and Fig. 2 illustrates an in
put differential circuit (jf the single power supply oper
ational amplifier M5223/M5N358P. In this case, the in
put stage base voltage VS(ON) for operating an input dif
ferential circuit in the M5218/M5R4558P is as follow; 

VS(ON)=VSE7+VSE6+VCE2-VSE2 
(If VsE""'O.6V, VcE""'O.5V) 

""'1.1V 
and, in the M5223/M5N358P, 

VS(ON)=VSE12+VSE11-VSE10+VCE3-VSE3-VSE4 
""'1.1V 

and, in the M5223/M5N358P, the .differential circuit is 
activated even when the input level is OV. The input and 
output characteristics are shown in Fig. 3. 

M5218/M5R4558P 

/ The deVice does not function as 
Va It is not activated below V, 1. 1 V. 

i M5223/M5N358P 

1.1V 

Fig. 3 

Operation of an output stage is explained in the fol
lowing. 
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MITSUBISHI LINEAR ICs 

M5223L,P,FP/M5N358P 

DUAL SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 

M5218/M5R4558P 

OUT 

Fig. 4 

M5223/M5N358P 

,-------+----0 OUT 

Fig. 5 

Fig. 4 illustrates an output stage of the M5218/ 
M5R4558P, which adopts and AB-class push-pull circuit 
of ordinary operational amplifier output type, where no 
crossover distortion occurs because idling current is 
running from Dl, D2 bias to 011, 012 in quiescent state. 
In this case, the output never goes below the level of 
VsE12+VCE7, and the device is activated up to a vol
tage of approximately 1.1 V. Moreover, the voltage 
changes greatly according to conditions of load current. 

Fig. 5 illustrates the M5223/M5N358P, to which rated 
current circuit of Ic ~ 100 f1 A is connected by 014 and 
the output can be reduced to near GND level as A-class 
bias output stage up to the current of 100 f1 A. For a load 
in excess of this current, in case of the M5223/ 
M5N358P driven by 013, no idling current is present be
cause of C-class bias (where the base of output transis
tors 05, 06, 013 is shorted), and crossover distortion 
occurs. Therefore, the device may not be suitable for 
audio signal amplifiers. 

Both single and dual power supply amplifiers operate 
exactly with the same operating circuit logic (activation 
level of input and output and load driving methods are 
different), but bias must be set at Vccl2 for output DC 
current in both single and dual power supply amplifiers. 

10 

:?: 
o 

> M5218/M5R4558P 

LU 
(!l 
« 
~ 
o 
> 
f
:::l 
0.. !:i 0.1 

o 

M5223/M5N358P 

o~~~--~--~-----
0.1 10 

ISlOk (rnA) 

Fig. 6 

REDUCTION OF DISTORTION IN A SINGLE 
POWER SUPPLY OPERATIONAL AMPLIFIER 
As has been explained previously, a single power supp
ly operational amplifier operates with low distortion as 
an A-class bias circuit up to a load condition that can be 
driven by current (100 f1 A) in a rated current curcuit 
which is built in the output stage, and it can be used for 
audio signals but, if the load condition exdeeds the 
value of current, the device is placed into a C-class 
bias condition, and crossover destortion occurs. To re
duce this distortion, a pull-up resistor (e.g. 3k Q) for 
running A-class bias current externally can be con
nected as shown in Fig. 7 to increase the A-class bias 
current and reduce distortion. (Refer to Fig. 8 DISTOR
TION VS OUTPUT VOLTAGE.) 
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i= 7 
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f- 3 
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2 15 
~ 0.01 z 7 0 
:; 5 
a: 3 « 
I 2 
..J 
~ 0.001 
0 
f-

+Vcc +15V 

-Vee -15V 

Fig. 7 (Explanation by dual 
power supply method) 
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f- ~~.LL-UP RESISTOR Rp 3kQ 

"- / 
"- / 

O. 1 2 3 5 7 1. 0 2 3 5 
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Fig. 8 
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MITSUBISHI LINEAR Ie. 

M5224P,FP/M5N324P 

QUAD SINGI:E POWER SUPPLY OPERATIONAL AMPLIFIERS 

DESCRIPTION 
The M5224/M5N324P are semiconductor integrated circuits 
designed as quad operational amplifiers in which single 
power supply operation is possible. 

PIN CONFIGURATION (TOP VIEW) 
DIP, MINI FLAT 

The devices come in a standard 14-pin DIP, FP and con
tain four circuits for yielding a high internal phase com
pensation 'and high performance. For both input and output, 
operation is possible from the GND level and this makes it 
possible for the device to be used widely as a general
purpose operational amplifier in the motor control circuits of 
such equipment as cassette decks, turntables, VTRs and 
digital audio disc players as well as in automotive electronic 
products and communications equipment. It can be also em
ployed as a simple comparator. 

FEATURES 
• Wide common input voltage range and operation 

permitt,ed with GND level input .......... ·VI=-O.3V-+36V 
• Output voltage level can be reduced to near the GND 

level 
• Wide operating supply voltage range and single power 

supply operation possible ........ Vcc=3V-+36V(Vccmax) 
• High voltage gain .............................. Gvo=110dB(typ,) 

• High allowable power dissipation 
............................. Pd=700mW(M5224P/M5N324P) 

Pd=550mW( M5224FP) 

APPLICATION 

14-pin molded plastic FP 
(MINI FLAT) 

General-purpose amplifier in control circuits of cassette 
decks, turntable, VTRs, video disc players and audio disc 
players; general-purpose amplifier in automotive electronic 
products, communications equipment and copying machines. 

14-pin molded plastic DIP 

General-purpose amplifier in radio-controlled and electro
nic toys, and electronic games, 

EQUIVALENT CIRCUIT 

2-28 
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MITSUBISHI LINEAR ICs 

MS224P, FP/MSN324P 

QUAD SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Islnk 
Load current 

Isource 

Vld Differential input voltage 

Vi I nput voltage 

Pd Power dissipation 

Ke Thermal derating TaL25"C 

Topr Ambient temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=25"C, V cc=+15V) 

Symbol Parameter 

Icc Circuit current 

V ,O Input offset voltage 

1'0 Input offset current 

liB Input bias current 

CSR Channel separation 

Gvo Open loop voltage gain 

V OH 
Maximum output voltage 

VOL 

V OM Common phase input voltage width 

CMRR Common phase rejection ratio 

SVRR Supply voltage rejection ratio 

Pd Power dissipation 

SR Slew rate 

Isource Output source current 

Islnk Output sink current 

TYPICAL CHARACTERISTICS 

THERMAL DERATING 
(MAXIMUM RATING) 

Test conditions 

V,n=O 

Rs=50Q, VCM=7. 5V 

IIB(+)-IB(-) 1 ,VcM=7. 5V 

VCM=7.5V 

1=1 kHz 

RLL2kQ, VCM=7. 5V 

RLL2kQ 

RLL2kQ 

Rs=l kQ, 1=100Hz 

Rs=50 Q, VCM=7. 5V 

Rs=50Q 

Gv=OdB, RL=2kQ 

V'N(-)=OV, V'N(+)=lV 

V'N(-)=lV, V'N(+)=OV 

Ratings 

36(+18) 

±50 

+36 

-0.3~+36 

700( DIP)/550( FP) 

7( DIP)/5. 5( FP) 

-20~+75 

-55~+125 

Limits 

Min Typ Max 

1.2 2.5 

2 7 

5 50 

30 250 

120 

90 110 

12.0 13.5 

0.9 1.8 

-0.3 +13.5 

85 

100 

18 37.5 

0.6 

20 40 

10 20 

VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 

1000 140r---r--,-----------------, 

~ 
E 

"C 
800 

Q. 

Z 
600 0 

i= 
<C 
Q. 

iii 400 en 
0 
a: 
w 200 
~ 
0 
Q. 

o 

M5224/M5N324P 

M5224J~ 
~r': ~ 

"" 1', ... , 

> 
(!) 

z « 
(!) 

w 
(!) 

1201----+--1 

1 00 I--"t.~-I 

... ... ~ 
o 
> .... r--~, 

... " o 25 50 - 75 100 125 

AMBIENT TEMPERATURET a ("G) 

• MITSUBISHI 
"'ELECTRIC 

100 1 k 10k lOOk 1 M 10M 

FREQUENCY f (Hz) 
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~ 
mA 
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nA 

nA 

dB 

dB 

V 

V 

dB 

dB 
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mA 
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MITSUBISHI LINEAR les 

MS224 P" FP /MSN324P 

QUAD SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 

CIRCUIT CURRENT VS. INPUT BIAS CURRENT VS. 
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MITSUBISHI LINEAR ICs 

MS224P, FP/MSN324P 

QUAD SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 
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6. V VS. Isource CHARACTERISTICS 
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II 
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O. 01 3 5 7 O. 1 3 5 71 3 5 710 3 5 7100 

OUTPUT SOURCE CURRENT Isource (mA) 

BASIC OPERATION OF SINGLE POWER 
SUPPLY OPERATIONAL AMPLIFIER 
The M5224/M5N324P is an operational amplifier that 
operates from OV (GND) level for both input and output 
if used at a single power supply voltage. 

Basic operation of the device is explained in the fol
lowing, comparing characteristics of the operational 
amplifier M5218/M5R4558P. 

Dual power supply operational amplifier 
M5218/M5R4558P 

Fig. 1 

Single power supply operational amplifier 
M5224/M5N324P 

Fig. 2 

10 
7 
5 

'> 3 

o 
> 1. 0 
W 7 
<!l 5 

~ 3 
o 

1 ~ O. 
::J 7 
D.. 5 

~ 3 
o 

0.0 1 

Vo VS. Isink CHARACTERISTICS 

Y+=15Y 

J 
........ 

II 
IJ Y+/2 ISlnk -

~ Yo 
-t: 

O. 01 3 5 7 O. 1 3 5 7 1. 0 3 5 710 

OUTPUT SINK CURRENT ISlnk (mA) 

Fig. 1 illustrates the dual power supply operational 
amplifier M5218/M5R4558P, and Fig. 2 illustrates an in
put differential circuit of the single power supply oper
ational amplifier M5224/M5N324P. In this case, the in
put stage base voltage VB(ON) for operating an input dif
ferential circuit in the M5218/M5R4558P is as follow; 

VB(ON)=VBE7+VBE6+VCE2-VBE2 
(If VBE~O.6V, VCE~O.5V) 
~1.1V 

and, in the M5224/M5N324P, 
VB(ON)=VBE12+VBE11-VBE1 a+VcE3-VBE3-VBE4 

~-a.1V 

and, in the M5224/M5N324P, the differential circuit is 
activated even when the input level is av. The input and 
output characteristics are shown in Fig. 3. 

M5218/M5R4558P 

va / The device does not function as 
it is not activated below Y, 1. 1 Y 

M5224/M5N324P i ~Yo 
1.1V Y, 

Fig. 3 

Operation of an output stage is explained in the fol
lowing. 
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MITSUBISHI LINEAR les 

MS224P, FP/MSN32\4P 

QUAD SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS 

M5218/M5R4558P 

OUT 

Fig. 4 

M5224/M5N324P 

r-----+-----~OUT 

Fig. 5 

Fig. 4 illustrates an output stage of the M5218/ 
M5R4558P, which adopts an AB-class push-puss circuit 
of ordinary operational amplifier output type, where no 
crossover distortion occurs because idling current is 
running from Dl, D2 bias to 011, 012 in quiescent state. 
In this case, the output never reaches below the level of 
VsE12+VCE7, and the device is activated up to voltage 
of approximately 1.1V. Moreover, the voltage changes 
greatly according to conditions of load current. 

Fig. 5 illustrates the M5224/M5N324P, to which rated 
current circuit of Ic"'" 100 p A is connected by 014and the 
output can be reduced to near GND level as A-class 
bias output stage up to the current of 100 p A. For a load 
in excess of this current. is case of the M5224/ 
M5N324P driven by 013, no idling current is present be
cause of C-class bias (where the base of output transis
tors 05. 06, 013 are shorted), and crossover distortion 
occurs. Therefore, the device may not be suitable for 
audio signal amplifiers. 

Both single and dual power supply amplifiers operate 
exactly with the same operating circuit logic (activation 
level of input and output and load driving methods are 
different), but bias must be set at Vcc/2 for output DC 
current in both single and dual power supply amplifiers. 

w 
(!) 

~ 
...J 

~ 
f
:::l 

10 

r= 0.1 
:::l 
o 

M5218/M5R4558P 

M5224/M5N324P 

O~~~ ____ L-____ ~ ____ _ 

10 

ISlnk (rnA) 

Fig. 6 

REDUCTION OF DISTORTION IN A SINGLE 
POWER SUPPL V OPERATIONAL AMPLIFIER 
As has been explained previously, a single power supp
ly operational amplifier operates with low distortion as 
an A-class bias circuit up to a load condition that can be 
driven by current (100 p A) in a rated current circuit 
which is built in the output stage, and it can be used for 
audio signals but, if the load condition exceeds the 
value of current, the device is placed into a C-class 
bias condition, and crossover distortion occurs. To re
duce this distortion, a pull-up resistor (e.g. 3k Q) for 
running A-class bias current externally can be con
nected as shown in Fig. 7 to increase the A-class bias 
current and reduce distortion. (Refer to Fig. 8 DISTOR
TION VS OUTPUT VOLTAGE.) 

+Vcc +15V 

-Vee -15V 

Fig. 7 (Explanation by dual power supply method) 
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Fig. 8 
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MITSUBISHI LINEAR ICs 

MS228P, FP 

QUAD LOW-NOISE OPERATIONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

DESCRIPTION 
The M5228 is a semiconductor integrated circuit designed 
for a low-noise preamplifier in audio equipment and a 
general-purpose operational amplifier in other electronic 
equipment. Four low-noise operational amplifier circuits dis
playing internal phase-compensated high gain and low dis
tortion are contained in a 14-pin standard DIP and 14-pin 
mini flat (FP) package for application overt a side range as 
a general-purpose dual amplifier in general electronic 
equipment. 

The device has virtually the same characteristics as the 
4557, 4558, 4559 and 741 operational amplifiers. The unit 
can also be used as a single power supply type and ampli
fier in portable equipment. It is also suitable as a headphone 
amplifier because of its high load current. 

FEATURES 
• High gain, low distortion 

........................... Gvo=11 OdS, THD=O.0015%( typ.l 

• High slew rate, high fT ...... ·SR=2.2V/ flS, h=7MHz(typ.) 
• Low noise(Rg=1kQ )FLAT .... · .... · ...... · VN1=2,uVrms(typ.l 

RIAA ................. VN1 =1 flVrms( typ.l 

• Operation with low supply voltage ........... Vcc~4V(±2V) 
• High load current, high power dissipation 

......................... ILP=±50mA, Pd=700mW(M5228P) 

Pd=550mW( M5228FP) 

APPLICATION 
General-purpose amplifier in stereo equipment, tape decks 
and radio stereo cassette recorders; active filters, servo 
amplifiers, operational circuits in other general electronic 
equipment. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................ ±2-±16V 
Rated supply voltage ........................................ ± 15V 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION (TOP VIEW) 
DIP. MINI FLAT 

OUTPUT 1 

(-) INPUT 1 

(+) INPUT 1 

POWER SUPPLY 

(+) INPUT 2 

(-)INPUT2 

OUTPUT 2 

(-) INPUT 3 

14-pin molded plastic FP 
(MINI FLAT) 

14-pin molded plastic DIP 

r-----~--~r---~--~--~----~POWERSUPPLY 

(-) INPUT 0-------1 

(+) INPUT o------+---t--: +----+---+-+-----() OUTPUT 

/-l>-f--t--- TO OTHER 
CIRCUIT * Four circUits are 

featured in the circuit 
on the left (except 
0,5, 0,6. R,o) 

L-~ __ -+ ____ ~ __ ~ __ ~ __ -4 __ -4~~ __ -oGND 
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MITSUBISHI LINEAR ICs 

M5228P, FP 

QUAD LOW-NOISE OPERATlONAL AMPLIFIERS (DUAL POWER SUPPLY TYPE) 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage ±18 

ILP Load current ±50 

V,d Differential Input voltage ±30 

V'c Common input voltage ±15 

Pd Power dissipation 700(OIP)/550( FP) 

Ko Thermal derating Ta225'C 7(OIP)/5.5(FP) 

Topr Ambient temperature -20-+75 

Tstg Storage temperature -55-+125 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=±15V) 

Limits 
Symbol Parameter Test conditions 

Icc Circuit current 

V,O Input offset voltage 

1'0 Input offset current 

lis Input bias current 

Rin I nput resistance 

Gvo Open loop voltage gain 

VOM Maximum output voltage 

VCM Common input voltage range 

CMHR Common mode rejection ratio 

SVRR Supply voltage rejection ratio 

Pd Power dissipation 

SR Slew rate 

IT Gain bandwidth product 

VNI Input referred nOise voltage 

TYPICAL CHARACTERISTICS 
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Min Typ Max 

6.0 12.0 

0.5 6.0 

5 200 

500 

0.3 5 

86 110 

±12 ±14 

±10 ±13 

±12 ±14 

70 90 

30 150 

180 360 

2.2 

7 

2.0 

VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 

Vcc=15V 
RL=2kO 

-
""'" I"-. 

I"-. 
~ 

"'-
~ 

1 10 100 1 k 10k lOOk 1 M 10M 

FREQUENCY I (Hz) 

Unot 

V 

rnA 

V 

V 

mW 

mW/'C 

'c 
·C 

Unot 

mA 

mV 

nA 

nA 

MO 

dB 

V 

V 

dB 

p.V/V 

mW 

V/ p'S 

MHz 

p. Vrms 



MITSUBISHI LINEAR les 

M5228P,FP 

QUAD LOW-NOISE OPERATIONAL AMPliFIERS (DUAL POWER SUPPLY TYPE) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
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MITSUBISHI LINEAR Ie. 

M5209L, P, FP 
DUAL HIGH-VOLTAGE, HIGH SIN OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 

DESCRIPTION 
The M5209 is a semiconductor integrated circuit designed 
for a preamplifier in audio equipment of stereo and cassette 
tape decks. 

Two low-noise operational amplifier circuits displaying in
ternal phase-compensated high gain and low distortion are 
contained in a 8-pin SIP. DIP or FP. suitable for application 
as a microphone and tone control amplifier of stereo equip
ment and cassette tape decks. 

The unit can also be used as a general-purpose amplifier 
in portable equipment such as a stereo cassette tape recor
der of a single power supply type as it operates at a low 
supply voltage. 

FEATURES' 
• Low noise .......... VN1 =1.2,uVrmstyp. (Rg=2.2kO. FLAT) 

S/N=61dB typo (Rg=6000. IHF-A network) 
(microphone amplifier. reference input=-60dBm) 
Higher SiN ratio by 4dB when compared to general 
operational amplifiers 

• High voltage ...................................... Vcc=±25V(50V) 
• Low maximum input voltage ............. Vi=140mVrms(typ.) 

(Vcc=±22.5V. Gv=40dB) 
• High gain. low distortion 

·· .. ·· ........ ·· .. · .. · .. · .. ··Gvo=110dB. THD=O.004%(typ.) 
• High slew rate ................................. SR=6.5VI,us(typ.) 

• High load current. high power dissipation 
.. ·· ........ · .. · .... ·· .. · .. ·,· .. ILP=±50mA. Pd=800mW(SIP) 

Pd=625mW(DIP). Pd=440mW(FP) 

APPLICATION 
General-purpose preamplifier in stereo equipment. tape 
decks and radio stereo cassette recorders 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ............................. ±2~±22.5V 
Rated supply voltage ..................................... ±22.5V 

EQUIVALENT CIRCUIT 

I 

I 

NON
INVERTED 
INPUT 1\ 

PIN CONFI!GURATION (TOP VIEW) 
SIP 

8 (+) POWER SUPPLY 

7 OUTPUT 2 

DIP, MINI FLAT 

INVERTED INPUT 2 

NON-INVERTED INPUT 2 

(-) POWER SUPPLY 

NON-INVERTED INPUT 1 

INVERTED INPUT 1 

OUTPUT 1 

OUTPUT 1 8 ktU8-WER 

INVERTED INPUT 1 7 OUTPUT 2 

NON-INY~~J~9 - 6 INVERTED INPUT 2 

(-) :S~E~ ~ ___ ...r-5 ~N~~i~VERTED 

#.:. moldod _ SI. 

8-pin molded plastic FP 
(MINI FLAT) 8-pin molded plastic DIP 

R109 

OUTPUT 1 

7~--

OUTPUT 2 
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MITSUBISHI LINEAR ICs 

MS209L,P,FP 
DUAL HIGH·VOLTAGE,HIGH SIN OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

ILP Load current 

Vid Differential input voltage 

Vic Common input voltage 

Pd Power dissipation 

Ke Thermal derating Ta225"C 

Topr Ambient temperature 

Tstg Storage temperature 

ELECTLICAL CHARACTERISTICS (Ta=25"C, Vcc=±22.5V) 

Symbol Parameter 

Icc Circuit current 

V ,O Input offset voltage 

liB Input bias current 

Gvo Open loop voltage gain 

YOM Maximum output voltage 

THD Total harmonic distortion 

VNI Input referred noise voltage 

SiN Signal-ta-noise ratio 

tEST CIRCUITS 

10k 

10k 

(allee, VIO 

1M 

100 
+ 

2201' 

10k 

Test conditions 

Vin=O 

RsS: 10kQ 

f= 100Hz, RL =47k Q, C NF=470 I' F 

f=l kHz, THD=O. 1 %, RL =47kQ, FLAT 

f=l kHz, Vo=5Vrms, RL =47kQ, FLAT 

Rg=2. 2kQ, BW=10Hz-30kHz, FLAT 

Rg=600 Q, Gv=40dB. IHF-A network 

Reference Input-60dBm (microphone) 

(cl VOM, THD 

+ lk 

3.31' RL 
47k 

• MITSUBISHI 
~ELECTRIC 

(bl GVO 

Ratings 

±25(50) 

±50 

±30 

±22.5 

800(SIP)/625( DIP)/440( FP) 

8(SIP)/6. 25( DIP)/4. 4( FP) 

Min 

90 

12.5 

-20-+75 

-55-+125 

Limits 

Typ Max 

3.5 7.0 

0.5 6.0 

0.3 

110 

14.0 

0.004 

1.2 1.8 

61 

3.31' 
+ lk 

Unit 

V 

mA 

V 

V 

mW 

mW/"C 

"C 

"C 

Unit 

mA 

mV 

pA 

dB 

Vrms 

% 
pVrms 

dB 

G vo=20 log Va/V' (dB) 

Unit ReSistance Q 
Capacitance F 
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MITSUBISHI LINEAR les 

MS209L,P,FP 

DUAL HIGH-VOLTAGE, HIGH SIN OPERATIONAL AMPLIFIERS 
(DUAL POWER SUPPLY TYPE) 

TEST CIRCUIT 
(d) VNI, SIN 

1. V N,=VNo,/100(pVrms) 

FLAT Amp 

3.3 p + 1k 

BAND PASS FILTER 2(S/N) 

Gv=40dB=100 TIMES (@f=lkHz) 

UNIT Resistance: 0 
Capacllance . F 

2. S/N=20 log (775pVrms/(VNo'/100)) (dB) 775pVrms=-60dBm(Microphone reference mput voltage) 

* An AC voltmeter V V with a bUilt-in IHF-A network filter should be used for measuring the SIN ratio. 

TYPICAL CHARACTERISTICS 
THERMAL DERATING 
(MAXIMUM RATING) 

VOl TAGE GAIN VS. 
FREQUENCY RESPONSE 
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MITSUBISHI LINEAR ICs 

M5209L,P,FP 

DUAL HIGH.VOLTAGE,HIGH SIN OPERATIONAL AMPLIFIERS 
(DUAL POWER SUPPLY TYPE) 

APPLICATION EXAMPLES 
(1) Stereo FLAT (microphone) amplifier circuit 

+Vee 
~--------o( +22. 5V) TYPICAL CHARACTERISTICS (Vec=±22. 5V, FLAT) 

Ro • Gv=40dB (l=lkHz) 

lk OUT • VNI =1.2 p Vrms(Rg=2.2kQ, BW=10Hz~30kHz) 
)--Ht..JV\fIr1~ORCh • S/N=61dB (IHF-A network, Rq=600Q, -600dBm input 

sensitivity) 

47k • THD=0.004%(I=lkHz, Vo =10Vrms) 

o-~--~~~~~--~----------~~OGND 

}-~..a-AM""'-O OUT Lch circuit constants are Identical to those 01 Rch 
Lch G e1, C B2 : Capacitors for buzz prevention, use If required 

Ro . Resistor used to prevent parasitic bsclliatlon lor capacitive loads 

""C...-----------------o -Vce and current limitmg with shorted and other abnormal load conditions 

Capacitance: F 
(-22.5) 
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OUTPUT NOISE VOLTAGE 
VS. LOAD RESISTANCE 
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(2) High SIN stereo DC ICL equalizer 

MITSUBISHI LINEAR les 

MS209L,P,FP 

DUAL HIGH-YOLTAGE,HIGH SIN OPERATIONAL AMPLIFIERS 
(DUAL POWER SUPPLY TYPE) 

TYPICAL CHARACTERISTICS (Vcc=±22.5V, RIAA) 
r--......,---..-----t"--(-<>+2t~~) . S/N=85dB (IHF-A network, shorted input, 2.5mVrms input 

sensitivity) 

}-rlH:l-~'Vl kV\r{) OUT • VNI=O. 77 fl Vrms( Rg =5. 1 k Q. BW=5Hz-l00kHz) 
Rch • Gv=35.6dB(f=lkHz) 

IN ~NIr<""" 47k 
Rch 

~-~-~--~-----t~--oGND 

GND ~----~----~--O-Vcc 
(-22.5V) 

~-~-......,-.-------+~--oGND 

I N Cl-'\NIr<~ 
Lch 

r--liHl-~.AM'()O UT 
Lch 

~ 
Cl 
:r 
I-

z 
o 

0.1 

0.05 

~ 0.02 

(/)~ 0.01 
B 
U 
Z 0.005 
o 
~ 
cr 
~O. 002 

TOTAL HARMONIC DISTORTION 
. VS. OUTPUT VOLTAGE 

Jcc!:1:i2. ~~l 
RIAA 
REPRODUCTIO 
CIRCUIT ,_"-

"-
"-

~kHz-~ 20Hy 

N 

Lch circuit constants are 
identical to those of Rch 

Units Resistance' Q 

Capacitance: F 

~lk~Z~ ...J 
..: b 0.001 1 3 5 7 10 3 5 7100 

2-40 

I-

• MITSUBISHI 
..... ELECTRIC 

OUTPUT VOLTAGE Vo (Vrms) 



MITSUBISHI LINEAR les 

M5210L,P,FP 
DUAL HIGH-VOLTAGE,HIGH SIN OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 

DESCRIPTION 
The M5210 is a semiconductor integrated circuit designed 
for a preamplifier in audio equipment of stereo and cassette 
tape decks. 

Two low-noise operational amplifier circuits displaying in
ternal phase-compensated high gain and low distortion are 
contained in a 8-pin (SIP, DIP), suitable for application as a 
microphone and tone control amplifier of stereo equipment 
and cassette tape decks. 

The unit can also be used as a general-purpose amplifier 
in portable equipment such as a stereo cassette tape recor
der of a single power supply type as it operates at a low 
supply voltage. 

FEATURES 
• Low nois~ ........... VN1=1.0pVrms typ.(Rg=2.2kO, FLAT) 

S/N=66dB typ.(Rg=6000, IHF-A network) 
(microphone amplifier, fererence input=-60dBm) 
Higher SIN ratio by 10dB when compared to ordinary 
operational amplifiers 

• High voltage ······································Vcc=±25V(50V) 
• Low maximum input voltage ............. Vi=140mVrms(typ.) 

(Vcc=±22.5V, Gv=40dB) 

• High gain, low distortion 
·····························Gvo=113dB, THD=O.002%(typ.) 

• High slew rate ................................. SR=6.5VI ps(typ.) 

• High load current, high power dissipation 
································ILP=±50mA, Pd=800mW(SIP) 

Pd=625mW( DIP) Pd=440mW( FP) 

APPLICATION 
General-purpose preamplifier in stereo equipment, tape 
decks and radio stereo cassette recorders 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ............................. ±2-±22.5V 
Rated supply voltage ..................................... ±22.5V 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION (TOP VIEW) 

SIP 

DIP, MINI FLAT 

(+) POWER SUPPLY 

OUTPUT 2 

INVERTED INPUT 2 

NON-INVERTED INPUT 2 

(-) POWER SUPPLY 

NON-INVERTED INPUT 1 

INVERTED INPUT 1 

OUTPUT 1 

8 (+) PO_WER 
OUTPUT 1 SUPPLY 

INVERTED INPUT 1 7 OUTPUT 2 

. NON-INYJ:Ji~ INVERTED INPUT 2 

(-) :t?~E~ --.. ___ .... 5 ~N~~~~VERTED 

#-..... moldod pl"fl' SIP 

'. S-pin molded plastic FP 
(MINI FLAT) 

S-pin molded plastic DIP 

(+) 
POWER 
SUPPLY 

r-----~~--~--~--_.--_.----~--_.----~--~------~------~8 +Vcc 

NON
INVERTED 
INPUT 11 

OUTPUT 1 

7)----

OUTP'UT 2 

• MITSUBISHI 
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(-) 
POWER 
SU-PPLY 
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MITSUBISHI LINEAR Ie. 

M5210L, P, FP 

DUAL HIGH.VOLTAGE,HIGH SIN OPERATIONAL AMPLIFIERS 
(DUAL POWER SUPPLY TYPE) 

ABSOLUTE MAXIMUM RATINGS (Ta=25t, unless otherwIse noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage ±25(50) V 

ILP Load current ±50 mA 

Vld DIfferential Input voltage ±30 V 

V'c Common input voltage ±22.5 V 

Pd Power dIssipation aOO( SIP)/625( DIP)/440( FP) mW 

Ke Thermal derating ___ Ta.o?;25t. .. - a( SfP)~. 2S( 9lP)/4. 4( -Fp) --mW/"C 

Topr Operating temperature -20-+75 "C 

Tstg Storage temperature -55-+125 t 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vcc=±22.5V) 

, Limits 
Symbol Parameter Test condItions Unot 

Min Typ Max 

Icc CirCUIt current V,n=O 2.0 4.0 8.0 mA 

V'a Input offset voltage Rs~10kO 0.5 6.0 mV 

l'B Input bias current 0.7 pA 

G vo Open loop voltage gain f=100Hz, RL =47kO, CNF=470,..F 90 113 dB 

YOM MaxImum output voltage f=lkHz, THD=O. 1%, RL=47kO, FLAT 12.5 14.2 Vrms 

THD Total harmonic distortion f=lkHz, Vo=10Vrms, RL=47kO, FLAT 0.002 % 

VNI Input-referred noise voltage Rg=2. 2kO, BW=lOHz-30kHz, FLAT 1.0 1.5 ,..Vrms 

Rg=6000, Gv=40dB,IHF-A network 
SiN Signal to noise ratio 

Reference input -60dBm (mIcrophone) 
66 dB 

TEST CIRCUITS 

(a) Icc. Via 

10k 
1M 

+47 

3.31' lOOk 

V, 

2-42 

100 

2201' + 

(e) VOM• THD 

+ 1k 

3.3,.. RL 
47k 

10k 

• MITSUBISHI 
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(b) Gvo 

3.31' 
+ 1k 

RL 
47k 

Gvo=20 log voN I (dB) 

Unot Resistance: 0 
Capacitance F 



TEST CIRCUIT 

MITSUBISHI LINEAR Ie. 

M5210L,P,FP 

DUAL HIGH.YOLTAGE,HIGH SIN OPERATIONAL AMPLIFIERS 
(DUAL POWER SUPPLY TYPE) 

1. VNI=VNo,/l OO( ~ Vrms) 

(d) VN1• SIN 

FLAT Amp 

3.3~ + lk 

BAND PASS FILTER 2(S/N) 

Gv=40dB=100 TIMES (@I=lkHz) 
Unit Resistance. 0 

Capacitance: F 

2. S/N=20 log (775~Vrms/(VNo2/100)) (dB) 775~Vrms=-60dBm(microphone relerence input voltage) 

* An AC voltmeter V.V with a built-in IHF-A network lilter should be used lor measuring the SIN ratIo. 

TYPICAL CHARACTERISTICS 

THERMAL DERATING 
(MAXIMUM RATING) 
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6001--__ ---+--+---+----1 

OL--~-~-~~-~~~ 
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MITSUBISHI LINEAR Ie. 

MS210L,P,FP 
DUAL HIGH.VOLTAGE,HIGH SIN OPERATIONAL AMPLIFIERS 

(DUAL POWER SUPPLY TYPE) 

APPLICATION EXAMPLES 
(1) Stereo FLAT (microphone) amplifier circuit 

lOOk 

3.3" + Ro 
~----~-4~~~~--oOUT 

1k 

-Vee 

10k Units Resistance: Q 
Capacitance: F 

100 

+ 
220" 

TYPICAL CHARACTERISTICS (Vcc=±22. 5V, FLAT) 

• Gv =40dB (f=l kHz) 

• VNI =1.0"Vrms(Rg=2.2kO, BW=10Hz-30kHz) 

• S/N=66dB (IHF-A network, Rg=6000, -60dBm input 
sensitivity) 

• THD=O. 002%(1=1 kHz, Vo =10Vrms) 

0.1 
Cl 
1: 
I- 0.05 

z 
o 
~ 0.02 
o 

( -

TOTAL HARMONlc'DISTORTION 
VS. OUTPUT VOLTAGE 

-Vcc=±22.5V 
FLAT CIRCUIT 

" 1-1L 
I-

B 0.0 
~ *~ 0><,- ./l-<:J 

1 '" y,. ~ 
o 
Z 0.005 
o 
~ 
a:: 
~ O. 002 

...J 

r-- ~.I 
j-'''''A1'-. 

/.f:y~ -7" 
1 I ...... r-

1 ~ 0.00 
o 1 
I-

3 5 7 10 3 5 7100 

aJ 
'C 

z 
U5 
o 
~ 
a:: 
w 
(f) 

75 

70 

65 

6 60 z 
I 
o 
I
,j 55 
<1: z 
<!l 
iii 50 

OUTPUT VOLTAGE Vo (Vrms) 

SIGNAL-TO-NOISE RATIO VS. 
SIGNAL SOURCE RESISTANCE 

Vcc=±22.5V J .l.U I J JJ IHF-A NETWORK 
REFERENCE INPUT -60dBm 

I-r-:--I- I I 
M5210 

"1\ 
r-I-

GENERAL-PURPOSE r---
j- rnfr'2~,L mrl'Ej 

10 3 5 7100 3 571 k 3 57 10k 

SIGNAL SOURCE RESISTANCE Rg (0) 

Left channel circuit constants are identical to those of right 
channel 

Cs" C S2 : Capacitors for buzz prevention, use if required. 

Ro : Resistor used to prevent parasitic oscillation for capacitive 
loads and current limiting with shorted and other abnormal load 
conditions. 
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MITSUBISHI LINEAR ICs 

MS219L,P,FP 
DUAL LOW·NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

DESCRIPTION 
The M5219 is a semiconductor integrated circuit designed 
for a preamplifier in audio equipment of stereo and cassette 
tape decks. 

Two low-noise operational amplifier circuits displaying in
ternal phase-compensated high gain and low distortion are 
contained in a 8-pin SIP, DIP or FP, suitable for application 
as an equalizer and tone control amplifier of stereo equip
ment and cassette tape decks. 

The unit can also be used as a general-purpose amplifier 
in portable equipment such as a stereo cassette tape recor
der of a single power supply type as it operates at a low 
supply voltage. 

FEATURES 
• Low noise ........... VNI=O.9,uVrms typ.(Rg=2.2kQ, RIAA) 

S/N=77dB typo (Shorted input, IHF-A network) 
(RIAA, PHONO=2.5mVrms) 

• High voltage ...................................... Vcc=±25V(50V) 

• Low PHONO maximum ~nput voltage 
............................................... Vi=230mVrms(typ.) 

(Vcc=±22.5V, f=1 kHz) 

• High gain, low distortion 
............................ ·Gvo=110dB,THD=O.001%(typ.) 

• High slew rate ................................. SR=6.5V/ ,us(typ,) 

• High load current, high power dissipation 
........ · ........ · .... ·· ........ ILP=±50mA, Pd=800mW(SIP) 

Pd=625mW(DIP), Pd=440mW(FP) 

APPLICATION 
General-purpose preamplifier in stereo equipment, tape 
decks and radio stereo cassette recorders. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ............................. ±2-±22.5V 
Rated supply voltage ..................................... ±22.5V 

EQUIVALENT CIRCUIT 

I 

PIN CONFIGURATION (TOP VIEW) 
SIP 

DIP, MINI FLAT 

8 (+) POWER SUPPLY 

7 OUTPUT 2 

INVERTED INPUT 2 

NON-INVERTED INPUT 2 

(-) POWER SUPPLY 

NON-INVERTED INPUT 1 

INVERTED INPUT 1 

OUTPUT 1 

8 (+) POWER 
OUTPUT 1 SUPPLY 

INVERTED INPUT 1 7 OUTPUT 2 

NON-INY~~Jf~ INVERTED INPUT 2 

(-) POWER NON-INVERTED 
SUPPLY -,I--__ -r- INPUT 2 

#.:: moklad pi"" SIP 

B-pin molded plastic FP B-pin molded plastic DIP 
(MINI FLAT) 

(+) 
POWER 
SUPPLY 

I 
r-----~~--~--~--_.--_.----~--_.----.---~------~------~8 +Vcc 

NON
INVERTED 
INPUT 11 

OUTPUT 1 

7}------

OUTPUT 2 
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(-) 
POWER 
SUPPLY 
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MITSUBISHI LINEAR Ie. 

M5219L, P, FP 

DUAL LOW.NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

ILP Load current 

Vid Differential input voltage 

Vic Common Input voltage 

Pd Power dissipation 

Ko Thermal derating Ta225'C 

Topr Ambient temperaiu're 

TstQ Storage temperature 

ELECTRICAL CHARACTERISTICS (T a=25'C, Vcc=±22.5V) 

Symbol Parameter Test conditions 

Icc Circuit current Vin=O 

Via Input offset voltage Rs~10kO 

lis Input bias current 

Gvo Open loop voltage gain f=100Hz, RL =47kO, C NF=470p F 

YOM Maximum output voltage f=l kHz, THD=O. 1 %, RL =47kO, RIAA 

THO Total harmonic distortion f=lkHz, Vo =5Vrms, RL=47kO, RIAA 

VNI Input referred noise voltage Rg=2. 2kO, BW=l OHz-30kHz, RIAA 

SiN Signal-te-noise ratio 
Shorted input (Rg=470). IHF-A network 

TEST CIRCUITS 

1M 
10k 

2-46 

PHONO=2.5mVrms. RIAA 

3.3p+47 

lOOk 

(e) YOM. THD 

+ lk 

3.3 p RL 

47k 

• MITSUBISHI 
.,., ELECTRIC 

(b) Gvo 

Ratings Unit 

±25(50) V 

±50 mA 

±30 V 

' ±22.5V V 

BOO( SIP)/625( OIP)/440( FP) mW 

B(SIP)/6. 25(OIP)/4. 4(FP) mW/"C 

-20-+75 'c 
-55-+125 'C 

Limits 
Unit 

Min Typ Max 

3.5 7.0 mA 

0.5. 6.0 mV 

0.3 pA 

90 110 dB 

12.5 14.0 Vrms 

0.001 0.03 % 
0.9 1.8 pVrms 

77 dB 

3.3 p 
+: lk 

G vo=20 log Va/V' (dB) 

Unit Resistance: 0 

CapaCitance : F 



MITSUBISHI LINEAR Ie. 

MS219L,P,FP 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

TEST CIRCUIT 
(d) VNI• SIN 

RIAA EQ 

3.3,.. 
-t, 1 k 

BAND PASS FILTER 2(S/N) 

Gv=35. 6dB=60 TIMES (@I=lkHz) 

Unit Resistance: 0 
Capacitance : F 

1. VN,=VN01i60( ,..Vrms) 

2. S/N=20 log(2. 5mVrms/(VN02/60) (dB) 

An AC voltmeter V.V with a built-on IHF-A network filter should be used lor measurong the SiN ratio 

TYPICAL CHARACTERISTICS 
THERMAL DERATING 
(MAXIMUM RATING) 

VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 
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AMBIENT TEMPERATURE Ta (t) FREQUENCY I (Hz) 

CIRCUIT CURRENT VS. CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 
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MITSUBISHI LINEAR Ie. 

M5219L,P,FP 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

APPLICATION EXAMPLES 
(1) Stereo equalizer amplifier circuit 

2-48 

~~~------------o+Vcc 

Ro 
(+22.5V) 

lk 
}----1-ii!-'M...,...-o OUT 

Rch 

47k 

Q-+---~+-~~~--~----------~--oGND 
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Lch 

Capacitance F 

"----------------o-Vcc 
(-22.5V) 
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~ 0.02 
o 
!i; is 0.01 
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~ 
cr: 
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TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 
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-Vcc=±22.5V 
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72 

70 

OUTPUT VOLTAGE Vo (Vrms) 

SIGNAL-TO-NOISE RATIO VS. 
SIGNAL SOURCE RESISTANCE 

Vcc=±22.5V 
IHF-A NETWORK 
PHONO=2.5mVrms 

I""-

~[\ 

10 3 57100 3 571k 3 5710k 

SIGNAL SOURCE RESISTANCE Rg (0) 

TYPICAL CHARACTERISTICS (Vcc=±22. 5V, RIAA) 

• Gv=35. 6dB(f=1 kHz) 

• VNI=O. 9,uVrms(Rg=2. 2kO, BW=10Hz-30kHz) 

• S/N=77dB(IHF-A network, shorted input, 2.5mVrms input 
sensitivity) 

• THD=O.OOl%(f= 1kHz, Vo=5Vrms) 

Lch circuit constants are identical to those of Rch 
CBl. CB2 Capacitors for buzz prevention, use if required 

Ro : Resistor used to prevent parasitic oscillation for capacitive 

loads and current limiting with shorted and other abnormal load 
conditions. 

III 

E 
); 

INPUT-REFERRED NOISE VOLTAGE 
VS. SIGNAL SOURCE RESISTANCE 

"-
z 

> 
UJ 3.2 
C!l 

2.8 ; 
o 2.4 

~ 2.0 
(/J 

(5 1.6 
Z 
o 1. 2 
UJ 
cr: 0.8 cr: 

0.4 

Vcc=±22.5V 

BW=10Hz-30kHz 

RIAA 

~ 

II 
V _ ... 

UJ 
lL 
UJ 
cr: 
~ 

o 
100 3 57 lk 3 5 71 Ok 3 57 lOOk 

::J 
Il. 
Z 

-;;; 
E 
); 

0 
> 
UJ 
C!l 
..: 
I-
...J 
0 
> 
I-
::J 
Il. 
I-
::J 
0 

SIGNAL SOURCE RESISTANCE Rg (0) 

OUTPUT VOLTAGE VS. 
LOAD RESISTANCE 

20 

Vcc=±22.5V HU 11 JU 
OUTPUT RESISTANCE Ro=lkO· 

16 THD=O.l% 

12 
i-"~ 

8 
)~ 

'II 

o 
100 3 571k 35710k 3 57100k 

LOAD RESISTANCE RL (0) 
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MITSUBISHI LINEAR Ie. 

MS219L,P,FP 

DUAL LOW.NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

OUTPUT VOLTAGE VS. 
SUPPLY VOLTAGE 

20 

u; 
E 

l=lkHz ,I 
THD=O.l% 

> 16 

0 
> V 
w 12 
(!) 
« 
f-
oJ 

8 0 
> 
f-
:::> 
0.. 4 
f-
:::> 
0 

-/ 
V 

/ 
V 

/ 
V 

±5 ±10 ±15 ±20 ±25 

SUPPLY VOLTAGE Vee (V) 

(2) High SIN stereo DC ICL equalizer circuit 

2sk109A 

c:----1t----__._----_--o +vee 
(+22.5V) 

1 k 
~~+--oo'OIArO°UT 

Ren 

I N 0-'",47rv-.....;.{ 47k 
Ren 

GND 

2mA ~ 7.5k 

~----~~---~--~-Vec 
(-22.5V) 

+---+--..----------1-....... --<0 GND 

)4.1liIf+-~/IrD OUT 
+ Len 

Len circUit constants are Identical to those 01 Ren. 

Units Resistance Q 
Capacitance F 

HUM REJECTION VS. FREQUENCY 

-100 
Vee -±22.5V 

iii 
't:l -80 

TEST CIRCUIT (RIAA) 
r-Rg=100Q " 

+Vee 
a: 
J: I.-j,.o ...... 

z -60 
0 
f= 
(,) 

-40 w ...., 
w 

~~ _ .... j ... I'--~ :::::'ce 

./ 
a: 
::2: -20 :::> 
J: 

357100 3571k 3 5710k 

FREQUENCY 1 (Hz) 

TYPICAL CHARACTERISTICS (Vcc=±22. 5V. RIAA) 
• S/N=85dB(lHF-A network, snorted Input, 2. 5mVrms input 

sensitivity) 

• VN,=O. 77 fLVrms(Rg=5. 1 kQ, BW=5Hz-100kHz) 

• Gv=35. 6dB(f=1 kHz) 

O. o 
J: 

1 

f- 0.05 

z 
o 
~ 0.02 
o 
In is 0.0 1 

(,) 
Z O. 005 
o 
::2: 
a: 
~ 0, 002 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 

~cc!..1~2.15' 
RIAA 

" 1'. 

~kHZ- "" 20Hz V 

oJ 

~ 0.00 
o 

~lkHzl"f-' 
1 1", 

3 5 7 10 
I 
3 5 7 100 

f-

OUTPUT VOLTAGE Vo (Vrms) 

• MITSUBISHI 
"'ELECTRIC 2-49 



MITSUBISHI LINEAR les 

M5219L, P, FP 

DUAL LOW·NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

(3) Tape deck equalizer amplifier circuit TYPICAL CHARACTERISTICS (Vcc=±15V, NAB) 

2.2" 

+ I N o----1~.,----{ 
Rch 

lOOk 

+Vcc 
r---------0 (+15V) 

+10" 
}--"""4rf'i--1"--0 OUT 

Rch 

10k 

GND o---+_~:..c...L---!----'-:....:...:..:..r:::--+-O GND 

IN o--4i--+--+--{ 
Lch 

Capacitance. F 

+ 
}----I-fI ....... -O OUT 

Lch 

-Vee 
'----------0 (-15V) 

Lch circuit constants are identical to those of Rch 

• Gv=29.9dB(f=lkHz) 

• V NI =1. 4"Vrms( Rg=2. 2kQ, BW=20Hz~15kH2) 

(-117dBv) 

Q 
J: 

0.1 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 

Vcc=±15V _ 
--

f- -0: 05 .' 
-NAB- .... -

z 
o 
~ 0.02 
o 
t; 0.01 
(5 

<.l 
Z 0.005 
o 
:2 
a: 

I'.. 
l\' " 100Hz 

~ N 
10kHt; 

''' ...... " ,;: r-.. 
I" 1'1'r-' 

I-f=lkHz ~ 0.002 

1 I I ..J 
~ 0.00 
o 

1" 
3 5 7 10 3 5 7 100 

f-

OUTPUT VOLTAGE Va (Vrms) 

(4) Typical single power supply application 
PHONO EQUALIZER AMPLIFIER (RIAA) 

TYPICAL CHARACTERISTICS (Vcc=+30V, RIAA) 

r----"""4~--~~------oVcc30V 

}--:--Hi-VV'v-.,--G OUT 
Rch 

lOOk 

lOOk 

)---oOfI--'Mr ....... -<> OUT 
Lch 

Units Resistance: Q 
Capacitance: F 

• - Point A is the Vcc/2 point in DC terms (virtual ground) when the 

device is used as a single power supply type 

• CSI, C S2 : Capacitor for buzz prevention, use if required 

• Ra : Resistor used to prevent parasitic oscillation for capacitive loads 
and current limiting with shorted and other abnormal conditIOns. 

2-50 
• MITSUBISHI 
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• Gv=35. 6dB( f=l kHz) 

• VN,=O. 9"Vrms( Rg=2. 2kQ, BW=10Hz~30kHz) 

• S/N=77dB (IHF-A network, shorted Input, 2.5mVrms 
input sensitivity) 

Q 
J: 

O. 1 

f- 0.05 

z 
o 0.03 
j::: 
c:: 0.02 
o 
t; 
(5 0.0 1 

<.l 
Z 0.005 
o 
~ O. 003 

~ O. 002 
..J 

~ 0.00 
o 
f-

1 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 

Vcc-+30V 
RIAA 

~ f=20kHz 

.- - J""" 
20H2 

""-.. ...... l'k~Z ....... 
3 5 7 10 3 5 7 100 

Ol)TPUT VOLTAGE Va (Vrms) 



MITSUBISHI LINEAR ICs 

M5220L,P,FP 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

DESCRIPTION 
The M5220 is a semiconductor integrated circuit designed 
for a preamplifier in audio equipment of stereo and cassette 
tape decks. 

Two low-noise operational amplifier circuits displaying in
ternal phase-compensated high gain and low distortion are 
contained in a 8-pin SIP, DIP or FP, suitable for application 

. as an equalizer and tone control amplifier of stereo equip-
ment and cassette tape decks. The unit can also be used as 
a general-purpose amplifier in portable equipment such as 
a stereo cassette tape recorder of a single power supply 
type as it operates at a low supply voltage. 

FEATURES 
• Low noise ··········VNI=O.75pVrms typ.(Rg=2.2kO, RIAA) 

S/N=83dB typ.(Shorted input, IHF-A network) 
(RIAA, PHONO=2.5mVrms) 

• High voltage ...................................... Vcc=±25V(SOV) 

• Low PHONO maximum input voltage 
............................................... Vi=235mVrms(typ.) 

(Vcc=±22.SV, f=1kHz) 

• High gain, low distortion 
·····························Gvo=113dB, THD=O.OOl%(typ.) 

• High slew rate ................................. SR=6.SV/ ps(typ.) 

• High load current, high power dissipation 
································ILP=±SOmA, Pd=800mW(SIP) 

Pd=62SmW( DIP) 
Pd=440mW( FP) 

APPLICATION 
General-purpose preamplifier in stereo equipment, tape 
decks and radio stereo cassette recorders. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ............................. ±2~±22.SV 
Rated supply voltage ..................................... ±22.SV 

EQUIVALENT CIRCUIT 

I 

I 

NON-_ 
INVERTED 
INPUT 11 

OUTPUT 1 

PIN CONFIGURATION (TOP VIEW) 

SIP 

DIP, MINI FLAT 

OUTPUT 1 1 

INvERTED INPUT 1 2 

NON-INY~~Gi~ 3 

OUTPUT 2 

INVERTED INPUT 2 

NON-INVERTED INPUT 2 

(-) POWER SUPPLY 

3 NON-INVERTED INPUT 1 

INVERTED INPUT 1 

1 OUTPUT 1 

(+) POWER 
SUPPLY 
OUTPUT 2 

(-) POWER 4 
SUPPLY --,'--__ -' 

INVERTED INPUT 2 

NON-INVERTED 
INPUT 2 

~ molded pi"', SIP 

• 8-pin molded plastic FP 
(MINI FLAT) 

7}---

OUTPUT 2 

8-pin molded plastic DIP 

• MITSUBISHI 
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MITSUBISHI LINEAR les 

MS220L,P,FP 

DUAL LOW·NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter 
", 

Conditions Ratings Unit 

Vee Supply voltage ±25(50) V 

ILP Load current ±50 mA 

Vid Differential input voltage ±30 V 

V'c Common input voltage ±22.5 V 

Pd Power dissipation BOO( SIP) /625( DIP) /440( FP) mW 

KO Thermal derating Ta.2.25'C B(SIP)/6. 25(DIP)/4. 4(FP) mW/'C 

Topr Ambient 'temperature 
, 

-20-+75 "c '" 

Tstg Storage temperature -55-+125 'c 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vee=±22.5V) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

Icc CircUit current Vm=O 4.0 8.0 mA 

V,o Input offset voltage Rs:S::10kO 0.5 3.0 mV 

I'B Input bias current 0.7 ftA 

Gvo Open loop voltage gain f= 100Hz, RL =47k 0, C NF=470 ft F 90 113 dB 

YOM Maximum output voltage l=lkHz, THD=O. 1%, RL =47kO, RIAA 12.5 14.2 Vrms 

THD Total harmOniC distortion 1=1 kHz, Vo=5Vrms, RL =47kO, RIAA 0.001 0.03 % 

VN , Input referred noise voltage Rg=2. 2kO, BW=10Hz-30kHz, RIAA 0.75 1.8 ftVrms 

SiN Signal-to-noise ratio 
Shorted input (Rg=470), IHF-A network 

83 dB 

TEST CIRCUITS 

(a) Icc. VIO 

10k 
1M 

10k 

2-52 

PHONO=2. 5mVrms, RIAA 

(e) VOM• THD 

1k 

• MITSUBISHI 
"'ELECtRIC 

(b) Gvo 

3.3ft 
+ 1k 

Gvo=20 log Va/V' (dB] 

Unit Resistance: 0 
Capacitance : F 



MITSUBISHI LINEAR ICs 

MS220L, P, FP 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

TEST CIRCUIT 
(d) VNI• SIN 

3.3p 
;f- 47 

RIAA EQ 

3.3p 
-t; lk 

RL 
47k 

BAND PASS FILTER 

BW'10Hz-30kHz 
(-3dB) 

2(S/N) 

Gv=35.SdB=SOTIMES (@I=lkHz) 

Unil Reslslance: 0 
Capacitance . F 

1. VN1=VN01 /SO( pVrms) 
2. S/N=20 log [2.5mVrms/(VN02f60») (dB) * An AC voltmeter V.V wilh a built-in IHF-A network loiter should be used lor measurong the SiN ratio. 

TYPICAL CHARACTERISTICS 

~ 
E 

'tl 
Q. 

Z 
0 
i= « 
Q. 

Cii 
I/) 

15 
a: 
w 
~ 
0 
Q. 

:? 
E 

0 
.2 

f-
Z 
w 
a: 
a: 
:::> 
() 

f-
:5 
() 
a: 
U 

THERMAL DERATING 
(MAXIMUM RATING) 

1000,...---r----r---r---,----, 

800~-~---4----+----+----4 

SOD 

400 

200 

°0~-~25--~50--7L5--10~0-~1~25 

AMBIENT TEMPERATURE T a ('C) 

CIRCUIT CURRENT VS. 
SUPPLY VOLTAGE 

5 
vin=b 

4 

3 

l-I---,I--, 

2 

o o ±5 ±1O ±15 ±20 ±25 

SUPPLY VOLTAGE Vee (V) 

Iii' 
~ 
> 

C!l 

Z 
;( 
C!l 
w 
C!l « 
f-
..J 
0 
> 

:? 
E 

0 
.2 

f-
Z 
w 
a: 
a: 
:::> 
() 

!: 
:::> 
() 
a: 
U 

VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 

140 
Vee=±22.5V 

120 
RL=47kO 

--.... 
100 

" 80 

" 60 

'\ 
40 

" 20 

"" 010 100 lk 10k lOOk 1M 10M 100M 

FREQUENCY I (Hz) 

CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 

5 

r-- Vee=±22.5V 

r--- Von=O 

4 

3 

o 
-20 o 20 

--t--.. 
~ 

40 60 80 

AMBIENT TEMPERATURE T a CC) 
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MITSUBISHI LINEAR Ie. 

M5220L, P, FP 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

APPLICATION EXAMPLES 
(1) Stereo equalizer amplifier circuit 

r----------------o+Vcc 
(+22.5V) 

I NO-~lfrIiI+ ...... ...-< 
Rch 47 

Ro 

}-__ +.s~lk~~~OUT 
Rch 

lOOk 47k 

9-~--~~~~~---4-----------'--oGND 

IN 
LchO-4'"v\i"v"il~-+-{ 

l-__ '-B-'WH>----<l°UT 
Lch 

TYPICAL CHARACTERISTICS (Vcc=±22.5V, RIAA) 

• Gv=35.6dB(f=lkHz) 

• VNI=O. 75,uVrms(Rg=2. 2kO, BW=10Hz-30kHz) 

• S/N=83dB (IHF-A network, shorted input. 2.5mVrms input 
sensitivity) 

• THD=O.OOI%(f=lkHz, Vo =5Vrms) 

Lch circuit constants are Identical to those of Rch 

C B,. C B2 : Capacitors for buzz prevention. use If required. 
Ro : Resistor used to prevent parasitic oscillation for capacitive 
loads and current limiting with shorted and other abnormal load 

Units Resistance. 0 
Capacitance : F 

"C... ______________ --o-Vcc conditions 
(-22.5V) 

2-54 

~ 

C 
0.1 

J: 
I- 0.05 
z 
o 
j:: 
a: 0.02 

~ i5 0.01 

U 
Z 0.005 
o 
~ 
a: 
~ 0.002 

.J 

~ 0.001 o 1 
I-

iii 86 
"0 

z en 84 

o 
~ 82 
a: 
w 
CIl o 80 
z 

~ 
~ 78 
« 
Z 
C!l 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 

'-Vc~=I±~2~ 5~ 
~RIAA 

~ f 20kHz 
.......... 

:---. .... 20Hz ...... 

......... 
~ \k~Z 
. 3 5 7 10 3 5 7100 

OUTPUT VOLTAGE Vo (Vrms) 

SIGNAL-TO-NOISE RATIO VS. 
SIGNAL SOURCE RESISTANCE 

Vcc-±22.5V .1 
IHF-A NETWORK 
PHONO=2.5mVrms 

r--.. r-. 
1\ 

1\ 

1\ 
1\ 

iii 7610 3 5 7100 3 5 71 k 3 57 10k 

SIGNAL SOURCE RESISTANCE Rg (0) 

Iii 

~ 
0 

> 
w 
C!l « 
~ 
0 
> 
I-
::J 
Q. 
I-
::J 
0 

INPUT-REFERRED NOISE VOLTAGE 
VS. SIGNAL SOURCE RESISTANCE 

3.2 

2.8 

2.4 

2.0 

1.6 

1.2 

0.8 

0.4 

Vcc=±22.5V 
BVY=10Hz-30kHz 
RIAA 

-

I 

7 

/ 

~ 

o 
100 3 57 lk 3 5 710k 3 5 7100k 

SIGNAL SOURCE RESISTANCE Rg (0) 

OUTPUT VOLTAGE VS. 
LOAD RESISTANCE 

20 

Vcc=±22.5V JillJ 1 IlJ 
OUTPUT RESISTANCE Ro=lkO 

16 THD=O.I% 

J..;~ 
12 

1I 
8 [7 
4 

o 
100 3 57'1k 3 57 10k 3 5 7100k 

LOAD RESISTANCE Rc (0) 
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> 
0 

> 
UJ 
(!) 
..: 
~ 
0 
> 
t-
::;) 
Q. 
t-
::;) 

0 

MITSUBISHI LINEAR ICs 

MS220L, P, FP 

DUAL LOW·NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

OUTPUT VOLTAGE VS. SUPPLY VOLTAGE HUM REJECTION VS. FREQUENCY 

20 

16 

12 

8 

4 

f=lkHz J 
THD=O.l% 

V 

/ 
V 

./ 
V 

/ 
V 

-100 

IIi' 
-80 "C 

a: 
J: 

z -60 

0 
i= 
Q 

-40 UJ ..., 
UJ 
a: 
::i: -20 
::;) 

J: 

Vee=±22.5V.1 JII.I 
TEST CIRCUIT (RIAA) 
Rg=100QI 

~~~ I' 
j..oo 

~ 
~ 

Vee 

....... " .... 

±5 ±10 ±15 ±20 ±25 
-0 

10 357100 3571k 35710k 

SUPPLY VOLTAGE Vee (V) FREQUENCY f (Hz) 

(2) Stereo deck equalizer amplifier circuit TYPICAL CHARACTERISTICS (Vee=±15V, NAB) 
• Gv=29.9dB(f=lkHz) 

2.21' 

IN + 
Rch 

lOOk 

Capacitance : F 

• VNI=l. OpVrms(Rg=2. 2kQ, BW=20Hz-15kHz) 

,...---------0 +Vee (-120dBv) 
(+15V) 

+ lap OUT 

270k 
Rch 

10k 

GND 

)--~--lil------c OUT 
Leh 

-Vee 
L----------O (-15V) 

~ 

Cl 
J: 
t-

z 
o 

O. 1 

0.05 

i= 0.02 
a: 
o 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 

Vee=±15V _ 
NAB 

'" 1\" "- 100Hz 

'~ N 
t; 0.0 

Ci 
S1 O. 005 
z 
o 
::i: 
~O. 002 
J: 

" 10kHZ'-
I' .... 
~ '" 11]\1''''' 

Lch circuit constants are identical to those of Rch ;i' 0.00 
t

1 

I-f=rHr 'I'-

O 
t-
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3 5 7 10 3 5 7100 

OUTPUT VOLTAGE Va (Vrms) 
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MITSUBISHI LINEAR ICs 

M5220L,P,FP 

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS(DUAL POWER SUPPLY TYPE) 

(3) Typical single power supply application 

PHONO EQUALIZER AMPLIFIER (RIAAI 

r-------~~--~~----------oVcc30V 

IN 0--Wvi:I--+-----...... --{ 
Lch 

OUT 
Rch 

lOOk 

GND 

lOOk 

Rolk 
OUT 
Lch 

Resistance . 0 
Capacitance F 

• ~ Point A is the Vcc/2 point in DC terms (virtual ground) when 

the device is used as a single power supply type. 

• C B 10 C B2 : Capacitor lor buzz prevention, used II reqUired 

• Ro : ReSistor used to prevent parasitic oscillation for capaCitive loads 

and current limiting with shorted and other abnormal conditions 

TYPICAL CHARACTERISTICS (Vcc=+30V, RIAA) 
• Gv=35. 6dB(I=1 kHz) 

• VN,=O. 75,uVrms(Rg=2. 2kO, BW=10Hz-30kHz) 

• S/N=83dB (IHF-A network, shorted input, 2. 5,uVrms input 
sensitivity) 

o 
J: 

O. 1 

f- 0.05 

~ 0.03 

~ 0.02 

~ Ci 0.01 

(J 
Z 0.005 
o 
::!; 0.003 
0: 
10• 002 

..J ..: o. 001 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 

Vcc=+30V_ 
RIAA 

~ f-1=20kHz 

"- ...,......-
...... ...... 20Hz V 

'" ~jz 
f- 1 
~ 

3 5 7 10 3 5 7 100 

OUTPUT VOLTAGE Va (Vrms) 
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MITSUBISHI LINEAR ICs 

M5221L,P,FP/MST082P 
DUAL J-FET INPUT OPERATIONAL AMPLIFIERS 

DESCRIPTION 
The M5221/M5T082P are semiconductor integrated circuits 
designed as high-per1ormance dual operational amplifiers 
which adopt J-FETs in the input stage. 

The devices come in an 8-pin SIP, DIP or FP and contain 
two circuits for yielding a high input impedance, high slew 
rate, low bias current and other excellent characteristics. 
They can be widely used as a general-purpose operational 
amplifiers in stereo equipment, tape decks, digital audio 
disc players and other similar products as well as in VTRs, 
video disc players and video related players. 

FEATURES 
• High input impedance due to J-FET input 

··················································Ri=1 OOOM Q (typ.) 
• High slew rate ··································SR=13V/ ps(typ.) 
• High gain, low distortion ········Gvo=106dB, THD=O.007% 

(Gv=40dB @f=1kHz)(typ.) 

• Large laod current and allowable current 
································ILP=±50mA, Pd=800mW(SIP) 

Pd=625mW( DIP) 
Pd=440mW(FP) 

APPLICATION 
General-purpose preamplifier in stereo equipment, tape 
decks and digital audio disc players, VTRs and video disc 
players. 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION (TOP VIEW) 
SIP 

DIP, MINI FLAT 

8 (+) POWER SUPPLY 

7 OUTPUT 2 

6 INVERTED INPUT 2 

5 NON-INVERTED INPUT 2 

4 (-) POWER SUPPLY 

3 NON-INVERTED INPUT 1 

2 INVERTED INPUT 1 

1 OUTPUT 1 

OUTPUT 1 8 ~t~:&WER 
INVERTED INPUT 1 7 OUTPUT 2 

NON-INVERTED 6 INVERTED INPUT 2 
INPUT 1 

(-):~~~~-. ______ -'5_~~~~~VERTED 

#..." mold •• pl_ SIP 

• 8-pin molded plastic FP 
(MINI FLAT) 8-pin molded plastic DIP 

(+) 
POWER 
SUPPLY I 

I 
c-----~----~--~--~--~----~--~----.---~------.-------~8 +Vcc 

OUTPUT 1 

• MITSUBISHI 
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NON
INVERTED 
INPUT 2 

(-) 
POWER 
SUPPLY 
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MITSUBISHI LINEAR ICs 

MS221L,P,FP/MST082P 

DUAL J·FET INPUT OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS (Ta=25\:, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage ±18 

ILP Load current ±50· 

Vid Differential mput voltage ±30 

Vic Common input voltage ±15 

Pd Power dissipation BOO( SIP) /625( DIP) /440( FP) 

KO Thermal derating TaL25"C B(SIP)/6. 25( DIP)/4. 4( FP) 

Topr Operating temperature -20-+75 

Tstg Storage temperature -55-+125 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vcc=±15V) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

Icc CircUit current Vm=O 3.0 6.0 

V,O Input offset voltage Rs !S::10kQ 5.0 15.0 

1'0 Input offset current 5 200 

liB Input bias current , 30 400 

Rin Input resistance 103 

GyO Open loop voltage gain RLL2kQ, V o =±lOV 86 106 

RL~10kQ ±12 ±14 
YOM Maximum output voltage 

RLL2kQ ±10 ±13 

VCM Common mput voltage width ±10 12 

CMRR Common mode rejection ratio Rs !S::10kQ 70 76 

SVRR SuppJy voltage rejection ratio Rs ;;;;10kQ 30 150 

Pd Power dissipation 90 180 

SR Slew rate Gy=Od B, RL = 2k Q 13 

h Gaing bandwidth product 3 

VNI Input-referred noise voltage Rs =100Q, BW=10Hz- 30kHz 2.2 

TYPICAL CHARACTERISTICS 
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MITSUBISHI LINEAR Ie. 

MS221L,P,FP/MST082P 

DUAL J·FET INPUT OPERATIONAL AMPLIFIERS 
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MITSUBISHI LINEAR IC. 

MS221L,P,FP/MST082P 

DUAL J·FET INPUT OPERATIONAL AMPLIFIERS 

APPLICATION EXAMPLE 
40dB Flat Amp 

IN 

lOOk 

-Vee 

OUT 

10k 

Units Resistance: 0 
Capacitance: F 

TYPICAL CHARACTERISTICS 
• Vcc=±15V 
• Gv=40dB (f=lkHz) 
• Vo=9.5Vrms (f=lkHz, THD=O. 1 %) 

• THD=O.OO7% (f=lkHz, Vo=7Vrms) 
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MITSUBISHI LINEAR ICs 

M5238L,P,FP 
DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 

DESCRIPTION 
The M5238 is a semiconductor integrated circuit designed 
as a low-noise Bi-FET operational amplifier which adopts 
J-FETs in the input stage. Noise reduction characteristic in 
the input stage has been improved by 3 - 4dB, when com
pared with the M5221 general-purpose Bi-FET operational 
amplifier, and two circuits for yielding a high input impe
dance, high slew rate and low bias current and other excel
lent characteristics, are housed in an 8-pin SIP, DIP or FP. 

It can be widely used as a general-purpose operational 
amplifier in stereo equipment, tape decks, digital audio disc 
players and other similar products as well as in VTRs, video 
disc players and video related players. 

FEATURES 
• Low noise, input-referred noise ...... ·VN1 =1.9,uVrms(typ.) 

(Rs=100kQ BW10Hz~30kHz FLAT) 
S/N=73dB(typ.) 

(Shorted input, RIAA, IHF-A network, PHONO 2.5mVrms) 
• High input impedance due to J-FET input 

.................................................. Ri= 1 OOOM Q (typ.) 

• High slew rate .................................. SR=20V/ ,us(typ.) 

• High gain, low distortion 
·····························Gvo=100dB(typ.), THD=O.002% 

(Gv=35.6dB, RIAA, Vo=5Vrms) 
• Large load current and allowable current 

··········· .. ··· ........ ·· ...... ILP=±50mA, Pd=800mW(SIP) 
Pd=625mW(DIP), Pd=440mW(FP) 

APPLICATION 
General purpose preamplifier in stereo equipment, tape 
decks and digital audio disc players, VTRs and video disc 
players. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................ ±5~±15V 
Rated supply voltage ........................................ ± 15V 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION (TOP VIEW) 
SIP 

8 (+) POWER SUPPLY 

7 OUTPUT 2 

DIP, MINI FLAT 

INVERTED INPUT 2 

NON-INVERTED INPUT 2 

(-) POWER SUPPLY' 

NON-INVERTED INPUT 1 

INVERTED INPUT 1 

OUTPUT 1 

OUTPUT 1 8 (+) POWER 
SUPPLY 

INVERTED INPUT 1 7 OUTPUT 2 

NON-INY~~J~~ 6 INVERTED INPUT 2 

(-) POWER 4 5 NON-INVERTED 
SUPPLY-. ______ -'~INPUT2 

#:.. mold'" pl ... " SIP 

8-pin molded plastic FP 
(MINI FLAT) 8-pin molded plastic DIP 

(+) 
POWER 
SUPPLY 

c-----~r---~--~--_.--_.----~--_.----~--~------~------~8 +Vcc 

I 
INVERTED 
INPUT 1 

2'l---l=--=t 

NON
INVERTED 
INPUT 11 

L ____ _ 

R'09 

Alll 

OUTPUT 1 

7}----

OUTPUT 2 
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NON
INVERTED 
INPUT 2 

(-) 
pOWER 
SUPPLY 
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MITSUBISHI LINEAR les 

M5238L,P,FP 

DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS (Ta=25"e, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply 'voltage ±18 

ILP Load current ±50 

Vid Differential input voltage ±30 

Vic Common Input voltage ±15 

Pd Power dissipation 800( SIP)/625( DIP)/440( FP) 

KO Thermal derating Ta~25"C 8(SIP)/6. 25(DIP)/4. 4(FP) 

Topr Ambient temperature -20-+75 

Tstg Storage temperature -55-+125 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vee=±15V) 

limits 
Symbol Parameter Test conditions 

lee Circuit current Vin=O 

V'O Input offset voltage Rs";:10kO 

"0 Input offset current 

"B Input bias current 

Rin Input resistance 

Gvo Open loop voltage gain RL .2:2kO, Vo =±10V 

RL .2:10kO 
VOM Maximum output voltage 

RL .2:2kO 

VCM Common Input voltage width 

CMRR Common mode rejection ratio Rs";:lOkO 

SVRR Supply voltage rejection ratio Rs";:lOkO 

Pd Power dissipation 

SR Slew rate Gv=OdB, RL =2kO 

h Gain bandwidth product 

VN , Input referred noise voltage Rs=1000, BW=10Hz-30kHz 

TYPICAL CHARACTERISTICS 
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MITSUBISHI LINEAR ICs 

M5238L,P,FP 

DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 

OUTPUT VOLTAGE VS. 
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MITSUBISHI LINEAR les 

MS238L,P,FP 

DUAL LOW·NOISE J·FET INPUT OPERATIONAL AMPLIFIERS 

APPLICATION EXAMPLE 

40dB Flat Amp +Vee 

IN 

C 
J: 3 
I-

2 
Z 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE 

Vee=±15V 

}-"t-H-,---,. __ 0-<lUT § O. 

~ 7 
!ii 5 
is 

1~ 

lOOk 
10k 

S:2 3 
Z 2 o 
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-"" 

1"s.20HZ 

"",r-.... 
f\: r-....f' 
~ ~, 

1'00' 

Uniis Resistance: Q ~ 7 
Capacitance F ~ 5 

-Vee 

20krZ ...... 
1kHz 

o 
I-TYPICAL CHARACTERISTICS 

23 5710 203050 

• Vee=±15V OUTPUT VOLTAGE Vo (Vrms) 
• Gv =40dB( 1= 1 kHz) 

• Vo=9. 5Vrms(l=lkHz, THD=O. 1%) 

• THD=O. 007%(1=1 kHz, Vo=7Vrms) 

APPLICATION EXAMPLE 
Stereo equalizer amplifier circuit TYPICAL CHARACTERISTICS (Vee=±15V, RIAA) 

• Gv=35.6dB(I=lkHzi 

• VNI=1. 9",Vrms(Rs =100Q, BW=20Hz-30kHz) 

+Vee • S/N=73dB (IHF-A network, shorted input, 2. 5mVrms 
r----------O( +15V) input sensitivity) 

Ro 
+ 1k R 

)--~~'VV\~-o OUT 

lOOk 

0.22", 0.0083", 

Go-+--~~~~~r---~------t--<lG 

IN o-...... M-~ ...... -+-{ 
L + 

Units Resistance' Q 
Capacitance: F 

L 
)--~r+~~~oOUT 

-Vee 
"----------------D(-15V) 

Lch circuit constants are Identical to those 01 Rch 

CSlo CS2 : Capacitors lor buzz prevention, use il required. 

Ro : Resistor used to prevent parasitic oscillation lor capacitive 
loads and current limiting with shorted and other abnormal 
load conditions. 

• THD=O, 001%(1=1 kHz, Vo=7Vrms) 
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MITSUBISHI LINEAR ICs 

M5240P 

DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 

DESCRIPTION 
The M5240P is a semiconductor integrated circuit designed 
as a low-noise Bi-FET operational amplifier which adopts 
J-FETs in the input stage. The device comes in a 16-pin 
DIP and contains two circuits for yielding high sound quality, 
high input impedance, high slew rate and low distortion 
characteristics. It can be widely used as an operational 
amplifier in stereo equipment, tape decks, and as preampli
fier for digital audio disc players and other similar products, 
mixer for public announcement or LM, high fidelity VTRs. 

FEATURES 
• Low noise .......................................... S/N=82dB(typ.) 

(shorted input, RIAA, IHF-A, PHONO 2.5mVrms) 
• High slew rate .................................. SR=40V!ps(typ.) 

(Variable by extermally connected RC due to external 
phase compensation type) 

• High input impedance ....................... Ri=1 OOOM Q (typ.) 
• Low distortion rate ........................... THD=O.001%(typ.) 

(f=1kHz, RIAA, Vo=5Vrms) 
• Large load current and allowable current 

...................................................... ····I LP=±50mA 

Pd=1W 

APPLICATION 
Amplifier in stereo equipment, tape decks and digital audio 
disc players, mixer. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................ ±5~±15V 
Rated supply voltage ........................................ ± 15V 

EQUIVALENT CIRCUIT 

INVERTED 
INPUT' - 2 

NON- + 1r---+---+-~ 
INVERTED 
INPUT' 

PHASE OUTPUT 1 
COMPENSATION 1 

PIN CONFIGURATION (TOP VIEW) 

NON-INVERTED 1 
INPUT 1 

INVERTED INPUT' 2 

OUTPUT' 7 

<+) POWER 8 
SUPPLY-, ______ -'-

PHASE 
COMPENSATION2 

16-pin molded plastic DIP 

OUTPUT 2 

<+) 
POWER 
SUPPLY 
+Vcc 

INVERTED 
INPUT 2 

15 -

L-+---t---<16 + 

PHASE 
COMPENSATION 2 

NON
INVERTED 
INPUT 2 
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MITSUBISHI LINEAR IC. 

MS240P 

DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

ILP Load current 

Vld Differential input voltage 

VIC Common input voltage 

Pd Power dissipation 

KO Thermal derating Ta225"C 

Topr Ambient temperature 

Tsta Storage temperature 

ELECTRICAL CHARACTERISTICS (T~=25"C, Vcc=±15V) 

Symbol Parameter 

Icc CirCUIt current 

VIa Input offset voltage 

"0 Input offset current 

"B Input bias current 

R'n Input resIstance 

Gvo Open loop voltage gain 

VOM MaxImum output voltage 

VCM Common Input voltage width 

CMRR Common mode rejection ratio 

SVRR Supply voltage rejection ratio 

Pd Power diSSIpation 

SR Slew rate 

h Gain bandwidth product 

en 

VN , 
EquIvalent input refferred noise voltage 

SIN Signal-to-nolse voltage ratIo 

TYPICAL CHARACTERISTICS 

1000 

THERMAL DERATING 
(MAXIMUM RATING) 

Test conditions 

Vm=O 

RsS::l0kO 

RL22kO, Vo=±10V 

RL210kC 

RL22kO 

RsS::l0kO 

RsS::l0kO 

Gv=16.5dB 

Rs=1000, BW=10Hz-30kHz 

Rg =2. 2k C, RIM EO 

Rg =470, RIAA EO,IHF-A 
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1000 
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MITSUBISHI LINEAR les 

MS240P 

DUAl. LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 

VOLTAGE GAIN VS. 
FREQUENCY RESPONSE 
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MITSUBISHI LINEAR ICs 

MS240P 

DUAL LOW-NOISE J-FET INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION EXAMPLES 

1. Gv=20dB FLAT AMP 

JNPUT 47 

lOOk 

2. STEREO EQUALIZER AMP 

3. HIGH SLEW RATE FLAT AMP 

2-68 

100 

10k 

22k 
3.9k 

Vcc=±15. FLAT 
Gv=16.5dB 
SR=40V/ps 

100 

OUTPUT 

RL 
47k 

.!Ilf3i lti1.t. 0 
~ •. F 

OUTPUT 

RL 
47k 

Unit Resistance: 0 
Capacitance : F 

TYPICAL CHARACTERISTICS (Vc c=±15V, RIAA) 

• Gv=35.6dB(t=lkHz) 

• VN ,=1. 2p Vrms(Rg =2. 2kO, BW=10Hz-30kHz) 

• THD=0.001%(f=lkHz,Vo=5Vrms) 

• S/N=82dB (IHF-A network, shorted input, 2. 5mrms 
,"put sensitivity) 

LLJ 
1.2k 0.01 22p 

Phase compensation 

SR +40V/ P.s 
-40V/ pS 

Unit Resistance: 0 
Capacitance: F 

• MITSUBISHI 
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MITSUBISHI LINEAR IC. 

M5201L, P, FP 
GENERAL PURPOSE SWITCHING OPERATIONAL AMPLIFIER 

(DUAL INPUT,SINGLE OUTPUT TYPE) 

DESCRIPTION 
The M5201 is a semicond\lctor integrated circuit designed 
for an operational amplifier which adopts analog switch func
tion, having dual inputs of A and B and a single output. The 
device comes in an 8-pin SIP, DIP or FP and contains input 
differential circuits of A and B type, single output circuit and 
a switching circuit of an operational amplifier, and can be 
used as a convertional operational amplifier, turning on A or 
B inputs by externally setting the control pin at high or low 
level. For a voltage follower condition where Gv=OdB, the 
device functions merely as an analog switch, but, for an 
amplifier with a switching function, gain can be set indepen
dently for A and B inputs. The M5201 operational amplifier 
has basic characteristics similar to those of the M5218/ 
M5R4558P and can be widely used as audio, video and 
musical instrument equipments. 

FEATURES 
• Operational amplifier inputs of A and B type and gain can 

be set independently 
• Applicable to both single and dual power supplies 
• High gain, low distortion 

·····························Gvo=100dB, THD=O.002%(typ.) 
• High slew rate, high h······· SR=2.2V/ ps, fT=7MHz(typ.) 
• Low noise (Rs=1kQ) FLAT .............. VNI=2pVrms(typ.) 

• Small switching shock noise 
• Large-current, large allowable dissipation 

································ILP=±50mA, Pd=800mW(SIP) 
Pd=625mW(DIP) 
Pd=440mW(FP) 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ............................. ±2.5-±16V 
Rated supply voltage ........................................ ± 15V 

EQUIVALENT CIRCUIT 

{
INVERTED 3 
INPUT (-) 

A NON-INVERTED }---t~t==--h 
INTPU (+) 

{
INVERTED 6 
INPUT (-) 

B NON-INVERTED j--t--+---' 
INPUT (+) +--_---' 

PIN CONFIGURATION (TOP VIEW) 

SIP 

8 (+) POWER SUPPLY 

7 (+) INPUT B 

6 (-) INPUT B 

4 (-) POWER SUPPLY 

3 (-) INPUT A 

2 (+) INPUT A 

'-------11 SW CONTROL 

DIP, MINI FLAT 

SW CONTROL 1 

(+) INPUT A 2 

(-)INPUTA3 

(-) POWER 
SUPPLY 

8 (+) POWER 
SUPPLY 

7 (+) INPUT B 

6 (-) INPUT B 

,. "p;n mo"'" p,. .... 51' . ~ 
a-pin molded plastic FP ij"1NV ~ 

(MINI FLAT) a-pin molded plastic DIP 

09 010 

I 

I 
I 

_____ j-v~ 
OUTPUT CONTROL 

• MITSUBISHI 
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MITSUBISHI LINEAR ICs 

M5201L, P, FP 

GENER~L PURPOSE SWITCHING OPERATIONAL AMPLIFIER 
(DUAL INPUT,SINGLE OUTPUT TYPE) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Ratings Unit 

Vcc Supply voltage ±18(36) V 

Vid Differential input voltage ±30 V 

V'c Common phase input voltage ±15 V 

ILP Load current ±50 mA 

Pd Power dissipation SOO( SIP) /625 ( DIP)/440( FP) mW 

Topr Ambient temperature -20-+75 ·C 

Tstg Storage temperature -55-+125 ·C 

ELECTRICAL CHARACTERISTICS (Vcc=±15V) 

Symbol Parameter Test conditions 

I SW ON 
Icc CirCUit current Vm 

I SW'OFF 

V ,O Input offset voltage Rs =10kO 

Is Input bias current 

Gvo Open loop voltage gain RL=2kO 

VOM Maximum output voltage RL2:10kO 

THO Total harmonic distortion f= 1 kHz, Vo =5Vrms, Gv =20dB 

SVR Supply voltage rejection ratio 

C'S Channel separation f=lkHz 

h Gain bandwidth product Gv=OdB 

SR Slew rate Gv=OdB, RL =2kOlll OOpF 

V NI Input refferred nOise voltage Rs=lkO, BW=10Hz-30kHz, Flat 

TYPICAL APPLICATION EXAMPLE 

2-70 

A'I N o----T---,I:r--1~---_{ 

B'I N o--~-fl-'--~--' 

A: Gv~30dB 

B: Gv~10dB 

--~VV\r--U+Vcc 
47k 

* When current at the control pin 1 is on, ch. B is turned on 

and, when the current is off, ch B IS turned on 

• MITSUBISHI 
;,.. ELECTRIC 

Min 

±12 

Limits 
Unit 

Typ Max 

2.3 6.0 
mA 

2.1 6.0 

0.8 6.0 mV 

80 500 nA 

100 dB 

±14 V 

0.002 % 
20 150 pV/V· 

82 dB 

7 MHz 

2.2 Vips 

2.0 fLVrms 

Units ReSistance 0 
Capacitance: F 
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QUICK-REFERENCE TABLE OF COMPARATORS 

I: 
0 

i 
() Type No. Function Features a 
a. 
<C 

• Operates at low supply 

MSl201 
voltage 

• Large ~utput Sink current 

Single • Wide supply voltage range 

MS1203 
(bUIlt-in reference vol- • Large output sink current 
lage CirCUIt for 
cornparislon) 

~ 
1ii 

MS120S • Large output sink current iU a. 
6 
() • Operates at low supply 
Q) voltage C, MS1202 
I: • Large output sink current 
iii 

.Wide supply voltage range 

MS1204 Single • Large output Sink current 

MSl206 • Large output sink current 

• Wide supply voltage range 

MS1207L • Large output sink current 

• WIde supply voltage range 

~ MS1922L Dual • Low power dissipation 

~ 
lIS a. 
E • Wide supply voltage range 
0 
() MS1923 . • Low power diSSIpation 
(ij 

" 0 

• Wide supply voltage range 

* High output break • Low power dissit:lation 
MS~3 down voltage dual 

• Large output sink current 

*: New product 

Maximum ratings 
Operating 

Power supply 
voltage dissipation 
r!,nge Pd 

Y~l (mW) 

1.7-6.S 

3.0-28 

Including zener 
dlOdelersilunt 

regulator 
TL:l80 
FP:300 

1. 7-6. S 

2.S-28 

Including zener 
dlodeiorshunt 

regulater 

2.5-28 650 

2.S-28 650 

650 
(M51923P) 

2.5-28 
300 

(M51923FP) 

800 
(M5233P) 

62S 2-36 (M5233L) 
440 

(M5233FP) 

Electrical characteristics (TYPIcal characteristics) 

Package I Output Input Circuit Input 
Response sink offset bias EqUIvalent current current voltage current time 

Icc Isink V'a Ie outline i 
(mA) (mA) (mV) (nA) ( I's) 

0.2 

2 
60 - 8 

(RIse of output) -
(at Vo=O. 3V) 50 

(Fall of output) 

1.0 
TL: 5-pin SIP 

2 60 - 20 
(Rise of output) -

~ (at Vo=O. 3V) 10 
(Fall of output) 

1.0 

-Z 
~ 
III 
>< 

1.9 60 - 20 
(Rise of output) -

(at Vo=O.3V) 10 
(Fall of output) 

all 
-< 

0.2 
60 (Rise of output) 

1.7 2 8 -(at Vo=O. 3V) SO 
(Fall of output) FP: 8-pin 

mini FLAT 
1.0 

1.8 60 2 20 
(Rise of output) - ., 

(at Vo=O. 3V) 10 
(Fall of output) 

.... 
C z n ... -1.0 0 

1.8 
60 2 20 

(Rise of output) -
(at Vo=O.3V) 10 Z 

(Fall It output) 

2.0 Funclimal 
3.8 

60 2 20 
(Rise of output) equivalent It 

(alVo=O.2V) 1.0 AN6916 L: 8-pin SIP 
(Fall It output) 

1.5 2.0 ,-
(All output ON) 20 2 25 

(Rise of output) -
0.4 (atVo=O.15V) 0.2 

(All output OFF) (Fall of output) 

0 .... 
8! 
B:! .,,! 

L 8-Pln"'l 1.5 2.0 
(All output ON) 20 (Rise of output) SIP 

2 25 2903 FP' 8-pln I 
0.4 (atVo=O.15V) 0.2 

mIni .1 (AlioulputOFF) (Fall of output) FLAT! 

L:8-P'"~1 
SIP .' 

393 P:8-pln • 
0.6 25 2 25 1.3 

2903 
DIP 
FP' 8-pln 
mini. 
FLAT 

:..-
:a l 

!ii 
O· :a:! 
Ut~ 
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QUICK REFERENCE TABLE OF COMPARATORS (CONTINUED) 

I: Maximum ratmgs Electrical characteristics (Typical characteristics) 
0 

Operatmg Output Input Input 'ai Power Circuit 
(J supply sink offset bias Type No. Function Features 
ii voltage dissipation current current voltage current 

range Co Pd Icc Isink V,O 
<C r~) (mW) (mA) (mA) (mV) 

• Wide supply voltage range 

M51209P • Large output sink curre'nt 2.5-28 900 6.8 60 2 
(at Vo=O. 2V) 

!5 
Quad ~ • Wide supply voltage range 900 3.0 as 

(M51924P) (All cutpul ON) Co 
M51924 • Low power dissipation 2.5-28 20 2 E current 350 0.8 0 (aIVo=O.15V) (J (M51924FP) (All cutputOFF) 

"0 as 
::I 
0 .Wlde supply voltage range 

700 

* • Low power dissipation (M5234P) M5234 High voltage quad current 2-36 
550 

0.8 25 2 
• Large output sink current (M5234FP) 

INDEX OF FUNCTIONAL EQUIVALENTS COMPARATORS 

rH Mitsubishl 

~~ Function Type No. JRC NEC Matsushita Toshiba 

M5233L NJM2903S(9L) AN6913 TA75393S(9L) 

High output break 
down voltage 

M5233P NJM2903D pPC393C 
AN1393 

TA75393P !5 dual, general-pur- AN6914 
1ii pose comparator m * Co M5233FP NJM2903M pPC393G AN1393S TA75393F E 
0 
() 

High output break M5234P NJM2901D .pPC339C 
AN1339 

TA75339P 
down voltage AN6912 

dual, general-pur-
pose comparator M5234FP NJM2901 M pPC339G AN1339NS TA75339F 

L: SIP (8-pin), P: DIP (8-, 14-pin), (9L): SIP (9-pin), FP: mini FLAT (8-, 14-pin) 

*: New product 

Functional equivalents 

Hitachi Tokyo Sanyo ROHm 

LA69393S(9L) 

HA17903PS LA6393D BA6993 

LA6393M BA6993F 

HA17901P LA6339 BA10339 

LA6339M BA10339F 

Ie 
(nA) 

20 

25 

25 

TI 

LM393 
LM2903 

LM339 
LM2901 

Response 
time 

(ps) 

2.0 
(Rise of ootput) 

1.0 
(Fall of output) 

2.0 
(RISe of oulput) 

0.2 
(Fall of output) 

1.3 

NSS 

LM393 
LM2903 

LM339 
LM2901 

Equivalent Package 

outline 

Funcbooal 14 pin DIP 

equovalenlof 

~ AN6918 -P:14-Pl~ 
DIP \1\' 

I' 

2901 FP: 14-pln 
mini ~ 
FLAT 

Z 
0 
1'1 
>< 

P:14-PI~ 
DIP ,.\\ 

339 , 
2901 FP: 14-pln 

mini ~ 
FLAT 

II 
-< ... 
c: z 
~ -0 

FC MOTO Z 
0 ... 

pA393 
pA2903 n. 

O=i 
i:! 

pA339 MLM339P 
pA2901 MLM2901P 

,,! 
)III 
::a;: 
:=i 0= ::a .. 
"'~ 



DESCRIPTION 
The M5120HL,FP is a semiconductor integrated circuit for a 
voltage comparator that operates from a single power supp
ly. Especially the M51201 TL,FP has superiority as to charac
teristics of input current (high input resistance) and fits to 
wide ranged applications, for example, CR timer, etc. 
M5120HL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 
• Low input current ........................................ "'8nA( typ.) 

• Capable of directly driving a relay or a lamp 
• Operates at low supply voltage ........................ 1.7-6.5V 
• Low power dissipation ................ ·imA typo (Vcc=2.65V) 
• Including reference voltage for comparison ........... Vccl2 
• Including voltage surge absorbing zener diode for 

protection 
• High output breakdown voltage ...................... 18V(max.) 

APPLICATION 
Electric shutler, CR timer, comparator, time delay circuit, 
oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range .... · .............................. 1.7-6.5V 
Rated supply voltage .......................................... 5.0V 

EQUIVALENT CIRCUIT 

MITSUBISHI LINEAR ICs 

M51201 TL, FP 

VOLTAGE COMPARATOR 

PIN CONFIGURATION (TOP VIEW) 

REFERENCE 
VOLTAGE 

INPUT 

OUTPUT 

POWER SUPPLY 

GND 

POWER SUPPLY 

OUTPUT 

INPUT 

REFERENCE VOLTAGE 

NC 

NC 

NC 

GND 

NC . NO CONNECTION 

5-pin molded plastic SIP • 

8-pin molded plastic FP 
(MINI FLAT) 

~

POWER SUPPLY 

4~---

OUTPUT 

3 

l 
I 

I 

I 

i ----+------, 

I R6 

REFERENCE VOLTAGE 1 )--........ --+-r Q" 

0 5 

0 6 

-----~ 

3-4 

GND 
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MITSUBISHI LINEAR IC. 

M51201TL,FP 

VOLTAGE COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage 6.5 V 

ISlnk Output sink current 200 mA 

Y'N Input voltage Vee V 

Pd Power dissipation 
180( M51201 TL) 

300(M51201 FP) 
mW 

Ta~25'C 
1.8(M51201TL) 

mW/"C Ke Thermal derating 
3.0(M51201FP) 

Topr Operating temperature -20~+75 'c 
TSIQ Storage temperature -40~+125 'c 

ELECTRICAL CHARACTERISTICS (T a=25'C) 

Test conditIOns limits 
Symbol Parameter 

Vee(V) 
Unit 

Min Typ Max 

Vee Supply voltage range 1.7 6.5 V 

2.65 2.0 3.5 
lee Circuit current mA 

6.0 5.0 8.8 

liN Input current 2.65 8 100 nA 

VREF Reference voltage 6.0 2.55 3.0 3.45 V 

ISink=60mA 0.2 0.6 
VOL Output saturation voltage 6.0 V 

ISink=200mA 1 

Vz Zener voltage Iz=5mA 18 22 26 V 

tpLH Output "L-H" propagation delay lime 6.0 0.2 pS 

tpHL Output "H-L" propagation delay time 6.0 50 pS 

Y'N Input voltage range 0.8 Vcc-O.2 V 

TYPICAL CHARACTERISTICS (Ta=25'C. Vcc=3V. unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) OUTPUT VOLTAGE VS. INPUT VOLTAGE 

~ 
E 

"0 
0.. 

Z 
0 
i= « 
0.. 
Cii en 
15 
ffi 
~ 
0 
0.. 

500 

400 

300 

200 

100 

o 
o 

M51201FP 

M51J> "'-

'" .............. "", r----...... 
........................ .... , 

..... ~.::.. 

25 50 75 100 125 

'> 
0 

> 
w 
(!)' 
« 
f-
...J 
0 
> 
f-
:J 
0.. 
f-
:J 
0 

AMBIENT TEMPERATURE T a ("C) 
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3 

2 

I I 
j I 

2 3 

INPUT VOLTAGE Y'N (V) 
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f
Z 
w 
c:: 
c:: 
:::l 
U 
f
:::l 
Q. 

~ 

INPUT CURRENT VS. INPUT VOLTAGE 
10 

8 

6 

4 

2 

, 
o 
o 

Vee=3V 

I ! 
j I 

~ 
0.5 1.5 2 2.5 

INPUT VOLTAGE VON (V) 

INPUT CURRENT VS. AMBIENT TEMPERATURE 

~ 
c: 

.1, 
f
Z 
w 
c:: 
c:: 
:::l 
(,) 

f
:::l 
Q. 
Z 

12 

r---I'--
10 

8 

6 

4 

2 

o 
-20 o 20 

--..... r---..... 

40 60 

AMBIENT TEMPERATURE Ta ('C) 

> PULSE RESPONSE CHARACTERISTICS 
w 

~ 
o 
> 
f
:::l 
Q. 

~ 

w 

6 

3 

o 

6 

Cl '3 

~ 
o 
> 
f-
:::l 
Q. 
f-
:::l 
o 

o 

Vee=6V 

n INPUT 

II 
I I 
I I 

I I OUTPUT 

c-- I: -- ----- ---II _1 ___ 
~----- !--I I 

I I 
I I 
I I 

o 20 40 60 80 100 

TIME ("s) 

f
Z 
w 
c:: c:: 
:::l 
(,) 

f
:::l 
Q. 

~ 

~ 
E 

Q 

.2 

f-z 
w 
c:: 
c:: 
:::l 
(,) 

f-
:5 
(,) 
c:: 
(3 

MITSUBISHI LINEAR IC. 

MS1201TL,FP 

VOLTAGE COMPARATOR 

INPUT CURRENT VS. SUPPLY VOLTAGE 
14 

12 

10 

/' --8 

6 

4 

2 

o 
o 2 3 4 5 6 7 

SUPPLY VOLTAGE Vee (V) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
5 

4 
/1' 

3 ./ / 
OUTPUT SHUT OFF / / 

2 l/ "/ 
V. V 

/ V 
'/ ~UTrU~ SATURATED 

o 
o 2 3 4 5 

SUPPLY VOLTAGE (Vee) (V) 
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APPLICATION EXAMPLES 

(1) Electric shutter 

1:::::0.7CRcds 

(3) Oscillator 

Vee 

5.1kQ Va 

1 
C, (0. 337R,+0. 847R2 ) [Hz] 

PRECAUTIONS FOR USE 
1. Paying much attention is necessary for fear that. the 

M51201 TL,FP may flow large current and reach to 
destroy because of the structure when the terminals 
of Vcc and GND of the M51201 TL,FP is connected 
wrong position each other. 

2. Reference voltage (VREF ) is adjustable for connecting 
external resistor, but adjustable voltage range is 0.8 to 
(Vcc-O.2)(V). 

3. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage. 

• MITSUBISHI 
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MITSUBISHI LINEAR Ie. 

MS1201TL,FP 

VOLTAGE COMPARATOR 

(2) Voltage comparator 

Vee 

3-7 



DESCRIPTION 
The M51203TL,FP is a semiconductor integrated circuit for a 
voltage comparator that operates from a single power supp
ly. Especially the M51203TL,FP has superiority as to charac
teristics of input current (high input resistance) and fits to 
wide ranged applications, for example CR timer, etc. 
M51203TL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 
• Low input current (high input resistance) ········20nA(typ.) 
• Operates at low supply voltage ........................ 3.0-28V 

• Capable of directly driving a relay or a lamp 
• Low power dissipation ................ · .. · .... · ...... 2.5mA(max.) 

• Including reference voltage for comparison 
• Hysteresis characteristic between input and output 
• High output breakdown voltage ...................... 30V(max.) 

APPLICATION 
Electric shutter, CR timer, voltage comparator, time delay 
circuit, oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................... 3.0-28V 
Rated supply voltage ......................................... "12V 

EQUIVALENT CIRCUIT 

REFERENCE 
VOLTAGE 

.INPUT 2 }-----+-----+-------! 

, 

MITSUBISHI LINEAR IC. 

M51.203TL, FP 

VOLTAGE COMPARATOR 

PIN CONFIGURATION (TOP VIEW) 

GND 

POWER SUPPLY 

OUTPUT 

INPUT 
REFERENCE 

,,_. .- VOLTAGE 

REFERENCE 
VOLTAGE 

INPUT 

POWER SUPPLY 

NC 

NC 

NC 

GND 

NC: NO CONNECTION 

5-pin molded plastic SIP • 
B-pin molded plastic FLAT 

POWER SUPPLY OUTPUT 

4 ----- 'l 

L ___________ _ ____ J 

3-8 

GND 
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ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, ... Input voltage 

Isink Output sink current 

VOH Output drive voltage 

Pd Power dissipation 

Ke Thermal derating Ta';:;25'C 

Topr Operating temperature 

TstQ Storage temperature 

ELECTRICAL CHARACTERISTICS (T a=25'C) 

Symbol Parameter 

Vee Supply voltage range 

Icc Circuit current 

V, ... Input voltage 

I, ... Input current 

V REF Reference voltage 

aVhys Input/output hysteresIs width voltage 

VOL Output saturation voltage 

tpLH Output "L-H" propagation delay time 

tpHL Output "H-L" propagation delay time 

Test conditions 

Vee(V) 

6.0 

12.0 

24.0 

6.0 

12.0 

24.0 

6.0 

12.0 V, ... =OV 

24.0 

6.0 

12.0 

24.0 

6.0 
Islnk=60mA 

Islnk=200mA 

12.0 

• MITSUBISHI 
"'ELECTRIC 

MITSUBISHI LINEAR IC. 

M51203TL, FP 

VOLTAGE COMPARATOR 

Ratings Unot 

28 V 

Vee V 

200 mA 

30 V 

180(M51203TL) 

300(M51203FP) 
mW 

1. 8( M51203TL) 
mW/"C 

3. O( M51203FP) 

-20-+75 'c 
-40-+125 'c 

Limits 
Unit 

Min Typ Max 

3.0 28 V 

1.9 

2.0 2.5 mA 

2.1 

1.4 Vcc-O. 2 V 

20 75 nA 

2.7 3.0 3.3 

5.4 6.0 6.6 V 

10.8 12.0 13.2 

1.0 1.2 1.4 

1.9 2.4 2.9 V 

3.8 4.8 5.8 

0.3 0.6 
V 

1 

1 
~ r---;o f's 
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MITSUBISHI LINEAR IC. 

MS1203TL,FP 

VOLTAGE COMPARATOR 

TYPICAL CHARACTERISTICS (Ta=25·C. Vee=12V. unless otherwIse noted) 

~ 
E 

~ 

z 
0 
f: 
~ 
iii 
(/) 

i3 
0: 
W 
~ 
0 
0.. 

<' 
.5 
~ 

I-z 
w 
0: 
0: 
::J 
() 

I-
::J 
0.. 
~ 

<' 
E 

u 
.2 

I-z 
w 
(t 
(t 
::J 
() 

l-
S 
() 
0: 
0 
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THERMAL DERATING (MAXIMUM RATING) 
500 

400 

M51203FP 
300 

200 

100 

~k' i'.. 
" ............. 

i'-........ '" 
........ , 

~, ......... 

o .... ~~ 
o 25 50 75 100 125 

AMBIENT TEMPERATURE Ta ('e) 

INPUT CURRENT VS. INPUT VOLTAGE 
28 

24 

20 

16 

12 
1 

8 
! 

4 

o .J 
o 2 4 6 8 10 12 14 

INPUT VOLTAGE V ,N (V) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

3 

OUTPUT SHUT OFF ... 
2 

~ f""'" OUTPUT SATURATED 

o 
o 4 8 12 16 20 24 28 

SUPPLY VOLTAGE Vee (V) 

<' 
0::: 

I
Z 
W 
(t 
0: 
::J 
() 

I
::J 
0.. 
~ 

OUTPUT VOLTAGE VS. INPUT VOLTAGE 
14 

12 

10 

I 
t 8 

t 
I 6 

4 

2 

o 
o 2 4 6 8 10 12 14 

INPUT VOLTAGE V,N (V) 

INPUT CURRENT VS. INPUT VOLTAGE 
28 

24 

20 v 
16 , 
12 

8 

4 

o 
o 4 8 12 16 20 24 28 

INPUT VOLTAGE Vee (V) 

INPUT CURRENT VS. AMBIENT TEMPERATURE 

<' 
0::: 

I
Z 
W 
(t 
(t 
::J 
() 

I
::J 
0.. 
~ 

30 

25 

20 

15 

10 

5 

........... 

~ 
........... 

~ 
....... 

AMBIENT TEMPERATURE Ta ('C) 
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CIRCUIT CURRENT VS. AMBIENT TEMPERATURE 
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APPLICATION EXAMPLES 

(1) Voltage comparator 

Vee 

(3) CR Timer 

Vee 

s 
0.1 ms;i;;t;i;;60s 

MITSUBISHI LINEAR ICs 

MS1203TL, FP 

VOLTAGE COMPARATOR 

(2) Oscillator 

Vee 

5.1kQ 
Vo 

1 
C,(0.337R,+0.847R2 ) [Hz] 

PRECAUTIONS FOR USE 
1. Paying much attention is necessary for fear that the 

M51203TL,FP may flow large current and reach to 
destroy because of the structure when the terminals 
of Vcc and GND of the M51203 TL,FP is connected 
wrong position each other 

2. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage 

• MITSUBISHI 
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DESCRIPTION 
The M51205TL,FP is a semiconductor integrated circuit for a 
voltage comparator that operates from a single power supp
ly. Especially the M51205TL,FP has superiority as to charac
teristics of input current (high input resistance) and fits to 
wide ranged applications, for example CR timer, etc. 
M51205TL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 
• Low input current (high input resistance) ·"""·15nA(typ.) 
• Built-in zener diode for stabilization of supply voltage 

between supply voltage terminal and GND terminal 
.................................. : ......................... '.' 5.6V( typ.) 

• Capable of directly driving a relay or a lamp 
• Including reference voltage for comparison 
• Hysteresis between input and output 
• High output breakdown voltage ...................... 30V(max.) 

APPLICATION 
Electric shutter, CR timer, voltage comparator, time delay 
circuit, oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 
Rated supply voltage "'''''''''''''''''''''''''12V( Rd=1 kQ) 

EQUIVALENT CIRCUIT 

MITSUBISHI LINEAR ICs 

MS120STL,FP 

VOLTAGE COMPARATOR 

PIN CONFIGURATION (TOP VIEW) 

GND 

POWER SUPPLY 

OUTPUT 

INPUT 
REFERENCE 

"--_---I- VOLTAGE 

REFEREC E ---J--:---'1..-

VOLTAGE NC 

INPUT NC 

OUTPUT NC 

POWER SUPPLY 

NC : NO CONNECTION 

5-pin molded plastic SIP • 8-pin molded plastic FLAT 

POWER SUPPLY 

3-12 

REFERENCE 
VOLTAGE 

,--------
I R, 

GND 
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MITSUBISHI LINEAR ICs 

MS120STL,FP 

VOLTAGE COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25"e, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unot 

Icc Circuit current 20 mA 

V,N Input voltage V(4 ) * V 

ISlnk Output SInk current 200 mA 

VOH Output drive voltage 30 V 

Power dissipation 
180( M51205TL) 

mW Pd 
300( M51205FP) 

KO Thermal derating Ta;?;25"e 
1. 8 ( M51205TL) 

mWFe 
3. O( M51205FP) 

Topr Operating temperature -20~+75 "e 

Tstg Storage temperature -40~+125 "e 

* Voltage at pin @ 

ELECTRICAL CHARACTERISTICS (Ta=25"e, Rd: dropper resIstor) 

Test condItIons LImIts 
Symbol Parameter 

VcC<V) 
Unot 

Min Typ Max 

V® Zener voltage 12.0 Rd=lkQ 5.0 5.6 7.0 V 

V ,N Input voltage 12.0 Rd=lkQ 0.8 V".-O.2 V 

l'N Input current 12.0 Rd=lkQ 15 75 nA 

V AEF Reference voltage 5.00 Rd=OQ, V,N=OV 2.25 2.50 2.75 V 

11 Vhys Input/output hysteresis width voltage 5.00 Rd=O Q, V ,N=3V 0.80 1 1. 20 V 

Islnk=60mA 0.2 0.6 
VOL Output saturation voltage 6.0 V 

ISlnk=200mA 1 

tpLH Output "L -H" propagatIon delay time 1 ps 

Output "H-L" propagatIon delay time 
12.0 Rd=lkQ 

tpHL 10 ps 

Icc Circuit current (Vccs:V®) 5.00 Rd=OQ 1.9 2.4 mA 

TYPICAL CHARACTERISTICS (Ta=25·e, unless otherwIse noted) 

THERMAL DERATING (MAXIMUM RATING) OUTPUT VOLTAGE VS. INPUT VOLTAGE 
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MITSUBISHI LINEAR ICs 
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APPLICATION EXAMPLES 

(1) Voltage comparator 

Vee 

(3) CR Timer 

s 
0.1 ms;;:;I;;:;60s 

PRECAUTIONS FOR USE 
1. Paying much attention is necessary for fear that the 

M51205TL,FP may flow large current and reach to 
destroy because of the structure when the terminals 
of Vcc and GND of the M51205 TL,FP is connected 
wrong position each other. 

2. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage. 

3. Care should be taken not to apply over 5 (V) directly 
to the terminals between Pin ® and Pin ®. Connect a 
dropper resistor (Rd) in series to Pin ®, In case of 
applying over 5(V) between Pin ® and Pin ®. 

• MITSUBISHI 
..,.. ELECTRIC 

MITSUBISHI LINEAR IC. 

MS120STL,FP 

VOLTAGE COMPARATOR 

(2) Oscillator 

1 [Hz) 
C,(O. 337R,+0. 847R2 ) 

(4) Time delay circuit 

Delay lime Is=O. 7CR 
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DESCRIPTION 
The M51202TL,FP is a semiconductor integrated circuit for a 
voltage comparator that operates from a single power supp
ly. Especially the M51202TL,FP has superiority as to charac
teristics of input current (high input resistance) and fits to 
wide ranged applications, for example CR timer, etc. 
M51202TL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 
• Low input current ···········································8nA(typ.) 
• Operates at low supply voltage ························1.7-6.5V 
• Capable of directly driving a relay or a lamp 
• Including voltage surge absorbing zener diode for 

protection 
• High output breakdown voltage ······················18V(max.) 

APPLICATION 
Voltage comparator, CR timer, electric shutter, time delay 
circuir, oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ···································1.7-6.5V 
Rated supply voltage .......................................... 5.0V 

EQUIVALENT CIRCUIT 

MITSUBISHI LINEAR Ie. 

M51202TL ,FP 

VOLTAGE COMPARATOR 

PIN CONFIGURATION (TOP VIEW) 

GND 

POWER SUPPLY , 

OUTPUT 
NON-INVERTING 
INPUT 
INVERTING INPUT 

INVERTING ~---"'---
INPUT NC 

NON-INVERTING NC 
INPUT 

OUTPUT NC 

POWER SUPPLY GND 

NC : NO CONNECTION 

5-pin molded plastic SIP 

B-pin molded plastic FLAT 

POWER SUPPLY 

3-16 

-------------- 4r----

INVERTING INPUT 1 )----L 

NON-INVERTING 2 )----+------' 
INPUT 

GND 
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MITSUBISHI LINEAR ICs 

M51202TL,FP 

VOLTAGE COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=2S'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage 6.S V 

ISlnk Output sink current 200 mA 

Y'N Input voltage Vee V 

Pd Power dissipation 
180(MS1202TL) 

300(MS1202FP) 
mY'! 

KO Thermal derating Ta~2S'C 
l. 8( MS1202TL) 

mW/'C 
3.0(MS1202FP) 

Topr Operating temperature -20-+7S 'C 

Tstg Storage temperature -40-+12S 'C 

ELECTRICAL CHARACTERISTICS (T a=25'C) 

Test conditions Limits 
Symbol Parameter 

vedv) Min Typ Max 

Vee Supply voltage range l.7 6.5 

2.65 l.7 3.2 
Icc Circuit current 

6.0 4.4 8.2 

liN Input current 2.65 8 100 

Via Input offset voltage 2.65 2 50 

IS ink=60mA 0.2 0.6 
VOL Output saturation voltage 6.0 

Islnk=200mA 1 

Vz Zener voltage Iz=5mA 18 22 26 

tPLH Output "L-H" propa,gatlon delay time 6.0 VREF=Vee/2 0.2 

tpHL Output "H-L" propagation delay time 6.0 VREF=Vee12 50 

Y'N Input voltage range 0.8 Vee-O,2 

TYPICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) OUTPUT VOLTAGE VS. INPUT VOLTAGE 
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INPUT VOLTAGE Y'N (V) 
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MITSUBISHI LINEAR IC. 
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VOLTAGE COMPARATOR 
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APPLICATION EXAMPLES 

LIGHT 

"-CdS 

(1) Voltage comparator 

Vee 

If VREF>V,N Vo=Low 

If VREF<V,N Vo=High 

(3) Electric shutter 

Vee 
t=CRcds.en Vee-VREF 

(4) Window comparator (alarm circuit) 

Vee 

PRECAUTIONS FOR USE 

20k 
V REF H 

1. Paying much attention is necessary for fear that the 
M51202TL,FP may flow large current and reach to 
destroy because of the structure when the terminals 
of Vcc and GND of the M51202TL,FP is connected 
wrong pOSition each other. 

2. Output is "open cOllector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage. 

• MITSUBISHI 
-"ELECTRIC 

MITSUBISHI LINEAR ICs 

M51202TL,FP 

VOLTAGE COMPARATOR 

(2) CR Timer 

Vee 

R 

t=CR.en Vee 
Vee VREF 

O.lms;;;;t;;;;60s 

'< 
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f-
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W 
cr: cr: 
:J 
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f-
:J 
a. 
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DESCRIPTION 
The M51204TL, FP is a semiconductor integrated circuit for 
a voltage comparator that operates from a single power 
supply. Especially the M51204TL,FP has superior character
istics as to input current (highrinput resistance) and fits to 
wide ranged applications, for example CR timer, etc. 
M51204TL,FP's package is a mini SIP and FLAT package, 
therefore can use very easily. 

FEATURES 
• Low input current ......................................... 20nA( typ.) 
• Wide operating voltage range .......................... 2.5-28V 
• Low power dissipation ·······························2.5mA(max.) 
• Capable of directly driving a relay or a lamp 
• High output breakdown voltage ...................... 30V( max.) 

APPLICATION 
Voltage comparator, electric shutter, CR timer, time delay 
circuit, oscillator (square wave) 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................... 2.5-28V 

Rated supply voltage·········· ·································12V 

EQUIVALENT CIRCUIT 

MITSUBISHI LINEAR IC. 

M51204TL,FP 

VOLTAGE COMPARATOR 

PIN CONFIGURATION '(TOP VIEW) 

OUTPUT 

POWER SUPPLY 

S-pin molded plastic SIP 

GND 

POWER SUPPLY 

OUTPUT' 

NON-INVERTING 
INPUT 
INVERTING INPUT 

NC 

NC 

NC 

NC NO CONNECTION 

• 
a-pin molded plastic FLAT 

POWER SUPPLY 

4 

OUTPUT 

3 -l 

I 
INVERTING INPUT 1 

08 

I 

NON-INVERTING 2 }----I-------' 

I 
L_~----+--_~_~ 

INPUT 

3-20 

GND 
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ABSOLUTE MAXIMUM RATINGS (Ta=25"C. unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

V,N Input voltage 

ISlnk Output sink current 

VOH Output drive voltage 

Pd Power dissipation 

K/I Thermal derating Ta~25"C 

Topr Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (T a=25"C) 

Symbol Parameter 

Vcc Supply voltage range 

Icc Circuit current 

V,NCI). Inverting input voltage 

V'N® Non-inverting input voltage 

I,NCI) Inverting input current 

I'N® Non-inverting Input current 

V ,O Input offset voltage 

VOL Output saturation voltage 

tpLH Output "L-H" propagation delay time 

tpHL Output "H-L" propagation delay time 

Test conditions 

VcC<V) 

6.0 

12.0 

24.0 

12.0 

12.0 

6.0 

12.0 

24.0 

6.0 

12.0 

24.0 

6.0 

12.0 Reference voltage at Pin <D 
24.0 

6.0 
Islnk=60mA 

1.,nk=200mA 

12.0 

• MITSUBISHI 
.... ELECTRIC 

MITSUBISHI LINEAR Ie. 

M51204TL,FP 

VOLTAGE COMPARATOR 

Ratings Unit 

28 V 

Vec V 

200 mA 

30 V 

180(M51204TL) 

300(M51204FP) 
mW 

1. 8(M51204TL) 
mW/"C 

3. O( M51204FP) 

-20-+75 "C 

-40-+125 "C 

Limits 
Unit 

Min Typ Max 

2.5 28 V 

1.8 2.5 mA 

1.4 Vcc-O.2 ~ 
V 

20 75 nA 

20 75 nA 

-7 2 12 mV 

0.2 0.6 
V 

1 

1 pS 

10 ps 
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MITSUBISHI LINEAR IC. 

MS1204TL,FP 

VOLTAGE COMPARATOR 

TYPICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

3-22 
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MITSUBISHI LINEAR Ie. 

MS1204TL,FP 

VOLTAGE COMPARATOR 

APPLICATION EXAMPLES 

CIRCUIT CURRENT VS. AMBIENT TEMPERATURE (1) Voltage comparator 
3 

"< 
E 

0 
~ 

2 
I-
Z 
W 
a: 
a: 
::l 
() 

I-
:5 
() 
a: 
(3 

0 

Vee-12V 

........... , 
........... 

~~ ..... 

-20 0 20 40 60 SO 

AMBIENT TEMPERATURE Ta ("C) 

(2) Sensor detection circuit 

Vee 

(4) Oscillator 

r----~------___...--oVec 

H~-oOUTPUT 

Vee 

20k 

J L 
~-+------~--------~ 

(3) Battery check circuit 

PUSH BUTTON SWITCH 

8 
M0234 ~---.------...------<> 1 

0, RL + Vee 

PRECAUTIONS FOR USE 
1. Paying much attention is necessary for fear that the 

M51204TL,FP may flow large current and reach to 
destroy because of the structure when the terminals 
of Vcc and GND of the M51204TL,FP is connected 
wrong position each other. 

2. Output is "open collector" and a loading resistor is 
not included. Connect a loading resistor to stabilize 
operation, in case of driving a next stage. 
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DESCRIPTION 
The M51206TI,.,FP is a semiconductor integrated circuit for a 
voltage comparator that operates at a single power supply. 
Especially the M51206TL,FP has superiority as to character
istics of input current (high input resistance) and fits to wide 
ranged applications,! for example CR timer, etc. 
M51206TL,FP's package is a mini SIP ar:Jd FLAT package, 
therefore can use very easily. 

FEATURES 
• Low input current ·········································15nA(typ.) 
• Built-in zener diode for stabilization of supply voltage 

between supply voltage terminal and GND terminal 
...................................................... ········5.6V(typ.) 

• Capable of directly driving a relay or lamp 
• High output breakdown voltage ...................... 30V(max.) 

APPLICATION 
Voltage comparator, CR timer, electric shutter, time delay 
circuit, oscillator (square wave). 

RECOMMENDED OPERATING CQNDITIONS 
Rated supply voltage .......................... 12V(Rd=1kO) 

EQUIVALENT CIRCUIT 

MITSUBISHI LINEAR IC. 

M51206TL,FP 

VOLTAGE COMPARATOR 

PIN CONFIGURATION (TOP VIEW) 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

OUTPUT 

POWER SUPPLY 

5-pin molded plastic ,SIP 

GNO 

POWER SUPPLY 

OUTPUT 
NON-INVERTING 
INPUT 
INVERTING INPUT 

NC 

NC 

NC 

GNO 

NC . NO CONNECTION 

• 
B-pin molded plastic FLAT 

POWER SUPPLY OUTPUT 

3-24 

r-____ ~ __ ----~--~4--~--~--~r-3-.~~ , 

INVERTING INPUT 1 
as 

02 

R, 

NON INV,ERTING 2 }------t--------' 
INPUT 06 

GNO 
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MITSUBISHI LINEAR ICs 

M51206TL,FP 

VOLTAGE COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Icc Circuit current 20 rnA 

V,N Input voltage V®* V 

Ismk Output sink current 200 rnA 

VOH Output drive voltage 30 V 

Pd Power dissipation 
180(M51206TL) 

300(M51206FP) 
mW 

Ta625'C 
1. 8( M51 206TL) 

mW/t Ko Thermal derating 
3.0(M51206FP) 

Topr Operating temperature -20-+75 'c 
Tstg Storage temperature -40-+125 'c 

*Voltage at Pin ® 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Rd dropper resistor) 

Test conditions Limits 
Symbol Parameter Unit 

VcC<V) Min Typ Max 

V® Zener voltage range 12.0 Rd=1kQ 5.0 5.6 7.0 V 

V,N Input voltage range 12.0 Rd=1kQ 0.8 V®-O.2 V 

I'NCD Input current at Pin CD 12.0 Rd=1kQ 15 75 nA 

I'N@ Input current at Pin ~ 12.0 Rd=lkQ 15 75 nA 

Icc Circuit current (Vcc<V®) 5.0 Rd=OQ 1.8 2.4 rnA 

V,O Input offset voltage 12.0 Rd=lkQ -20 -1.4 20 mV 

IS ink=60mA 0.2 0.6 
VOL Output saturation voltage 6.0 V 

IS ink=200mA 1 

tpLH Output "L-H" propagation delay time 1 p's 

Output "H-L" propagation delay time 
12.0 Rd=lkQ 

tpHL 10 p's 

TYPICAL CHARACTERISTICS (T a=25t, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) OUTPUT VOLTAGE VS. INPUT VOLTAGE 
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MITSUBISHI LINEAR IC. 

MS1206TL,FP 

VOLTAGE COMPARATOR 

INPUT CURRENT VS. INPUT VOLTAGE ZENER VOLTAGE VS. AMBIENT TEMPERATURE 

Vee=12V 
Rd=lkO 

10~~~-4---+--~--4-~ 

~ 15~~---+--~---~--~~ 
w 
a: 
a: 6 10~~---+--~--~--~~ 
I-
:::J 

~ 5~~---+--~--~--~~ 

O~~--~--LW~~--~-
-3 -2 -1 0 2 3 

INPUT VOLTAGE AT PIN CD VS. 
INPUT VOLTAGE AT PIN 0 V'N (v) 

CIRCUIT ,CURRENT VS. AMBIENT TEMPERATURE 

'< 
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() 3 
.2 

I
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~ 2 
a: 
:::J 
() 

l
S 
() 
a: 
o 

1 

Vee=5V 

I 

o 
-40 -20 0 20 40 60 80 

AMBIENT TEMPERATURE Ta CC) 

w 
C} 
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o 
> 
a: 
w 
z 
W 
N 
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-40 -20 0 20 40 60 80 

AMBIENT TEMPERATURE Ta ("C) 

DROPPER RESISTOR (Rd) SELECTION GRAPH 

'< 
E 

() 

.2 

I
Z 
W 
a: 
a: 
:::J 
() 

l-
S 
() 
a: 
o 

14 

2 

10 

8 

6 

4 

2 

o 
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APPLICATION EXAMPLES 

(1) Voltage comparator 

If VREF>V,N Vo=Low 

If VREF<V,N Vo=Hlgh 

MITSUBISHI LINEAR ICs 

M51206TL,FP 

VOLTAGE COMPARATOR 

(2) CR Timer 

Vee 
t=CR£n VCC-VREF 

O. 1ms~t~60s 

(3) Window comparator (alarm circuit) 

20k 

(4) Time delay circuit 

Unit 

Resistance' Q 

Capacitance : F 

20k 
V REFH 

f
Z 
UJ 
c: 
c: 
:::J 
() 

f
:::J 
0.. 
f
:::J 
o 
OL-~V7R~E-FL--~V~R-EF-H---

INPUT VOLTAGE V ,N (V) 

PRECAUTIONS FOR USE 
1. Paying much attention is necessary for fear that the 

M51206TL,FP may flow large current and reach to 
destroy because of the structure when the terminals 
of Vce and GND of the M51206TL,FP is connected 
wrong position each other. 

2. Output is "open collector" and a loading resistor is 
. not included. Connect a loading resistor to stabilize 

operation, in case of driving a next stage. 
3. Care should be taken not to apply over 5(V) directly 

to the terminals between Pin ® and Pin @. Connect a 
dropper resistor (Rd) in series to Pin ® in case of 
applying over 5(V) between Pin ® and Pin @. 
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. MITSUBISHI LINEAR Ie. 

MS123TL 

VOLTAGE COMPARATOR 

DESCRIPTION 
The M5123TL is a semiconductor integrated circuit for a vol
tage comparator designed to operate from a single power 
supply. The comparator reference voltage is close to the 
supply voltage and, therefore, the M5123TL fits to the shap
ing of waveform of signal multiplied to power supply be
cause the input voltage can be more than the supply vol
tage. 

PIN CONFIGURATION (TOP VIEW) 

M5123TL's package is a mini SIP, making mounting of the 
component easy. 

FEATURES 
• Operates at low supply voltage ························2.5-5.5V 
• Including comparator reference voltage 

····················································Vcc-46mV(typ.) 
• Low power dissipation in standby state ........ 150,uA(typ.J 
• Built-in protection resistor and diode for input surge 

current 

APPLICATION 
Voltage comparator, general-purpose detection, alarm cir
cuits. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range" ................................. 2.5-5.5V 
Rated supply voltage .......................................... 5.0V 

EQUIVALENT CIRCUIT 

GNO 

NC 

OUTPUT 

POWER SUPPLY 
NON-INVERTING 

"'--__ r-- INPUT 

NC . NO CONNECTION 

5-pin molded plastic SIP 

r---~--~----~----~--~~----~------~2 POWERSUPPLY 

0, 02 

2k 
I NVERTI NG 1 l--'\/1I\r------<I----....... --£ 

INPUT 

NC 

3-28 

e_--I---.r 06 

30k R2 

5}---

OUTPUT 
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MITSUBISHI LINEAR ICs 

M5123TL 

VOLTAGE COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage 6 V 

V, Input voltage -0.2-10 V 

Vo Output voltage Vee V 

Pd Power dissipation 180 mW 

Topr Operating temperature -20-+75 "C 

Tstg Storage temperature -40-+125 'c 

ELECTRICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

Vee Supply voltage range 2.5 5.5 V 

Iccl Circuit current Vee=3.3V 100 170 pA 

ICC2 CircuIt current Vee=5.5V 150 270 pA 

V ,O Input offset voltage 
Vee=2. 5-5. 5V, 

Vee reference voltage 
-100 -46 0 mV 

Vos Output saturation voltage Vee=5. 5V, RL =27kQ 50 300 mV 

10L Output leak current Vee=5.5V -1 pA 

TYPICAL CHARACTERISTICS (Ta=25"C, Vee=5.5V, unless otherwise noted) 

~ 
E 

"C 
Q. 

z 
0 
f= 
-0:: 
Q. 

iii 
C/l 
is 
cr: 
w 
~ 
0 
Q. 

THERMAL DERATING (MAXIMUM RATING) OUTPUT VOLTAGE VS.INPUT VOLTAGE 

250 

200 
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w 
CJ 

'" 
-0:: 
~ 
0 
> , , , I-
:::l 
Q. , I-
:::l , 0 , 

" o 25 50 75 100 125 

AMBIENT TEMPERATURE T a ("C) 
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INPUT VOLTAGE V, (V) 

3-29 



3-30 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
300 
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SUPPLY VOLTAGE Vee (V) 

CIRCUIT CURRENT VS. AMBIENT TEMPERATURE 
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OUTPUT SATURATION VOLTAGE VS. 
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MIT~UBISHI LINEAR IC. 

M5123TL 

VOLTAGE COMPARATOR, 

INPUT CURRENT VS. INPUT VOLTAGE 
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MITSUBISHI LINEAR ICs 

MS1207L 

DUAL COMPARATOR 

DESCRIPTION 
The M51207L is a dual (two independent) comparator and 
operates over a wide voltage range from a single supply 
voltage. Especially the M51207L has superiority as to char
acteristics of input current (input resistance) and fits to 
wide ranged applications, for example CR Timer, oscillator, 
etc. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Low input curret (high input resistance) · ...... ·20nA(typ.) 
• Wide supply voltage range" ........................ 2.5V-28V 
• Low dissipation current ............................. 3.8mA(typ.) 

• Capable of driving a relay or a lamp directly 
60mA(max,) 

• Includes voltage surge absorbing zener diodes 
• High output breakdown voltage .............. · .... ·30V(max.) 
• Low output voltage ..................................... O.2V(typ.) 
• Low input offset voltage .............................. 2mV(typ.) 

APPLICATION 
Voltage comparator, window comparator, CR Timer, time 
delay circuit, oscillator, etc 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range .................................... 2.5-28V 
Rated supply voltage .......... · .... · ...... · ...... · ...... · ...... 12V 

EQUIVALENT CIRCUIT 

. INVERTING INPUT B 7)---t---t--+--;--, 

NON-INVERTING INPUT B 8 

NON-INVERTING INPUT A I 

INVERTING INPUT A 2 

POWER SUPPLY 5 

INVERTING INPUT B 7 

NON-INVERTING INPUT B 8 

8-pin molded plastic SIP 

POWERSUPPLY 5}-~--~--+----~-+-~ 

NON-INVERTING INPUT A 1 

INVERTING INPUT A 2)---t---t--+---t--
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MITSUBISHI LINEAR ICs 

MS1207L 

DUAL .COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25t, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage 28 V 

V,o Differential input voltage Vee V 
V 1CM Common mode input voltage range -0,3-Vee V 

Isink Output sink current 80 mA 
V OH "H" output voltage 30 V 

Pd Power dissipation 650 mW 

Topr Operating temperature -20-+75 "c 
Tstg Storage temperature -40-+125 "c 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=2.5-28V, unlese otherwise noted) 

limits 
Symbol Parameter Test conditions 

Vee Supply voltage range 

Icc Circuit current 

V,e Inverting input voltage range 

V,Ell Non-invertmg Input voltage range 

V,o Input offset voltage 

I,e Inverting rnput current 

I ,Ell Non-inverting mput current 

"0 Input offset current 

Islnk=60mA 
VOL "L" output voltage· 

ISink=200mA 

ILO Output leak current 

tpLH Output "L -H" propagation delay time 

tpHL Output "H-L" propagation delay time 

TYPICAL CHARACTERISTICS (Ta=2S"C, unless otherwise noted) 

THERMAL DERATING 

~ 
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Z 
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MITSUBISHI LINEAR ICs 

MS1207L 

DUAL COMPARATOR 
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PRECAUTIONS FOR USE 
1. Special care must be taken to protect the M51209P from 

large surges in current, such as may result from the in 
currect connection of the Vee and GND terminals. 

2. Output is "open collector" and a loading resistor is not in
cluded. Connect a loading resistor to stabilize operation, 
when driving another. 

APPLICATION EXAMPLES 

(1) Voltage comparator 

Vee 

MITSUBISHI LINEAR ICs 

M51207L 

DUAL COMPARATOR 

(2) Schmit! trigger circuit 
r---..---_...---O vee 

~t rr 
V,o--+---l J~ 

V,o--+---i 
>--+--oVo 

II VREF>V' Vo=Low 

II VREF<V' Vo=High 

(3) Monostable multi-vibrator 

r-~----1---~-o vee 

>-+--oVo 

Vee ( ) 
t=CR3 ' Q n Vee-Vrel sec 

(5) Pulse generator 

Vrel 

r-----_----T----<l Vee 

R, 

Vre f~---+---l 

RL «: R1. Rz. R3. R4 
VF, : 0, Forward voltage 
VF, 0, Foryvard voltage 

~--~-----oVo 

VrelH 

VrelL 

3-34 

R, R,+R,R3+R3 R, 
Vee' R,R3 

0, 

Vcc-VrefL-VF2 
t,=CR, Q n Vee-VrelH 

t =CR Q VreIH-V" 
2 4 n VrefL 

• MITSUBISHI 
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~-+----oVo 

VrefL VrefH _V, 

VreIH=Vee' R,(R.+Rcl+R,(R,+R.+RL ) 

R,R. 

(4) Unstable multi-vibrator 
r-----_--~r----O vee 

>-+---oVo 

(6) CR Timer 

r--T---_--~----o vee 

I~ 



(7) Sensor detector 

,---------~----~------_oVcc 

LED 

R2 VR:c_---I 

SENSOR 

VR, 

(9) Window comparator 

r------------r------------~_oVcc 

v, 

VR2 

tu 
VrefL V.refH 
-VI 

MITSUBISHI LINEARICs 

MS1207L 

DUAL COMPARATOR 

(8) Battery check circuit 

R2 

Vo 

o 

R3 
vD>VCC • R,+R3 ' LED-OFF 

(10) Pulse train generator 

r--r------,----.,------,---------,..oO Vee 

(11) Countermeaure against oscillation 

(Note) Taking steps against oscillation 
The M51207L may oscillate according to input condition. If 
the M51207L should oscillate, the following countermea
sures are applicable. 
• In case of connecting input signal with chattering, con

nect a capcitor of small CA' value. 
• In case of oscillation with ordinary input, employ positive 

feedback inserting RA (large registor) , CB (no polar) or 
connect Ce. 

• When the supply voltage is not stabilized, connect CD 
(a large electrolytic capacitor) to absorb the supply vol
tage change. 

I 
I 

CA..l.. 
T 
I 
I 
I 

* 
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START 

SW 

Vrefl 

Vrel, 

VI 0--4>----

Vreln 

MITSUBISHI LINEAR ICs 

M51207L 

DUAL COMPARATOR. 

(12) Sequential timer 

Vee START SW START SW 
ON---OFF OFF---ON , 

I , 
Val 

Val 

Voz 

,--"---4r--Q Vee 

Voz 
V03 

i I I I _I 

1..1,.,I-lz-l--13-..I 

.---..---.---0 Vee 

'>---O--Q V03 

t,=O. 7C,' R, 

t,=O. 7C,( R,,+R,) 

t3=0. 7C3( RL2+R3) 

(13) Analog/Digital converter 

RESET 

RLl Vreh < Vref2 < ...... < Vreln 

:> 

Val 1 
Vreln ---------

Vrel, 
Vreh 

RLZ 

Voz 

Vo, 

Voz 

RLn Von 

Von 
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MIT SUB ISH I LINEAR IC. 

MS1922L 

DUAL COMPARATOR 

DESCRIPTION 
The M51922L is a dual (two independent) comparator and 
operates over a wide voltage range from a single supply vol
tage. The M51922L has a low power dissipation characteris
tics but enables high output drive, and fits to wide ranged 
applications, for example CR timer, oscillator, etc. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Low input current ·········································25nA(typ.) 
• Wide supply voltage range ............................ 2.5V-28V 
• Low dissipation current ........ O.4mA(typ.)(AIi output OFF) 

1.5mA(typ.) (All output ON) 
• Enables high output drive ..................... VOL =O.15V( typ.) 

(Output current 20mA) 

APPLICATION 
Voltage comparator, window comparator, CR Timer, time de
lay circuit, oscillator, etc. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ..... '" ........................... 2.5-28V 
Rated supply voltage .......................................... ·12V 

EQUIVALENT CIRCUIT 

INVERTING 
INPUT B 

NON-INVERTING 
INPUT B 

SUPPLY VOLTAGE 

NON-INVERTING 
INPUT A 

INVERTING 
INPUT A 

NON-INVERTING INPUT B 

INVERTING INPUT B 

OUTPUT B 

POWER SUPPLY 

GND 

OUTPUT A 

INVERTING INPUT A 

NON-INVERTING INPUT A 

a-pin molded plastic SIP 

OUTPUT B 

.---+-----i 3 OUTPUT A 

I 

_________ Rl ___ ~ 
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MITSUBISHI LINEAR IC. 

M51922L 

DUAL COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25"c, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage 28 V 

V,o Differential input voltage Vee V 

V 1CM Common mode ,nput voltage range -0.3-Vee V 

ISlnk Output sink current 80 mA 

VOH "H" output voltage 30 V 

Pd Power dissipation 650 mW 

Topr Operating temperature -20-+75 °C 

Tstg Storage temperature -40-+125 °C 

ELECTRICAL CHARACTERISTICS (Ta=25°C, Vee=2.5-28V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

Vee Supply voltage range 2.5 28 V 

leel Circuit current 1 ALL OUTPUT ON 105 205 mA 

Icc2 Circuit current 2 ALL OUTPUT OFF 004 0.8 mA 

V,e Inverting 'nput voltage range NOTE 0 Vee-I. 5 V 

V,EEl Non-inverting input voltage range NOTE 0 Vee-I. 5 V 

V,o Input offset voltage 2 5 mV 

I,e Inverting input current 25 150 nA 

I ,EEl Non-inverting input current 25 150 nA 

1'0 I nput offset current 5 50 nA 

Vsat Output saturation voltage IOL=20mA 0.15 0.4 V 

Islnk=20mA 0.15 004 
VOL '~LU output voltage V 

Isink=80mA 1 

ILO Output leak current 0.1 pA 

tpLH Output "L-H" propagation delay time 2 ps 

tpHL Output "H-L" propagation delay time 0.2 ps 

NOTE) Either ,nverting or non-Inverting inputs (reference side) should be within this range. (Abnormal operation will not occur when 

the other is within the range of 0 to Vee.) 

TYPICAL CHARACTERISTICS (Ta=25°C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) OUTPUT VOLTAGE VSo INPUT VOLTAGE 

1000 

~ 
E 800 
"C 

Cl. 

Z 600 
0 
f: « 
0.. 

400 Cii 
CIl 
15 
c:: 200 w ::: 
0 
Cl. 

a 
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DUAL COMPARATOR 

INPUT CURRENT VS. SUPPLY VOLTAGE 
40 

35 

30 

25 

20 

15 

10 

5 

200 

150 

100 

SO 

..;'" ~ 

V,-OV 
V,ef=1/2Vee 

6 12 18 24 

SUPPLY VOLTAGE Vee (V) 

"L" OUTPUT VOLTAGE 
VS. OUTPUT SINK CURRENT 

Vee- 12V 

7 
/ 

/ 
/ 

V 
5 10 15 20 

30 

25 

OUTPUT SINK CURRENT ISlnk (rnA) 

INPUT CURRENT VS. 
AMBIENT TEMPERATURE 

40 

35 
Vee=;:r 
V,=2V 
V,ef=6V 

30 ..... 
25 -..;; r---
20 

15 

10 

~40 -20 0 20 40 60 80 

AMBIENT TEMPERATURE T a ("C) AMBIENT TEMPERATURE T a ("C) 

• MITSUBISHI 
... ELECTRIC 3-39 



3-40 

'> 
E 

200 

1 ISO 

w 
Cl 

~ 100 
o 
> 
I-
::J 
~ 50 
::J 
o 
~-J 

"L" OUTPUT VOLTAGE 
VS. AMBIENT TEMPERATURE 

v V 

---~ Vee- 12V 
, Isink=15mA 

<-a. 

1000 
7 
5 
4 
3 

f- 2 
~ 100 
a: 7 
a: 5 
:::l 4 
o 3 

2 I<: 
0( 
W 
-J 

f
:::l a. 
f
:::l 
o 

10 
7 
5 
4 
3 
2 

I 

MITSUBISHI LINEAR IC. 

M51922L 

DUAL COMPARATOR 

OUTPUT LEAK CURRENT VS. 
AMBIENT TEMPERATURE 

Vee 12V 

7 

/ 
/ 

1,/ 

/ 
V 

./ 

~40 -20 o 20 40 60 80 -40 -20 o 20 40 60 80 

AMBIENT TEMPERATURE T a ("C) 

• MITSUBISHI 
;"ELECTRIC 

AMBIENT TEMPERATURE Ta ("C) 



MITSUBISHI LINEAR Ie. 

MS1923P,F~ 

DUAL COMPARATOR 

DESCRIPTION 
The M51923P,FP is a dual (two independent) comparator 
and operates over a wide voltage range from a single supply 
voltage. The M51923P,FP has a characteristic of low power 
dissipation but enables high output drive, and fits to wide 
ranged applications, for example CR timer, oscillator, etc. 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT A POWER SUPPLY 
INV"ERTING 

INPUT A OUTPUT B 
NON-INVERTING INVERTING 

FEATURES 
• Low input current ························· .... ············25nA(typ.) 
• Wide supply voltage range ............................ 2.5V-28V 
• Low dissipation current ........ O.4mA(typ.)(AIi output OFF) 

1.5mA(typ.)(AIi output ON) 
• Enables high output drive ·····················VoL=O.15V(typ.) 

(Output current 20mA) 

APPLICATION 
Voltage comparator, window comparator, CR timer, time de
lay circuit, oscillator, etc. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................... 2.5-28V 

Rated supply voltage ···········································12V 

EQUIVALENT CIRCUIT 

INVERTING 
INPUT B 

NON-INVERTING 
INPUT B 

SUPPLY VOLTAGE 

NON-INVERTING 
INPUT A 

INVERTING 
INPUT A 

L-__________________________ __ 

• . MITSUBISHI 
.... ELECTRIC 

INPUT A INPUT B 
GND NON-INVERTING 

,_--,-_" ·INPUT B 

8-pin molded plastic DIP 

8-pin molded plastic FLAT 

OUTPUT B 

OUTPUT A 
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MITSUBISHI LINEAR IC. 

MS1923P,FP 

DUAL COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vcc Supply voltage 28 V 

V'D Differential input voltage Vcc V 

V1CM Common mode input voltage range -0.3-Vcc V 

Isink Output sink current 80 mA 

VOH "H" output voltage 30 V 

Pd Power dissipation 
650 (M51923P) 

300 (M51923FP) 
mW 

Topr Operating temperature -20-+75 "c 

Tstg Storage temperature -40-+125 ·C 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=2.5-28V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

Vcc Supply voltage range 2.5 5.5 V 

fecl Circu,t current 1 ALL OUTPUT ON 1.5 2.5 mA 

ICC2 Circuit current 2 ALL OUTPUT OFF 0.4 0.8 mA 

V,e Inverting input voltage range NOTE 0 Vcc-1.5 V 

V,EB Non-inverting Input voltage range' NOTE 0 Vcc-1.5 V 

V,o Input offset voltage 2 5 mV 

I,e Inverting input current 25 150 nA 

I,EB Non-inverting Input current 25 150 nA 

1'0 Input offset current 5 50 nA 

Vsat Output saturation voltage IOL=20mA 0.15 0.4 v 
Islnk=20mA 0.15 0.4 

VOL "L" output voltage V 
Isink=80mA 1 

lco Output leak current 0.1 pA 

t pLH Output "L-H" propagation delay t,me 2 pS 

t PHL Output "H-L" propagation delay time 0.2 pS 

NOTE) Either Inverting or non-inverting inputs (reference side) should be within th,s range. (Abnormal operation Will not occur when 

the other is within the range of 0 to Vcc ) 
I 

TYPICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) OUTPUT VOLTAGE VS. INPUT VOLTAGE 

1000 

~ 
E 800 
'0 a. 

Z 600 
0 
i= 
< a. 400 iii 
Ul 
Ci 
a: 200 w 
;:: 
0 a. 
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DESCRIPTION 
The M5223L,P,FP is a semiconductor circuit for a compara
tor designed to operate over a wide supply voltage range 
from 2 to 36V from a single power supply, with two circuits in 
each 8-pin SIP and 8-pin DIP and 8-pin mini flat package. A 
differential circuit which is equivalent to a conventional sing
le power supply operational amplifier is used to enable op
eration from GN D level to improve input characteristics. 
Power dissipation (circuit current) is low and output voltage 
is large. It fits to a general-purpose comparator for a variety 
fo electronic equipment. 

FEATURES 
• Wide operating supply voltage range ................. 2V-36V 

Dual power supplies: ±1V-±18V 
• Low circuit current .................................... ·0.6mA(typ.) 

• Wide common mode input voltage range 
...................... OV-Vcc-1.5V (single power supply) 

• Open collector output 
• Output sink current ............................................. 25mA 
• Response time ................................................ 1 3psec 

• Pin compatible with general-purpose comparators 393, 
2930 

APPLICATION 
Voltage comparator, window comparator, CR timer, time de
lay circuit, oscillator, etc. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 2-36V 
Rated supply voltage ......................................... "12V 

EQUIVALENT CIRCUIT 

MITSUBISHI LINEAR ICs 

M5233L,P,FP 
DUAL COMPARATOR 

PIN CONFIGURATION (TOP VIEW) 

SIP 

DIP. MINI FLAT 

POWER SUPPLY 

OUTPUT 2 

INVERTING INPUT 2 

NON-INVERTING INPUT 

GND 

NON-INVERTING INPUT 1 

INVERTING INPUT 1 

OUTPUT 1 

OUTPUT POWER SUPPLY 

IN~~~1JW OUTPUT 2 
NON-INVERTING INVERTING 

INPUT 1 INPUT 2 
GND NON-INVERTING 

.~~ ____ ~ INPUT 2 

#.:.. moldod pl .... SIP 

• 8-pin molded plastic FP 
(MINI FLAT) 

8-pin molded plastic DIP 

.-------~------~--------_4--------------0Vcc 

INPUT (+) o-~-----l 

INPUT(-)o--------------+------~r---------~ 

• MITSUBISHI 
..... ELECTRIC 

~---------uOUTPUT 

*Two circuits are featured In 

the Circuit on the left 
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ABSOLUTE MAXIMUM RATINGS (Ta=25°C, unless otherwise noted) 

Symbol Parameter Ratings Unit 

Vcc Supply voltage 36(±18) V 

V,O Differential input voltage 36 V 

V1CM Common mode Input voltage range -0.3-+36 V 

Pd Power dissipation SOO( SIP )/625( DIP )/440( FP) mW 

Topr Operating temperature -20-+75 °C 

TstQ Storage temperature -55-+125 °C 

ELECTRICAL CHARACTERISTICS (Ta=25°C, Vcc=5V) 

Symbol Parameter Test conditions 

V,O Input offset voltage Vo=l. 4V, VREF=l. 4V, R~=OO 

1'0 Input offset current 

Ie Input bias current 

V'CM Common mode input voltage range 

Gv Voltage gain RL =15kO 

Icc Circuit current RL=oo 

tpLH Response time RL =5.1 kO, VRL =5V 

'sink Output sink current V,N(-)=lV, V,N(+)=OV, Vo :5:1. 5V 

MITSUBISHI LINEAR ICs 

M5233L,P,FP 

DUAL COMPARATOR 

Limits 
Unit 

Min Typ Max 

2 5 mV 

5 50 nA 

25 250 nA 

0 Vcc-1.5 V 

200 V/mV 

0.6 1 mA 

1.3 ,usee 

10 25 m<'l 

VOL Output saturation voltage V,N(-I=l V, V,N(+)=OV,lsink=8mA 200 400 mV 

ILO Output leak current V,N (+)=lV, V,N(-)=OV, Vo=5V 0.1 

TYPICAL CHARACTERISTICS 
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MITSUBISHI LINEAR ICs 

M51200P 

DUAL COMPARATOR 

DESCRIPTION 
The M51200P is a semiconductor integrated circuit for a 
dual voltage comparator designed to operate from a single 
power supply. 

Comparator A has two inputs and one output while compa
rator B has one input and two outputs \'lith half the supply 
voltage as its reference voltage. Especially the M51200P 
can operate at low supply voltage and has superiority as to 
input current (input resistance) and fits to wide ranged ap
plications. 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY 

INPUT B+ 

OUTPUT B

OUTPUT B+ 

GND 

INPUT A

NC 

GND 

OUTPUT A 

The M51200P's package is 10-pin FLAT package and 
makes mounting of components easy. 

NC : NO CONNECTION 

FEATURES 
• Operates over low supply voltage range ........ ···1.4-6.0V 
• Low input current ···········································3nA(typ.) 
• Capable of directly driving a relay or a lamp 

.......................................................... 40mA(max.) 

• High breakdown voltage ·······························18V(max.) 
• Includes voltage surge absorbing zener diode for 

protection 

APPLICATION 
Voltage comparator, electronic shutter, CR timer, time delay 
circuit, oscillator. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range .................................. ·1.4-6.0V 

Rated supply voltage ........... ·······························3.0V 

EQUIVALENT CIRCUIT 

10-pin molded plastic FLAT 

.--------...-------{ 1 POWER SUPPLY 

>------+------{ 6 OUTPUT A 

Vcc/<.O-----I ~~----------~3 OUTPUTB-

INPUT B+ 2 J--------i ~~----------~4 OUTPUTB+ 

I 

~ - -----{ 7 5 J---

GND GND 
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;"ELECTRIC 3-47 



MITSUBISHI LINEAR ICs 

MS1200P 

DUAL COMPARATOR 

ABSOLUTE MAXIMUM RATINGS CTa=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Power supply 6 

Y'N Input voltage Vee 

I® 40 

I® Output sink current 2 

I® 25 

V® 18 

V® Output drive voltage 10 

V® 18 

Pd Power dissipation 180 

Topr Operating temperature -20-+75 

Tstg Storage temperature -40-+125 

ELECTRICAL CHARACTERISTICS CTa=25'C, Vee=3.0V, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

Vee Supply voltage range 1.4 6.0 

Vee=3V .1. 8 2.8 
Icc Circuit current 

Vec=6V 3.4 4.9 

"N<1t» 3 10 

I'N(9) Input current Vee=3V 3 10 

I'N(2) 8 100 

V REF Reference voltage of comparator B Vee=3V 1. 35 1.5 1. 65 

Vs(6) kID=20mA 0.18 0.3 

VS<..3) Output saturation voltage Im=lO,uA 38 60 

Vs(4) I(4)=25mA 0.2 0.5 

VZ,S) I(6)=5mA 18' 21 26 

V Z(4) 

Output protection zener voltage 
1",,=5mA 18 21 26 

Y'N Input voltage range Vee=3V 0.8 Vcc-O. 2 

tpLH Output "L~H" propagation delay time 20 

Output "H~L" propagation delay time 
Vce=3V 

20 tpHL 

TYPICAL CHARACTERISTICS CTa=25'C, unless otherwise noted) 

~ 
E 

'0 
c. 

z 
0 
j::: 
« 
c. 
0; 
en 
is 
a: 
w 
~ 
0 
c. 
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INPUT/OUTPUT PROPAGATION 
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DUAL COMPARATOR 
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MITSUBISHI LINEAR ICs 

M51200P 

DUAL COMPARATOR 

APPLICATION EXAMPLES 

(1) Electronic shutter (2) Comparator 

Magnet coil 
Vee 

Vee 
t=CRcds£ n Vee-VAEF 

(3) Detection circuit 

Sensor 

R, 

(5) Window comparator 

Vee 

V,~~-----------------r~~----~ 

3-50 

V, <1/2Vec · V®=Low, V®=High 

V,<1/2Vec : V®=High, V®=Low 

(4) Oscillator 

Vee Vee 

R4 
Rc LED R, 

RL 

R3 

R2 

Rh 

1 
I R£ l-R£ (Hz] 

CR4£ nlfl1' l-Rh 
R£ 

Note: Connect both pin ® and pin (j) to GND 
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MITSUBISHI LINEAR ICs 

M51209P 

QUAD COMPARATOR 

DESCRIPTION 
The M51209P is a quad (four independent) comparator and 
operates over a wide voltage range from a single supply 
voltage. Especially the M51209P has superiority as to char
acteristics of input current (input resistance) and fits to 
wide ranged applications, for example CR Timer, oscillator, 
etc. 

FEATURES 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT B 

POWER SUPPLY 

INVERTING INPUT A 11 ~NOp~-+~ERTING 

• Low input curret (high input resistance) ········20nA(typ.) NON-INVE~~~~~ A 10 INVERTING INPUT D 

• Wide supply voltage range·························· 2.5V-28V INVERTING INPUT B ~~~-+N~ERTING 

NON-INVE~J~~~ B 7 INVERTING INPUT C ---' ___ .r-
• Low dissipation current .. ················· .. ····· .. · 6.8mA( typ.) 
• Capable of driving a relay or a lamp directly 

200mA(max.) 
• Includes voltage surge absorbing zener diodes 
• High output breakdown voltage····················30V(max.) 
• Low output voltage (lsink=60mA) ................ O.2V(typ.) 
• Low input offset voltage .............................. 2mV(typ.) 

APPLICATION 
Voltage comparator, sequential timer, pulse generator, 
analog / digital converter, time delay circuit 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range·················· .. · .. ············· 2.5-28V 
Rated supply voltage"· ........................................ 12V 

14-pin molded plastic DIP 

INVERTING EQUIVAENT CIRCUIT OUTPUT A NON-INVERTING INPUT C 

NON-INVERTING INPUT A 

INVERTING INPUT A 

NON-INVERTING INPUT B 7l-----~ 

INVERTING INPUT B 

r----------,---4-~ 3 POWER SUPPLY 

OUTPUT 0 

, - " 
OUTPUT B NON-INVERTING INVERTING INPUT 0 

INPUT D 
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MITSUBISHI LINEAR ICa 

MS1209P 

QUAD COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=2SOC. unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 28 

V,o Differential Input voltage Vee 
V 1CM Common mode input voltage range -0.3~Vee 

Isink Output sink current 200 

VOH "H" output voltage 30 

Pd Power dissipation 900 

Topr Operating temperature -20-+75 

Tstg Storage temperature -40-+125 

ELECTRICAL CHARACTERISTICS (Ta=2SOC. Vee=20S-28V. unlese otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

Vee Supply voltage range 205 

lee Circuit current 608 

V,e Inverting input voltage range 0 

V,EIl Non-mvertmg mput voltage range 0 

V,o Input offset voltage 2 

I,e Invertiog input current 20 

I ,Ell Non-inverting input current 20 

1'0 Input offset current 5 

Islnk=60mA 002 
VOL "L" output voltage 

Islnk=200mA 1 

ILO Output leak current 

tpLH Oulput "L-H" propagation delay time 2 

tpHL Output "H-L" propagation delay time 1 

TYPICAL CHARACTERISTICS (Ta=25'C. unless otherw,se noted) 

~ 
E 1200 
U 
0.. 

Z 900 0 
;::: 
« 
0.. 
(ij 

600 C/J 
C5 
II: 
UJ 
~ 300 
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0.. 

THERMAL DERATING 
(MAXIMUM RATING) 
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f-
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OUTPUT VOLTAGE VS 
INPUT VOTAGE 

COMPARATOR REFERENCE VOLTAGE 
VREF=6V IS APPLIED TO INVERTING 
INPUT Vee=12V 
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Vee-lo S 
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50 

004 
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INPUT VOLTAGE V,(V) 

Unit 
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mV 

nA 

nA 

nA 
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r-.... .... r--.., 
r-... 

f"'... 

" 
8 12 16 20 24 28 
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M51209P 

QUAD COMPARATOR 

INPUT CURRENT VS 
SUPPLY VOLTAGE 

V,=OV 
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PRECAUTIONS FOU USE 
1. Special care must be taken to protect the M51209P from 

large surges In current, such as may result from the in

correct connection of the Vce and GND terminals. 
2. Output Is "open collector" and a loading resistor Is not in

cluded. Connect a loading resistor to stabilize operation, 
when driving another. 

APPLICATION EXAMPLES 

Vre I 

, 
VrefH 

VrelL 

(1) Voltage comparator 

Vee 

>----oVo 

II VREF>V' Vo=Low 
II VREF<V' Vo=High 

(3) Monostable multi-vibrator 

~ 

>-...... -oVo 

V t=CR3 • .en v e~ [sec) 
ee rei 

(5) Pulse generator 

RL 
RJ 

Vee 

RL <R" R2. R3 • R. 
VFI D, Forward voltage 

2 . D2 Forward voltage VF 

Vo 
r-~ 

R~ ~I • t 
~ 

J- ... 

'Rs 

I C , 
Vee' R2( R,+R3 ) 

R,R2+R2R3+R3R, 
Vee ·R2R3 

~ 

~ 

t,=CR • .e n Vee-VrefL -VF2 
Vee VrelH 

t =CR .e n VrefH-VF, 
2 4 VrefL 

R, 

V, 

Vrel 

Rz 

R, 

RZ 

3-54 • MITSUBISHI 
~ELECTRIC 

MITSUBISHI LINEAR ICs 

MS1209P 

QUAD COMPARATOR 

(2) Schmitt trigger circuit 
Vee 

RL 

{~ -0 Vo 

VrefL VrelH 
_V, 

R2(R,+R4+RL) 
VreIH=Vcc' R,(R.+Rcl+R2(R,+R.+RL) 

R2R. 
VreIL=Vcc' R2R.+R,(R2+R4 ) 

(4) Unstable multi-vibrator 

Vee 

RL 
RJ 

>-+----0 Vo 

(6) CR Timer 

r--..,.----..----..,.-----o Vee 

I~ 

t=CR,'.e n Vee 
Vee-Vref 



MITSUBISHI LINEAR ICs 

MS1209P 

QUAD COMPARATOR 

(7) Sensor detector (8) Battery check circuit 

.----------.----~------_oVcc 

Al LED 
Vo 

LEol 
AL 

+ Vee 

o I 'co"" 

(9) Window comparator (10) Pulse train generator 

,--------------r-------------,---o Vee 

VAz 

k 
VrelL VrelH 
-VI 

(11) Countermeaure against oscillation 

(Note) Taking steps against oscillation 
The M51209P may oscillate according to input condition. If 

the M51209P should oscillate, the following countermea
sures are applicable. 
• In case of connecting input signal with chattering, con

nect a capcitor of small CA. value. 
• In case of oscillation with ordinary input, employ positive 

feedback inserting RA (large resistor) , CB (no polar) or 
connect Ce. 

• When the supply voltage is not stabilized, connect CD 
(a large electrolytic capacitor) to absorb the supply vol
tage change. 

I 
I 

CA~ 
I 
I 
I 

,.;,. 
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START 
SW 

Vref1 

Vre', 

Vrefn 

MITSUBISHI LINEAR ICs 

MS1209P 

QUAD COMPARATOR 

(12) Sequential timer 

Vee START SW START SW 
ON-OFF OFF-ON 

RLl , 
I , 

Vo, 
Vo, 

R2 

V02 

Vee 

RL2 

V02 
V03 

R3 
I 

I I 
__ I 

I I I I 
:"1,..1.-12-..1-lJ--l I 

RESET 
Vee 

RLl 1,=0. 7C, ' R, 

V03 
1,=0.7C,(RL1 +R,) 

13=0.7C3 (RL,+R3) 

(13) Analog/Digital converter 

RlI Vreft< Vre',< ...... < Vre'n 

;> 

VO' t 
Vre'n 

Vre', 
Vre', 

RL2 

V02 

VO' 

Von 

Von 
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DESCRIPTION 
The M51924P,FP is a quad (tour independent) comparator 
and operates over a wide voltage range from a single supply 
voltage. Especially the M51924P,FP has superiority as to 
characteristics of input current (input resistance) and fits to 
wide ranged applications, for example CR timer, oscillator, 
etc. 

FEATURES 
• Low input current ·········································25nA(typ.) 
• Wide supply voltage range .............................. 2.5-28V 

• Low dissipation current 
.................................... O.8mA(typ.) (All output OFF) 

3mA(typ.)(ALL output ON) 
• Enable high output drive ...................... VOL =O.15V( typ.) 

(Output current 20mA) 

APPLICATION 
Voltage comparator, window comparator, CR timer, time de
lay circuit, .oscillator. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................... 2.S-28V 
Rated supply voltage .......................................... '12V 

EQUIVALENT CIRCUIT 

MITSUBISHI LINEAR ICs 

M51924P,FP 

QUAD COMPARATOR 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT B 1 

OUTPUT A 2 

POWER SUPPLY 3 

INVERTING 
. INPUT A 

NON-INVERTING 
INPUT A 

IN~~~~~~ 6 

NON-IN~~~~~~ 7 
'-----' 

OUTPUT C 

OUTPUT D 

GND 

11 ~N°p~-iN6'ERTING 

INVERTING 
IN-PUT D 

NON-INVERTING 
INPUTC 
INVERTING 
INPUT C 

14-pin molded plastic DIP 

14-pin molded plastic FLAT 

INVERTING NON-INVERTING 
OUTPUT A INPUT C INPUT C 

NON
INVERTING 5 

INPUT A 
INVERTING 

INPUT A 

GND 12 
NON

INVERTING 
INPUT B 

INVERTING 
INPUT B 

OUTPUT B NON- INVERTING 
INVERTING INPUT D 
INPUT D 

POWER 
SUPPLY 

OUTPUT D 
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MITSUBISHI LINEAR IC. 

MS1924P,FP 

QUAD COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unot 

Vee Supply voltage 28 V 

V,D Differential Input voltage Vee V 

V'CM Common mode onput voltage range -0.3-Vee V 

Isink Output sink current 80 mA 

VOH "H" output voltage 30 V 

Pd 
900 (M51924P) 

Power dissipation 
350 (M51924FP) 

mW , 

Topr Operating temperature -20-+75 ·C 

Tstg Storage temperature -40-+125 ·C 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vee=2.5-28V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unot 

Min Typ Max 

Vee Supply voltage range 2.5 28 V 

ICCl Circuit current 1 ALL OUTPUT ON 3.0 5.0 mA 

lee2 Circuit current 2 ALL OUTPUT OFF 0.8 1.6 mA 

Vie Inverting input voltage range NOTE 0 Vee-I. 5 V 

V,EB Non-inverting input voltage range NOTE 0 Vee-I. 5 V 

V,O Input offset voltage 2 5 mV 

lie Inverting onput current 25 150 nA 

I'EB Non-inverting input current 25 150 nA 

1'0 Input offset current 5 50 nA 

Vsat Output saturation voltage IOL=20mA 0.15 0.4 V 

"L" output voltage 
Islnk=20mA 0.15 0.4 

VOL V 
ISink=80mA 1 

ILO Output leak current 0.1 pA 

tpLH Output "L-H" propagation delay time 2 ps 

tpHL Output "H-L" propagation delay time 0.2 ps 

NOTE) Either inverting or non-Inverting Inputs (reference side) should be within this range (Abnormal operation will not occur 

when the other is within the range of 0 to Vee) 

TYPICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) OUTPUT VOLTAGE VS.INPUT VOLTAGE 
1000 

~ 
E 800 
'tl 

Q. 

Z 600 
0 
i= « a. 

400 Cii 
rJJ 
Ci 
a: 200 w 
~ 
0 
Q. 
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MITSUBISHI LINEAR ICs 
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QUAD COMPARATOR 
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DESCRIPTION 
The M5234P,FP is a semiconductor circuit for a comparator 
designed to operate over a wide supply voltage range from 
2 to 36V from a single power supply, with four circuits in 
each 14-pin DIP and 14-pin mini flat package. A differential 
circuit which is equivalent to a conventional single power 
supply operational amplifier is used to enable operation from 
GND level to improve input characteristics. Power dissipa
tion (circuit current) is low and output voltage is large. It is a 
general-purpose comparator suitable for a variety of electro
nic equipment. 

FEATURES 
• Wide operating supply voltage range ................. 2V-36V 

Dual power supplies: ±1V-±18V 
• Low circuit current ·····································0.8mA(typ.) 
• Wide common mode input voltage range 

·······················OV-Vcc-1.5V (single power supply) 
• Open collector output 
• Output sink current .............................................. 25mA 

• Response time ················································1.3,usec 
• Pin compatible with general-purpose comparators 339, 

2901 

APPLICATION 
Voltage comparator, window comparator, CR timer, time de
lay circuit, oscillator, etc. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 2-36V 
Rated supply voltage .......... ·································12V 

EQUIVALENT CIRCUIT 

MITSUBISHI LINEAR ICs 

M5234P, FP 

QUAD COMPARATOR 

PIN CONFJGURATION (TOP VIEW) 
DIP, MINI FlAT. 

OUTPUT 2 

OUTPUT 1 13 OUTPUT 4 

POWER SUPPLY 12 GND 
INVERTING 11 NON-INVERTING 

INPUT 1 INPUT 4 
NON-INVERTING 10 INVERTING 

INPUT 1 INPUT 4 , 
INVERTING 9 NON-INVERTING 

INPUT 2 INPUT 3 
NON-INVERTING INVERTING 

INPUT 2 -. ___ .r- INPUT 3 

14-pin molded plastic FP 
(MINI FLAn 

14-pin molded plastic DIP 

r-------~------~--------~------------DVcc 

INPUT (+) o-~~ 

INPUT(-)o-------------4-------~----------~ 

• MITSUBISHI 
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* Four circuits are featured in 
the circuit on the left. 
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MITSUBISHI LINEAR Ie. 

MS234P, FP 

QUAD COMPARATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Ratings Unit 

Vcc Supply voltage 36(±18) V 

V,O Differential Input voltage 36 V 

V1CM ' Common mode input voltage range -0.3-+36 V 

Pd Power dissipation 700(DIP)/550(FP) mW 

Topr Operating temperature -20-+75 "C 

Tsta Storage temperature -55-+125 "C 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vcc=±15V) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

V,O Input offset voltage Vo=l. 4V, VREF=l. 4V, Rs=OO 2 5 mV 

1'0 Input offset current 5 50 nA 

IB Input bias current 25 250 nA 

V1CM Common mode Input voltage rangB '0 Vee-lo5 V 

Gv Voltage gain RL =15kO 200 V/mV 

Icc Circuit current RL=oo 0.8 2 mA 

tpLH Response time RL=5.1kQ,VRL=5V 1.3 psec 

Islnk Output sink current V,Nc-J=lV, V'NC+J=OV, VoS;1.5V 10 25, mA 

VOL Output saturation voltage V,NC-J=lV, V 'NC+J=OV,lslnk=8mA 200 400 mV 

ILO Output leakage current V,Nc+J=lV, V'NC-J=OV, Vo=5V 0.1 nA 

TYPICAL CHARACTERISTICS 
O.,.TPUT SATURATION VOLTAGE VS. 

~ 
E 

'tl 
Q. 

Z 
0 
i= 
< 
Q. 

1ii 
(/) 

i5 
a: 
w 
~ 
0 
Q. 
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QUICK REFERENCE TABLE OF VOLTAGE REGULATORS 

c: 
0 

Maximum ratings Electrical characteristics (typ.) 

~ Inpul vollage load Power Input bias Ripple Reference Minimum Oulpul nO/se 
() Type No. Function Features relectlon I/O voltage 
Ci. 

range current dISSipation current 
ratio 

voltage 
differential 

voltage 
a. V, IL Pd Ie RR VREF rv1 VNO « (V) (mA) (mW) (mA) (dB) (V) ("Vrms) 

'5 Positive/negative van-
• Withstands high voltage, and has 

2.5 

B- M5230L able voltage regulator 
high ripple rejection ratio 

±8-±35 30 800 1.3 68 1.8 (0.1 ) 12 

" (tracking type) • Capable of ON/OFF control and vanable pOSSIble 0 "sing time constanl of oulpul voltage 
, 

<I) 

:0 • Wilhslands high voltage, and has 2.5 '" Variable positive s;,\gle high ripple relectlon rallo .~ M5231TL 8-70 30 300 1.2 62 1.8 (0.1 ) 6 
> power supply • Constanl vanable and ON/OFF conlrol al pOSSIble 

the time of outpul voltage nse 
c: • Very low input-output voltage Q)g 3-Terminallow voltage 

0>'" M5235L variable output voltage 
differential operation 

V,N1. 3-7 20 300 1.6 56 0.79 0.1 18 "'~ • Low operallng vollage (V,Nm .. ;1.3V) "C~ regulator (drive type) go .Small outline 
O.!!! General-purpose • Low input-output voltage 
~~ 3-terminal variable differential operation 
~~ M5236 

output voltage regulator • High withstand voltage 
V,N3.5-36 30 900 1.7 68 1. 26 0.2 33 

.J!!: (driver type) • High ripple rejection ratio '0 

'5 *M5278L05 5V 3-terminal regulator 8-36 73 Output voltage Vo 49 5±O.25 
a. 

*M5278L56 '5 5.6V 3-termlnal regulator • Internal fold-back 8.6-36 73 5.6+0.28 55 
a 

*M5278L08 <I) 8V 3-terminal regulator protection circuit for load 11-36 59 8±0.4 80 

~ *M5278L09. 9V 3-terminal regulator 
terminal short circuit 

12-36 100 900 4.8 58 9±0.45 2 90 
.~ 

*M5278L10 
• High ripple rejection ratio 

a. 10V 3-terminal regulator • High output-voltage 13-36 57 1O±0.5 100 
'0 *M5278L12- 12V 3-terminal regulator accuracy 15-36 55 12+0.6 110 <I) 
x 

*M5278L15 u: 15V 3-terminal regulator 18-36 52 15±0.75 140 

0> 
• Internal under voltage 

c: lock-out circuit 
:E 

M5T494 
Switching regulator • Output voltage of reference 7-40V 200 

1000(P) 
7 5V - -oS control voltage circuil········5V±5% 800(FP) .§ 

• Applicable to Single-end, 
(/) 

push-pull 

*: New product 

~ ~ ~> ,- ,." 
3-pin SIP (TO-92L) 3-pin mini FLAT Small 3-pin SIP 5-pln SIP 8-pin SIP 

16-pin DIP 

Package 
Equivalent 

outline 

TA7179P a-pin SIP 

"PC141 
"PC305 5-pin SIP 
TA7089P 

- Compack 3-pln 

SIP 

L: 3-pin SIP 
- ~L: 3-pin mini 

FLAT 

78L 
3-pin SIP 
(TO-92L) 

TL494 P: 16-pin DIP 
MB3759 FP: 16-pin mini 

pPC494 FLAT 

# 
16-pin FLAT 
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TEST METHOD,APPLICATION EXAMPLE PRECAUTIONS 
FOR USE OF VOLTAGE REGULATOR 

TEST METHOD, APPLICATION EXAMPLE AND PRECAUTIONS FOR USE OF VOLTAGE REG
ULATOR 
Methods of measuring various electric characteristics, applications and general precautions in the use of power-supply ICs are ex

plained, with M5231, a general purpose variable-voltage positive power-supply IC as an example. 

1. Test method 
1-1, Test circuit 1 

INPUT· 
VOLTAGE 

V, 

SEALED WIRE 

+ 
Vee 

V 

VREF: Reference voltage 
Reference voltage for variable output voltage regula
tor. Voltage between pins @-@ and is 1.8V typo 

Yo: Output voltage 
Voltage between pins ~-@. Vo is determined by the 
following equation. 

VO=VREFX(1+ :~ )(V) 

VI_O: Minimum input-output voltage differential 
Voltage difference of input voltage (VI) and output 
voltage (Vo ) required for stable operation of the 
device. 
Difference of input voltage and output voltage is mea
sured when input voltage regulation (Reg-in) is re
duced by 6dB. 

Reg-in: Input regulation 
Indicates ratio of output voltage regulation against in
put voltage regulatiori. When input voltage changes 
from Vll to V12, and output voltage changes from VOl to 
V02, the Reg-in is obtained in the following equation. 

Reg-in V02-VOl X 1 X100 (%/V) 
VOl VI2-VI1 

Reg-L: Load regulation 
Ratio of output voltage regulation against load current 
regulation. When load current (IL) changes from III to 
IL2, Reg-L is obtained by the following equation. 

Reg-L V01 -V02 X100 (%) 
VOl 

IB: Bias current 
Circuit current (power dissipation current) required 

for stable operation of the device. If load current (IL) is 
o and input current is 1" the IB is expressed by the fol
lowing equation. Current in reference voltage pin @ is 
minimum and can be distregarded. 

VREF 
IB=I,-12=1,-~ 

. 1.8V. 
"7'1,- 3.3kQ "7'1,-0.55mA 

VNO: Output noise voltage 
Noise at output pin is measured with a noise meter 

. using band pass filter of 20Hz-100kHz. 
TCVo: Temperature coefficient of output voltage 

Output voltage regulation owing to ambient tempera
ture change. When the device is placed in isothermal 
bath, and ambient temperature changes from Tal to 
T a2, and output voltage changes from VOl to V02, 
TCVo is expressed b~ the following equation. 

V02-VOl X 1 X (O~/oC) 
TCVo Vo(@Ta=25°C) Tal -Ta2 100 70 

• MITSUBISHI 
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MITSUBISHI LINEAR IC. 

TEST METHOD, APPLICATION EXAMPLE PRECAUTIONS 
FOR USE OF VOLTAGE REGULATOR 

1-2. Test circuit 2 

ei =0. 775Vrms 
f=120Hz V, 

RR: Ripple rejection ratio 
Ratio of output ripple (eo) against input ripple (ei) is 
expressed by the following equation. 

e' 
RR=log-' (dB) where. VI=Vo+5V 

eo 

2. Application example 
2-1. Block diagram (M5231TL) 

2-2. Input voltage range 
Minimum input voltage required for stable operation and 
maximum input voltage (maximum rating) to prevent 
destruction of the device. 

For the M5231 TL. the minimum input voltage is BV for 
generating internal reference voltage. and maximum in
put voltage is 70V. 
2-3. Output voltage setting 

M5231TL 
Vo 

V,0---+---i 

+ 

Output voltage (Vo) can be set freely by externally con
nected resistors Rl. R2 from the following equation. 

R2 
VO =VREFX(1+R,) 

OUTPUT 

COMPENSATION 
(OUTPUT CONTROL) 

VOLTAGE ADJUSTMENT 
( REFERENCE VOLTAGE) 

The R2 is obtained from the following equation. 
Vo 

R2=R1X(-V--1) 
REF 

For the M5231TL. VREF=1.BV typo 
Rl =3.3k Q (recommended value) 
output VOltage setting range Vo=3V 
-50V 

2-4. Input-output voltage difference 
Input voltage should be higher than output voltage for 
stable operation of the device. The minimum voltage 
difference is shown by VI-O ' 

If the input voltage contains ripple element, the input 
voltage must be determined considering the ripple vol
tage. 

( VRR p_p 
Input voltage VI>VO+ VI-o)+--2-

(Vo: Output voltage) 
(VI-O : Minimum input-output voltage difference) 

VRR p-p /. ( ) --2-: 1 2 of ripple voltage peak to peak 

4-4 
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TEST METHOD, APPLICATION EXAMPLE PRECAUTIONS 
FOR USE OF VOLTAGE REGULATOR 

Rsc 
V, <T--r-------; 

The design procedure is shown in the following. (V1= 
18V, Vo=12V, ILP=2A, Isc~O.4A) 

Control circuit consists of 01, RA, RB and Rsc· 
To determine Rsc, 

when base-emitter voltage (VBE1) of 01 is 0.6V, 
VBEI 0.6 

Rsc>~=Q.4=1.5-1.80 . 

To determine RA, RB, 
Vo+Rsc·ILP 

Rsc·ILP-( RA+RB )·RA=VBEI (1) 

when ( ) shows breeder current (lAB) in resistors 
RA, RB and is 5mA, 

Rsc·ILP-VBEI 
RA lAB 

=600-6800. 

F Vo+Rsc·ILP 
rom RA+RB lAB 

Rsc·ILP-VBEI 
5X10 3 

Vo+Rsc·ILP 
RB lAB RA 

12+1.8X2 
5X10 3 

=2440-2.7kO 
With Rsc=1.50, RA=4800, RB=5.1 kO, ILP and Isc 

are calculated from equation 1 below. 

VBE1(RA+RB) + VO·RA 
Rsc·RB Rsc·RB 

0.6(680+2.7X103 ) + 12X680 
1.8X2.7X103 1.8X2.7X103 

+ 
Vol-----..... 

=0.417+1.68=2.09(A) 
(Designed value 2A) 

I' (@Vo=O) VBE1(RA+RB) 0.417 
SC Rsc.RB 

(Designed value 0.4A) 

Power dissipation of each resistor 
RA; Pd=(IAB )2XRA=0.017 (W) 
RB; Pd=(IAB )2XRB=0.067 (W) 
Rsc; Pd(max)=ILp2XRsc=7.86 (W) 

(determined by load current) 
To determine 01, 

Maximum collector dissipation, 
pc(max)= (V®-®+Isc • Rse> X lo(max) 

=2.8VX60mA=168(mW) 
VCEo>V®_®+ILP+Rsc=2.1+3.76=5.86(V) 
Ic > lo(max)=60mA 

To determine 02, 
Maximum collector dissipation, 

pc(max)=VcE·ILP 
= (VI-(Vo+Rsc·ILP)) ·I LP=4.67(W) 

In shorted load condition, 
Pc=(VI-lsc· Rsc) ·lsc=7.19(W) 
VCEO >V1=18V Ic>ILP=2.09A 

If the output voltage of M5231TL lo=10mA, 
ILP 2.09A 

hFE(mln»I;-= 10mA =209 

• MITSUBISHI 
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TEST METHOD, APPLICATION EXAMPLE. PR,ECAUTIONS 
FOR USE OF VOLTAGE REGULATOR 

INPUT V, JL-++---1r--I-+---. 
VOLTAGE 

RIPPLE VOLTAGE 
VRR p-p 

OUTPUT Vo I--_______ .LV,-O 

VOLTAGE 

But the input voltage merely increases power dissipa
tion if increased more than necessary, and should be 
set at the most suitable value, 
2-5. Power dissipation 
Power dissipation of the device in normal operating con
dition and in shorted output condition is shown below. 

In normal operating condition, 
Pd=V,X IB+(V,-Vo) X IL 

In shorted output condition, 
Pd=V,X (lsc+IB) ...................................... Note 1. 

(V,: Input voltage) 
(IB: Bias current) 
(Vo: Output voltage) 
(IL: Load current) 
(Isc: Load current in shorted output condition) 

The maximum power dissipation PdMAX should be 

P < TjMAx-Ta 
dMAX Rth 

(TjMAx: Maximum junction temperature) 
(Ta: Ambient temperature) 
(Rth: Thermal resistance) 

For the M5231TL, V,_o=3V, Isc='50mA, TjMAx=125"C, 
Rth=333·C/W. 
Note 1) The device contains an over-current control 
(protection) circuit to prevent large current when output 
is shorted. An application example to minimize the cur
rent is shown in section (2-9). 

2·6. Output current range 
IL is the maximum rated output current of the device for 
itself. The M5231TL has the IMAx of 30m A and can be 
used from 0 to 30mA. The output current over 30mA can 
be obtained, if required, by externally connected tran
sistors at the value of hFE times of the transistor. (Refer 
to application example.) 
2·7. Phase compensation 
If oscillation occurs owing to external wiring condition, a 
capacitor of 1000pF to 0.1 " F must be connected be
tween pins @ and @' 
2-8. Input/output capacitors 
A capacitor of 0.33" F or over must be connected on the 
input side for stable operation of the device. An elec
trolytic capacitor of some tens of "F or over and film 
capacitro of 0,1 " F must be connected on the output 
side to prevent oscillation and reduce output impedance 
in high-frequency range. In both cases, capacitors 
should be mounted as close to the IC as possible. 

2·9. Output current control 
The device contains an output current control circuit to 
prevent accidental destruction due to output short cir
cuit. 

The M5231TL controls current over approximately 50-
60mA. To minimize the control current value. the follow
ing method can be adopted. The over-current control 
circuit is recommended when externally connected tran
sistors are used as shorted current is multiplied by hFE 
times of transistors in shorted output condition. 
2-9·1. Over·current control circuit (drooping type) 

V'Ett~VO 
EXTERNALLY CONNECTED rs 

r __ ~~~~T~R~A~NSI,oS~TO~R~M-~~-4rO 
M~~n I ~ 

V, 2 

The control circuit consists of 01 and rs. If the control 
current is Isc. rs is obtained from the equation below. 

rs Z vo 
~VBE 

3 0, 

Care should be taken as VBE is derated by -
2.3mVtC. 

V°tL 
Isc ' 

2·9·2. Over·current control circuit (fold·back protection 
circuit) 
The fold-back protection circuit instantly reduces over
current generated by load short circuit as shown below 
and the name is derived from the fact that the curve in 
typical characteristic graph of output voltage Vo and 
load current IL is folded back. 

4-6 
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TEST METHOD, APPLICATION EXAMPLE PRECAUTIONS 
FOR USE OF VOLTAGE REGULATOR 

2-9-3. Dual variable output voltage regulator M5231TL 
with fold-back protection circuit 
+ 12V/1A power supply with a fold-back protection Specification Isc=O.31A ILP=1.18A 
circuit 280361 2.20 +Vo 

r-----<r-...II/'v..,..........--...--1>----r------<r--~--o+ 12V 

18.7 
kO 

+V, 
15kO + 0.1 pF 

47 p 

+ 
-V, 

0.1 pF 
15kO 47.u 

'-----1~-'lAfy_-+-----+-----4-->---_o -12V 
28B524 2.20 -Vo 

3. Precautions for use 
• Application of supply voltage with the device 

mounted the wrong way or the pins not securely in
serted may lead to deterioration of the characteristics or 
destruction of the device and should be avoided at all 
costs. 

• Application of voltage to an output pin higher than 
the voltage in an input pin may destroy the element. If 
an input pin is shorted to GND under normal operating 
condition, the output pin voltage becomes higher than 
the input pin voltage and the electric load of an elec
trolytic capacitor connected to the output pin is reversed 
from the device or from externally connected transistors 
to the input side, causing destruction of the device. To 
prevent this. an ordinary silicon diode can be connected 
as shown below. 

• Parasitic oscillation may be generated due to wir
ing condition. Proper capacitors should be connected 
between input pin and GND or output pin and GND. 
Capacitors with small capacitive change due to changes 
in ambient temperature should be used. 

V, 

V, 

• MITSUBISHI 
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MS230L 

VARIABLE OUTPUT VOLTAGE REGULATOR(DUAL TRACKING TYPE) 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The M5230L is a semiconductor integrated circuit which is 
designed for variable output voltage regulator of dual track
ing type. 

It is housed in an 8-pin SIP. The output voltage can be ad
justed over a wide range from ± 3- ± 30V by adjusting the 
value of the voltage setting external resistors. By adjusting 
the resistance of the external balance setting resistors the 
positive/ negative output voltage ratio can also be set freely. 
Again by attaching power transistors high current gains can 
be achieved, making the device suitable for use in the pow
er supplies of a wide variety of equipment. 

FEATURES 
• High input voltage ......................................... V1=±35V 
• Wide range of output voltage ................. Vo=±3-±30V 
• Low output noise voltage ................ VNo=12pVrms(typ.) 
• Built-in current limiting and thermal shutdown circuit 
• The output voltage rise time constant of the coefficients 

can be adjusted by the value of the external capacitor. 
• Capability of operation control by the external control 

signal (Pin ®). 

APPLICATION 
Dual voltage power supplies for stereo preamplifiers, for the 
power supplies of other equipment, including operational 
amplifiers. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range············· ................... ±8-±35V 
Rated supply voltage ········································±20V 

OUTPUT CONTROL 

(+) INPUT 

(+) OUTPUT 
VOLTAGE 
ADJUSTMENT 
(-) INPUT 

(-) OUTPUT 
BALANCE 
ADJUSTMENT 

GND 

S-pin molded plastic SIP 

BLOCK ~-======~-
DIAGRAM rr=== ___ ~+ _______ ~ ____ -r-_--<..7 (+) INPUT 

OUTPUT 0.-1 I 
CONTROL I 

4-8 
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M5230L 

VARIABLE OUTPUT VOLTAGE REGULATOR(DUAL TRA'CKING TYPE) 

ABSOLUTE MAXIMUM RATINGS (Ta=25t) 

Symbol Parameter Aatings Unit 

V, Input voltage ±35 V 

IL Load current ±30 mA 

V,-Vo Input-output voltage difference ±32 V 

Pd Power dissipation , BOO mW 

Topr Ambient temperature -20-+75 t 

Tstg Storage temperature -55-+125 t 

ELEcmCAL CHARACTERISTICS(measurement circuit (a) is used with, T a=25t, V,=±20V, Vo=±15V,IL =10mA, C= 

10pF,CREF=1 pF, A, =3. 3kO) 

Symbol Parameter 

V, Input voltage 

Vo Output voltage 

VREF Aeference voltage 

V,-Vo Minimum Input-output voltage difference 

ll.Vo± Dual voltage tracking 

Aea-In Input regulation 

Aeg_L Load regulation 

Ie Bias current 

TCvo Temperature coefficient 01 output voltage 

AA Aipple rejection 

VNO Output noise voltage 

VO<OFF) Output cut-off voltage 

TEST. CIRCUITS 
(al Stabdard test curcyut 

(bl Ripple rejection test circuit 

el=OdBm(0.775Vrms) 
f=120Hz 

f=120Hz 

lMO 

M5230L 

LImits 
Test conditions 

Min Typ 

±B 

A2""1.5-55kQ ±3 

(between pin @ and pin CD) (1. 66) 1.B 

2.5 

V,=±18-±30V 0.02 

IL=0-20mA 0.02 

Ie =0 (disregarding the current In resIstors 
1.3 

A" A2, A3, A.) 

Ta=0-75t, Vo=±3-±30V 0.01 

f=l20Hz(measured with circuit (b)) 68 

f=20Hz-l00kHz 

(between the output terminal and ground) 
12 

V,=10V 

lOOk ~10V 

EXTEANAL CONTAOL 
SIGNAL 

Max 

±35 

±30 

(1.95) 

3 

1 

0.1 

0.1 

3.0 

±0.1 

r-~--~------~------~------~----o+Vo 

}-------------~------~----+-----o - Vo 

3r---------~----~----4-_n~ 

AR=20 IOg'0(~) (dB) 
eo 

• MITSUBISHI 
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Unit 

V 

V 

V 

V 

% 

%/V 

% 

mA 

%/t 

dB 

pVrms 

V 
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M5230L 

VARIABLE OUTPUT VOLTAGE REGULATOR(DUAL TRACKING TYPE) 

TYPICAL CHARACTERISTICS TEMPERATURE COEFFICIENT 
OF OUTPUT VOLTAGE VS. 

4-10 

~ 
E 

t:! 
0.. 

Z 
0 
~ 
~ 
~ 
0 
a: 
w 
~ 
0 
0.. 

~ 
~ 
w 
(!l 

~ 
o 
> 
I
::J 
0.. 
I
::J 
o 

THERMAL DERATING (MAXIMUM RATING) 
1000 

800 

600 

400 

200 

o 
o 

~ 
~ 

" " , , 
" 

25 50 75 100 125 

AMBIENT TEMPERATURE Ta ("e) 

THERMAL CUTOFF 

50r-r-~~'--.-r-'-r-.-' 
45 V,=±20V 

40 

35~~+-+-~~-r-+-+~-; 

30~+-+-~~~~-+~~-; 

25~+-+-~~~~-+~~-; 

201---+-+-+-~-+--+--+~---1----1 

I 51-+-+-+--+--+-+-+~.....--I---I 
101---+-+-+-~-+--+--+~-H----I 

5~+-+-~~~~-+~-H---I 

0~0~~~50~~10~0~~1~50~~W~0~ 

CONNECTION TEMPERATURE Tj ("e) 

INPUT REGULATION VS. 
INPUT·OUTPUT VOLTAGE DIFFERENCE 

~ 1.0 
~ 0.7 

0.5 
,S: 

\ 

Vo=15V _ 
IL =10mA 

~ 0.3 
a: 

z 
o ~ O. I :s 0.07 

5 0.05 

:l! 0.03 
I
::J 
0.. 

~ 0.01 

, 
o I 2 3 4 5 6 7 8 9 10 

INPUT-OUTPUT VOLTAGE DIFFERENCE V,-Vo (V) 

OUTPUT VOLTAGE CHARACTERISTICS 

ILl) 
0 ...... 
I- ~ 0.02 
z~ 

!!:! 0 

20 
ttl
~ W 0.0 
o(!l 

w~ 

1 

rr.J 
::Jo 
I- > 0 
<I
ffi::J 

1 

0..0.. 

~~ 
I- 0-0. 0 

IL .!10mA 

............ 

o 5 10 15 20 25 30 35 

'iD 100 
"0 

90 
a: 
rr 80 

o 

~ 
z 
o 
@ 
U3 
a: 
w 
.J 
0.. 
0.. 
it 

~ 

70 

60 

50 

40 

30 

20 
10 

010 

OUTPUT VOLTAGE Va (V) 

RIPPLE ERJECTION 

V,=±20V 
Vo =±15V 
IL =10mA 

NE~~-r¥~ T 

i-"'"'" PO~IIt,I~ ......... 
r--

'\ OUTP T 

'\ 

" 
100 1k 10k lOOk 1M 

FREQUENCY f (Hz) 

~ VOLTAGE ADJUSTION RESISTANCE VS. 
~OUTPUT VOLTAGE 

w 
o z 

~ 
iii 
rr 
(!l 
z 

,~ 
rJ) 
::J a 
< 
w 
(!l 

~ 
~ 

50 

45 

40 

35 

30 
25 

20 
15 

10 

5 , 

/ 
/ 

/ 
I 

II 
j 

II 
I 

II 

R,=3.3kO 

R2"T3.3X( ~~ -1 )kO 
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OUTPUT VOLTAGE Va (V) 
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M5230L 

VARIABLE OUTPUT VOLTAGE REGULATOR(DUAL TRACKING TYPE) 

LOAD CURRENT VS. 
INPUT-OUTPUT VOLTAGE DIFFERENCE 
50 

45 

'< 40 E 

\ , 
\ 

~ 

.: 35 

f- 30 
\ 

z 
w 25 
II: 
II: 20 :::l 
(,) 

15 C 

'\ 
"-

" « 
10 0 

oJ 
5 

00 5 10 15 20 25 30 35 40 45 50 

INPUT-OUTPUT VOLTAGE DIFFERENCE 
V,-Vo (V) 

0.5 

0.4 

0.3 

~ ~ 0.2 

~ ~ 0.1 

ffl +i 0 
Z 0 
'w >-0 >4 . 1 

i= -0.2 
en 
~ -0.3 

-0.4 

DUAL-TRACKING TEMPERATURE 
CHARACTERISTICS 

V,=±20V 
Vo=±15V 

oJ « 
:::l 
C -0.520-1001020304050607080 

w 
C!l 

~ 
o 
> 
f
:::l 
Q. 
f
:::l 
o 

AMBIENT TEMPERATURE T a ("C) 

LOAD CHARACTERISTICS 

25r---r-~--~--~---+--~ 

OUTPUT CURRENT IL (rnA) 

> 
E 

OUTPUT VOLTAGE REGULATION 

z 
o 
~ 
~ 
c 

o 
2 

4 

6 

8 

10 

w 12 

~ 14 

o 16 
> 
f- 18 
:::l 

I:::::: ~ 
R:: 

"\ t\. 
~ 

POSITIVE 
OUTPUT 
VOLTAGE 

V,=±20V_ 
Vo=±15V 

NEGATIVE 

.\OUTPUT-
VOLTAGE 

\\ 
\ 

1\ , 
~ 20 0 5 10 15 20 25 30 35 40 45 50 
o 

OUTPUT CURRENT IL (rnA) 

OUTPUT VOLTAGE CHARACTERISTICS 
50 

~ 
45 

0 40 
> 

35 
w 
C!l 30 « 
~ 25 

Vo=25V 

0 
> 20 / 
f-
:::l 15 
Q. 
f-

lO :::l 

/ Vo=15V 

/ 
0 / Vo=5V 

5 
/ 

00 5 10 15 20 25 30 35 40 45 50 

INPUT VOLTAGE V, (V) 

BIAS CURRENT VS.INPUT VOLTAGE 

5 

'< 
4 E 

Vo=+15V 1 J . .L J. ,I I 
IL=O (DISREGARDING THE 

CURRENT IN RESISTORS 
R" R2, R3, R4) 

.!E 

f- 3 
Z 
W 
II: 
II: 2 :::l 
(,) 

CIl « 
iii 

POSITIVE BIAS CUjRjNT - I I I 

NEGATIVE BIAS CURRENT 

00 5 10 15 20 25 30 35 40 45 50 

INPUT VOLTAGE V, (V) 
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M5230L 

VARIABLE OUTPUT VOLTAGE REGULATOR(DUAL TRACKING TYPE) 

BIAS CURRENT VS. OUTPUT VOLTAGE OUTPUT IMPEDANCE VS. FREQUENCY 

5 
V,-Vo =5V 

10 

a V, +20V 
Va +15V 

<' 4 
E 

0 
N 

IL =±10mA 
CREF l,uF 

.!!' 
w 
() Vi 50mVrms 

3 
~ z 
w 
a: 
a: 2 
:::> 
() 

C/) 

< 
I-- - rPOSITIVE BIAS iURIREiT 

z 
~ 0.1 w 
0. 

~ 
!; 

0.01 0. 
~ 

1111 I II 'I 
NEGATIVE OUTPUT 

POSITIVE OUTPUT 

iii :::> 
0 

NEGATIVE BIAS CURRENT 

0 0 5 10 15 20 25 30 35 40 45 50 
, 0.001 

100 3 571k 35'710k 3 57100k 3 5711M 

OUTPUT VOLTAGE Va (V) FREQUENCY 1 (Hz) 

APPLICATION EXAMPLES 
(1) Typical application circuit 

o 

+Vo ""1.8X(H 3~~) (V) 

R2""3.3X( ~~ -1) (kO) 

M5230L 

** + R3 
15k 

** R4 
15k 

~----------~~-----4--~-Vo 

[!£J 
Connection 01 this capacitor gives the lollowing characteristics. 
1 ) The rise time constant of the output voltage can be 

adjusted (slowed) (See Fig. 1) 
2) The ripple rejectIon ration is improveo. Note When the input power supply lines become long, 

a 0.1 ,u F capacitor should be connected between input 

power supply pins (j) and ® and ground: 

Unit Resistance 0 
Capacitance F 

3) Noise output voltage is reduced. 

I * *R3,R4 I 
By changing the ratIo of these two resistances the positive/ 
negative voltage retIa can also be set freely. (See Fig. 2) 

(2) Typical application circuit with power transistors connected 

+V, 0'----------4--/ 

M5230L 

-V,o-----+--{ 

4-12 

POWER TRANSISTOR 

Rz R3 
15k 

_+IL =200mA 

~~---------,--------~---------O-Vo 

POWER TRANSISTOR 
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M5230L 

VARIABLE OUTPUT VOLTAGE REGULATOR(DUAL TRACKING TYPE) 

(3) High ripple rejection circuit (SOdB) 

+IL=200mA 
__ POSITIVE INPUT 

:;:-:-.-.~~--~-~--C +Vo 
+15V 

24k + 
C REF + 
1", 15k C 3 

3.3k 

G 

+ 

560 
15k 

• Ripple regained by the input 
resistance R" (R2), and capacitor 

C" (C2 ). 

• C REF can reduce noise to the 1/10 
of that of 3 Terminal regulator IC, 
and also can inprove the ripple 
rejection. In addition, by increasing 

the capacitance of the C REF, the 
constant at set-up of the output 
voltage Vo can be adjusted 
(Soft set-up enable). -22V 

NEGATIVE INPUT NEGATIVE INPUT 
_~~----~-~-~-Vo 

2SB524 ___ -15V 
-IL =200mA Unit Resistance 0 

Capacitance F 

(4) High input voltage (VI=±50V) 

RIPPLE RE,JECTION 65dB 

+I L _ POSITIVE OUTPUT 
~~~~~--------~~~----~----~------o+Vo 

GNDo--t-----------{ 

C3 
1-10", 

-V, 

RB2 
220 

R3 
15k 

+15V 

-50V TR~~~~~---------~~--~---O-Vo 
NEGATIVE INPUT 2 -- -IL -15V 

• By the resistance RA " (RA 2), the 
voltage that will be supplied to pins 
(J), @) can be lower 

• Reslstanves R5 and Rs are for load 
current limit Keep the I/O voltage 
(V,o) difference between (J)-@ 
more than 6V 
V,-VBE-(I,+IB,-IB)R5>3V 

11=VBE/R s1 ! IB1=IL/hFE 

NEGATIVE OUTPUT 

Unit Resistance 0 
Capacitance F 

(5) Low dropout regulator circuit (Vlo=100mV) 

HUM REJECTION 65dB 

POSITIVE INPUT 2SA1283 or 2SB524 IL __ POSITIVE OUTPUT 
+V, TR,'r--------..."..-1---1-..."......:.~,--:_C +Vo 
+15.1Vl-:.I.t. 200mA +15V 

GN D o-I--+--~"'---{ 

Cs 

-V, ~------------~-~----O-Vo 

• Stable operations are expected 
even If the Input-output voltage 
d,ffennces are qUite low as 0, 1 V 
The heat sink of power TR can 
become small in size oWing -to the 
low diSSipatIOn 

OVER 15.1V 
NEGATIVE 
INPUT 

-15V 
NEGATIVE OUTPUT Unit Resistance 0 

(Note) The load current can be over lA by connecting the external power TR 

•. MITSUBISHI 
~ELECTRIC 

Capacitance F 
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MITSUBISHI LINEAR ICs 

M5230L 

VARIABLE OUTPUT VOLTAGE REGULATOR(DUAL TRACKING TYPE) 

(6) ON/OFF control of output voltage circuit 

1M 

+V, o---~--{ 

-V, o---~.---{ 

Unit Resistance . 0 
Capacitance . F 

r--'ll ON°l,-k -0 ..J"""L..Vj=10V 

EXTERNAL CONTROL 
SIGNAL 

_+IL=200mA 
~r4r-~--~---~----O+Vo 

R3 
15k 

~---~--r----+---,GND 

~~~~---~------+--------o-Vo 
--IL=200mA 

10V .-----. 
EXTERNAL CONTROL O.......J L-

SIGNAL V, 

IYTOYT VOLTAGE +Vo 

EXAMPLES OF THE CHARACTERISTICS ACHIEVED 

4-14 , 

Fig. 2 OUTPUT VOLTAGE RATIO VS. 
Fig. 1 OUPUT VOLTAGE CHARACTERISTICS 

FOR EXTERNAL CAPACITORS (*C) 
BALNCE VOLTAGE ADJUSTING 

RESISTANCE CHARACTERISTICS 

20 

18 

~ 16 
0 

C-l,uF 

// 

> 14 

w 12 
C!l 

~ 10 

0 8 > 
I- 6 ::J 

.£ ~ ~ 
1V1 f'. ,C~47,uF 

ril' 
C=33,uF 

C=22,uF 

fI C-l0,uF 

Q. 
4 I-

::J 
0 

5 6 

TIME (s) 

j 
V 

/ 
...... ./ 

./ 
..... 

/ 
I 

I 
-Yo 

7 8 9 10 +Vo 5 10 15 10 5 
(@R.=15kO)R3""(R;!.R:;JR4(@R3=15kO) 

•. MITSUBISHI 
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MITSUBISHI LINEAR Ie. 

M5231TL 

VARIABLE OUTPUT VOLTAGE REGULATOR 

DESCRIPTION 
The M5231TL is a semiconductor integrated circuit which is 
designed for variable output voltage regulator and is housed 
in a small 5-pin SIP. 

The input range 8-70V, and the output voltage range 3-
50V can be optionally adjusted by the external resistors. In 
addition, by attaching power transistors, high current gains 
can be achieved, making the device suitable for used in the 
power supplies of a wide variety of equipment. 

FEATURES 
• High input voltage ............................................ V,=70V 
• Wide range of output voltages ................... Vo;=o3V-50V 
• Low output noise voltage .................. VNo=6)tVrms(typ.) 
• Built-in current limiting and thermal shutdown circuits 
• Capability of adjusting the output voltage rise time 

constant of the coefficients by the external capacitor 
• Capability of the operating control by the external signal 

APPLICATION 
Audio, VTR equipment, and a variety of electronic musical 
instruments. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ······································8-70V 
Rated supply voltage ···········································35V 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

GND 
VOLTAGE 
ADJUSTMENT 
COMPENSATION 

OUTPUT 

INPUT 

5-pin molded plastic SIP 

----~--------------------~----------~----11 INPUT 

2 OUTPUT 

REFERENCE 1--+---1 
VOLTAGE 

GENERATOR 
CIRCUIT 

>---..t~---------------( 3 COMPENSATION 

• MITSUBISHI 
"'ELECTRIC 

VOLTAGE 
ADJUSTMENT 
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MITSUBISHI LINEAR ICs 

M523-1TL 

VARIABLE OUTPUT VOLTAGE REGULATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C) 

Symbol Parameter Ratings Unit 

V, Input voltage 70 V 

IL Load current 30 mA 

V'-Va Input-output voltage difference 67 V 

Pd Power dissipation 300( L)/450(TL) mW 

Topr Operating temperature -20-+75 t 

Tstg Storage temperature , -55-+125 t 

ELECTRICAL CHARACTERISTICS (measurement circuit (a) is used with, T a=25t, V,=40V, Vo=35V, IL =10mA, C=1 0", 

F, C REF=1 ",F, R,=3. 3kQ, unless otherwise noted) 

Symbol Parameter 

V, Input voltage 

Va Output voltage 

V'-Va Minimum input-output voltage differential 

VREF Reference voltage 

Reg_m Input regulation 

Rge_L Load regulation 

Is Bias current 

TCvo Temperature coefficient of output voltage 

RR Ripple rejection 

VNO Output noise voltage 

TEST CIRCUITS 

(a) Standard test circuit 

+ M5231TL 
V, C 

(b) Ripple rejection test circuit 

f=120Hz ei=OdBm 

M5231TL 

4-16 

Test conditions 

R2:'1 . 5-88k Q 

(between pin ® and pin ®) 

V,=38-60V 

IL=0-20mA 

IL=O (disregarding the current In resistors R" R2) 

T a=0-75'C, Vo=3-50V 

f=120Hz(measured with' circuit (b» 

f=20Hz-l00kHz 

4 )---~t---' 

3 

R, 
3.3k 

• MITSUBISHI 
.... ELECTRIC 

+ C RL ! IL 

Min 

8 

3 

(1. 66) 

limits 
Unit 

Typ Max 

70 V 

50 V 

2.5 3.0 V 

1.8 (1.90) V 

0.04 0.1 %/V 

0.03 0.1 % 

1.2 2.5 mA 

0.02 %/t 

62 dB 

6 ",Vims 

Unit Resistance : Q 
Capacitance : F 

ei 
RR=20 log( e.o) (dB) 

Unit Resistance : Q 
Capacitance : F 



'MITSUBISHI LINEAR IC. 

M5231TL 

VARIABLE OUTPUT VOLTAGE REGULATOR 

TYPICAL CHARACTERISTICS (Ta=25t, unless otherwise noted) 

~ 
.5 
if 
z 
0 
i= 
<C 
Il. 
iii rn 
i5 
a: 
w 
~ 
0 
Il. 

'< 
E 

LOAD CURRENT VS. 
THERMAL DERATING (MAXIMUM RATINGS) INPUT-OUTPUT VOilTAGE DIFFERENCE 
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0 , oJ 
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45 

40 

35 

30 

25 

20 

15 

10 
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o 

I , 

1\ 
\ 
"-I' I--.. , 

o 10 20 30 40 50 60 70 80 90100 

AMBIENT TEMPERATURE T a (t) INPUT-OUTPUT VOLTAGE DIFFERENCE V,-VO (V) 

OUTPUT VOLTAGE REGULATION OUTPUT VOLTAGE CHARACTERISTICS 

-r--.. V,=40V 

" 

Vo=35V 

1\ 

1\ 
\ 

o 5 10 15 20 25 30 35 40 45 50 

OUTPUT CURRENT' IL (rnA) 

LOAD CHARACTERISTICS 

V,=40V 

o 10 20 30 40 50 60 70 80 

LOAD CURRENT IL (rnA) 

~ 
0 
> 
w 
C!l 

~ 
0 
> 
I-
:J 
Il. 
I-
:J 
0 

I
Z 
W 
a: 
II: 
:J 
o 
rn 
<C 
iii 
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50 

45 

40 

35 

30 

) Vo=50V 

II 
v!=Jv f--

II 
25 

20 
II 

15 

10 

5 

) 'I0 =/5V il 
I J 

II vr5Y o 
o 10 20 30 40 50 60 70 80 90 100 

INPUT VOLTAGE V, (V) 

BIAS CURRENT VS. INPUT VOLTAGE 

I .1 1 1 1 1 
Vo=35V 

3 IL=O (DISREGARDING 'IHE, -
CURRENT IN RESISTORS R, • R2) 

2 

--~ 
,.... 

1 

o 
o 10 20 30 40 50 60 70 

INPUT VOLTAGE V, (V) 
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';( 
E 

f
Z 
W 
a: 
a: 
;:) 

o 
~ 
iii 

"> "-
~ 
.!: 

'" Gl 
a: 

z 

BIAS CURRENT VS. OUTPUT VOLTAGE 
5 

r-- V,~V~=5~ 
4 

3 

2 

1 

o 
o 5 10 15 20 25 30 35 40 45 50 

OUTPUT VOLTAGE Vo (V) 

THERMAL CUTOFF 

V,=40V 
45 .... Vo=35V t--t--+---t--t--t---t-i 

40r-+-;--r-+~--r-r-+--r~ 

35~+-+-~-r-r-+-+~~r-1 

30r-+-;--r-+~--r-+-~H-~ 

25r-+--r-r-+~--r-+-~H-~ 

20r-+--t--t--+~--r-+--t--H-~ 

15r-+--t--t--+~--t-+--t--H-~ 

10r-+--r-r-+~--r-+-+--H-~ 

5r--t---t--t--+~--t-+--t--~~ 

O~~~~~~~~~~~~ o 50 10Q 150 200 

AMBIENT TEMPERATURE Tj ("C) 

INPUT REGULATION VS. 
INPUT-OUTPUT VOLTAGE DIFFERENCE 

1.0 
0.7 Vo=35V 

0.5 .. \ IL=10mA 
\ 

0.3 

o 0.1 
~ 0.07 

~ 0.05 

~ 
\ 

~ 0.03 
f-' 
;:) 
Q. 

~ 0.01 

\ 

o 1 2 3 4 5 6 7 8 9 10 

INPUT-OUTPUT VOLTAGE DIFFERNCE 

V,-Vo (V) 

MITSUBISHI LINEAR IC. 

M5231TL 

VARIABLE OUTPUT VOLTAGE REGULATOR 

lL~ 

TEMPERATURE-COEFFICIENT 
OF OUTPUT VOLTAGE VS. 

OUTPUT VOLTAGE CHARACTERISTICS 
O. 04 r-...................... --r--r ___ r-..-"T"'"-,-...., 

IL =10mA 
O~ 
~ ~ O. 03 r-+--+--t--+~~,.-+--t--t--i 
w 
(3 ~ 
iLO 
lli f- 0.02 r-+-+-+-+-t-l--t--+--t--t 
Ow 
OC!l 

~ ~ O. 01 r--+-+-r-+~--1r--+--t-+--f 
~5 
<> 
a:f-

~ir 
~f
w;:) 

f- 0 -0. 01 ~""""-'--'--'---'_'--",:-",,"""""""~ 
o 5 10 15 20 25 30 35 40 45 50 

m 100 
"C 

a: 
a: 

o 
~ a: 
z 
o 
§ 
Ul 
a: 
w 
..J 

90 

80 

70 

60 

50 

40 

30 

20 

10 

V 

OUTPUT VOLTAGE Vo (V) 

RIPPLE REJECTION 

~,=40V I -
Vo=35V 
IL=10mA-

.......... 

~ 
it o 

10 100 lk 10k lOOk 1000k 

FREQUENCY f (kHz) 

VOLTAGE ADJUSTING RESISTANCE VS. 
a 
.:.< 100 

w 
o z 

~ 
iii 
w 
a: 
C!l 
z 
~ 
;:) 

i3 
< 
w 
C!l ; 
o 
> 

90 

80 
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o 

OUTPUT VOLTAGE 

R,=3.3kO I I 
R2=03.3( ~~ -1)kO / 

/ 
V 

V 
V 

/ 

/ , 
o 5 10 15 20 25 30 35 40 45 50 

OUTPUT VOLTAGE Vo (V) 
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MITSUBISHI LINEAR lea 

M5231TL 

VARIABLE OUTPUT VOLTAGE REGULATOR 

APPLICATION EXAMPLES 
(1) Standard application example Vo .!;<1. 8X(1+ 3~~) (v) 

R2'!;<3. 3X( ~~ -0 (kO) 

V,o----..-I }----r-"t-------,"-O yo 
+ 

+ 
lOp 

,3.3k 

(2) Current boost circuit with NPN external power TR 

POWER TRANSISTOR IL =200mA 

.---------------~ Va 

V,o----+_{ 

+ 
221' 

3.3k 

, (3) Low dropout regulator circuits (VIO=100mV~ 

v, 

OVER 15.1V 
I, 

Re -

330 

+ 
C, 

2SA1283 or 2S8524 

1-10pF 

12=-hIL ='2mA 
FE 

(hFE100) 

",;,. ~:='2mA 

HUM REJECTION 65dB 

- Va 
200mA 15V 

+ 
C2 
10pF 

• MITSUBISHI 
"'ELECTRIC 

Connection of this capacitor gives the following 
characteristics. 
1 ) The rise time of the output voltage can be 

adjusted (slowed). 
2) The ripple rejection ratio is Improved. 
3) Output noise voltage Is reduced down to 1/10 

of three terminal regulator IC, 

Compensation capability by connection of a 
capacitor, 

EXAMPLE 1 OF CHARACTERISTIC 
ACHIEVED 

~ 
-: 
w 
Cl « 
~ 
0 
> 
t-
:J 
0. 
t-
:J 
0 

OUTPUT VOLTAGE CHARACTERISnCS 
FOR EXTERNAL CAPACITORS (CriEF) 

50 

45 

40 

35 

30 

25 

20 

15 

10 

5 

o 

~-t~ 
I 
lL ~ ;;c" 

t--- 33pF btl f-F 22pF 'tI- -
1- 10pF 

4.7pF 

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

TIME (s) 

• Stable operation Is expected even 
if the Input-output voltage differences 
are as low as O. IV. 
The heat sink oi power TR can become 
small in size owing to low dissipation, 
The R3 is a load current limit resistor 
and the ,nput-output voltage differences 
between CD and @ pins must be over 3V, 
V,-VRc("+12- IB)R3>3V 
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MITSUBISHI LINEAR Ie. 

M5231TL 

, VARIABLE OUTPUT VOLTAGE REGULATOR 

(4) Output voltage ON/OFF controller, Step UP/DOWN controller 

INPUT 
25A1283 or 258524 OUTPUT 

r-----------~~~-~---QVo V, 0---...... --., 

+35V I, Rs _ 

330 

+ 
C, 
1-10,.. 

+ C2 +28V when TR2 is ON 
10,.. +15V when TR2 is OFF 

• The output voltage Vo IS OV when 
the RT, of @ pin is ON. Therefore. 
the power can be on/off depending 
on each case. 

• The output voltage is changeable 
by switching the RT2. 

• Resistor of 1 k Q must be connected 
for R. to protect the integrated circuit 

(Note) The load current can be ovpr lA by connection the external power TR. 

4-20 
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MITSUBISHI LINEAR Ie. 

M5235L 

3V,3.TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 

DESCRIPTION 
The M5235L is a semiconductor integrated circuit designed 

_ for 3V system output voltage regulator. 

PIN CONFIGURATION 

A high-performance low-voltage, 3-terminal output vol
tage regulator with small input-output voltage differences 
can be made in combination with externally connected PNP 
transistors. It is housed in a small 3-pin package, including a 
reference voltage circuit, error amplifier, and driver, and the 
output voltage can be set freely by externally connected re
sistors, and a smal, compact power supply circuit can be 
achieved, making the device suitable for use in small elec
tronic equipment, such as headphone stereo, VTR camera, 
and radio cassette recorder. 

FEATURES 
• Operates at low input voltage .................. ·V1N(min)=1.3V 
• Capable of operating with low input-output voltage for 

driver by externally connected power transistors 
(V CE( s~J) state of T R) 

VI-o(min)='O.1V 
• Output voltage can be set freely by externally connected 

resistors 
• A compact device is possible due to small package 
• Capable of taping (automated insertion) and lead forming 

APPLICATION 
For two dry-battery (3V) type headphone stereo (especially 
to stabilize recording bias circuit), portable VTR, small radio 
cassette recorder, radio-controlled and electronic toys, or 
electronic games, and for power supplies of other general 
battery-driven electronic equipment. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ............................ VIN=1.5V~6V 
Rated supply voltage .......................... Vo= 1.0V~5.5V 

BLOCK DIAGRAM 

PIN CONNECTION 

CD INPUT 

~GND 

@ VOLTAGE ADJUSTMENT 

Small 3-pin package 

INPUT (V,) O-~ ___ r-________________________________ ~--~OUTPUT 

M5235L 

• MITSUBISHI 
~ELECTRIC 

Va 

VOLTAGE 

\

' ADJUSTMENT 

R, 
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MITSUBISHI LINEAR ICs 

MS235L 

3V,3·T£RMINAL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C) 

Symbol Parameter 

V,N Input voltage 

10 Drive current 

V,-VO Input-output voltage difference 

Pd Power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

Ratings 

7(1O)Notel 

20 

6 

300 

-20-+75 

-55-+125 

Unit 

V 

mA 

V 

mW 

'c 
'c 

Note 1. Refer to APPLICATION 

EXAMPLES 

ELECTRICAL CHARACTERISTICS (measurement circuit (a) is used With, T a=25'C, V,=4. 5V, Vo=3V, IL =50mA, C=l 0 p 

F, C REF=l pF, R,=5. 1 kO, unless otherwise noted) 

Symbol Parameter 

V ,N Input voltage 

Vo Output voltage 

V,-VO Minimum Input-output voltage difference 

VREF Reference voltage 

Reg.in Input regulation 

Reg.L Load regulation 

18 Bias current 

TCvo Temperature coeffiCient of oOtput voltage 

RR Ripple rejection ratio 

VNO Output noise voltage 

TEST CIRCUITS 

(a) Standard t!,st circuit 

2SA695 

V, 

2 

(d) Ripple rejection test circuit 

f=120Hz, e,=O.lVrms 

4-22 

limits 
Test conditions Unit 

Min Typ Max 

(between pin Q) and Pln~) 1.3 7 V 

R2"'cl. 35k 0 -36. 8k 0 1.0 6.5 V 

0.1 0.5 V 

(between pin @ and pin~) 0.75 0.79 0.83 V 

V,=4-5V 0.3 0.8 %/V 
IL=10-50mA 0.03 0.2 % 
IL=O(disregardlng the current In resistors R" R2) 1.6 3. ° mA 

Ta=0-75'C -0.1 %I"C 

f=120Hz(measured With circuit (b)) 50 dB 

f=20Hz-100kHz 

+ C RL 

+ RL 
C 

• MITSUBISHI 
.... ELECTRIC 

24 pVrms 

Vo=VREF(1+:~)"'c0.79X(1+5~~) (v) 

Vo . ( Vo () R2=R, ( VREF -1)=.5. 1 X 0.79 -1) kO 

(R,=5. 1 kO, VREF"'cO. 79V) 

Unit ReSistance 0 
Capacitance : F 

RR=20 log( --"'-) (dB) 
eo 

Unit Resistance : 0 
Capacitance : F 



MITSUBISHI LINEAR les 

MS23SL 

3V,3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 

TYPICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATINGS) 
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~ 
0.. 
iii 200 
C/l 
15 
ffi 100 
~ o 
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o 
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OUTPUT VOLTAGE CHARACTERISTICS 

10 

9 
IL=50mA 

8 

7 

6 

5 

4 

3 

2 

Vo,5,-V 
L 

V+31-/ 
( II 

J Vo,l,-
o 

o 1 2 3 4 5 6 7 8 9 10 

INPUT VOLTAGE V, (V) 
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MITSUBISHI LINEAR Ie. 

M5235L 

3V,3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 

APPLICATION EXAM~LES 

1. Standard application circuit 

V,=4.5V 2SA696-r-______ *_Cr--RE_F..-__ ..-_V_0-o=3V VO=VREFX ( 1+ ~~ )V 

M5235L + R2 
2200 lp 14.2kO 

VREF=O.79V(typ.) 

*CREF 
HMr-l~--1<D + 
+ @I-----''---+ 

(VREF ) 
OVER Connection of this capacitor Improves ripple rejection 

+ lpF R, 
5.1kO 

10pF ratio, improves output noise voltage and adjusts the 
OVER 
10pF 

2. Control circuit for maximum drive current (lp) 

V, 

3.1-4.5V 
220 

0.33 

Vo 
r-------~-..---~--o3V 

110 

0.22 

M5235L + 
lp 

@t--+--+ 

14.2kO 
+ 

5.1kO 

22pF 

Notel. Resistors ranging from 1800 to 2000 should be inserted 
between the emitter and base of externally connected 
PNP transistors. 
Resistors from 1000 to 1200 should be used when the 
input voltage is 7V to 10V. 

C 

"" 
z 

r£ 

w 
() 
z 

~ 
iii w 
a: 
J-
;:) 
Il. 
~ 

Fig.1 MAXIMUM DRIVE CURRENT 
CONTROL CHARACTERISTICS (10M) 

1.0 

0.8 

0.6 

0.4 

0.2 

o o 

/'oM=5mA 

/ 

I IOM=10mA 

/ 
/ / 

IOMi 20LA 
J / 

il / ./ V 
~~ V 
2 3 4 5 6 7 8 9 10 

INPUT VOLTAGE V, (V) 

rise time constants of the output voltage. (Capacitor 
over 1000pF must be connected.) 

Note. Capacitors displaying small capacity change with 
temperature should be used. 

When the input voltage (V,) is lower than the set output 
voltage (Vo) or when the output pin is shorted, drive 
current of approximately 20m A TO 35mA runs in Pin CD 
of ,th~ integrated circuit. -

In this case, the current does no harm to the device, 
but the current can be limited by connecting a resistor 
R'N if required due to input supply voltage (dry battery). 
(Fig. 1 shows relationship between control current vs . 

. input voltage. In the application example, V, controls the 
drive current approximately down to 10mA, when it 
reaches 3V. 

50 

"< 40 E 

..P 

J- 30 
z 
w 
a: 
a: 20 ;:) 
() 

w 
> 
it 10 
0 

- 0 

Fig.2Io-VIN CHARACTERISTICS 
IN APPLICATION EXAMPLE 2 

R,N=Oj 
/""I 

j 
/ 

If V 
b:::::: "-- /R'N" 1100 

o 2 3 4 5 

INPUT VOLTAGE V, (V) 
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MITSUBISHI LINEAR ICs 

M5235L 

3V,3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR (FOR DRIVER) 

3. ON/OFF control of output voltage circuit 

V, 
j. Vo 

M5235L + R2 

2200 11'F!"1:z: 14.2KO 
+ (j) 

CJ) *·22I'F 

R, EXTERNAL CON TROL SIGNAL + *I'F CZl 
OI'F 

5.1KO /rr 
,--------------, 

5V I I Dj R I 

12KO 
·V 

I 
Vir: 

I fr L __ ___________ J 

Resistor R in the control circuit is determined by the fol
lowing equation. 

R' Vj-VF-VREF' 

• V REF' + VREF'-VO' 

R, R2 
where, Vj: External control voltage 

VF: Forward voltage of diode (Di) 
V REF: O.9V Pin @ voltage when V REF' is 

VO(OFF) 

Vo': OV output voltage when Vo' is VO(OFF) 

• MITSUBISHI 
;"ELECTRIC 

V,..r-
VOL 
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MITSUBISHI LINEAR les 

M5236L, ML 
GENERAL PURPOSE 3·TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 

(FOR DRIVER) 

DESCRIPTION 
The M5236 is a semiconductor integrated circuit designed 
for general-purpose output voltage regulator. 

A high-performance variable output voltage regulator with 
small input-output voltage differences can be made in com
bination with externally connected PNP transistors. 

It is housed in a small 3-pin package, including a refer
ence voltage circuit, error amplifier, and driver, and the out
put voltage can be set freely by externally connected resis
tors, and a small, compact power supply circuit can be 
achieved, making the device suitable for use in small elec
tronic equipment, such as car stereo, rad io cassette recor
der and portable stereo equipment. 

FEATURES 
• Wide operating v.oltage range 

PIN CONFIGURATION 

SOT-89 

TO-92L 

............................... V1N=3.5V-36V, Vo=1.5V-33V 

• Capable of operating at low input-output voltage for driver 
by externally connected power transistors 

PIN CONNECTION 

CD INPUT 

(VCE(sat) state of TR) ........................ VI_o(min)~O.2V 
(ZJ GND 

• Output voltage can be set freely by externally connected 
resistors . 

@ VOLTAGE ADJUSTMENT 

• Built-in ASO protection and thermal cutoff circuits 
• Capable of taping (automated insertion) and lead forming 

APPLICATION 
For car stereo equipment, radio casette recorder, portable 
stereo and other general electronic equipment. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range .......................... VIN=3.5V-30V 
Rated supply voltage .......................... ·Vo=1.5V-25V 

BLOCK DIAGRAM 

TO-92L package 

SOT-89 package 

INPUT V, 1..)---,--, r-______ ~-----------------~--~OUTPUT 
M5236L, ML Vo 
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MITSUBISHI LINEAR les 

MS236L, ML 

GENERAL PURPOSE 3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 
(FOR DRIVER) 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C) 

Symbol Parameter Ratings Unit 

V ,N Input voltage 36 V 

10 Drive current 30 mA 

V,-VO Input-output voltage difference 30 V 

Pd Power dissipation 900(SIP)/500(ML) mW 

Topr Operating temperature -20~+75 "C 

TstQ Storage temperature -55~+150 "C 

ELECTRICAL CHARACTERISTICS (measurement circuit (a) is used with, T a=25"C, V,=15V, Vo=12V, IL=200mA, C REF= 

1 p F, R,=4. 3kQ, unless otherwise noted) 

Symbol Parameter 

V,N Input voltage 

Vo Output voltage 

V,-VO Minimum input-output voltage difference 

V REF Reference voltage 

Reg_in Input regulation 

Reg_L Load regulation 

Is Bias current 

TCvo Temperature coefficient of output voltage 

RR Ripple rejection ratio 

VNO Output nOise voltage 

TEST CIRCUITS 

(a) Standard test circuit 

25B524 

V, 

(b) Ripple rejection test circuit 

f=120Hz 

V, 
C 

0.33"F 

Limits 
Test conditions Unit 

Min Typ Max 

(between pin CD and pin CV) 3.5 36 V 

R2""0. 82kQ ~108kQ 1.5 33 V 

0.2 V 

(between pin @ and pin CV) 1.20 1. 26 1. 32 V 

V,=15-20V 0.02 0.1 %/V 
IL =10-200mA 0.02 0.1 % 
IL =O(disregarding the current In resistors R" R2) 1.7 3.0 mA 

Ta=0-75"C 0.02 %i"C 

f=120Hz(measured with cirCUit (b)) 68 dB 

f=20Hz-l00kHz 33 pVrms 

Vo=VREF(H :~ )""1. 26X(H 4~;) (V) 

R2=R'(~-1)"'4.3X(~-1) (kQ) 
VREF 1. 26 

R, 
4.3kO 

+ C RL 

47 pF 

• MITSUBISHI 
...... ELECTRIC 

(R, =4. 3kO, VREF""l. 26V) 
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MITSUBISHI LINEAR Ie. 

M5236L,ML 
GENERAL PURPOSE 3-TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 

(FOR DRIVER) 

TYPICAL CHARACTERISTICS 

4-28 

THERMAL DERATING (MAXIMUM RATINGS) OUTPUT VOLTAGE CHARACTERISTICS 
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MITSUBISHI LINEAR Ie. 

MS236L, ML 

GENERAL PURPOSE 3·TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 
(FOR DRIVER) 

APPLICATION EXAMPLES 

1. Standard application circuit 

OVER V,=12.2V 286524 CREF Ic=0.2A Vo=12V 
r---------~--~----~~ 

VO=VREFX ( 1 + :~ ) V 

VREF=1.26V( typ.) 
LL 
Q, ~1 

R, ~....J--f<D;:;;---' § 
R2 
36.6kO 

+ OVER 
100pF 

*1. Rl of 180-2200 should be used. 

OVER 
0.33pF 

2200 

R, 
4.3kO 

Note) Capacitors displaying small capacity change with 
temperature should be used. 

2. Control circuit for maximum drive current (10M) 

When the input voltage (V,) is lower than the set output 
voltage (Vo) , drive current of approximately 30m A to 
45mA runs in Pin CD of the integrated circuit. (Refer to 

OVER TYPICAL CHARACTERISTICS DRIVE CURRENT VS IN-
V,=12.2V 28652r4 _____ -::--;--_lc_= .. 0_.2_A __ V0"'1=r-<>12V PUT VOLTAGE. For example, when the input voltage V, 

~ R2 of 20V is h'igher than the fixed output voltage of 20V or 
§ 36.6kO 

+ 
2200 4700 @I-I\I~>--~ 

15kO R, 
l00pF 

above, and input and output are inverted, power dis
sipation in the circuit is Pd=20VX45mA=900mW, and 
reaches the maximum rating, making it necessary to 
control the drive current.) When the input power supply 
is supplied by batteries and the current needs to be 
controlled, a resistor R'N can be inserted to control the 
drive current. (Fig. 1 shows input voltage dependency 
of the control current and input resistor R'N') 

-0.33pF 10 
4.3kO 

a 
.:; 

z 
ri 

w 
U z 
< 
f-
en 
en w 
a: 
f-
:l 
0. 
; 

1.0 

0.8 

0.6 

0.4 

0.2 

When the input voltage reaches 12V (=Vo ), the cur
rent at Pin CD is limited to approximately to 20mA. ' 

Fig. 2 shows lo-V, characteristics of the circuit. 

FiJI. 1 MAXIMUM DRIVE CURRENT Fig. 2 lo-VI CHARACTERISTICS 
CONTROL CHARACTERISTICS (10M) IN APPLICATION EXAMPLE 2 

1~ .. =lOm'A domA 
50 

'< 40 
E 

II 1/30mA 

/ v 
.9 

30 
f-
Z 
W 
a: 
a: 20 
:l 
U 
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> 1O 1( 
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I 1/ V 
I J J 

II II 1/ 
1/ 'j 
'J. 
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II 
J V 

V V 
II 

° 0 
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//'Nj47IOO 
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INPUT VOLTAGE V, (V) INPUT VOLTAGE V, (V) 
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MITSUBISHI LINEAR Ie. 

M5236L,ML 
CENERAL PURPOSE 3· TERMINAL VARIABLE VOLTAGE OUTPUT REGULATOR 

(FOR DRIVER) 

3. ON/OFF control of output voltage circuit 

V, 

~22'V\O~O-t---I CD 

O.33pF 

u. c. 
§ 

Resistor R in the control circuit is determined by the fol
lowing equation. 

Vj-VF-VREF' 
R='--' .. 

VREF' + VREF'-VO' 
Rl R2 

where, Vj: External control voltage 
VF: Forward voltaqe of diode (Dj) 
VREF: 1.4V Pin @ voltage when VREF' is VO(OFF) 
Vo': OV output voltage when Vo' is VO(OFF) 

Vo 

100pF 

EXTERNAL CONTROL SIGNAL r---------- --- --, 
I 5V I 

I Dj R r: 
I V, .J I 
I 7.SkQ I L ______________ ~ 
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MITSUBISHI LINEAR IC. 

M5278LXX 
(5V,5.6V,8V,9V, 10V,12V.15V)3-TERMINAL FIXED POSITIVE 

OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 

DESCRIPTION 
The M5278L series consists of four monolithic integrated cir
cuits, each a three-terminal regulator with maximum load 
capabilities of 100mA and featuring output voltages of 5, 5.6, 
8, 9, 10, 12, or 15V. The high-performance, fixed-positive 
output power supply ICs are packaged in 3-pin TO-92L 
packages featuring fold-back protective circuits for limiting 
current when load short. They are especially appropriate for 
use in personal computers and general power supplies of 
electrical appliances. 

PIN CONFIGURATION 

FEATURES 
• Interchangeable with other brand 78L series 

....................................................... ILmax=100mA 

• Internal fold-back protection circuit limits current due to 
shorted loads. 

M5278L05 .... 16.5mA(typ.)(1/10 that of other brands) 
• High ripple division factor 

M5278L05 ·· .. ···· .... · .. ···· .. · .. ·· .. ···· .. ·· ........ ·73dB(typ.) 
• Low output voltage tolerancee ..................... ±5%( max.) 
• High level of permissible internal heat diSSipation 

........................................................ 900mW(max.) 

APPLICATION 
Power supply for microcomputer in VTR equipment, general 
power supply for electronic equipment of tape decks, car 
stereo equipment and radio cassette recorder. 

FUNCTION CODE 
M5278LXX 

LOUTPUT VOLTAGE VALUE 

Type Marking Output voltage Type Marking Output voltage 

M5278L05 78L05 5V M5278L10 78L1O lOV 

M5278L56 78L56 5.6V M5278L12 78L12 l2V 

M5278L08 78L08 8V M5278L15 78L15 l5V 

M5278L09 78L09 9V 

BLOCK DIAGRAM 

ELECTRODE CONNECTION 

<D OUTPUT EIAJ : TO-92L 

<ZI: GNO 

@:INPUT 

TO-92L package 

INPUT 3~--------,,~----~----~ r---~~----~l OUTPUT 
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MITSUBISHI LINEAR IC. 

M5278LXX 

(SV,S.6V,8V,9V, lOY, 12V,lSV) 3·TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD· BACK PROTECTION CIRCUIT) 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C) 

Symbol Parameter Conditions Ratings Unit 

V, Input voltage 36 V 

IL Load current 100 mA 

Pd Power dissipation 900 mW 

Topr Operating temperature -20-+75 "C 

Tstg Sotrage temperature -55-+150 "C 

STANDARD CONNECTION 

M5278LXX I-'---~r----o VOUT 

ELECTRICAL CHARACTERISTICS 

C, 
0.33/LF 2 

Co 
O.I/L F 

C,. Co are capacitors to prevent oscillation. 
Make connections as crose to tiie'ICas' 
possible. 

M5278L05 (V,=10V, IL =40mA, T a,=25'C, C,=O. 33/L F, Co=O. 1 /L F, unless otherwise noted) 

Symbol 

Va 

Reg.in 

Reg.L 

Va 

Is 

Ll.ls 

V NO 

RR 

V'-Va 

ILP 

los 

TCvo 
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Parameter 

Output voltage 

Input regulation 

Load regulation 

Output voltage 

Bias current 

Bias current variability 

Output nOise voltage 

Ripple rejection ratio 

Minimum input-output voltage difference 

Peak load current 

Output short holding current 

Temperature coefficient of output voltage 

Test conditions 

7. 5V~V,~20V 

8V:S:V,:S:20V 

lmA:S:I L:S:l00mA 

lmA:S:I L:S:40mA 

7. 5V:S: V,:S:20V, 1 mA:S:IL:S:40mA 

V,=10V, lmA~IL~70mA 

IL=O 

8V:S:V,:S:20V, IL =40mA 

V,=10V,lmA:S:IL:S:40mA 

BW: 10Hz-100kHz 

f=120Hz, Vin=OdBm 

IL=5mA 

• MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

4.75 5.0 5.25 V 

50 200 
mV 

30 150 

10 60 
mV 

5 30 

4.7 5.0 5.3 
V 

4.7 5.0 5.3 

4.8 6.7 mA 

0.1 1.5 
mA 

0.2 

49 /LVrms 

63 73 dB 

2.0 V 

130 mA 

16.5 mA 

-0.6 mV/'C 



MITSUBISHI LINEAR ICs 

M5278LXX 

(SV,S.6V,8V,9V, lOY, 12V, ISV) 3·TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 

M5278L56 (V,=IIV,IL =40mA, T a=25"C, c,=o. 331'F, co=o. II'F, unless otherwise noted) 

Symbol Parameter Test conditions 

Vo Output voltage 

Reg_in Input regulation 
8.5V~V,~21V 

9V~V,~21V 

Reg_L Load regulation 
lmA~IL~100mA 

1 mA~ IL~40mA 

8.5V~V,~21V,lmA~lc~40mA 
Vo Output voltage 

V,=11V,lmA~IL~70mA 

Is Bias current IL=O 

t.ls Bias current differential 
9V~V,~21V,IL =40mA 

V,=11V,lmA~IL~40mA 

VNO Output noise voltage BW: 10Hz~100kHz 

RR Ripple rejection ratio f=120Hz, Vin=OdBm 

V,-Vo Minimum input-output voltage difference 

ILP Peak load current 

los Output short circuit sustain current 

TCyo Temperature coefficient of output voltage IL=5mA 

M5278L08 (V,=14V, IL =40mA, I a=25"C, C,=O. 331' F, Co=O. II'F, unless otherw,se noted) 

Symbol Parameter 

Vo Output voltage 

Reg_in Input regulation 

Reg_L Load regulation 

Vo Output voltage 

Is Bias current 

t.ls Bias current differential 

V NO Output noise voltage 

RR Ripple rejection ratio 

V,-Vo Minimum input-output voltage difference 

ILP Peak load current 

los Output short circUit sustain current 

TCyo Temperature coefficient of output voltage 

Test conditions 

10. 5V~V,~23V 

llV~V,~23V 

1 mA~ IL~ 100mA 

lmA~IL~40mA 

1 O. 5V~ V,~23V, 1 mA~ IL~40mA 

V,=14V,lmA~IL:S:70rnA 

IL=O 

10. 5V~V1~23V, IL=40rnA 

V,=14V, 1rnA~IL:S:40rnA 

BW: 10Hz~100kHz 

f=120Hz, Vm=OdBm 

IL=5mA 

• MITSUBISHI 
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L,mits 
Unit 

Min Typ Max 

5.32 5.6 5.88 V 

50 200 
mV 

30 150 

10 60 
mV 

5 30 

5.27 5.6 5.93 
V 

5.27 5.6 5.93 

4.8 6.7 mA 

0.1 1.5 
mA 

0.2 

55 I'Vrms 

63 73 dB 

2.0 V 

150 mA 

16.5 mA 

-0.65 mV/"C 

Lim,ts 
Unit 

Min Typ Max 

7.6 8.0 8.4 V 

60 200 
mV 

40 150 

10 80 
mV 

5 40 

7.52 8.0 8.48 
V 

7.52 8.0 8.48 

4.8 6.7 mA 

0.1 1.5 
rnA 

0.2 

80 pVrms 

59 dB 

2.0 V 

150 rnA 

12.5 mA_ 

-0.7 mV/"C 
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MITSUBISHI LINEAR IC. 

MS278LXX 

(SV,S.6V,8V,9V, JOV, 12V,lSV) 3-TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD. BACK PROTECTION CIRCUIT) 

M5278LOS (V,=16V, IL =40mA, T a=25"C, C,=O. 33,uF, Co=O. 1 I' F, unless otherwise noted) 

Symbol Parameter Test conditions 

Vo Output voltage 

12V;;;;;V,;;;;;24V 
Reg-in Input regulation 

13V~V,~24V 

lmA~IL~100mA 
Reg_L Load regulation 

lmA~IL~40mA 

12V;;;;;V,;;;;;24V, lmA~IL~40mA 
Vo Output voltage 

V,=16V,lmA;;;;;IL;;;;;70mA 

Is Bias current IL=O 

Ais Bias current differential 
13V~V,~24V, IL =40mA 

V,=16V, lmA~IL~40mA 

VNO Output noise voltage BW: 10Hz-100kHz 

RR Ripple rejection ratio f=120Hz, Vin=OdBm 

V,-Vo Minumum input-output voltage difference 

ILP Peak load current 

los Output short circuit sustain current 

TCvo Temperature coefficient of output voltage IL=5mA 

M5278L 10 (V,=17V, IL =40mA, T a=25"C, C,=O. 331' F, Co=O. 1 ,uF, unless otherwise noted) 

Symbol 

Vo 

Reg_in 

Reg_L 

Vo 

Is 

II. Is 

VNO 

RR 

V,-Vo 

ILP 

los. 

TCvQ 
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Parameter 

Output voltage 

Input regulation 

l,oad regulation 

Output voltage 

Bias current 

Bias current differential 

Output noise voltage 

Ripple rejection ratio 

Minumum input-output voltage difference 

Peak load current 

Output short circuit sustain current 

Temperature coefficient of output voltage 

Test conditions 

12. 5V~ V,~25V 

13V;;;;;V,;;;;;25V 

1 mA;;;;; IL;;;;; 1 OOmA 

1 mA~IL~40mA 

12. 5V~ V,~25V, 1 mA~ IL~40mA 

V,=17V, lmA~IL~70mA 

IL=O 

13V;;;;; V,;;;;; 25V, .IL =40mA 

V,=17V, lmA~IL~40mA 

BW: 10Hz-100kHz 

f=120Hz, Vin=OdBm 

IL=5mA 

• MITSUBISHI 
"'ELECTRIC 

Limits 
Unit 

Min Typ Max 

8.55 9.0 9.45 V 

70 225 
mV 

40 170 

10 90 
mV 

5 40 

8.46 9.0 9.54 
V 

8.46 9.0 9.54 

4.8 6.7 mA 

0.1 1.5 
mA 

0.2 

90 ,uVrms 

58 dB 

2.0 V 

150 mA 

12.5 mA 

-0.8 mV/"C 

Limits 
Unit 

Min Typ Max 

9.5 10.0 10.5 V 

70 230 
mV 

50 170 

10 90 
mV 

5 45 

9.4 10.0 10.6 
V 

9.4 10.0 10.6 

4.8 6.7 mA 

0.1 1.5 
mA 

0.2 

100 ,uVrms 

57 dB 

2.0 V 

130 mA 

12.5 mA 

-0.9 mV/"C 



MITSUBISHI LINEAR IC. 

MS278LXX 

(SV,S.6V,8V,9V, lOY, 12V, ISV) 3·TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 

M5278L 12 (V,=19V, IL =40mA, Ta=25"C, C,=O. 33" F, Co=O. 1" F, unless otherwise noted) 

Symbol Parameter Test conditions 

Vo Output voltage 

Reg.in Input regulation 
14. 5V";: V,";:27V 

16V";:V,";:27V 

Reg•L Load regulation 
lmA";:I L";:100mA 

lmA";:I L";:40mA 

Vo Output voltage 
14. 5V";:V,";:27V, 1 mA";:I L";:40mA 

V,=19V, 1 mA";: I L";:70mA 

IB Bias current IL=O 

16V";:V,";:27V, IL =40mA 
" IB Bias current differential 

V,=19V,lmA";:I L";:40mA 

VNO Output noise voltage BW: 10Hz-100kHz 

RR R'pple rejection ratio f=120Hz, Vin=OdBm 

V,-Vo Minimum input-output voltage difference 

ILP Peak load current 

los Output short c,tCUIt sustain current 

TCvo Temperature coefficient of output voltage IL=5mA 

M5278L15 (:v',=23V, IL =40mA, T a=25"C, C,=O. 33"F, Co=O. 1" F, unless otherw,se noted) 

Symbol Parameter 

Vo Output voltage 

Reg.1n Input regulat,on 

Reg.L Load regulatIOn 

Vo Output voltage 

16 Bias current 

" IB Bias current differential 

V NO Output noise voltage 

RR R'pple reJect,on rat,o 

V,-Vo Minimum ,nput-output voltage d,fference 

ILP Peak load current 

los Output short .circUit sustain current 

TCyo Temperature coeffic,ent of output voltage 

Test condit,ons 

17.5V;>;V,";:30V 

20V";:V,";:30V 

lmA";:'L";:100mA 

1 mA";: 'L";:40mA 

17.5V;>;V,";:30V,lmA";:IL";:40mA 

V,=23V,lmA";:IL";:70mA 

IL=O 

23V";:V,";:30V, IL =40mA 

V,=23V,lmA";:IL";:40mA 

BW· 10Hz-100kHz 

f=120Hz, V,n=OdBm 

IL=5mA 

• MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

11. 4 12.0 12.6 V 

70 250 
mV 

50 200 

10 100 
mV 

5 50 

11. 3 12.0 12.7 
V 

11. 3 12.0 12.7 

4.8 6.7 mA 

0.1 1.5 
mA 

0.2 

110 "Vrms 

55 dB 

2.0 V 

150 mA 

12.5 mA 

-1.0 mV/"C 

Limits 
Unit 

Min Typ Max 

14.25 15.0 15.75 V 

80 300 
mV 

60 250 

10 150 
mV 

5 75 

14.1 15.0 15.9 
V 

14.1 15.0 15.9 

4.8 6.7 mA 

0.1 1.5 
mA 

0.2 

140 "Vrms 

52 dB 

2.0 V 

150 mA 

12.5 mA 

-1.2 mV/"C 
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MITSUBISHI LINEAR IC. 

MS278LXX 

(SV,S.6V.8V,9V.l0V. 12V.1SV) 3-TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 

TYPICAL CHARCTERISTICS 

4-36 

THERMAL DERATING (MAXIMUM RATING) 
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MITSUBISHI LINEAR IC. 

M5278LXX 

(5V,5.8V,8V,9V, 10V, 12V, 15V) 3·TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD· BACK PROTECTION CIRCUIT) 
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MITSUBISHI LINEAR IC. 

MS278LXX 

(SV,S.6V,8V,9V, 10V, 12V, lSV)3-TERMINAL FIXED POSITIVE 
OUTPUT VOLTAGE REGULATOR (WITH FOLD-BACK PROTECTION CIRCUIT) 

3 
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g 

MINIMUM INPOT-OUTPUT 
VOLTAGE DIFFERENCE 

VS. AMBIENT TEMPERATURE 

M5278Losi. .1 1 I I ) 
MINIMUM INPUT-OUTPUT VOLTAGE 
DIFFERENCE FOR OPERATION AS 
REGULATOR (MEASURED AT A 
POINT WHERE THE I I 
OUTPUT IS LOWERED BY 5%) 
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I-- IL limA 

-
o 20 40 60 80 100 120 

AMBIENT TEMPERATURE Ta ee) 

FOLD-BACK PROTECTION CIRCUIT OUTPUT VOLTAGE VS. LOAD CURRENT 
The M5278L series has been designed to be complete 
with three-pin, 78L type regulators manufactured by 
other companies for applications with loading currents in 
the 100mA class. They additionally have an internalized 
fold-back protection circuit for protection against 
shorted loads. 

Other 78L units do have an internalized protection cir
cuit known as a drooping type circuit that are rether 
simple, merely limiting maximum loading current. When 
large current begins to flow in th~se units due to a short 
circuit, abnormal temperatures are generated leading to 
breakdown and effective setting reliability. 

As shown in the diagram, the fold-back protection cir
cuit employed in the M5278L decreases immediately 
excessive current caused by a short in the load. This not 
only improves set reliability but permits the elimination 
of such protection circuits as fuses in the protection cir
cuit. 

PRECAUTIONS FOR USE 
The current-control circuit requires that, as an Ie power 
supply, this device be operated within the fold-back 
operating range shown in the accompanying chart. 
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DESCRIPTION 
The M5T494P,FP is a monolithic IC designed for a 
pulse-width-modulation control circuit. 

It contains all functions necessary to control a switching 
power supplies. It employs an on-chip reference voltage cir
cuit, error amplifier, saw-teeth wave oscillator, dead-time 
control comparator, a flip-flop buffer capable of both sink 
and source. 

It also contain~ an undervoltage-Iockout (UVLO) function, 
which turns the output completely even in transit state due 
to the rising and falling of power supply. 

FEATURES 
• Built-in undervoltage lock-out circuit 
• Buil-in reference regulator ................................ 5V±5% 

• Applicable to single-end and push-pull circuits 
• Uncommitted outputs for 200mA sink or source outputs 

APPLICATION 
Switching regulator, step-up regulator, step-down regulator, 
voltage inversion regulator. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 7-40V 
Pin @ current .................................... less than O.3mA 
Timing capacitor CT .............................. 470pF-3.3,u F 
Timing resistor RT ................................... 1.S-500k Q 

Oscillator frequency ....................... lower than 300kHz 

BLOCK DIAGRAM 

r---------------
TIMING 

RESISTOR 

TIMING 
CAPACITOR 

:::::O.3V 

DEADTlME~ 
CONTROL Y 

NON-INVERTED 
INPUT A 

INVERTED 
INPUT A 

NON-INI~rp~TTE~ 16;~-----I 

INVERTED 
INPUT B 

PWM COMPARATOR 

MITSUBISHI LINEAR IC. 

MST494P, FP 

SWITCHING REGULATOR CONTROL 

PIN CONFIGURATION (TOP VIEW) 

NON-INVERTED 
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DEAD TIME 
CONTROL 

TIMING 
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GND 
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16 ~N~~i~VERTED 

15 :~~~~T~D 
14 ~~~~~~CE 
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o . 
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Or-------. J 
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FLIP-FLOP 

COLLECT
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MITSUBISHI LINEAR IC. 

MST494P, FP 

SWITCHING REGULATOR CONTROL 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 41 

V1CM Common phase input voltage range of error amplifier -0.3-Vee 

V,O DIfferentIal input voltage of error amplifier Vee 

Vo Output voltage 41 

10 Output current 200 

VQj) Pin @ applied voltage range -0. 3-V@+0.3 

Pd Power dissipation 
1000 ( M5T494p) 

800( M5T494FP) 

Ke Thermal derating Ta;;:;;25'C 
8(M5T494P) 

6.4(M5T494FP) 

Topr Operating temperature -20-+85 

Tstg Storage temperature -40-+125 

ELECTRICAL CHARACTERISTICS (Vee=15V, fose=40kHz, Ta=-20-+70'C, unless otherwise noted) 

Symbol Block 

Vrel 

t:. Vrel IN 
REFERENCE 

t:. Vrel L 

AVref/IHa 

Is 

fose 

t:. Ills 

t:. flf'N 
OSCILLATOR 

t:. f/fTa 

I® 

Dmax DEAD-TIME 

V@THl CONTROL 

V®TH2 

VAMPIO 

IAMPIO 

IAMPIS 

VAMP1CM 

Av 
ERROR 

h 
AMPLIFIER 

CMRR 

I®sink 

lc,IDsource 

V@RANGE 

V®TH PWM 
COMPA-

lQ'.)sink RATOR 

leL 

IEL 

OUTPUT 

VCESAT 

VCEON 

4-40 

Parameter Test conditions 

Output voltage Irel=-lmA, Tj=25'C 

Input stability 
Vee=7-40V 

Iref=-l mA, Ti=25'C 

Load stabi lity Iret=-1--10mA, Tj=25'C 

Output voltage tempe~ature ragulalton Ta=-20-+85'C,lref=-lmA 

Outpyt short current Vrel=O 

Oscillation frequency selling value CT=4700pF, RT=6. 2kO 

Oscillation frequency selling Vee=7-40V, Ta=25'C 

accuracy CT, RT, within recommended ratings 

Vee=7-40V, T a=25"C 
Frequency input stability 

CT=4700pF, RT=6. 2k 0 

Frequency thermal regulation 
Ta=0-70'C 

CT=4700pF, RT=6. 2kO 

Input bias current V®=0-5.25V 

Maximum duty (each output stage) V®=OV 

Input threshold voltage 1 Output pulse 0% duty 

Input threshold voltage 2 Output pulse maximum duty 

Input offset voltage V®=2~5V 

Input offset current V®=2.5V 

Input bias current V®=2.5V 

Common phase input voltage range Vee=7-40V 

Open loop voltage gain V®=O. 5-3. 5V, T a=25'C 

Unity gain frequency Ta=25'C 

Common mode signal rejection ratio Vee=40V, Ta=25'C 

Output sink current V®=0.7V 

Output source current V®=3.5V 

I Low level 
Output voltage range I I®=O 

High level 

Input threshold voltage Output pulse 0% duty 

Input sink current V®=0.7V 

Collector leak current 
VeE=40V, Vee=40V 

Common em iller 

Emiller leak current 
Vee=Ve=40V, VE=OV 

Emiller follower 

Cpllector saturation voltage 
le=200mA, VE=OV 

(emitter grounded) 

Collector saturation voltage 
IE=-200mA, Ve=15V 

(emitter follower) 

• MITSUBISHI 
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Limits 

Min Typ Max 

4.75 5 5.25 

1 10 

2 20 

0.01 0.03 

-50 -30 -15 

37 41 45 

10 

0.5 1.5 

1 2 

-7 -0.7 

42 45 48 

2.45 2.80 

0 

1 7 

5 200 

-700 -100 

-0.3 Vcc-2 

70 110 

500 900 

65 85 

0.3 0.7 

-10 -2 

0.1 0.3 

4.2 4.9 

3.4 3.8 

0.3 0.7 

0.01 100 

-100 -0.01 

0.95 1; 3 

1.6 2.5 

Unit 

V 

V 

V 

V 

mA 

V 

mW 

mW/"C 

"C 

"C 

Unit 

V 

mV 

mV 

%/"C 

mA 

kHz 

% 

% 

% 

pA 

% 

V 

V 

mV 

nA 

nA 

V 

dB 

kHz 

dB 

mA 

mA 

V 

V 

V 

mA 

pA 

pA 

V 

V 



MITSUBISHI LINEAR IC. 

MST494P,FP 

SWITCHING REGULATOR CONTROL 

Limits 
Symbol Block Parameter T est conditions Unit 

Min Typ Max 

In Output voltage rising time (common emitter) Vcc=15V,RL=150Q 80 200 ns 

III Output voltage lalling time (common emitter) Ic= 1 OOmA, T a=25'C 30 100 ns 

11'2 OUTPUT Output voltage rising time (emitter follower) Vcc=Vc=15V, RL=150Q 200 400 ns 

1f2 Output voltage falling time (emitter follower) IE=-100mA, Ta=25'C 30 100 ns 

I@ Output control input bias current V@=Vrel 270 550 1000 pA 

VCCLO UNDER- Undervollage lock-out voltage 3.8 5 5.7 V 
VOLTAGE Supply voltage at which output is OFF 

i!.VCCLO LOCK-OUT UVLO hysteresis width 100 200 380 mV 

IcesB CONSUMED Siandby current Vee=15V, other pins are open 6.7 11. 5 mA 

IceBI CURRENT Bias current V®=2V 7.3 13 mA 

TEST CIRCUITS TYPICAL CHARACTERISTICS 
Vec=15V 

~ 

TEST INPUT 

Note' Connect Pin @ and Pin @ to Vee and connect Pin ® and Pin 
® to GND via resistors RL when emitter lollower output is used. 
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REFERENCE VOLTAGE VS. 
SUPPLY VOLTAGE 
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MITSUBISHI LINEAR IC. 

MST494P, FP 

SWITCHING REGULATOR CONTROL 
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MITSUBISHI LINEAR IC. 

MST494P,FP 

SWITCHING REGULATOR CONTROL 

OUTPUT SATURATION VOLTAGE VS. CONSUMED CURRENT VS. 
OUTPUT CURRENT SUPPLY VOLTAGE 
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VOLTAGE WAVEFORMS 

PIN ® WAVEFORM 

PIN @ WAVEFORM 

PIN @ WAVEFORM 

PIN ® WAVE FORM OV 
I 
I 
I 
I 
I 
I 

r------ Vee 

--------0 

.--,.---- Vee 

------ 0 

THRESHOLD 

PIN cr> WAVEFORM 0.7V~--------~-~-~~ 

I 
I 
I 
I 
I 
I 
I ON-DUTY IN 

OUTPUT PART 

I 
I 
I 

MAX: 

I 
I 
I 
I I , .... ,-- .. , 

0% MAX. 
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GND 

Push-pull operation 

Single-end or parallel operation 
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QUICK REFERENCE TABLE OF TIMERS 

Application Type No I Processing time 

M51841P 100 I' s-180sec 

CR timer M51843P 10ms-180sec 

M51848 10ps-180sec 

Dual CR timer M51847P 10ps-180sec 

High-speed CR timer M52051P 1 ps-l sec 

IlL counter timer M51849L I 100ms-50hr 
I 

M58479P 50ms-4800hr 

CMOS counter timer 

M58482P I 50ms-4800hr 

#-
8-pin DIP 

, 

Features 

High output current 200mA 

Internal open collector and emitter outputs 
Built-in ON/OFF control and discharge circuit 

Maximum operating frequency 100kHz 
Built-in supply voltage reset Circuit 

Maximum operating frequency 100kHz 
Built-in supply voltage reset circuit 

Maximum osccilator frequency 1 MHz 
Built-in reset circUit 

Built-in supply voltage reset circuit and stabilization 
zener 
Built-in 11 stage divider 

Low pwoer disSipation 
Selection of division ratio 

Low power dissipation 
Selection of division ratio 

~ 
8-pin SIP 

Electrical characteristics 
Package 

Supply voltage Output current Circuit current 
(max.) (typ.) 

outline 
range 

4.5-16V 200mA lOrnA 8-pin DIP 

- 4.5-16V 200mA 13mA 14-pin DIP 

4-17V 200mA 7mA 
8-pin DIP 

i 
8-pin SIP 

! 

4-17V 100mA lOrnA 14-pin DIP I 

4.5-5.5V 5mA lImA 8-pin DIP I -Z 
5-Vz 30mA 3.5mA 8-pin SIP C 

1'1'1 
7.4-9V 1.6mA 0.25mA 14-pon DIP >< 

/ 

3-9V 1.6mA 25pA 14-pin DIP m 
-< 
"" C 

ttP 
14-pin DIP 

z 
n ... -o· Z::; 

fit 

oi 
""iii z ... -
_I"" 

~= 1'I'I:a-
:a~ 
cn~ 



DESCRIPTION 
The M51841P monolithic timing circuit is highly stable con
troller capable of producing accurate time delays, or 
oscillation. Additional terminals are provided for two voltage 
comparators, triggering or resetting, if desired, applicable 
for a wide range of usage as monostable or astable multi
vibrators. The output ca[1 be directly connected to TTL or 
DTL circuits. 
The M51841P is interchangeable with the Signetics NE555. 

FEATURES 
• Capable of forming a monostable multivibrator with one 

resistor and capaCitor 

• Capable of forming an astable multivibrator with two re-
sistors and a capaCitor 

• Supply voltage rejection ratio···················O.01%V(typ.) 
• Temperature coefficient .................... "'50ppmi'C (typ.) 

• High output current .. ······························ 200mA(max.) 

APPLICATION 
Time-delay generator monostable multivibrator) , pulse 
oscillator (astable multivibrator), pulsewidth modulation, 
pulse position modulation, sequential timer, DC-DC con
verter 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range···································· 4.5-16V 
Rated supply voltage ............................... 5V, 12V, 15V 

BLOCK DIAGRAM 
POWER SUPPLY 

8 

REFERENCE VOLTAGE 5')-'--+--1 

THRESHOLD 6)-----+--1 

S 

MITSUBISHI LINEAR ICs 

M51841P 

SINGLE TIMER 

PIN CONFIGURATION (TOP VIEW) 

GND 1 

TRIGGER 2 7 DISCHARGE 

6 THRESHOLD 

5 REFERENCE VOLTAGE 

B-pin molded plastic DIP 

t---=f'"'' 
, 

I 
Q t------t--1 '>----{ 3 OUTPUT 

OUTPUT STAGE 
FLIP FLOP 
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MITSUBISHI LINEAR ICs 

MS1841P 

SINGLE TIMER 

ABOLUTE MAXIMUM RATINGS (Ta=25<C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage 18 V 

lo<peak) Output current 200 mA 

Pd Power dissipation 625 mW 

K. Thermal derating T a"'25"C 6.25 rnW/'C 

Topr Operating ambient temperature -20-+75 ·C 

Tstg Storage temperature -40-+125 ·C 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vcc=5-15V, unless otherwise noted) 

Symbol Parameter VdVl Test conditions 

Vee Supply voltage 

5 RL=oo 
Icc Circuit current 

15 RL=oo 

V REF Reference voltage 
5 

15 

VTH Threshold voltage 

ITH Threshold current 

VT Trigger voltage 

IT Trigger current 

VR Reset voltage 

IR Reset current 

5 ISINK=5mA 

15 ISlNK=10mA 
VOL Low output voltage 

15 IS1NK=50mA 

15 IS1NK=100mA 

5 IsouRcE=100mA 
VOH High output voltage 

15 IsouRcE-l00mA 

- Timing error 

- Temperature coefficient 

- Supply voltage rejection ratio 

TYPICAL CHARACTERISTICS (Ta=25<C, unless otherwise noted) 

THERMAL DERATING 

~ 
'0 
0-

z 
0 

~ 
0-
Cii en 
15 
II: 
w 
~ 
0 
0-

5-4 

1000 

800 

600 

400 

200 

a 
o 

(MAXIMUM RATING) 

~ 
i'.. 

'" , , , , 

25 50 75 100 

, , , 
125 

12.5 

<' 
E 10.0 
] 

!z 7.5 
w 
II: 
II: 
:::J 
() 5. 
l
S 
() 
II: 

a 

(3 2.5 

AMBIENT TEMPERATURE T aCC) 
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Limits 

Min Typ 

4.5 

3 

10 

2.6 3.33 

9 1'0 

2/3Vec 

0.1 

1/3Vcc 

0.5 

0.7 

0.1 

0.25 

0,1 

0.4 

2.0 

2.75 3.3 

12.75 13.3 

0.5 

50 

0.01 

SUPPLY VOLTAGE 
VS. CIRCUIT CURRENT 

I l 
Ta=-20'C ~ 

I~ 25<C ~75'C 
j V 

V , 

5 10 15 20 

Unit 
Max 

16 V 

6 

15 
rnA 

4.0 

11 
V 

V 

0.25 IJA 

V 

1.0 IJA 

1.0 V 

rnA 

0.35 

0.25 

0.75 
V 

2.5 

V 

% 
pprn/"C 

%IV 

25 



~ 3.0 
:J: 

~ 
I 2.5 

~ 
2.0 

1.5 

1.0 

0.5 

o 
1 

HIGH OUTPUT VOLAGE VS. 
OUTPUT SOURCE CURRENT 

Vee-15V 

Ta--20'C 

I-' l.;25'C 

I-' 75'C 

3 5 7 10 3 5 7100 3 5 71000 

OUTPUT SOURCE CURRENT IsouReE(mA) 

10 

w 

~ 
o 
> 
I-

ir 
!:i 0: 
o 

'7 
5 

3 

7 
5 

3 

1 
7 
5 

LOW OUTPUT VOLTAGE VS. 
OUTPUT SINK CURRENT 

Vce=15V 

Ta=75'C 

25'C 

1..:1 
-20'C 

...4i 
p-

~ 3~ 

1 0.0 1 

250 

-;;; 
c: 

"C 200 
_0. 

~ w 150 
o 
z 
o 
~ 100 

~ 
~ 50 
Il. 

o 
o 

3 5 7 10 3 5 7100 3 5 71000 

OUTPUT SINK CURRENT IsINK(mA) 

PROPAGATION DELAY VS. 
LOWEST VOLTAGE LEVEL 

OF TRIGGER PULSE 

TRIGGER PULSE ~ V =15~ 
} 1/3Vee ee 

~GN~ 10V 

_._ .... ,/ ~,4V 
......: ~ 

0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE VT(V) 

0.5 (xVee) 

w 
G 

~ 
g 
I
~ 
Il. 

0 
7 
5 

3 

1 !:i o. 
o 7 

~ 
5 

-' 

0.0 1 
1 

MITSUBISHI LINEAR ICs 

MS1841P 

SINGLE TIMER 

LOW OUTPUT VOLTAGE VS. 
OUTPUT SINK CURRENT 

Vee 5V 

Ta 20'C 
~ .., 25'C 

75'C 

~ 

3 5 7 10 3 5 7100 3 5 71000 

OUTPUT SINK CURRENT ISINK(mA) 

MINIMUM PULSE WIDTH VS. 
LOWEST VOLTAGE LEVEL 

OF TRIGGER PULSE 
10 o TRIGGER PULSE I .......... 

~}l/~Vee 
o VT GND 

Vee=5V 

0 

0 

o 
o 

10V 

I J I 
'A 

14V 

J 
v~ ~ 

0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL 

OF TRIGGER PULSE VT(V) 

0.5 (xVee) 
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PIN DESCRIPTION 
1. Trigger pin (pin ®) 

When the voltage at the trigger pin is reduced to lower 
than 1I3Vcc, timing operation is started. Time of applying 
the trigger voltage "L" should be shorter than the time 
set by CR. 

2. Output pin (pin ®) 
Logic output level is normally in the low state but is in 
the high state during timing operation. The output circuit 
is shaped like a totem-pole and withstands maximum 
load current of 200mA. The circuit can be directly con
nected to TTL or DTL circuits. 

3. Reset pin (pin ®) 
Timing operation can be interrupted by applying the re
set signal to a reset pin. (The voltage at this pin must be 
less than 1V.) 

If the reset signal is applied, the output is in the low 
state and the reset condition is maintained as long as the 
signal is applied. The output stays in the low state until 
the reset signal is replaced with the set signal (trigger 
signal at a trigger pin). Connect this pin to Vee if not 
used. 

APPLICATION EXAMPLES 
(1) Delay-timer 

(monostable multivibrator) 

r-------------1-------~---oVee 

Precautions for use 

LOAD 

DELAY-TIME 
Id='1. 1 RACA 

1. Care must be taken not to connect the discharge pin 
(pin (j) directly to Vee. Such connection causes a short 
circuit of Vce and GND through a discharge transitor 
(built in to the device) and may destroy the integrated 
circuit. 

2. Connect the reset pin (pin ®) to Vee, if not used. 
3. A capacitor connected to a reference voltage pin (pin 

@) functions as a noise filter. Choose appropriate 

capacitance according to the noise induced. The 
M51843P is recommended for use in an environment 
where noise may cause misoperation. 

MITSUBISHI LINEAR ICs 

MS1841P 

SINGLE TIMER 

4. Reference voltage pin (pin ®) 
The voltage at this pin is normally set at 2/3Vee. By ap
plying reference voltage, delay-time or oscillation fre
quency can be changed. The control signal for pulse
width modulation is applied at this pin. Connect a capa

citor of O.Ol,uF between this pin and GND as a noise fil
ter, if the pin is not used. 

5. Threshold pin (pin ®) 
The delay-time is determined by CR time constants con
nected to this pin. The delay-time of a monostable multi

vibrator td is expressed by the equation td "" 1.1 RACA. 
6. Discharge pin (pi n (j) 

The timed capacitor discharges at this pin. The dis

charge is enabled when a flip-flop in the device is ON 
and the reset signal is applied. In a monostable multivib
rat or, the capacitor is connected to pin ® 

(2) Pulse oscillator 
(astable multivibrator) 

r-------------~------~---oVee 

LOAD 

OSCILLATION FREQUENCY 

1='1. 44/( RA+2R B)CA 

duty cycle 

D=RB!(RA+2RB ) 
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DESCRIPTION 
The MS1843P monolithic timing circuit is highly stable control
ler capable of producing accurate time delays, or oscillation. 

Additional terminals are provided for two voltage comparators, 
triggering or resetting, if desired, applicable for a wide range 

of usage as monostable or astable multivibrators. The circuit 
consists of noise filter pin, shutdown control circuit, and zener 
diode for supply voltage regulation, providing excellent anti
noise characteristics. 

FEATURES 
• Capable of forming a monostable multivibrator with a 

resistor and a capacitor 

• Capable of forming an astable multivibrator with two re-
sistors and a capacitor 

• Supply voltage rejection ratio·················· O.01%V (typ.) 
• Temperature coefficient ...................... SOppm/oC (typ.) 
• High output corrent ........ · .... · .................. 100mA (max.) 

• Noise filter pin provided 
• Discharge control, and shutdown control pins 
• Built-in zener diode for supply voltage regulation 
• Emitter and collector outputs 

APPLICATION 
Time delay generator (monostable multivibrator) , pulse 
oscillator, pulsewidth modulation, pulse position modulation, 
sequential timer 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range .......... · ........................ · 4.S-16V 

Rated supply voltage .......... · .................... SV, 12V, 1SV 

MITSUBISHI LINEAR ICs 

MS1843P 

SINGLE TIMER 

PIN CONFIGURATION (TOP VIEW) 

REFERENCE VOLTAGE 

NC 

THRESHOLD 

DISCHARGE 

DISCHARGE CONTROL 

SHUTDOWN co~~~6~ 6 

12 EMITTER OUTPUT 

11 COLLECTOR OUTPUT 

10 NOISE FILTER 

9 TRIGGER 

NC : NO CONNECTION 

14-pin molded plastiC DIP 

BLOCK DIAGRAM POWER SUPPLY 
7)---

NOISE FILTER 

REFERENCE VOLTAGE 1 }---+---I 

THRESHOLD 3}---+----l 

1--------(·14 RESET 

QI--+---i OUTPUT 
STAGE 

11 COLLECTOR OUTPUT 

12 EMITTER OUTPUT 

~-_----t4 DISCHAR~E 

ZENER DISCHARGE 
SHUTDOWN CONTROL CONTROL 
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ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage (pinQ)) 

Iz Zener Current (pin®) 

loe Collector output current Saturation 

BV@ Breakdown voltage (pin@) 

Pd Power dissipation 

K. Thermal derating T a",25,(; 

Topg Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=25'C Vcc=5-15V) 

Symbol 

Vee 

Icc 

V REF 

VTH 

ITH 

VT 

IT 

V R 

IR 

Vz 

Vse 

Voce 

Voe 

IOE 

-
-
-

5-8 

Parameter 

Supply voltage 

Circuit current 

Reference voltage 

Threshold voltage 

Threshold current 

Trigger voltage 

Trigger current 

Reset voltage 

Reset current 

Zener voltage 

Voltage range Of shutdown control at pln® 

Voltage range of discharge control 

Collector output voltage 

Emitter output current 

Timing accuracy 

Temperature coefficient 

Supply voltage rejection ratio, 

I VcC<V) 

Test Conditions 

5 
Excluding pin 

I----- RL=OO 
15 

5 

15 

Iz=2mA 

5 loc=30mA 

15 loc=10mA 

15 loc=100mA 

15 

• MITSUBISHI 
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MITSUBISHI LINEAR ICs 

M51843P 

SINGLE TIMER 

Ratings Unit 

18 V 

10 rnA 

200 rnA 

27 V 

650 rnW 

6,5 rnW/'C 

-20-+75 'c 
-40-+125 'c 

Limits 
Unit 

Min Typ Max 

4,5 16 V 

4 10 

13 22 
rnA 

2,6 3,33 4,0 
V 

9 10 11 

2/3Vee V 

0,1 0,25 IlA 

1/3Vee V 

0,5 1,0 IlA 

0,7 1,0 V 

0,1 rnA 

6,5 7,5 8,5 V 

2,4 4,0 V 

0,7+Vcc 1, O+Vcc V 

0,15 0,3 

0,05 0,1 V 

0,3 1,0 

1 2 rnA 

0,5 % 
50 pprnl'C 

0,01 %IV 



MITSUBISHI LINEAR ICs 

M51843P 

SINGLE TIMER 

TYPICAL CARACTERISTICS (unless otherwise noted, Ta=25'C) 

THERMAL DERATING CIRCUIT CURRENT 
VS. SUPPLY VOLTAGE 

~ 
E 

'" 0-

Z 
0 
j::: 

~ en en 
is 
a: 
w 
;: 
0 
0-

-; 
g 
> 
w 
Cl 

~ 
o 
> 
f
:::l 
0-
f
:::l 

(MAXIMUM RATING) 

1000 

800 

-600 

400 

200 

a 
a 

"'-~ 
"'" , " , , , 

25 50 75 100 

AMBIENT TEMPERATURE Ta('C) 

, 
125 

COLLECTOR OUTPUT VOLTAGE 
VS. OUTPUT CURRENT 

10 
7 Vee 5V 
5 

3 

1 
7 
5 

3 

Ta=75'C-;;~ -20'C 

=~5t 
o 0.1 

~ 
f
a 
w 
...J 
...J 
o 

7 
5 

3 

a O. 01 
1 

V 

I 
35710 357100 3571000 

COLLECTOR OUTPUT CURRENT ,lee(mA) 

10 
-;( 

~ 
.2 

f-
Z 
W 
a: 6 0: 
:::l 
a 
f-
:::l 
0-
f-
:::l 
0 
0: 
w 
~ 
~ 
w 

a a 

EMITTER OUTPUT CURRENT 
VS. SUPPLY VOLTAGE 

Ta=-2~ ~25t 

A 
~75t 

~ 
5 10 15 20 

SUPPLY VOLTAGE Vee(V) 

25 

25 

-;( 
20 E 

U 
.2 

f- 15 z 
w 
0: 
0: 
:::l 
a 10 
f-
5 
a 
0: 

Ta=-~ ~:-25'C 
-75'C 

~ 
~ 

U I 

a 
a 10 15 20 25 

SUPPLY VOLTAGE Vee(V) 

COLLECTOR OUTPUT VOLTAGE 
VS, OUTPUT CURRENT 

-; 
u 
~ 
w 
Cl 

~ 

10 
Vee 15V 

I o 
> 
f
:::l 
0-
f
:::l 

- Ta=lC 

~ 0.1 
o 
fa 
w 
...J 
...J 
o 
a O. 01 

1 

~ 

3 5 710 

iii" 

25:C 

20t 

I I 
3 57100 3 571000 

COLLECTOR OUTPUT CURRENT lee(mA) 

'" 100 
.5 

I 
I:i 80 

~ 
w 
~ 50 
:::l 
0-
0: 
W 
Cl 
Cl 
0: 
f-

::. 
:::l 
::. 
Z 
~ 

40 

20 

a 
a 

MINIMUM PULSE WIDTH 
VS. LOWEST VOLTAGE LEVEL 

OF TRIGGER 

"] ) 1/3[Vcc [ 
VT GND Vcc=5V 

10V 

11 
j 

14V 

J ~ 
v~ V 

0.1 0.2 0.3 0.4 o. 5( XVec ) 

MINIMUM VOLTAGE LEVEL 
OF TRIGGER PULSE VT(V) 
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SHUTDOWN CONTROL 
CHARACTERISTICS 

f
Z 
UJ 
a: 
a: 
::J 
() 

UJ 
(9 
a: « 
J: 
() 
C/) 

o 

40 

30 

2 a 

a 

(\ 

\ 
) \ 

2 

SHUTDOWN CONTROL VOLTAGE(PIN®) 
VsdV) 

PIN DESCRIPTION 
1. Refernce voltage pin (pin CD) 

The voltage at this pin is normally set at 2/3Vee. By ap

plying reference voltage, delay time or oscillation fre
quency can be changed. The control signal for pulse
width modulation is applied at this pin. Connect a capa

citor of 0.01,uF between this pin and GND as the noise 
filter, if the pin is not used. 

2. Threshold pin (pin ®) 
The delay time is determined by CR time constants con
nected to this pin. The delay time of a monostable multi

vibrator td is expressed by the equation td""'1.1 RACA. 
3. Discharge pin (pin ®) 

The timed capacitor discharges at this pin. The dis
charge is enabled when a flip flop in the device is ON 
and the reset signal, discharge control signal or shut

down signal are applied. In a monostable multivibrator, 
the capacitor is connected to pin ® 

4. Discharge control pin (pin ®) 
If a capacitor is connected between this pin and GND, 
the discharge pin (discharge transistor) is enabled by ap
plying discharge control signal (approximately Vee + 
0.7V) to this pin. The timing capacitor can be automati
cally discharged when power supply drops. The capaci
tance should be 1/10-1/30 of that of the timing capacitor. 

5. Zener/shutdown control pin (pin ®) 
Supply voltage can be regulated (at approximately 8V) 

by connecting this pin to Vee (pin(lJ). By controlling the 
voltage at this pin as the shutdown control voltage 
(approximately 2.4V) , discharge of timing capacitor and 
OFF of the output stage can be controlled. 

250 

~ 
E 200 

f-
Z 
UJ 150 a: 
a: 
::J 
() 

UJ 
100 Cl a: 

« 
J: 
() 
C/) 50 
0 

MITSUBISHI LINEAR ICs 

MS1843P 

SINGLE TIMER 

DISCHARGE CONTROL 
CHARACTERISTICS 

/" 
~- .... 

V 
I 

/ 
I 

0.25 0.5 0.75 1.0 
DISCHARGE CONTROL VOLTAGE(PIN®) 

VDCC(V) 

6. Trigger pin (pin ®) 
When the voltage level at trigger pin is reduced to lower 
than 1 /3Vee, timing operating is started. 

7. Noise filter pin (pin ®I) 
Connect a capacitor between this pin and GND as the 
noise filter. Appropriate capacitance must be chosen 
according to the noise induced. (Normally less than 0.1,u 
F) 

8. Collector output pin (pin (jJ)) 

The maximum load current of 200m A can be applied. 
Logic output level is in the low state from the high state 
when the output stage is ON. 

9. Emitter output pin (pin @) 

This pin drives externally connected transistors or thyris
tors. The load current is 2mA typo 

10. Reset pin (pin @) 

Timing operati<;m can be interrupted by applying the re
set signal to a reset pin. (The voltage at this pin must 
be less than IV.) 

If the reset signal is applied, the output is in the low 
state and the reset condition is maintained as long as 
the signal is applied. The output stays in the low state 

until the reset signal is replaced with the set signal 
(trigger signal at a trigger pin). Connect this pin to Vee 
if not used. 
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APPLICATION EXAMPLES 

(1) DELAY TIMER 

SR1FM-8X2 
,-----...,..._-A/!tr-....... -p___M-oAC lOOV 

TRIGGER 

Unit: 
Resistance: n 
Capacitance : F 

• MITSUBISHI 
.... ELECTRIC 

MITSUBISH. LINEAR ICs 

MS1843P 

SINGLE TIMER 

(2) ASTABLE OPERATION 

SR1FM-2 

FREE RUNNING FREQUENCY 

1""'1. 44/(RA+2Rs )CA 

duty cycle 

D=Rs (RA+2Rs ) 
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DESCRIPTION 
The M51848L, f> are semiconductor integrated circuits de
signed for producing accurate timing pulse and time delay. 
The delay time can be set from microseconds through mi
nutes by externally connected resistor and capacitor. 
In an astable multivibrator, the maximum frequency is 
100kHz. 

The reset voltage is 1.4V typo (T a = 25'C ), and compatible
with TTL level. 

FEATURES 
• Timing from microseconds through minutes 
• Wide range of unage as monostable or astable multivib-

rators 

• Maximum oscillation frequency ............ · .......... · 100kHz 

• Reset voltage is compatible with TTL level 
• Built-In supply voltage reset circuit for setting the output 

in the low state, when power is supplied 

APPLICATION 
Monostable multivibrator, astable multivibrator, pulsewidth 
modulation 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................... · .. · .... · .. · .. 4.5-17V 

BLOCK' DIAGRAM 
POWER SUPPLY 

REFERENCE VOLTAG~ 5 

TERESHOLD 6 

TRIGGER 2 

1 

GND 

MITSUBISHI LINEAR ICs 

M51848L,P 

SINGLE TIMER 

PIN CONFIGURATION (TOP VIEW) 

GND 

TRIGGER 

OUTPUT 

RESET 

REFERENCE VOLTAGE 

THRESHOLD 

DISCHARGE 

GND 

GND 

TRIGGER 

OUTPUT 

RESET 

Vee 

DISCHARGE 

THRESHOLD 

REFERENCE VOLTAGE 

8-pin molded plastic DIP 

8-pin molded plastic SIP 

-~~,~~ 
<+J 
COMPARATOR I 

7 DISCHARGE 
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MITSUBISHI LINEAR ICs 

M51848L,P 

SINGLE TIMER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage 18 V 

lo(oeak) Output current 200 mA 

Pd Power dissipation 
360(M51848L) 

mW 
625(M51848P) 

K. Thermal derating T a~2S"c 
3. 6( M51848L) 

mwrc 
6. 25( M51848P) 

Topr Operating ambient temperature -20-+75 "C 
Tstg Strage temperature -48-+125 ·c 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=5-15V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

Vee Supply voltage 4 17 

Vcc=5V, Rl=oo 3 5.5 
lee CurcUit current 

Vcc=lSV, R,=oo 7 10 

Vcc=SV, 2.8 3.33 4.0 
V AEF Reference voltage 

Vcc- 1SV 9 10 11 

V TH Threshold voltage 2/3Vee 

ITH Threshold current 0.05 0.3 

VT Trigger voltage 1/3Vee 

h Trigger current 0.1 0.5 

VR Reset voltage 1.0 1.4 2.0 

IR Reset current 0.05 0.2 

Vcc-SV, IsINK=SmA 0.05 0.2 

Vcc=lSV,ISlNK=10mA 0.05 0.2 
VOL Low output voltage 

Vcc=lSV, ISlNK=SOmA 0.2 0.5 

Vcc=lSV, ISINK=100mA 0.5 2.0 

Vcc=SV,lsouRsE=100mA 2.8 3.3 
VOH High output voltage 

Vcc=lSV, IsousE=100mA 12.8 13.3 

- Supply voltage rejection ratio 0.01 

fmax Maximum operating frequency RA= R.=2kO, CA=200pF 100 

TYPICAL CHARACTERISTTCS (Ta=25'C, unless otherwise noted) 

DELAY TIME VS. THERMAL DERATING 
(MAXIMUM RATING) TIMING RESISTOR, CAPACITANCE 

100 0 

~ 800 
J: 
z I M51184tp 

a " o 60 
~ a. 
iii 5 40 o M~184~L 

~ ........ 
a: 
w 
5: o 200 
a. 

25 

"'-
~ 

i'--
r----.. " 

, 
:'~, 

" ~\. 
50 75 100 125 

AMBIENT TEMPERATURE T aCC) 

• MITSUBISHI 
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CAPASITOR CA(",F) 

Units 

V 

mA 

V 

V 

",A 

V 

",A 

V 

",A 

V 

V 

% 
kHz 
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FREE RUNNING FREQUENCY VS. 
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TIMING RESISTOR, CAPACITOR 
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OUTPUT SOURCE CURRENT 

/e~\b~ 
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Ta 7S·C 
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SINGLE TIMER 
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PIN DESCRIPTION 
1. Trigger pin (pin ®) 

When the voltage at the trigger pin is reduced to lower 
than 1/3V cc' timing operation is started. Once triggered, 
the voltage is not affected during operation by the trigger 
voltage. 

2. Output pin (pin ®) 
Logic output level is normally in the low state but is in 
the high state during timing operation. The output circuit 
is shaped like a totem-pole and withstands maximum 
load current of 200mA. The circuit can directly drive the 
TTL or DTL circuits. 

3. Reset pin (pin ®l 
Timing operation can be interrupted by applying the re
set signal to a reset pin. (The voltage at this pin must be 
less than 1.4V.) 
If the reset signal is applied, the output is in the low 
state and the reset condition is maintained as long as the 
signal is applied. The output stays in the low state until 
the reset Signal is removed and the set signal (trigger 
signal at a trigger pin) is applied. Connect this pin to Vcc 
if not used. 

APPLICATION EXAMPLES 

(1) Delay-timer (monostable multivibrator) 

r---------------~------~--ovce 

Precautions for us 

LOAD 

DELAY-TIME 
td""1. 1 R.C. 

1. Care must be taken not to connect the discharge pin 
(pin (j)) directly to Vee. Such connection causes short 
circuit of Vee and GND through a discharge transistor 
(built into the devicel and may destroy the integrated 
circuit. 

2. Connect the reset pin (pin ®) to Vee, if not used. 

MITSUBISHI LINEAR ICs 

MS1848L,P 

SINGLE TIMER 

4. Recerence voltage pin (pin @) 
The voltage at this pin is normally set at 2/3Vec. By ap
pling reference voltage, delay time or OSCillation fre
quency can be changed. The control signal for pulse
width modulation is applied through this pin. Connect a 
capacitor of O.01I1F between this pin and GND as noise 
filter, if the pin not used. 

5. Threshold pin (pin ®) 
The delay time is determined by CR time constants con
nected to this pin. The delay time of a monostable multi
vibrator td is expressed by the equation td""'1.1 RACA. 

6. Discharge pin (pin (j)) 
The timing capacitor discharges at this pin. The dis
charge is enabled when a flip flop in the device is ON 
and the reset signal is applied. In a monostable multivib
rator, the capaCitor is connected to pin ®. 

(2) Pulse oscillator (astable multivibrator) 

.---------------~------~--~vee 

LOAD 

FREOUENCY 

'''''1. 44/(R.+2R.)C. 
duty cycle 

D=R./(R.+2R.) 

3. A capacitor connected to a reference voltage pin (pin 
®) functions as the noise filter. Choose appropriate 
capacitance according to the noise induced. The 
M51843P is recommended for use in any environment 
where noise causes misoperation. 

'MITSUBISHI 
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MITSUBISHI LINEAR ICs 

MS1847P 

DUAL TIMER 

DESCRIPTTON 
The M51847P is a semiconductor integrated circuit consist
ing of circuits of the M51848P timer. The two circuits oper
ate independently. 

PIN CONFIGURATION (TOP VIEW) 

In an astable multivibrator, the maximum frequency is 
100kHz. 

The reset voltage is 1.4V typo (Ta=25°C) ,and compatible 
with TTL level. 

FEATURES 
• Timing from microseconds through minutes 
• Wide range of usage as monostable or astable multivib-

rators 
• Maximum oscillation frequency ........................ 100kHz 

• Reset voltage is compatible with TTL level 
• Built-in supply voltage reset circuit for setting the output 

in the low state, when power is supplied 

APPTCATION 
Monostable multivibrator, astable multivibrator, pulsewidth 
modulation 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range'''''''''''''''''''''''''''''''''''' 4.5-17V 
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MITSUBISHI LINEAR ICs 

M51847P 

DUAL TIMER 

ABSOLUTE MAXIMUM RATINGS (Ta=25t. unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage 18 V 

loe(peak) Collector output current 100 mA 

Pd Power dlslpatlon 650 mW 

K. Thermal derating T a:.25't 6.5 mW/t 

Topr Operating ambient temperature -20-+75 'C 

Tstg Storage temperature -40-+125 'C 

ELECTRICAL CHARACTERISTICS (Ta=25t. Vcc=5-15V. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

Vee Supply voltage 4 

Icc Curcult current 
Vcc=5V. RL =00 5 

Vcc=15V. RL =00 10 

V REF Reference voltage 
Vcc=5V 2.6 3.33 

Vcc=15V 10 9 

VTH Threshold voltage 2/3Vee 

ITH Threshold current 0.03 

VT Trigger voltage 1/3Vee 

h Trigger current 0.05 

VR Reset voltage 1.0 1.4 

IR Reset current 0.05 

Vcc=5V. ISlNK=5mA 0.05 

VOL Low output voltage 
Vcc=15V.ISlNK=10mA 0.05 

Vcc=15V.lsINK=50mA 0.2 

Vcc=15V. IsINK=I00mA 1.0 

V OH High output voltage 
Vcc=5V.lsQuRsE=100mA 2.8 3.3 

Vcc=15V. IsQusE=100mA 12.8 13.3 

fmax Maximum operating frequency R.=R.=2kO. C.=200pF 100 

TYPICAL CHARACTERISTTCS (Ta=25t. unless otherwise noted) 

z 
o 

~ 
ffi 
is 
a: 
w 

~ 

lOa a 
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-60 0 

40 a 

20 a 

THERMAL DERATING 
(MAXIMUM RATING) 

I--
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'~, 
25 50 75 lOa 

AMBIENT TEMPERATURE T arC) 

125 
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DELAY TIME VS. TIMING 
RESISTOR, CAPACITANCE 

CAPASITOR C.(JlF) 

Units 
Max 

17 V 

9 

19 
mA 

4.0 

" 
V 

V 

0.2 ,.,A 

V 

0.4 J-IA 

2.0 V 

0.2 ,.,A 

0.2 

0.2 

0.5 
V 

2.0 

V 

kHz 
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PIN DESCRIPTION 
1. Trigger pin (pin ®. ®) 

When the voltage at the trigger pin is reduced to lower 
than 1/3Vcc• timing operation is started. Once triggered, 
the voltage is not affected during operation by the trigger 
voltage. 

2. Output pin (pin ®. ®) 
Logic output level is normally in the low state but is in 
the high state during timing operation. The output circuit 
is shaped like a totem-pole and withstands maximum 
load current of 200mA. The circuit can directly drive the 
TTL or DT!; circuits. 

3. Reset pin (pin @. ®l) 
Timing operation can be interrupted by applying the re
set signal to a reset pin. (The voltage at this pin must be 
less than 1.4V.) 
If the reset signal is applied. the output is in the low 
state and the reset condition is maintained as long as the 
signal is applied. The output stays in the low state until 

APPLICATION EXAMPLE 
DUTY CYCLE VARIABLE OSCILLATOR 

MITSUBISHI LINEAR ICs 

M51847P 

DUAL TIMER 

the reset signal is removed and the set signal (trigger 
signal at a trigger pin) is applied. Connect this pin to Vcc 
if not used. 

4. Reference voltage pin (pin ®. ®) 
The voltage at this pin is normally set at 2/3Vee. By ap
plying reference voltage. delay time or oscillation fre
quency can be changed. The control signal for pulse
width modulation is applied through this pin. Connect a 
capacitor of 0,01 J-lF between this pin and GND as noise 
filter. if the pin not used. 

5. Threshold pin (pin ®. ®l 
The delay time is determined by CR time constants con
nected to this pin. The delay time of a monostable multi
vibrator td is expressed by the equation td~1.1RACA' 

6. Discharge pin (pinCD , @) 
The timing capacitor discharges at this pin. The discharge 
is enabled when a flip flop in the device is ON and the re
set signal is applied. In a monostable multivibrator. the 
capacitor is connected to pin threshold pin. 

2SC2603 2SA 1115 
.-------r--------r---r---...,.----O vee 

OUTPUT WAVEFORM 

tH is variable by the RA• having the T fixed 

Vee 
'C' -3-

tH=-R A Aln Vee-Vo 

(here. the Vo Is a forward voltage 

of externally connected voJ 

}-........ --o OUTPUT 

Precautions for use 
1. Care must be taken not to connect the discharge pin 

(pin CD, @) directly to Vee. Such connection causes 
short circuit of Vee and GND through a discharge tran
sistor (built into the device) and may destroy the inte
grated circuit. 

2. Connect the reset pin (pin ®. ®) to Vee, if not used. 
3. A capaCitor connected to a recerence voltage pin (pin ® 

. ®) functions as the noise filter. Choose appropriate 
capacitance according to the noise induced. 

• MITSUBISHI 
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MITSUBISHI LINEAR Ie. 

MS20S1P 

SINGLE TIMER 

DESCRIPTION 
The M52051 P is a semiconductor integrated circuit de
signed to produce an accurate timing pulse and time delay. 
The delay time can be set from microseconds through mi
nutes by an externally connected resistor and capacitor. 

PIN CONFIGURATION (TOP VIEW) 

In an astable multivibrator, the maximum frequency is 
1MHz. 

The reset voltage is 1.4V typo (Ta=25°C), and compatible 
with TTL level. 

FEATURES 
• Timing from microseconds through minutes 
• Wide range of usage as monostable or astable 

multivibrators 

• Maximum oscillation frequency ··················.···········1 MHz 
• Reset voltage is compatible with TTL leyel 
• Built-in supply voltage reset circuit for setting the output 

in the low state, when power is supplied 

APPLICATION 
Monostable multivibrator, astable multivibrator, pulsewidth 
modulation. 

RECOMMENQED OPERATING CONDITIONS 
Supply voltage range .................................. ·4.5-5.5V 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 
, 

10 Output current 

Pd Power dissipation 

Ke Thermal derating Ta~25'C 

Topr Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

Symbol 

Vcc 

Icc 

V REF 

VTH 

ITH 

VT 

IT 

VR 

IR 

VOL 

VOH 

fmax 

RA 

RA+2Re 

C A 

Parameter 

Supply voltage 

Circuit current 

Reference voltage 

Threshold voltage 

Threshold current 

Trigger voltage 

Trigger current 

Reset voltage 

Reset current 

Low output voltage 

High output voltage 

Maximum operating frequency 

ReSistance range for timing setting 

Capacitance range for timing setting 

Test conditions 

Vcc=5V, RL =00 

Vec=5V 

Vec=5V 

Vec=5V 

Vce=5V,lsink=5mA 

Vec=5V,lsource=10mA 

Monostable multivibrator 

Astable multivibrator 

• MITSUBISHI 
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MITSUBISHI LINEAR Ie. 

M52051P 

SINGLE TIMER 

Ratings Vnit 

5.5 V 

10 mA 

625 mW 

6.25 mW/'C 

-20-+75 ·C 

-40-+125 ·C 

Limits 
Unit 

Min Typ Max 

4.5 5.5 V 

6. a 11. a 16. a mA 

3. a 3.33 3.7 V 

3.0 3.33 3.7 V 

2. a 20 pA 

1.4 1. 67 2. a V 

4. a 40 pA 

1.0 1.4 2. a V 

4. a 40 pA 

0.3 0.5 V 

2.2 2.7 V 

1 MHz 

0.5 100 kO 

1 100 kO 

3.3Xl0-4 100 pF 
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MITSUBISHI LINEAR Ie. 

M52051P 

SINGLE TIMER 

TYPICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 
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PIN DESCRIPTION 
1. Trigger pin (Pin @) 

When the voltage at the trigger pin is reduced to low
er than 1/3Vcc, timing operation is started. Once trig
gered, the voltage is not affected during operation by 
the trigger voltage. 

2. Output pin (Pin al) 
Logic output level is normally in the low state but is in 
the high state during timing operation. The output cir
cuit is shaped like a totem-pole and withstands max
imum load current of 10mA. The circuit can directly 
drive the TTL or DTL circuits. 

3. Reset pin (Pin @) 

Timing operation can be interrupted by applying tile 
reset signal to a reset pin. (The voltage at this pin 
must be less than l.4V). 
If the reset signal is applied, the output is in the low 
state and the reset condition is maintained as long as 
the signal is applied. The output stays in the low state 
until the reset signal is removed and the set signal 
(trigger signal at a trigger pin) is applied. Connect 
this pin to V cc if not used. 

APPLICATION EXAMPLE 

(1) Delay timer 
(monostable multivibrator) 

r-------------~------~--0Vcc 

TRIGGER 

PRECAUTIONS FOR USE 

LOAD 

rD' 01 ,uF 

DELAY TIME 
td""': , RACA 

1. Care must be taken not to connect the discharge pin 
(Pin 0)) directly to Vcc. Such connection causes short 
circuit of Vcc and GND through a discharge transistor 
(built into the device) and may destroy the integrated 
circuit. 

MITSUBISHI LINEAR les 

MS20S1P 

SINGLE TIMER 

4. Reference voltage pin (pin @) 

The voltage at this pin is normally set at 2/3Vcc. By 
applying reference voltage, delay time or oscillation 
frequency can be changed. The control signal for 
pulsewidth modulation is applied through this pin. 
Connect a capacitor of 0.01 p. F between this pin and 
GND as the noise filter, if the pin is not used. 

5. Threshold pin (Pin @) 
The delay time is determined by CR time constants' 
connected to this pin. The delay time of a monostable 
multivibrator td is expressed by the equation td ~ 
1.1RACA • 

6. Discharge pin (Pin 0)) 
The timing capacitor discharges at this pin. The de
scharge is enabled when a flip flop in the device is 
ON and the reset signal is applied. In a monostable 
multivibrator, the capacitor is connected to Pin ®. 

(2) Pulse oscillator 
(astable multivibrator) 

~------------~-------'---OVco 

LOAD 

FREE RUNNING 
FREQUENCY 
1""1. 44/(RA+2RB )CA 
DUTY CYCLE 
D=RB /( RA+RB ) 

2. Connect the reset pin (Pin @) to Vcc, if not used. 
3. A capaCitor connected to a reference voltage pin (Pin 

@) functions as the noise filter. Choose appropriate 
capacitance according to the noise induced. The 
M51843P is recommended for use in an environment 
where the noise causes misoperation. 

• MITSUBISHI 
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DESCRIPTION 
The M51849L is a semiconductor integrated circuit de
signed for controller of long time delay, consisting of 11 
stage divider by II L. The time base period of oscillator is 
extended 1024 times, determing by the 11 stage divider by 
ilL, and the maximum output period is 50 hours. 

FEATURES 
• Timing from 1 OOms through 50 hr 
• High current output can sink 30mA(peak) 
• Built-in stabilization zener 
• Built-in power on reset 

APPLICATION 
• Precision timing, time delay generation, Ultra-Iow

frequency oscillator 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage' ......... 5V-Vz(Vz= pin CV Zener voltage) 

Rated supply voltage""""""""""""""''''''''6V±10% 

BLOCK DIAGRAM 

MITSUBISHI LINEAR ICs 

MS1849L 
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ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless oterwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Iz Zener current 

10 Output sink current 

Pd Power dissipation 

K. Thermal derating T a<:25"(; 

Topr Operating temperature 

Ts~ Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vcc=6V unless otherwise noted) 

Symbol 

Icc 
V z 

V R 

IR 

Vas 

los 

V OH 

VOL 

Parameter 

Circuit current 

Zener voltage 

Reset voltage 

Reset current 

Osciiiation stop voltage 

Oscillation stop input current 

High output voltage 

Low output voltage 

Test conditton 

Vcc=6.0V 

Iz-lmA 

ISQURSE= 1 OmA 

IsINK=10mA 

• MITSUBISHI' 
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MITSUBISHI LINEAR ICs 

M51849L 

COUNTER TIMER 

Ratings Unit 

7.0 V 

20 rnA 
30 rnA 

360 rnW 
3.6 rnW/t 

0-+60 ·C 

-40-+125 ·C 

Limits 
Unit 

Min Typ Max 

3.5 6.0 rnA 
6.0 6.4 6.8 V 

1.5 1.8 V 

0.1 rnA 
1.9 1.9 V 

0.1 rnA 
4.0 4.5 V 

0.2 0.6 V 
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TYPICAL CHARACTERISTICS (Ta=25°C, unless otherwIse noted) 
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PIN DESCRIPTION 
1. Reset pin (pin CD) 

This pin is used to stop counter operation. If the pin is in 
the high state, the counter is cleared and oscillation is 
stopped. Connect this pin to GND, if not used. 

2. Oscillation stop control pin (pin ®) 
If the pin is in the high state, the oscillation stops. But the 
status of counter is not maintained, and therefore, if the 
pin is reset to the low state, timing operation is resumed. 
Connect the pin to GND, if not used. 

3. CR Input pin (pin ®) 
The capacitor CT and resistor RT are connected to this 
pin. The oscillation period is given in the following equa
tion. The resistor RT should be 1kO or above. 

4. Reference voltage pin (pin @) 
The highest voltage for the oscillation level is supplied at 
this pin. The voltage should be set at approximately 2/3 

APPLICATION EXAMPLE 
Monostable operation 

M51849L 

MITSUBISHI LINEAR ICs 

M51849L 

COUNTER TIMER 

Vce by a variable resistor or resistor division (R" R2). 

The capacitor CT is corrected by minutely adjusting this 
voltage by a variable resistor. The voltage can be set be
tween 0.4V to 0.8V. The oscillator may not function if the 
voltage is outside this range. 

5. Stabilization zener pin (pin 0) 
A zener diode of approximately 6.4V is connected be
tween this pin and pin @ (GND). Set the resistance so 
that the zener current is 5mA. 

6. Output pin (pin ®) 
The output voltage changes from the low state to the 
high state when the oscillation period is 1024 times of To, 
and the voltage returns from the high state to the low 
state when the period is 2048 times for one cycle. The 
voltage can sink or source up to 10mA(typ.). Care must 
be taken in power supply variation in the integrated cir
cuit when the output load current is large. 

OUTPUT WAVEFORM 

~ __ R~1 ______ ~ __ 4-__ ~~1~.2~k __________ 012V 

The delay time in the above application example is given by : 

T 0";o900CT• RT(sec) 

The timing resistor RT should be 1 kfl or above 

Precautions for use 
1. CR input pin (pin ®) must not be directly connected to 

Vec to avoid destruction of the integrated circuit. 
2. The voltage at the reference voltage pin (pin ®) should 

be set between 0.4V to 0.8V. The oscillator may not 
function if the voltage is outside this range. 

3. This integrated operates at ultra-low supply voltage. 
Therefore it is very sensitive to external noise and is 
subject to misoperation. 
A capacitor must be connected near the Vee -pin (pin 
®) to avoid noise. 

4. The specifications are subject to change. 

• MITSUBISHI 
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DESCRIPTION 
The M58419P and M58482P are electronic timer ICs 

developed by aluminum-gate CMOS technology. Use of 
these ICs makes possible timer devices without mechanical 

elements, which have reduced power dissipation, superior 

reliability, and higher noise immunity. The M58479P is 

specifically designed for high noise immunity, while the 
M58482P particularly features low power dissipation. 

FEATURES 
• Low power dissipation 

M58479P: 2mW (typ.). 7.5mW (max.) 

M58482P: 200/-lW (tyP.), 750/-lW (max .. ) 

• Superior noise immunity 
• Single power supply with a zenor diode 

• Internal RC oscillator 
• Precise oscillation frequency regulating capability 
• Extremely broad time-delay range (50ms-4800h) 

MITSUBISHI LSls 

MS84 79P / MS8482P 

CMOS COUNTER/TIMERS 

PIN CONFIGURATION (TOP VIEW) 

(OV)Vss 

PRECISE 
OSfiJLW'ON 

:~~~~::~:{::: -+ : 
oJWoW +-

INHIBIT 
INPUT 

OS3 +- 5 

VOD (7.4-9V:M 58479P) 
3 -9V:M 58482P 

Z D ZENOR DIODE 

• Time-delaysettabletol0,60,or600timesfundamental Outline 14P4 
time (1024 times oscillation period) 

• M58479P has automatic·reset function during power FUNCTIONAL DESCRIPTION 
engagement 

• Built·in reset and inhibit functions 

• . Residual time display possible by adding Mitsubishi's 
M5.3290P and M53242P IC 

APPLICATION 
• Electronic timer or counter with broad time-delay range 

(50ms-4800h) 

BLOCK DIAGRAM 

These devices make possible extremely long clock perform· 

ance, by counting pulse signals from the RC oscillator. It 
has precise oscillation frequency adjustment, automatic
reset, reset, and inhibit functions. 

There are three outputs. When the time duration is up, 
OUTl turns from low to high and OUT2 from high to low. 
OUT3 can be connected to M53290P and M53242P TTLs 
for residual time display. 

DIVIDING RATIO SELECTIVE INPUT 
FOR COUNTER 

OSCILLATION 
INPUT/OUTPUTS OS 2 {

OS, 3 

OS3 

PRECISE 
OSCILLATION 
FREOUENCY 

ADJUSTMENT 

5-28 

TNH 
INHIBIT 
INPUT 

RESET 
RESET 
INPUT 

~ 
D' 02 
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OUTPUT 
CIRCUIT 

10 OUT'} 

11 OUT2 OUTPUTS 

12 OUT3 

14 Voo (7.4-9V:M58479P) 
3 - 9 V : M 58482 P --_---1. Vss (OV) 

"----{.3 ZD ZENOR DIODE 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Voo Supply voltage -0.3-9.S V 

VI Input voltage 
With respect to V 55 

VSS:lOVI:;OVOO V I 

Pd Maximum power diSSipation Ta =2S"C 2S0 mW 

Topr Operating free-air temperature range -30-7S "C 

Tstg Storage temperature range -40-12S "C 

RECOMMENDED OPERATING CONDITIONS (Ta = -30-7S"C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

I MS8479P 7.4 9 V 
VOO Supply .oltage 

I MS8482P 3 V 9 

Izo Zenor current 10 mA 

RFC Feedback resistance 0.005 10 Ma 

CFC Oscillation capacitance 0.001 1 IJF 

AFC RSSlstance for fine-adJustment of oscillation frequency 0 100 ka 
V IH High-level Input voltage. RESET, INH. D1 , D2 0. 7XVOO VOO VOO V 

VIL Low·levellnput voltage. RESET. INH. 0 , . 0, 0 0 0. 3XV OO V 

ELECTRICAL CHARACTERISTICS (Ta=2S"C. unless otherwise noted) 

Symbol 

VZO 

100 

VRE 

VTR 

AI 

10H 

10L 

10ZH 

10L 

10L 

VOL 

Parameter Test conditions 

Zenor voltage 
IZO=2mA 

IZO=10mA 

MS8479P 
VOO=7,SV,.CFC=0.01IJF .AFC=lMa 

Supply current 
R ADJ = on . Input/output open 

MS8482P 
VOo=7.SV. CFc=O.OlIJF. RFC= lMa 

RADJ =OQ. Input/output open 

Supply voltage at the time of 
automatic-reset release MS8479P 

Transition \IOItage of first Inverter In the oscillator VOO=7 SV. RAOJ=Oa 

Pull-up resistance RESET INH 01 02 MS8479P 
Inputs MS8482P 

High-level output current OUTl and DUT2 outputs VOO=7 .SV. VO=OV 

Low-level output current DUTl OUT2 and OUT3 outputs VOO=7 SV. VO=7 .SV 

Off-state output current OUT3 output VOO=7 .SV. V 0'= 7 .SV 

Low-level output current OUTl OUT2 and OUT3 outputs VOO=7 .SV. Vo=0.4V 

LOW-level output curren! oun OUT2 and 
OUT3 outputs MS8482P VOO=4 SV.VO=O 4V 

Low level output \IOltage OUT1 0012 and OUT3 outputs Voo=7.SV 

• MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

7.4 8.2 9 V 

7.5 8.2 9 V 

0.25 1 mA 

2S 100 IJA 

3 1 5.4 V 

2 9 4.8 V 

10 20 30 

2S 50 
ka 

7S 

-5 -10 mA 

10 20 mA 

1 IJA 

1.6 mA 

1.6 mA 

0.1 V 
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FUNCTIONAL DESCRIPTION 
Voltage Regulator 
A zenor diode is on-chip, making it easy to obtain a 
constant voltage regulator circuit. Since the zenor diode 

terminal (ZOI is independent of the power terminal (Vool, 
it can be used as a co1nstant voltage power supply for the 

total system. 

Oscillator 
Oscillation is obtained by connecting an external resistor 

(feedback resistor RFcI between terminals 051 and 053 
and an external· capacitor (oscillation capacitor CFC. I 

between terminals 051 and 052. The values of the external 

resistor and capacitor can then be changed to vary the 

oscillation period and thus change the time delay. Oscilla

tion period To is obtained by the following equation: 

To=-RFc.cFcft,nv VT~ +ln~DD~~TR} "'(1) 
DD+ BE DO BE 

Where, 

R FC: Resistance of external resistor 
CFC : Capacitance of external capacitor 
VTR : Transition voltage of the first inverter ,in the 

oscillation circuit 
Voo: 'Supply voltage 

Vee: Forward rising voltage of the diode in terminal 

051 (0.3-o.7VI 
Automatic-Reset Function 
The M58479Phasa power-supply voltage-detection circuit 
on-chip, so that the counter is automatically reset by the 

. rising edge of the supply voltage when power is turned on. 

The reset is then released, making the oscillator ready to 

function and the· counter ready to start counting. 

The M58482P can also be provided with the same 

automatic-reset fu,)ction by connecting capacitor between 

terminals RESET and Vss. 

Reset Function 
When the RESET input turns low {VssI, oscillation of the 
oscillator can be stopped and the counter reset. 

Inhibit Function 
When terminal INH turns low (Vss) while the timer is in 

action, the oscillation halts. When input INH is turned high 

or returned to OPEN afterwards, it starts to count residual 
time. 

MIT·SUBISHI LSls 

MS8479P/MS8482P 

CM~S COUNTER/TIMERS 

Counter 
This counter consists of an 11·stage 1/2 frequency divider, 
a 2-stage 1/10 frequency divider and a 1-stage 1/6 frequency 
divider. As shown in the table below, timer duration can be 
changed by varying the number of pulses counted according 

to the combination of the input levels on terminals 01 and 

02. 

01 OZ Number of pulses Time delay TYPical tIme 
counted delay applIed 

H H 10Z4 T, lmm 

L H 10Z4X 10 T, Xl0 10m," 

H L 10Z4x 10X6 T,Xl0X6 lh 

L L 10Z4X lOX 6 X 10 T, X1OX6Xl0 10h 

Where. T, =To X 10Z4 

To IS the value obtained from equation (1) 

Output Circuits 
The chips have three outputs: OUT1 changes from low to 
high and OUT2 from high to low as soon as the time 
duration is up. Either can be used to drive a transistor by 
connecting it to the transistor base. OUT1 can drive a 

thyristor when connected to the thyristor gate. 
OUT3 is an open-drain output with period 1/8 of the 

time delay, and can be used to drive a TTL in a separate 

(5VI power supply line. Thus, if a M53290P counter and a 
M53242P binary-to-decimal decoder are connected to 

OUT3, with their output connected to a light-emitting 
diode, residual time will be displayed on the LED. When 

not in use, OUT3 should be connected to Vss. 

Fine Adjustment of Oscillation Period 
A variable resistor can be connected between terminals 

AOJ and Vss, enabling precise adjustment of the period of 

the oscillator. However, when not used for fine adjustment, 

AOJ should be connected to Vss. 
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TYPICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

See" 9, ELECTRICAL CHARACTERISTICS" for absolute values 

IOH-VOH (OUT 1 , OUT 2) 

HIGH LEVEL OUTPUT VOLTAGE VOH(V) 

IOH-Ta (OUT1, OUT2) VOH=OV 
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IOH-VOL (OUT 1 , OUT 2, OUT 3 ) 
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0 - VOD=4.5V M58482P only 

0 
40 20 20 40 60 80 

AMBIENT TEMPERATURE Ta('C) 

IZD VZD 

15r------,---------, 

TaTa Ta Ta Ta 
II II II II II 

-2D'C D'C 20'C 40'C 6O'C 

ZENER VOLTAGE VZD(V) 

8.5 
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t=RFc 
Voo=7.5V, ADJ: SHORTED WITH Vss, 

o 1 -02: OPEN OR "H", 
CFC=O. 001- 1 /l F 
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OSCILLATION FREQUENCY 
The oscillation period of M58479P and M58482P are formula
rized as follows. 

I VTR VOO-VTR 
To=-RFCCFc 2nV +V + 2n v +V I DO BE DO BE 

The value in I I of (1) takes the maximum value at VTR = 

Voo/2. For example, under the condition of Voo = 7. 5V, the 
relation of the VTR and the value in I I is shown in Figure 1 . 

Regarding the Figure 1 , the value in I I of (1) at Voo= 
7.5V is, in a range of VBE =O.3-0. 7V and VTR=2.9-4.8V, 
-1.647--1. 464. 

The oscillation period can be figured out theoretically by 
the (1) formula; however, as 'the oscillation is executed by 

the charge and discharge of RFC, CFC, the correction para
meter RFC by the output impedence of OS 2 and OS 3 is 
added in the (1) formula as: 

( ) I VTR VOO-VTR I 
To=- RFC+LlRFC CFC 2nv +V +.en v +V (2) 

DO BE DO BE 

At this time, the value of the correction parameter LI RFC 
will be around 5. 5±2. 5k.o. 

For the circuit designing, set the oscillation constant re
garding to the above matters. 

TIMER ADJUSTMENT 
Following is the method of adjusting time-delay keeping the 
external resistance RFC and capacitor CFC fixed. 
(1) The method to verify RAOJ value with inserting the para
lIelly connected RAOJ and CAOJ into ADJ-VSS 

As described already, the oscillation period To is calcu
lated with (1) formula, as the relation of VTR and the minimum 
value when VTR=Voo/2. This means the To can be varied by 
changing the VTR value. This method is performed by adjust
ing the time-delay by the VTR. 

The ADJ is connected to a N-Channel-FET source of the 
first inverter of oscillator as Figure 3 illustrates. When the pa

rallelly connected resistance RAOJ and capacitance CADJ are 
inserted between ADJ and Vss and the RADJ changes its 
value, the voltage of the ADJ varies by the current in the 

RAOJ, and this results the change of VTR . 

As the RADJ value gets larger, the value of the VTR is in

creased from that at RAOJ=O.o. The value of VTR at RAOJ=O 
.0 is in the range of 2.9-4.8V(VDO =7.5V). Therefore, as 
Figure 2 indicates, the variation way and the variation rate of 
the oscillation period To when the resistance RADJ gets lar
ger are found according to the VTA value at RADJ = 0.0 and 

are not constant. 

The capacitance CAOJ to be parallelly inserted into the 
resistance RAOJ has a function of making a variation rate of 

the To toward RAOJ large. 
On the resistance RAOJ and the capacitance CADJ, please 

follow the ranges below. 
RAOJ =O-100k.o 

CAOJ =100-1000pF 
When the ADJ is not used for the oscillation period 

adjustment, short to the V 55. 
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VTR VDD-VTA 
Fig. 1. VTA VS.e n V +V + .e n V +V DO BE OD BE 

TRANSITION VOLTAGE OF FIRST 

INVERTER IN THE OSCILLATOR 
-1. 4 
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Fig. 2. Oscillation period (To) VS Transition Voltage (VTR ) 
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Fig.3 External connection diagram of oscillation 

frequency adjustment method (1) 
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ADJ Vss 

CADJ 
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(2) The method to verify resistance RB value with inserting 

the resistance RB and capacitance CB connected in series 
between OS 1 and OS 2 . 

The oscillation period To is found by the same method as 
the (1) formula in principle, but a little more complicated 

In principle, the variation way, and the variation rate of 

the oscillation period To with the resistance RB are constant, 
and not be different by process parameter (VTR etc). 

Figure 4 illustrates the external connection diagram of re
sistances RFC, RB and capacitance CFC, CB. In addition, the 
Figure 5 shows the relation of the time-delay T (=T 0 x 1024) 
with RB at CFC=CB, RFC = 1 MO, and the time-delay varia
tion rate LIT at RB = 250k 0 . As shown in Figure 6, the To 

takes the maximum value near RB=250kO according to 
CFc=CB=103 , 104, 105pF. 

The change of the time-delay T with the resistance RFC 
keeping the RB constant will take poor linearity as the value 

of RB increases. Therefore, try to keep the resistance RB in 
a range of 0 -150kO. 

For that, take the RB=50kO first and change its value in 
the range of 0 -150kO to adjust the time-delay at the max
imum value of RFC, so the adjustment of ± 7% becomes 
possible. 

Fig. 5. (a) RB-T (Method 2 ) 

CFc=CB=103pF 

RFc=lMO 
ADJ is shorted with Vss 

4.0....-------r-------, 

°0~-----~0.~5------1~.0 

RB (MO) 
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OS1 OS2 OS3 ------

Fig. 4. External connection diagram of oscillation 

frequency adjustment method (2) 

Fig. 5. (b) RB-T (Method 2 ) 

CFc=CB=104pF 
RFC= 1 MO 

ADJ is shorted with Vss 

40,------,..-------, 

25~----------~----------_; 

°0~-----~0.75-----~1~.0 

RB (MO) 
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Fig. 5. (c) RB-T (Method 2 ) 
OFc=CH=105pF 

RFc=l Mn 
ADJ is shorted with Vss 

4001,------.,--------, 

0.5 

RB (MfI) 

POWER-ON RESET FUNCTION 
(1) M58479P 

.0 

The power-on reset function will start when the power is 
on since the M58479P builts the supply voltage detection cir
cuit in it; however, it is necessary to keep the rising time of 
power (tr) more than 1 ms as shown below. 

(2) M58482P 

The power-on reset function will start by inserting the 
capacitance between the RESET and Vss when the power is 
on as same as the M58479P. In order to have an accurate 
performance on the power-on reset function, keep tRESET 

over 1 msec on the condition of V RESET ;;;;0.3 X Voo when Voo 

is over 2 V, as illustrated below. 

In case the power is on again after· it is off and the vol

tage of RESET VRESET is not perfectly down, the tRESET must 
be also kept in over 1 msec, which was mentioned in the 
above diagram. When the prescribed condition is not satis
fied, add the circuit illustrated below to the RESETand make 

the power-on reset function accurately. In this case, make 
sure to select an external capacitance to satisfy the V RESET:;;; 

1 msec. 

8 
x 
~ 
f-

"" 
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Fig. 6. RB-(.1T/To)X100(Method2) 

RFc=lMn 
.1T=T-To 
To=T(Rb-OO) 

201,-----,------,-, 

t -5,~--------+-----~r_~-4 

-1011------+-------''&<c'2cB 
'o'p' 

-15~-----t_----~:~:; 

~-----Voo 

----------03XVoo 

~Time 

(+) Voo 

Voo 

RESET M58482P 

Vss 
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APPLICATION CIRCUITS 

(1) Use ofAC supply 

1~11 

(3) Use of DC supply (low supply voltage) 

- DC 
5V 

11 
(4) While power is being on, 

MITSUBISHI LSls 

MS8479P/MS8482P 

(2) Use of DC supply 

DC 
12V 

CMOS COUNTER/TIMERS 

Both M58479P and M58483P build zenor diodes in them 
so that they can adopt AC supply (lOOV) , DC supply (12V) 
according to external circuits. 

If the supply voltage is relatively high, when a power-on 
reset is required without an external circuit, employ the 
M58479P. 

On the other hand, if a low supply voltage or low power 
dissipation is required, or if a power supply with a 'heavy 
fluctuation on lower voltage is used, employ the M58482P 
(M58479P may have a reset when Voo is below 5. 4V). 

(5) While power is being on, 

A pulse of 50% duty of which period is defined by RFC 

and CFC, Is output from OUT 3. 

a (duty changeable) pulse of which a "L" period Is 

defined by RFC1, CFC1, and a "H" period is by RFC2, 

CFC2, is output from OUT 1 of M58479P/M58482p(j). 

I 14 
Voo 

1 
v 

1 
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(6) An example of awake/sleep timer 

Awake/Sleep 

/' 
/ ,-, 

Awake o hrs 3 hrs 
/ 

/ 
/' 

/' 

Sleep o mlns 30 mins 

,-
//1 I I I I I I I I 

/ 

I 
I 

r- J 

I 
I 
I 

5 
OS3 

M58479P 

TV maIO power 
ON/OFF o-----~ 

/' ,-
,-

6 hrs 

60 mins 

Imll I I 

13 14 
ZD Voo 

I 

9 hrs 

90 mins 
, I I I 

MITSUBISHI LSls 

M58479P/M58482P 

CMOS COUNTER/TIMERS 

TV receiver 

Awake timer 
TV Is ON after the 
timer set (0 -12hrs) 

Sleep timer 
TV is OFF after the 
timer is set ( a - 2 hrs) 

Only one M58479P/M58482P is needed to have one switchover for awake/sleep timer 

The application above is just a one example and the 
M58479P/M58482P can be widely used for home entertain
ment and industry. 
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(8) Circuit to display a timer in process 

12V 

'-<it" 

z:zz+ 
113 1 14 

,I" VSS ZD VOO 

ot:: 
OS1 OUT3 

12 

) b'RFe 4 OS2 OUT1 t;o 
M58479P 

5 OS3 

R 

2 ADJ RESET 

AOJ ~ 
6 

INH 01 02 

"'" 
T 
1 

J 
1 

r 
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M58479P/M58482P 

CMOS COUNTER/TIMERS 

5V 
-< 7-

r---

RO(9)1 r-
TA RO(9)2 fr- . 14 

GND ~ 
M53290P ~" ~+ 

1 
.. 5 Vee 

2 
'3 
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~ Vee 

C~ 
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/ 

rI?7 
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MITSUBISHI LINEAR' ICs 

MS184SL 

COUNTER TIMER 

DESCRIPTION 
The M51845L is a semicoducor integrated circuit designed 
for controller of long time delay, consisting of 11 stage di
vider by ilL. The time base period of oscillator is e.dended 
by 1024 times, determined by the the 11 stage divider by 
ilL, and the maximum output period is 50 hours. 

FEATURES 
• Timing from 100ms through 50 hr 
• Timing can be set by one resistor and capacitor 
• Built-in ilL divider with low power dissipation 
• Built-in stabilization zener 
• Built-in power on reset 
• Direct drive of TtL possible 

APPLICATION 
• Precision timer for consumer and home-use equip

ments, time delay generation for measuring instruments, 
Ultra-low-frequency oscillator 

RECOMMENDED OPERATNG CONDITIONS 
Supply voltage range 
............................. 4.5V-Vz(Vz=pinCZ> Zener voltage) 

'Rated supply voltage'" 5V±10%(No zener diode used) 
9V, 12V(Stabilization zener diode used) 

BLOCK DIAGRAM 

REfERENCE 4 }-_..::..:;, 
VOLTAGE 

PIN CONFIGURATION 

RESET 1 

OSCILLATION STOP CONTROL 2 

CRINPUT 3 

REFERENCE VOLTAGE 4 

STABILIZING ZENER 7 

8-pln molded plastic SIP 

STABILIZATION 
ZENER 

1 

CRINPUT 3 T Q T Q ----

I 
I 
I , 

L __ 
OSCILLAION STOP 

CONTROL 
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~ELECTRle. 5-39 



MITSUBISHI LINEAR ICs 

MS184SL 

COUNTER TIMER 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 
Vee@ Supply voltage 6.5 V 
Iz Zener current 20 mA 
10 Output sink current 15 mA 
Pd Power dISsipatIon 360 mW 
K. Thermal derating Ta"'25'C 3.6 mW/C 
Topr Operating temperature 0-+60 'c 
Tstr Storage temperature -40-+125 'C 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=5V, unless otherwise noted) 

Symbol Parameter 

Icc@ Circuit current at pm@ 

Vz Zener voltage 

I'HCD 
Input current at pineD 

I,u]) 

I'H@ 
Input current at Pln(2) 

,I'L@ 

V OH 

VOL 
Output voltage 

f max Maximum oscillation frequency 

FUNCTION TABLE 
Input conditions 

RESET OSCILLATION STOP CONTROL 

H' 
H 

L 

L 
H 

L 

H~1.4V, L~O.4V 

5-40 

Limits 
Test conditions Unit 

Min Typ Max 

No load ta pin® 6.5 9.0 mA 
Iz=1mA 5.3 5.8 6.3 V 

PineD voltage 1 =3V 0.8 2.3 mA 
PineD voltage 1 =0. 4V 1.0 ",A 
PIn(2) voltage 2=3V 0,8 2.3 mA 
Pin(2) voltage 2=0. 4V 1.0 ",A 
ISQURCE=2mA 2.0 2.65 V 

iSINK=5mA 0.1 0,4 V 

CR OSCillation part 10 100 kHz 

Operating and output conditions 

OSCILLATOR 11 STAGE DIVIDER 

STOP CLEAR (LOW LEVEL) . 
STOP MAINTAIN PREVIOUS CONDITION 

OSCILLATION COUNT 

. • MITSUBISHI 
.... ELECTRIC 

OUTPUT 

L 

MAINTAIN PREVIOUS CONDITION 

COUNT 



MITSUBISHI LINEAR ICs 

MS184SL 

COUNTER TIMER 

TYPICAL CHACTERICS (Ta=25"C, unless otherwise noted) 

SOO 

j 
1: 400 

z 
o 

~ 
~ 
15 
ffi 

~ 

30 0 

200 

10 0 

10 • 

10 • 
7 
5 
3 

a 10 
o 

3 

7 a: 
L1J 
Il. 

10 

5 

3 

• 
7 
5 

3 

THERMAL DERATING 
(MAXIMUM RATING) 

t---

"- ...... 
r--.. , 

1', , , 
, , 

" 
25 50 75 100 125 

AMBIENT TEMPERATURE T a("C) 

RESISTOR VS. PERIOD 

Vcc 5V 2.2~F 

R, 200kO ~ ~ 10~n 
R. 300kO ~(§> '\ v 47~F 
-~ ,/~,;I' V 22~'F' 

..rL!' 
1~~:j: 

V \.I V VO.47~F 

V V 

V , 
lOlk 3 5 10k 3 5 lOOk 351M 3 5 10M 

OUTPUT VOTAGE VS. 
OUTPUT SOURCE CURRENT 

5 
Vcc=5V' 

I-
r-.... 

" 1'\ 

1 

0 
0.1 5 7 1 5 7 10 

OUTPUT SOURCE CURRENT IsouRcE(mA) 

~ 
0 

> 
L1J 
C!l « 
!:i 
0 
> 
I-
::J 
Il. 
I-
::J 
0 

RESISTOR VS. DELAY TIME 

lOlk 3 5 10k 3 5 lOOk 351M 3 5 10M 

OUTPUT VOLTAGE VS. 
OUTPUT SIN'K CURRENT 

10 
7 Vcc-5V 
5 

3 

1 
7 
5 

3 

O. 1 
7 
5 

3 

I-" 
1 0.0 0.1 3 5 7 1 3 5 7 10 3 5 7 100 

OUTPUT SINK CURRENT IsINK(mA) 

INPUT CURRENT VS. RESET VOLAGE 
(OR OSCIIATION STOP CONTROL 

VOLTAGE CHARACTERISTICS) 
1000 

7 
5 
4 
3 
2 

Vcc 5V 

.3 100 
7 I

Z 
L1J 
0:: 
0:: 
::J 
U 

~ t 
I 
~ ~ RESET RANGE~ 

~ (OR OSCTLLATION 
3 STOP RANGE)-

5 10 
Il. 
~ 5 

1 0 

1 
T 

2 

RESET VOLTAGE (OR OSCILLATION 
STOP CONTROL VOLTAGE) (V) 
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PIN DESCRIPTION 
1. Reset pin (pin CD) 

This pin is used to stop counter operation. If the pin is in 
the high state, th~ counter is' cleared and oscillation is 
stopped. Connect this pin to GND, if not used. 

2. Oscillation stop control pin (Pin ®) 
If the pin is in the low state, oscillation is enabled and if 
the pin is in the high state, oscillation stops. If the feed
back is applied to this pin from the ou.tput, the output 
stays in the high state, when it changes from tho low to 
high state. (The function of monostable multivibrator is 
obtained.) Connect this pin to GND, if not used. 

3. CR input pin (pin ®) 
The capacitor CT and resistor RT are connected to this 
pin. 
The oscillator period To is given In the following equa
tion. 

To=-C R I R1VCC-O.6(R,+Rz) 
. T T n(Vcc-1.2)(Rl+Rz) 

(The Vee is pin 6 voltage.) 
The period To given in the equation changes depending 
on the elements. Therefore, a resistor RT must be con
nected in serial for fine adjustment if the required setting 
accuracy is ±2S%. 

MITSUBISHI LINEAR ICs 

M51845L 

COUNTER TIMER 

4. Reference voltage pin (pin ®) 
The highest voltage for the oscillation level is supplied at 
this pin. The voltage should be set at approximately 2/3 
Vee by a variable resistor or resistor division (R1, R2 ) 

The capcitor CT is corrected by minutely adjusting this 
voltage by a variable resistor. 

S. Supply voltage pin (pin ®) 
Connect a capacitor (O.1.u to 1 O.u F depending on the 
noise) between this pin and GND to avoid external noise 
from the power supply. The internal power on reset cir
cuit resets the device whenever power is turned on. 

6. Stabilization zener pin (pin CV) 
A zener diode of approximately S.BV is connected be
tween this pin and pin@ (GND). Connection of this pin 
to pin ® stabilizes power supply of the device and forms 
SV supply voltage regulator with externally connected 
transistors. 

7. Output pin (pin ®) 
The output voltage changes from the low state to high 
state when oscillation period is 1024 times To, and the 
voltage returns from the high state to the low state when 
the period is 2048 times for one cycle. Use oscillation 
stop control pin ® to form a monostable multivibrator. 

APPLICATION EXAMPLES (1) Ultra-low-frequency oscillator 

10~ 

5-42 

MS184SL 

RD470 

(2) Self-preserving timer 

MS184SL 

T=2048To 
Units 

Resistance: {) 
Capacitance : F 

OUTPUT WAVEFORM 
(PIN@) 

Ts=1024To 
Unots 

'--...... -------<l12V Resistance: {) 
'Capacitance: F 
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MITSUBISHI 'LINEAR ICs 

MS184SL 

COUNTER TIMER 

(3) Sleep timer 

M51845L. SRIFM 
RELAY 

10" 

Precautions for use 

RD 470 ! + 
DC12V 

1. CR input pin (pin@) must not be directly connected to 
Vcc to avoid destruction of the integrated circuit. 

2. The voltage at the reference voltage pin (pin@)) should 
be set to less than 3.5V. If it reaches 3.5V or above, the 
oscillator may not function. 

3. This integrated circuit consisting of a divider by ilL and 
gate circuit operates at low supply voltages. 
Therefore it is extremely sensitive to external noise and 
is subject to misoperation. Care should be taken to the 
following items. 
1) Place the device away from any electromagnetic noise 

generaor or protect it with a shield wire. 
2) A capacitor must be connected near the Vee pin (pin 

®) to avoid noise. 
4. VOH changes according to load because output current 

control resistor varies depending on the load. Therefore, 
if the high output current is required, an external output 
transistor or the M51849L. must be used. 

l 
I 
I 
I 

..J 

SRIFM 

OFF 
o 

ON 

TIMER 

}OUTPUT 

T.=1024To 
Units 

Resistance: n 
Capacitance: F 

AC100V 

5. The minimum resistance for timing resistor RT is 7k 0 
Use the M51849L to have a wide variable range of the 
timing resistor. 
As an improved version of the M51845L, the M51.B49L 
has superior characteristics in following. 
(compatible in pin configuration) 

1. Large output current (loH is approximately 10mAmax) 
2. A timing resistor can be set by a wide range of resist

ance. (RTmin=1kO) 
3. Excellent temperature stability for timer setting 
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MOTOR DRIVER 
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QUICK REFERENCE TABLE OF MOTOR DRIVERS 

'c: 
'=0 

8:~ «0 

e 
§ 
o 
"0 

" " c. 
(J) 

Q; 
> 
.§ 
(; 
(5 
E 

'" I 

Type No. Applicable motor 

M51722P,FP DC motor with FG 

M51723P, FP I DC motor with FG 

M51728L,FP I DC motor with FG 

M51970L I DC motor with FG 

M51971 L, FP I DC motor with FG 

M51712P,SP,FP I 3-phase hall motor 

M51719P I I-phase hall motor 

M51724P, FP I 3-phase hall motor 

M51718FP I 3-phase hall motor 

Speed 
control 
method 

Sample and 
hold 

Sample and 
hold 

PLL 

Integration 

Integration 

FG input 
circuit 

PNP inPut operahonal 
amphfler 

PNP IOput voltage 
comparator 

NPN IOput voltage 
comparator 

PNP Input voltage 
comparator 

PNP Input operational 
amphfler 

PNP Input operational 
amphfler 

Function 

Hall amphfler I Motor drive 
gam transistor 

External 

External 

External 

External 

External 

40dB Built-in 

Built-in 

External 

External 

Features 

• Built-in multiplexer 
• Built-in FG amplifier 

• VOltage/current outputs possible 
• Start/stop 

• Built-in zener diode 
(supply voltage clamp""6. 9V) 

• Regulation against load····· ......... Null 

• Supply voltage regulation 
·····················±O. 1% typo 

Supply 
voltage 
range 

10V 

20V 

• Load regulation··········· ±O. 1 % typo I 2.5-18V 
• Temperature coeffiCIent of revolution 

···············±10ppmI"C typo 

• Supply voltage regulation 
.............. ±O. 005%/V typo 

• Load regulation········· ±O. 01 % typo 
(full load) 

• Temperature coefficient of revolution 
7ppm/'C typo 

• Low noise, tow torque ripple due to 
linear drive 

• Low cost system possible with a 
single sensor 

• Build-in FG amplifier 

• Balanced current distribution 

• Designed for low power dissipation 
and low voltage 

.Applicable to both spindle and 
access motor 

• F/R, start/stop 

4-17.5V 

26V 

7V 
26V 

20V 

7V 
16V 

Maximum ratings 

Output 
current 

·12mA 

6mA 

2mA 

40mA 

20mA 

1.2A 

1.5A 

10mA 

25mA 

Power 
diSSipation 

770mW 
430mW 

770mW 
430mW 

700mW 
350mW 

550mW 

880mW 
450mW 

2.1W 
2. OW 
1.2W 

2.5W 

900mW 
540mW 

650mW 

Package 
outline 

16-pin DIP 
16-pin FLAT 

16-pin DIP 
16-pin FLAT 

8-pin SIP 
8-pin FLAT 

8-pin SIP 

10-pin SIP 
10-pin FLAT 

28-pin DIP 
28-pin shrink DIP 
36-pin FLAT 

16-pin DIP 

16-pin DIP 
16-pin FLAT 

24-pin FLAT 

:g ~I M51781SP FP 2-phase hall motor Sample and PNPlnputoperatlooal _ Built-in • Current drive (low W/F) 18V 1 2A 2.0W 32-plO shrink DIP 
§+~I' ' with FG hold amphfler .F/R • 1.2W 36-pin FLAT" 

"* ! M51785P FP 3-phase hall motor Di ital servo PNP input operatlooal _ Built-in. Vol~age drive (high speed response) 15V 1. 2A 3. OW 32-pinshrlOk DIPii 
Jl- ~ , With FG g amphf,er • Adjustment free 1. 2W 36-pln FLAT II 
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QUICK REFERENCE TABLE OF MOTOR DRIVERS 

. .!. c Additional function Maximum ratings 
- 0 0._ Type No. Package outline Speed Features Output current Power 0.- Thermal « ~ Brake 

shut down Continuous Peak dissipation 

M5l714P l6-pin DIP 4 0 2 bi-directional motor drive 400mA 1. 2A 2.5W 

M54540AL 8-pin SIP 1 Small mounting space 100mA O.6A O.8W 

M5454l L 9-pin power SIP 1 Built-in clamp diode 200mA O.SA O.9W 

M54542L 9-pin power SIP 1 High current drive 300mA 1: 2A 1.0W 

M54543L 9-pin power SIP 1 0 Low output saturation voltage 300mA 1.2A 1. 15W 

M54543AL 9-prn power SIP 1 0 0 Low power dissipation 300mA 1.5A 1. 15W 

M54544L 9-pin power SIP 1 0 Low output saturation voltage 300mA 1.2A l.l5W 

(;; M54544AL 9-pin power SIP 1 0 0 Low power dissipation 300mA 1.5A 1.15W 
::: 

0 -0 M54545L 9-pin power SIP 1 Low power dissipation 300mA 1. 2A 1.15W 

is M54546L 10-pin SIP 1 0 Small mounting space 100mA O.7A O.6W 
(5 

M54547P 16-prn DIP 1 0 E Built-in operatIOnal amplifier, transistor array 100mA O.6A 1.06W 
(ii 
c: M54548L 12-pin power SIP 1 0 BUilt-In operational amplifier for output voltage control 300mA 1.2A 1.2W 
0 

M54548AL 12-pin power SIP shrink 1 0 The M54548L equivalent rn shrink package 300mA 1. 2A 1. 1W ~ 
0 

~ M54549L 12-pin power SIP 2 0 0 2 motor drive 300mA 2A 1.2W 
'0 

M54549AL 12-pm SIP 1 0 0 The M54549L equivalent In small package 100mA O.8A O.83W I 
Iii 

M54640P l6-pin DIP 1 0 0 1A 1.2W Bipolar stepper motor drive With chopper control -
M54641 L 8-prn SIP 1 0 0 Small mounting space 150mA O.8A O.58W 

M54642L lO-pin SIP 1 0 0 Small mountrng space 150mA O.8A O.58W 

M54643L 10-pin SIP 1 0 0 Low output satulatlon voltage by externally PNP transistors 200mA O.8A O.7W 

M54644BL 9-p,n power SIP 1 0 0 Small control current 600mA 2A 1. l5W 

M54648L 12-prn power SIP 1 0 0 The M54548L eqUivalent of 3A output 300mA 3A 1.1W 

M54648AL 12-prn power SIP shnnk 1 0 0 The M54648L eqUivalent In shrink package 300mA 3A 1.1W 

M54649L 10-pin SIP 2 0 0 Small package for 2 motor drive 600mA 1. 6A O.7W 

, ~ .. ~ .• 
~""- 10-pin FLAT 

~ 
12-prn power SIP 

12-pin power SIP shrink 
8-pin SIP 8-prn FLAT 

lO-prn SIP ,flIP;,:, ~.Idlill . ........ .)~W"'· ..... 

12-pln SIP l6-pin DIP l6-pin FLAT 24-prn FLAT 28-pin DIP 28-pin shrink DIP 32-pin shrink DIP 36-pin FLAT 

Supply 
voltage 
range 

5~25V 

6~l1V 

6~15V 

6~15V 

4~15V 
-Z 

4~15V ~ 
4~15V III 
4~15V >< 
3~15V 

4~15V 

4~15V 

II 
-< 

4~16V ... 
4~16V C 
4~16V z 
4~16V n 

4.75-5.25V -I 
4~10V 

4~10V 

4~16V 

-0 
Z 

4~16V 

4~18V 
0 ... 

4~18V 

4~18V 3: 
0:1: ... ::; 
O~ 
::a! 

Ut 

~= ::ae 
-Z < ... 
III~ 
::a-
(I)~ 



DESCRIPTION 
The M51722P,FP are semiconductor integrated circuits de
veloped for frequency-voltage (F-V) converter. 

In combination with predriver les, the devices constitute 
high-accuracy 2-phase, 3-phase, F-servo motor control 
system. 

FEATURES 
• Built-in frequency multiplexer controls motors with high 

accuracy. 
• Operates at a low supply voltage (supply voltage range 

4.5-10V) 
• Built-in FG amplifier circuit enables operation by weak 

signals 
• Large final stage output current (current source and 

current sink) 

APPLICATION 
VTRs, floppy-disk drive, etc. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................... 4.5-10V 
Rated supply voltage ............................................ 9V 

BLOCK DIAGRAM 
INVERTED S & H 

MITSUBISHI LINEAR ICs 

M51722P,FP 

F-V CONVERTER WITH MULTIPLEXER 

PIN CONFIGURATION (TOP VIEW) 

MULTIPLEXER MONOMUL TI 
OUTPUT TIME CONSTANT 

COMPARATOR CONTROL 
OUTPUT OUTPUT 

CO~+~~~~~~ INVERTED INPUT 
COMPARATOR S & H BUFFER 

(-) INPUT OUTPUT 
FG AMPLIFIER S & H PIN 

OUTPUT 

FG RE~6~i~g~ CLOCK SET 

FG INPUT 10 ~tF'6E:~7~PUT 
SUPPLY GND 

VOLTAGE-, ______ -r9-

16-pin molded plastic DIP 

16-pin molded plastic 
FLAT Ie typel 

CONTROL OUTPUT INPUT BUFFER OUTPUT S & H PIN CLOCK SET 

~-r--+----~~~14---13~--~-----1~2----__ ~----~11~----~----------, 

Vee 8r-~~------, 

I 

GND~ 1/2Vee 

SAWTEETH 
WAVEFORM 
GENERATI-

ON AND 
SAMPLING 

MULTIPLEXER 

FG 
AMPLIF 

IER 

WAVE-
10 FORM 

REFORM 
INPUT 

FG REFERENCE FG FG AMPLIFIER COMPA- COMPA- COMPARATOR MONOMULTI MULTIPLEXER 

6-4 

VOLTAGE INPUT OUTPUT RATOR RATOR OUTPUT TIME CONSTANT OUTPUT 
(+)INPUT (-) INPUT 
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MITSUBISHI LINEAR ICs 

M51722P,FP 

F-V CONVERTER WITH MULTIPLEXER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

I~ Pin ~ output current 

kID Pin @ output current 

10) Pin CD source current 

I@ Pin @ sink current 

IIjJ) Pin ©l output current 

V(J) Pin (J) input voltage 

V® Pin ®!lnput voltage 

PdF Power dissipation 

KO Thermal derating 

Topr Operating temperature 

TstQ Storage temperature 

Note ( )=M51722FP 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=9V, unless otherwise noted) 

Symbol Parameter 

Icc(l) Circuit current (1 ) 

ICC (2) Circuit current (2) 

Vref(1) Reference voltage of output voltage (1) 

V refC2l Reference voltage of output voltage (2) 

VOH® Pin @ high-level output 

VOLCJiJ Pin @ low-level output 

VOH~ Pin ~ high-level output 

VOL® Pin ~ low-level output 

VOH@ Pin @ high-level output 

VoulID Pin @ low-level output 

Voffse\@-Q) Pin ® - pin (J) offset voltage 

Voffsel@-@ Pin @ - pin ® offset voltage 

Voffsel®-@ Pin @ - pin ©l offset voltage 

TO) Pin CD pulse width 

Test conditions 

Vcc=4.5V 

Vcc=10V 

Pin® Open 

10kO between pin ® and GND 

3. 9k 0 between Pin @ and GND 

3.9kO between Vcc and pin ® 
2kO between Pin ~ and GND 

2k 0 between V cc and pin ~ 

1.5kO between pin @ and GND 

1. 5k 0 betw'een Vcc and pin @ 

Pin @ time constant 100kO+820pF 

• MITSUBISHI 
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Ratings Unit 

10 V 

8 mA 

2 mA 

8 mA 

12 mA 

1 mA 

1. 5-Vcc V 

O-Vcc V 

770(430) mW 

7.7(4.3) mW/'C 

-20-+75 'c 
-40-+125 'c 

Limits 
Unit 

Min Typ Max 

4.5 9 mA 

4.5 9 mA 

4.4 4.5 4.6 V 

4.4 4.5 4.6 V 

6.0 6.8 V 

1.0 1.5 V 

7.5 8.0 V 

1.0 1.5 V 

6.6 7.5 V 

1.0 1.5 V 

±6 mV 

±6 mV 

±6 mV 

45 55 65 "s 
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MITSUBISHI LINEAR ICs 

MS1722P,FP 

F·V CONVERTER WITH MULTIPLEXER 

THERMAL DERATING (MAXIMUM RATING) (Ta=25'e. unless otherwise noted) 

M51722P 

~ ~ 
~ 0.8 

"0 
Q. 

Z 
0 0.6 
j::: 
« 
Q. 

(ij 0.4 C/) 

is 

~ 
~ , , 

~ 0.8 
"0 

Q. 

z 0.6 0 
j::: 
« 
Q. 

(ij 0.4 
C/) 

is a: 
w 

0.2 3: 
0 
Q. 

, , , 
',-

a: 
w 0.2 
3: 
0 
Q. 

o 
50 100 150 

AMBIENT TEMPERATURE Ta ('e) 

APPLICATION EXAMPLE 

GND Vee 

20k r, -A A. 
L.:... 

1M~ 
r"3 

H+ '~Ok L.::.... 

101' f4 
20k 

L..,;.. 

f5 L.::.... 
101' 1M 

rfi H+ L..:... 

FGIN 

_r.::-
PUT + ~10k L.2.. 

31' -f8 L...:... 
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MITSUBISHI LINEAR ICs 

M51722P,FP 

F-V CONVERTER WITH MULTIPLEXER 

TYPICAL CHARACTERISTICS (Ta=25t, unless otherwise noted) 
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MITSUBISHI LINEAR IC. 

M51722P,FP 

F-V CONVERTER WITH MULTIPLEXER 
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DESCRIPTION 
The M51723P,FP are semiconductor integrated circuits de
signed for use in frequency-voltage (F-V) converting. 

The devices consist of an FG amplifier, sample and hold 
circuit, error amplifier and sawteeth-wave generating cir
cuits. 

The M51723P,FP constitute frequency-servo motor control 
system in combination with the brush less motor pre-driver, 
M51724P,FP or other pre-driver ICs. 

FEATURES 
• Low power dissipation 
• Suitable for both current output (current source or current 

sink) and voltage output 
• Start/stop changeover terminal 

APPLICATION 
VTR, floppy disk drive, etc. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................... 7.2-20V 
Rated supply voltage .......................................... ·12V 

MITSUBISHI LINEAR ICs 

MS1723P,FP 

FREQUENCY ·VOLTAGE (F.V)CONVERTER 

PIN CONFIGURATION (TOP VIEW) 

Vee 

STABILIZED 
VOLTAGE 
Start/Stop 

CHANGE OVER 
FG INPUT 

CLOCK SET 

GND 

SAWTEETH-WAVE 
SET 

REFERENCE 
VOLTAGE 

16 CURRENT OUTPUT 
(SOURCE) 

15 ~~:6'~~6K 
14 ?~~~~NT OUTPU 

13 ~~-lPUT CURRENT 

12 f~~3.f CONTROL 

11 INVERTING INPUT 

HOLD INPUT 
FEFERENCE 
VOLTAGE OUTPUT 

16-pin molded plastic DIP 

16-pin molded plastic FLAT 
Ie type) 

BLOCK DIAGRAM 
REFERENCE 
VOLTAGE 
OUTPUT 

START/ 
STOP 

FGINPUT 

GND 

REFERENCE 
VOLTAGE 

CHANGE STABILIZED 
OVER VOLTAGE 

Ir"'-HA-R-GE--{ 8 
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STABILIZED 
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CLOCK SET SAWTEETH

WAVE SET 
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(SOURCE) 
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MITSUBISHI LINEAR IC. 

M51723P,FP 

FREQUENCY -VOLTAGE (F-V)CONVERTER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

ISlb Pin ® output current 

V", Pin ® inpul voltage 

IOLIll> Pin @ source current 

loufID Pin @ sink current 

PdF Power dissipation 

Topr Operating temperature range 

Tstg Storage temperature 

Note ( )=M51723FP 

ELECTRICAL CHARACTERISTICS (Ta=25·C, Vce=12V, unless otherwise noted) 

Symbol 

Icc 

Vstb 

Vrel 

VTH (l) 

VTH (2) 

VTH (3) 

VTH (4) 

VSTOP 

Vollset@ 

V offset(7)-~O 

V offseKSH.9J 

VoffseNOHJ1\ 

Isi(J{l 

180(16'1 

6-10 

Parameter 

CircUit current 

Stabilized output voltage 

Reference voltage 

Clock threshold voltage (1 ) 

Clock threshold voltage (2) 

Clock threshold voltage (3) 

Clock threshold voltage (4) 

Stop circuit operating voltage 

Pin ® input offset voltage 

Pin ('j) - pin ® offset voltage 

Pin ® - pin rID offset voltage 

Pin ® - pin ® offset voltage 

Pin @ sink current 

Pin @ source current 

Test conditions 

Vcc=Vstb=5.6V 

Vec=Vstb=5,6V 

Vec=Vstb=5.6V 

Vce=Vstb=5.6V 

Vce=Vslb=5.6V 

Vcc=Vstb=5.6V 

Vce=Vslb=5.6V 

Vee=Vstb=5.6V 

Vee=Vstb=5.6V 

Vee=Vstb=5.6V 

20kO between Vee and pin © 
20kO between Vee and pin © 

• MITSUBISHI 
.... ltLECTRIC 

Ratings Unit 

20 V 

20 mA 

-0.2-Vslb V 

6 mA 

6 mA 

770(430) mW 

-20-+75 'C 

-40-+125 'C 

Limits 
Unit 

Min Typ Max 

2 3 5 mA 

5.3 5.8 6.3 V 

'2.70 2.81 2.94 V 

1. 78 1. 90 2.00 Y 
2.67 2.81 2.95 V 

3.01 3.17 3.33 V 

3.95 4.17 4.37 V 

2.6 3.0 V 

0 ±6 mV 

0 ±1O mV 

0 ±10 mV 

0 ±10 mV 

440 550 660 f<A 

570 720 860 pA 



MITSUBISHI LINEAR ICs 

MS1723P,FP 

FREQUENCY-VOLTAGE (F-V)CONVERTER 

THERMAL DERATING (MAXIMUM RATING) (Ta=25°C. unless otherwise noted) 
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APPLICATION EXAMPLE 
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50 100 150 
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TO M51724P OR OTHER PRE-DRIVER 

ON . Operation start 
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Unit ReSistance Q 

Capacitance : F 
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MITSUBISHI LINEAR ICs 

M51723P,FP 

FREQUENCY -VOLTAGE (F-V)CONVERTER 

TYPICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 
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MITSUBISHI LINEAR ICs 

M51723P,FP 

FREQUENCY ·VOLTAGE (F. V)CONVERTER 
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MITSUBISHI LINEAR ICs 

M51728L,FP 

P,LL MOTOR SPEED CONTROL 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The M51728L.FP are semiconductor integrated circuits de
signed for motor speed control circuit. 

The precision speed control can be obtained because of 
the PLL circuit. 

It controls DC motors with a TG (tacho generator). 

FEATURES 
• Built-in zener diode ....................................... 6.9V( typ.) 

• Supply voltage regulation (oscillating frequency) 
........................... ±O.01%(typ.)(9~18V. Rs=910Q) 

• Load regulation of motor speed '"'''''''''''''''''''''''''''''' Nil 
• Temperature coefficient (oscillating frequency) 

""""".".".""".,,,,. ±50ppmrC (typ.)( -20~+75°C) 

• Motor speed can be easily set 

APPLICATION 
Speed control of motors in audio equipment or terminals. 

RECOMMENDED OPERATING CONDITIONS 
(Vs when dropper resistor Rs=910Q) 

Supply voltage range ........ """""·"""·"",,·,,·,,9~18V 
Rated supply voltage """"·"·""·,,· .. ·,,,,,,·,,·",,·,, .. ·13V 

OUTPUT 

Vee 

INPUT 2 

INPUT 1 

TIME CONSTANT 2 

TIME CONSTANT 1 

STABILIZED VOLTAGE 

GND 

Vee 

OUTPUT 

INPUT 2 

INPUT 1 

, 

GND CLOCK SET 2 

STABILIZED CLOCK SET 1 
VOLTAGE --" ___ ...r-

a-pin molded plastic SIP .. 
BLOCK DIAGRAM 
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Rs 



MITSUBISHI LINEAR ICs 

MS1728L,FP 

PLL MOTOR SPEED CONTROL 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Icc Circuit current Source current at Pin ~ 20 rnA 

Vin<.V_® Pin (V-@ applied voltage 5.7 Vp_p 

I® Pin @ source current 2 rnA 

10 Output current Note±2 rnA 

V(J» Pin @ applied voltage 7 V 

V® Pin ® applied voltage 2.7 V 

V(J) Pin CD applied voltage 7 V 

Pd Power dissIpation 500(400) mW 

Ko Thermal derating 200(250) 'C/W 

Topr Operating temperature -20-+75 ·C 

Tstg Storag e temperature -40-+125 ·C 

Note 1. • +" indIcated sink current to Pin CD and "-" indIcates source current from Pin CD. 
2. )=M51728FP 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vs=13V, Rs=910Q, unless otherwise noted) 

Symbol 

Vcc 

Icc 

Vstb 

VOH 

VOL 

V(l){V®) 

I(l)-® 

"'Tin 

fosc 

'" f(vs) 

'" fm 

'" f(Ta) 

Vin(min) 

V,n(N) 

Parameter 

Circuit voltage 

Circuit current 

Stabilized output voltage 

Pin CD high level output 

Pin CD low level output 

Pin (V (Pin @) voltage 

Current between Pin (V and Pin @ 

~ilference of TG amplifier output period 

Oscillating output frequency 

Oscillating frequency supply voltage regulation 

Oscillating frequency supply voltage regulation 

Oscillating frequency time regulation 

Minimum operating voltage between 

Pin (V and Pin @ 

Input sensitivity between Pin (j) and Pin ® 

lOOk 
SOk 
60k 

40k 

--... -...... ...... -
a 
-" 20k 

I'! 10k a: 
II 

... ...... ...... -... -.. ...... -t--- --t-- ---

Limits 
Test conditions Unit 

Min Typ Max 

Pin ~ voltage 6.2 6.9 7.6 V 

Vcc=6V 2.0 3.7 6.0 rnA 

Vcc=6V 2.4 2.7 3.0 V 

10=-lmA 4.2 5.5 V 

10=+lmA 0.04 0.3 V 

Vstb=Vcc=3V 1.0 1.3 1.5 V 

5V applied between Pin (V and Pin @ 1.6 2.5 3.6 rnA 

Measured under condItions of 5kHz, 

150mVp _p SIN input between Pin (V and Pin 
-20 0 +20 

@, and 10kHz rectangular wave input at Pin 
psec 

@ and output at Pin CD 
RTI = RT2=47k Q, CT=O. 01 p. F 975 1025 1075 Hz 

Vs=9-18V ±0.01 % 
T a= -20-+ 75'C, IC only ±50 ppm/"C 

t=0.5sec-30min ±0.02 % 
Voltage satisfYIng '" Ton when fin {between 

150 mVp _p 
Pin (V and Pin @=O. 1-5kHz) 

Measure existence of Pin CD output for the 
3 mVp _p 

Input between Pin (V and Pin @ 

CT-O.O 

I 
CTiO., 

05p. F 

1 p. F 

The fig. shows relationship between oscillator time con
stants (TTl. RT2. CT) and speed No of a motor with six
teen-pole tachometer generator. The limits in the above 
are ontained when RTI = RT2=47k Q. CT=0.01,u F . 

CT-O.O 
CT';"O.o 

2p. F 

3p.F 

4p.F CT=O.O 

A trimmer resistor can be added in serial with RTI or 
RT2 for fine adjustment. 

The calsulating equation is as follows; 
6k 

>' a: 
3k 

Speed of motor N with P-pole talho 

. 1 
fosc . 0.693.CT(RT1 +2Rd 

1k 

~~~:;i~~rl is gi~~n In thJ fOlrT-

I I N~ PI • 70 

1200 1400 1600 1800 2000 2200 2400 2600 2800 

Speed No (rpm) 

60·fTG 60·fosc/2 30 
N P P P fosc 

where N: Speed 
P: number of poles of tacho generator 
fTG: output frequency of tacho generator 
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MITSUBISHI LINEAR ICs 

MS1728L,FP 

PLL MOTOR SPEED CONTROL 

TYPICAL CHARACTERISTICS (T a=25°C, Vs=13V, Rs=910 Q, unless otherwise noted) 
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MITSUBISHI LINEAR ICs 

M51728L,FP 

PLL MOTOR SPEED CONTROL 

fosc-Ta IC ONLY 
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W 
..J 
I-
:::l 
[l. 
I-
:::l 
0 

8 
Z 
0: 

AMBIENT TEMPERATURE Ta (OC) 

OUTPUT CHARACTERISTICS OF 
PHASE COMPARATOR (PIN CD) 

(Note: The Y-axis indicates the integrated output.) 

A 8 = 8 (fosc)~ 8 (fMOT ) 

V OH 

/ 
1/ 

V 
VOL 

:/ 
o 2" 

PHASE DIFFERENCE A 9 (rad) 
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MITSUBISHI LINEAR ICs 

M51728L,FP 

PLL MOTOR SPEED CONTROL 

APPLICATION EXAMPLE 

N PN 
Note. fose=2 • fTG=2 • FGo=30 

6-18 

M51728L,FP 
SW 

O----O~~------------_, 
Vs 

9V~13V~18V 

I 
I 
I 
I 
I 

Q, 
2SD355 

Revolution: I 

N(rpm) Rs 
+-....I\iV\r-1r--~ 

C, 
O.015,uF 

910Q 

t· 7,u.F 

R2 R3 
O.47,uFl00kQ 62kQ 15kQ 

OSCILLATING FREQUENCY fose 

TACHOMETER GENERATOR FREQUENCY' fTG 

L ____________ _ 
T.G MUMBER OF POSES' P 

'* External signals of crystal osc,lIator can be input at Pin ® as 

OSCillating frequency. The input threshold value is as follows. 
2 

Vrel(H)=3'Vstb 

1 
V reI<U=3'Vstb 

• MITSUBISHI 
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MITSUBISHI LINEAR ICs 

M51728L,FP 

PLL MOTOR SPEED CONTROL 

TIMING CHART OF THE M51728L,FP 

® 

INTERNAL OSCILlATOR 

I 
I 

I ) STANDARD LOAD I 

CONDITION : 
TG OUTPUTCZl-r----

(OR PIN ®) ,..1 __ .... 

OUTPUT CD F T, -=11--__ .-1 
I I 

I 
:----T (Iosc)-----' 
I 
I 

L...-----!r-
I 
I 
I 
I ii) HEAVY LOAD 

CONDITION 
: I I 

TG OUTPUT CZl-4-------~------~------~-------~ 
(OR PIN ®) I I I I I I I I 

OUTPUT CDFT2=U LJ U U-
iii) LIGHT LOAD 

CONDITION 

TG OUTPUT 
(OR PIN ®) 

OUTPUT 

!----T(IOSC)~ I 

I I 
I I 

: I 
I I 

CZl--'- ---------- I _______ 1__ --------,-

I I I I I I I i 

CD~ n~1 __ ~h~' __ ~h~' __ ~r 
I I 

~T(fosc)~ 

1. Differential type of input is used for tacho generator 
frequency input Pin (j) and Pin ®. Trigger signal is 
generated for phase comparator when the AC fre
quency width of the input signal crosses at near zero. 

4. An external oscillator, such as crystal oscillator in
stead of internal oscillator of oscillating frequency, 
should be connected to Pin ®. The input level must 
be less than the level shown below; 

2. Pulse feedback signal generated by encoder must be 
input to Pin (j). The high input level should be less 
than Vstb-0.3V. (Vstb=2.7V typ.) 

2 
for high level VinCH) 3Vstb<VinCH)«Vstb-0.3V) 

3. The duty of phase comparator output at Pin CD differs 
for every cycle if the duty of input signal at Pin (j) and 
Pin ® is less than 50%. 

1 
and for low level VinCU 0<Vincu<3-Vstb 

CZl -_ ....... Bold line duty cycle = 50% 

Broken line when duty cycle IS shifted 

• MITSUBISHI 
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DESCRIPTION 
The M51970L is a monolithic IC designed for use of speed 
control for DC micro motor. It controls constantly speed of 
DC micro motor, connecting the signal of frequency
generation detector to the IC. It consists of an input signal 
amplifier, a monostable multivibrator, an integrator, an output 
current amplifier with current limiter, an overshoot protector 
and an internal voltage regulator. 

FEATURES 
• Wide supply voltage range .... · .. 2. 5-1BV (-20-+75'C) 
• High stability vs supply voltage ............ ±O. 01 %IV (typ.) 
• High stability vs temperature ............. ±10ppm/C (typ.) 
• High stability vs load ............................... ±O. l%(typ.) 

• Provides DC output drive for minimum RFI. 
• Includes overshoot protection circuit for quick start re

sponse of motor with less overshoot. 

APPLICATIONS 
Bm/m movie camera, Floppy disk driver, Record player, 
Tape recorder, Car stereo, Motor driven equipment 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range· .................................... 2. 5-17V 
Rated supply voltage .............................................. 9V 

BLOCK DIAGRAM 

MITSUBISHI LINEAR ICs 

MS1970L 

SPEED CO.NTROL FOR DC MICRO MOTOR 

PIN CONFIGURATION (TOP VIEW) 

8 CAPACITOR FOR INTEGRATION 

7 CURRENT LlMITTING RESISTOR 

6 OUTPUT 

5 (-) POWER SUPPLY 

4 (+) GND 

3 REGULATOR OUTPUT 

1 TIME CONSTANTS 

Outline BP5 

B-pin molded plastic SIL 

TIME CONSTANTS CAPACITOR FOR INTEGRATION 

6-20 

AMP 

(+) GND 4}-----, 

(-) POWER 5 
SUPPLY 

3 
REGULATOR OUTPUT 

-----:;l 

MONO 
MULTI
VIBRATOR 

INTEGRATOR 

OVERSHOOT 
PROTECTOR 

• MITSUBISHI 
..... ELECTRIC 

CURRENT 
LIMITER 

CURRENT 
AMP 

7 CURRENT 
LlMITTING 
RESISTOR 

6 OUTPUT 



MITSUBISHI LINEAR ICs 

MS1970L 

SPEED CONTROL FOR DC MICRO MOTOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter ConditIons Ratings Unit 

Vee Supply voltage 18 V 

I® Sink current Into ® 40 mA 

IQ) Issued current from @ -3 mA 

Pd Power dissIpation 
Mounted on the P·C board (Cu foil area 4, 5X5. Scm, 

t=35,u, thickness of the P·C board 2mm) 
550 mW 

K. Derating 5.5 mWI''C 

Topr OperatIng temperature -20-+75 "C 

Tstg Storage temperature -40-+125 "C 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vcc-9V, unles otherwise noted) 

Symbol Parameter 

Vee Supply voltage range 

Icc Circuit current 

Va Regulated output voltage 

VTHCZ> Input threshold voltage 

R'NCZ> Input Impedanc~ 

Isc<Il Umilled output current 

Tr Pulse width of mono. ·multl. 

Reg·Vee Motor speed stability 'or Vcc 

Reg- L Motor speed stability for load 

TeN Motor speed stability 'or temperature 

TYPICAL CHARACTERISTICS 

1000 

900 

800 

00 

600 

500 

400 

300 

200 

THERMAL DERATING 
(MAXIMUM RATING) 

~ ~ 
~ t:w ....... r--.. ....... 

....... ..::: ~ 
["".. .: .. 

.. : 
~ 

" o 25 50 75 100 125 

AMBIENT TEMPERATURE Ta('t) 

Umlls 
Test conditions Unit 

Min Typ Max 

T a--2O-+ 75"C 2.5 18 V 

Except output current 3 4.5 8 mA 

Between@and@ 1.8 2.0 2.2 V 

-50 0 50 mV 

4.2 7.9 12 kG 

Rsc-270 20 27 35 mA 

R r -75k, C r -4700pF 375 395 415 J.l.S 

Vcc=4-15V ±0.1 % 
±0.1 % 

Ta--2O-+75"C ±10 ppm/"C 

(lllC only 
(2) With printed circuit board 01 2mm thick cover with Cu area 01 

4. 5cmWX5. 5cmLX35J.1.t 
Following datas come 'rom the "APPLICATION CIRCUIT" applying 
the following components. 
R,-l00kO, R,=30kO, CF,-lI'F, CF2=4. 71'F, RF=4.7kO, 
R r -75kO, C r =22, OOOpF, Rsc=560, No. oItachogeneratorpoles= 
10. Components R, C, were located outside 01 the temperature test 
chamber in case 01 measuring "Speed VS ambient temperature". 
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~ 
Z3055 
o 
w 

~ 

1 
Z 

3050 
o 

3060 

o 3055 

~ 

3050 

SPEED VS SUPPLY VOLTAGE 

NO LOAD 

~ I""" 

V 
)~ 

V 

10 20 

SUPPLY VOLTAGE VcC<V) 

SPEED VS AMBIENT 
TEMPERATURE 

h~c-9V o LOAD 

-~ -~ 10--

-20 0 20 40 60 80 lX1 

MITSUBISHI LINEAR ICs 

M51970L 

SPEED CONTROL FOR DC MICRO MOTOR 

3060 

1 
Z 3055 
o 
w 

~ 

3050 
o 

SPEED VS MOTOR TORQUE 

..,.,. ~ 
~ 

....... I""" 
~ 

10.-~ 
....... 

Vcc-6V V c=9V 

50 100 

TORQUE T(g-em) 

CIRCUIT CURRENT VS 
POWER SUPPLY 

5 

JJ oJJ CJRRElT 
4 

3 

2 

1 

0 
10 20 

AMBIENT TEMPERATURE Ta('t) SUPPLY VOLTAGE Vcc(V) 
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APPLICATION EXAMPLE 

R. 
15k 

101' 

C. 
22,OOOP 

• HOW TO DETERMINE R r. C r 

1000 0 

I'>.. , 
" i' ~~ 

lOOk 

30k 

" 1'\ 
'\.iq ~~ ~ ro..t-

. ~~~ 
~ 

-----' R-~~ "- , ,.. ... 
i'\ " I .... , 

I' 

MITSUBISHI LINEAR ICs 

M51970L 

SPEED CONTROL FOR DC MICRO MOTOR 

M MOTOR 

APPLICATION HINTS 

Vee 

Unit Resistance: 0 

Capacitance : F 

(1) HOW TO DECIDE THE CONSTANTS OF 
FILTER AT ® PIN 

The dynamic characteristics of a motor is determined by the 
relationships' between the constants which a motor originally 
has, (such as, mechanical constant or inertia and tacho 
generator frequency) and circuit constants (CF1, CF2, RF in 
the typical application circuit) 

The follOWing relationships will be recommendable to 
choose circuit constants when a cycle of tacho generator Is 
To(=IIfG), and the mechanical time constant of a motor is 

r~ . 

100 
10 '" 70 30 50 1 00 200 300 500 1 000 

1. CFl should be a smaller value in order to improve the cir
cuit response. (But if the value is too small, peak to peak 
value of ramp shaped driving wave increases and becomes 
pulsive driven). 

RESISTOR R dkO) 

R •. C •. determine the speed of motor 

NP"'F 1. 17~'C , 
where N; the speed 01 motor 

P; number 01 pole pair of F-G detector. 

FoXCF1=50-150Hz'IlF 
2. The relationship between the time period of a tacho 
generator, and the motor constant should be following, be
cause the control is more unstable if speed information is 
less, 

T GJ t' M< < 1 (T G< -t t' M at least) 
3. Relationship between RF, CF2 and t' M 

t'M-RFXCF2 
The deslarable range 01 R' Is usually 10k 10 SOOkO. 

• MITSUBISHI 
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MITSUBISHI LINEAR ICs 

M51970L 

SPEED CONTROL FOR DC MICRO MOTOR 

(2) HOW TO GET A MOTOR ON OR OFF BY THE CONTROL SIGNAl. 

Example 1 

Vcc------~--r_----~----------~----~r_--~--------~--~--~_. 

CAPACITOR FOR 
ELIMINATING NOISE 

FROM TACHO GENERATOR 

The motor is off when 02 is on. 

CF2 

M51970L 

Choose the constants as the current driving ability of 02 ;;;;VBE/Rsc-O. 7V1Rsc 

Example 2 

20kn 

02 r-----t-..... CONTROL"SIGNAL 

TO MOTOR 
DRIVE CIRCUIT 

Vcc:------~--~----~------------~~~--------~----------_, 

CAPACITOR FOR 
ELIMINATING NOISE 

FROM 
TACHO 
GENERATOR 

+ 

The motor is off when 02 and 03 are on. 

20kn CONTROL SIGNAL 

lOkn 

Cr 

M51970L 

Use example 2 in case overshoot is large in example 1. 

6-24 
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MITSUBISHI LINEAR ICs 

M51970L 

SPEED CONTROL FOR DC MICRO MOTOR 

(3) HOW TO AMPLIFY THE SIGNAL FROM TACHO GENERATOR WHEN IT IS SMALL. 

lk + 
1M 

(O.lp) 

820 
3.6k 

3.6k 
TACHO M51970L 

(lOp GENERATOR 

The above constants of capacitors are example in case FG=500Hz. 

Vee 

Unit Resistance: n 
Capacitance: F 

(4) HOW TO GET THE APPROXIMATE VALUE OF THE MECHANICAL CONSTANT OF A MOTOR, r M· 

First, drive the stationary motor by the step current. Then measure the time until the motor speed reachs 63% of the final 

value as following. 

t 
MOTOR DRIVE 
CURRENT 

t 
MOTOR SPEED 

• MITSUBISHI 
~ELECTRIC 6-25 



DESCRIPTION 
The M51971 L,FP are semiconductor integrated circuits de
signed for use as speed controls for motors. 

They include a high-gain F-G amplifier and can be sued 
for a speed detector (F-G detector) for a side range of 
speeds. 

They control the speed of DC motors with high-precision, 
using few externally connected components. 

FEATURES 
• Wide supply voltage range .............................. 4-17.5V 

• Supply voltage regulation """""""""·""0.005%!V(typ.) 
• Load regulation """"""""""·O.01%(typ. fuliload range) 
• Temperature coefficient of speed ............. 7ppmFC(typ.) 
• Including a high-performance F-G amplifier 

APPLICATION 
Speed control of motors for floppy-disk drives, players, tape 
recorders, car stereo. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................... 4-17.5V 
Rated supply voltage ............................................ 9V 

Pin CD input voltage range .............. O.4V-VcdNote 1) 
Pin ® input voltage range .......................... O.4V-Vcc 

Maximum tacho generator frequency""'''''''''''' 2.5kHz 
Minimum trigger pulse width (Pin ® input pulse) 

...... ............ ................................... 40 p s( Note 2) 

Note 1. Liner operation range -0.4-+0.4V 
Note 2. This condition is applicable to both the periods from 

rise-time to fali-time and from fall-time to rise-time. 

BLOCK DIAGRAM 

AMPLIFIER SCHMITT 

MITSUBISHI LINEAR IC. 

MS1971L, FP 

SPEED CONTROL FOR MOTOR 

PIN CONFIGURATION (TOP VIEW) 

NON-INV~~J~~ 1 

INVERTED INPUT 2 

A~Gf~~~ 3 
SCHMITT INPUT 4 

TIME CONSTANT 

• 

10 POWER SUPPLY 

OUTPUT 

CAPACITOR FOR 
INTEGRATION 
GND 
STABILIZED SUPPLY 
VOLTAGE 
TIME CONSTANTS 

SCHMITT INPUT 

AMPLIFIER OUTPUT 

INVERTED INPUT 

NON-INVERTED INPUT 

OUTPUT 
CAPACITOR FO
R INTEGRATION 

GND 
STABILIZED 
SUPPLY 
VOLTAGE 

'O-p;n mold'" ..... , FlAT ,. 

to-pin molded plastic SIP 

OUTPUT INPUT TIME CONSTANT 
CAPACITOR FOR 
INTEGRATION 

NON-INVERTED 
INPUT 

INVERTED INPUT 2 

POWER SUPPLY 
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GND 

--------------------
STABILIZED 
SUPPLY VOLTAGE 
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MITSUBISHI LINEAR Ie. 

MS1971L,FP 

SPEED CONTROL FOR MOTOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25t, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Vw Pin CD applied voltage 

I@ Pin ~ sink current 

I® Pin @ sink current 

V@ Pin ® applied current 

I@. Pin ® sink current 

PdF Power dissipation 

KeF Thermal derating Ta~25t 

Topr Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=25t, Vee=9V, unless otherwise noted) 

Symbol 

Vec 

I'ce 

Vs 

Iw 

1(2) 

VWLS 

Av 

I@ 

V@TH 

V®HY 

V®s 

Tr 

I®e 

rcd 

R(Jl) 

V@max 

V@mln 

V BO 

R~Vec 

Reg-L 

TCN 

Parameter 

Supply voltage range ' 

Circuit current 

Stabilized supply voltage 

Pin CD input current 

Pin ~ input current 

Pin CD level shift voltage 

FG amplifier voltage gain 

Pin ® input current 

Pin ® threshold voltage 

Pin ® hysteresis width 

Pin <ID saturation voltage 

One-shot pulse width 

Pin @ charge current 

Pin @ charge/discharge current 

Pin ® output protectio{l resistor 

Pin ® maximum voltage 

Pin ® minimum voltage 

Buffer amplifier offset voltage 

Supply voltage regulation 

Supply voltage load 

Temperature coefficient of speed 

Test conditions 

Pin @ voltage 

Vw=OV 

Vw=OV 

Vw=OV 

Vw=O. 2mVrms, f=500Hz, 

externally set gain=60dB 

V@=2.5V 

Reference is the Pin CD level shift voltage 

Rr=75kO 

R r =75kO, C r =4700pF 

V®=1V 

V®=1V 

1®=-20mA 

V®=1V, V®-V® 

Vcc=4-17.5V 

full load range 

Ta=-20-+75'C 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

18 V 

-3-Vee V 

-5 mA 

-5 mA 

O-Vec V 

-20 mA 

880(M51971L) 

450 ( M51971 FP) 
mW 

8. 8(M51971 L) 
mW/t 

4. 5( M51971 FP) 

-20-+75 t 

-40-+125 t 

limits 
Unit 

Min Typ Max 

4.0 17.5 V 

3.2 6.0 mA 

2.44 2.71 2.98 V 

-3.0 -0.5 ,..A 

-180 -30 nA 

1.51 1.89 2.27 V 

54 59 64 dB 

0.4 2.0 ,..A 

0 16 40 mV 

20 37 55 mV 

3 20 mV 

375 395 415 ,..sec 

-260 -190 -140 ,..A 

-14.5 -11.6 -9.0 

65 100 150 0 

2.9 "3.2 V 

50 200 mV 

0 100 200 mV 

0.07 % 
0.01 % 

7 ppm/t 
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MIT5UBISHI LINEAR IC. 

M5197'lL, F'P 

SPEED CONTROL FOR MOTOR 

TYPICAL CHARACTERISTICS (Ta.=25"C, unless otherwi~e noted) 

THERMAL DERATING (MAXIMUM RATING) SPEED VS. SUPPLY VOLTAGE 

6-28 
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MITSUBISHI LINEAR ICs 

MS1971L, FP 

SPEED CONTROL FOR MOTOR 

PIN CD LEVEL SHIFT VOLTAGE VS. 
PIN CD INPUT VOLTAGE 
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MITSUBISHI LINEAR ICs 

MS1971L,FP 

SPEED CONTROL FOR MOTOR 
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0:: -50 -25 a 25 50 75 100 

AMBIENT TEMPERA:rURE T a ("e) 
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PIN ® OUTPUT VOLTAGE 

~ 
RANGE VS. SUPPLY VOLTAGE 

4 
@ 
> 
w 
(!) 
z 3 <{ 
II: 

! 
f 

II 
W 
(!) 
<{ 

~ 2 

0 
> 
~ 

J , Ta=-20"C 

Ta=25"C 
:::I 
0.. 
~ 
:::I 
0 
@ 

0 

e-1"r 
Z 
c:: 4 8 12 16 

SUPPLY VOLTAGE Vee (V) 

RESPONSE CHARACTERISTICS 

100 

90 

10 

0% 

r 

.. 1. 

.~. 

.f 

Upper: Motor speed (IF/V converting waveform of tacho 
generator frequency) 

Lower: Supply voltage 

X-axis: 20ms/div 
Time constant of motor:::::l00ms 

w 
(!J 

~ 
o 
> 
tu 
en 
LL 
LL~ 

0> 
a:~ 
~ g 
:J> 
0.. 
~ 
<{ 

a: 
w 
LL 
LL 
:::I 
CO 

160 

120 

80 

40 

o 

-40 
o 
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MS1971L,FP 

SPEED CONTROL FOR MOTOR 

BUFFER AMPLIFIER OFFSET 
VOLTAGE VS. PIN ® VOLTAGE 

I 
Vee=9V 

2 3 4 

PIN ® VOLTAGE V® (V) 

R" C, 
R , , C, determine the speed of motor. The following 
equation is obtained where N is the speed of motor and 
P is the number of pole pairs of tacho generator. The 
desirable range of R, is 10k 0 to 500k 0 . Care should 
be taken for leak current on the surface of printed cir
cuit board when a large resistor is used. 

>-
() 
z 
w 
:::I 
0 w 
a: 
LL 
~~ 
:::I N 
0.. J: 
~~ 

:::I 0.. o Z 
a: 
0 
~ 
<{ 
a: 
w 
z 
w 
(!J 

0 
J: 
() 
<{ 
~ 

1 
NP~1.20'R,.C, 

10000 
7000 

5000 

3000 

TACHO GENERATOR OUTPUT 
FREQUENCY VS. PIN CD RESISTOR 

2000 "-
f'\- ~ 0 0 ... ~ 

1000 
700 

500 

300 

200 

"" ,*?~ ° '/ 00. 

~ 
C? .~"" ""~-~~ I-- l--

o o?.> ""~ 

1'\:"" ~ "" ~ i'-. 
N " I'. 

10 20 30 50 70100 200 300 500 1000 

PIN CD RESISTOR R r (kQ) 
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OPERATIONAL DESCRIPTION OF THE M51971 
DESCRIPTION OF EACH BLOCK 

MITSUBISHI LINEAR ICa 

M51971L, FP 

SPEED CONTROL F()R MOTOR 

TO PIN ® 
AMPLIFIER SCHMITT TIMER 

OUTPUT INPUT r-------------------------~ I 

F~!,~~~~~ __ ,9)l 
I VLs ",1.9V -t·, 

NON- OPERATIONAL 
INVERTED ~ +. MPLlFIE~ 

.INPUT I I 
INVERT~ 2 I 

INPUT I 
0, I 

I 
I O2 I 
I I '- _________ -J 

OVERSHOOT 
PROTECTION SIGNAL 

OVERSHOOT 
PROTECTION CIRCUIT r-----------
I 

E 

TIMER OUTPUT 

-----..., 
I 

~"'206pA I 

7.5k I 
COMPARATOR 

I OVERSHOOT " : IQ3 PROTECTION 
I LOGIC I I 

I 

I 
I 

I I L ______________ J I ~ "'16pA 

H 

F-G amplifier 

+ 
CFl 

The F-G amplifier consists of an operational amplifier, 
level shift circuit and diode for waveform clipping. 

The output DC voltage at Pin @ is increased from the 
DC voltage at Pin CD by the VLS (,:,,1.9V,:,,3VBE ) when a 
DC protection capacitor is connected to Pin (V. 

AC singals near the GND can be easily amplified. The 
clipper diode can limit the output signal width within ± 
0.7V(VBE ), and rapidly charges a capacitor for DC pro
tection at power on. 
Schmitt Circuit 
The schmitt circuit is a comparator with hysteresis, and 
has the ON level of VLS + 20mV, and the OFF level of 
Vos-20mV. 
Timer 
The timer circuit generates reference time required for 
speed control of motor. The timer consists of a one-shot 
circuit, triggered by the input signal, and generates 
pulse with pulse width of 1.1 C r R r . 

Rated Current Limiting Circuit 
The rated current limiting circuit is controlled by the out
put from the timer circuit and generates source current 
of h -12 (:=:::: 190 f1 A) when one-shot pulse is not gener-

I 12 I 
I I L __________ .J 

RATED Cl)RRENT 
CONTROL 

STABILIZED 
SUPPLY VOLTAGE 

ated and generates source current of 12 (,:" 190 f1 A) 
when one-shot pulse is generated. The ratio of h 
against 12 is unique for each IC and the tacho generator 
frequency to be set is determined by the one-shot 
pulse width and this ratio of currents (h/12"='12.6), 

I, 
TG=Tr X-I- I-"='1.09XTr 

,- 2 

where T G: Tacho generator frequency period (set 
value) 

T r : One-shot pulse width 
Overshoot Protection Circuit 
The overshoot protection circuit operates when the 
overshoot is exceptionally large, for example, when 
motor is released from locked condition. 

The 03 is turned ON for approximately the period of 
one-shot pulse width (T r ), when the signal period of 
tacho generator becomes shorter than one-shot pulse 
width. CFI is discharged because usually RF'CF2>T r. 
Buffer Amplifier 
The buffer amplifier circuit consists of a voltage-follower 
circuit using operational amplifier. The input current is 
very low (within 1 DnA), and the driven output current is 
20mA. 
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INPUT IOUTPUT CIRCUITS 
Unit. Q 

TO PIN ® 

2k 

~~::t==t----t- TO NEXT 
STAGE 

TIMING CHARTS 
I. NORMAL OPERATION 

A, A' 
--~ 

B 

C 

D 

E 

F 

G 

H, I ----~--~---r------------
Tr 

MITSUBISHI LINEAR ICs 

MS1971L, FP 

SPEED CONTROL FOR MOTOR 

TO PIN ® 

CONTROL SIGNAL ---1 

CONTROL SIGNAL 

15k 

II. NORMAL OPERATION TO QUICK DISCHARGE 
OPERATION 

A, A' 

B 

C 

D 

E 

F 

G 

H, I 
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APPLICATION EXAMPLES 
I. When output impedance of tacho generator is low 

~' "'rL_RI~R_N_FL-__ -L_R_' __ ~-L~ 

M: MOTOR 
G . TACHO GENERATOR 

Cs : Coupling capacitor for AC amplifier 

Rs. RI : Heslstor for setting FG amplifier gam 

RNF , C NF : Filter for eliminating noise 
R r . Cr' Time constants for setting speed of motor 

Vee 

C F1. C F2. RF Capacitor and resistor for phase compensation to 
stabilize integration and speed control systems 

Note 
1. The tacho generator signal width of set speed of 

motor should be less than 1 mV _ . 
1+ w 2GCS 2(Rs+Rf)2 

2. FG amplifier gain"'=' 1 + W 2GCS2Rs2 

W G: Tacho generator width angle frequency 
3. The desirable values for Cs. Rs. RNF• CNF are as fol

lows. 
Cs~4.7I-'F 

2 1 
-2CR2-

WG - s s_ WG 

1 
RNF'CNF~-' -

- WG 

II. When the output impedance of· tacho generator is 
high and the signal width is small 

MITSUBISHI LINEAR Ie. 

MS1971L,FP 

SPEED ~ONTROL FOR MOTOR 

III. When the signal width of tacho generator is large 

Vee 

The output waveform exceeding the value of Vf(O.7V) 
in the above three examples are clipped by an internal 
waveform clipping diode. 

IV. When the input waveform is pulsive 

INPUT SIGNAL R, 

NOTE. The Pin @ threshold voltage to GND is approx
imately 1.9V. 

V. When a motor is turned ON/OFF by the control 
signal 

R, 
r------<...---0 Vee 

The motor is off when 0, is ON. 
The speed control is on when 0, is OFF. 
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VI. When the set speed needs to be changed gradually 
by the control signal 

M51971 L 
M51971 FP 

CONRTOL CONTROL 
SIGNAL 1 SIGNAL 2 

(j)~------+ 

VII. To limit the Pin ® output current to suppress the 
hear of the Ie 

r------------1--~VCC 

IC9imax 

(Refer to ELECTRICAL CHARACTERISTICS 
TYPICAL CHARACTERISTICS) 

and 

MITSUBISHI LINEAR ICs 

MS1971L. FP 

SPEED CONTROL FOR MOTOR 

VIII. To limit the drive current of motor 

r------------1--~VCC 

I _ VBE2_0.7V 
Mmax------

Rsc Rso 

2) To minimize the power loss of current limiting resistor 

Rr 

O.7VXR2 

IX. Speed control drive circuit for 3-phase brushless motor, using the M51971 and M51924 

START/STOP 
CONTROL SIGNAL ----;~--,--j 

(
Motor stops when 0, is ON) 
Speed of motor is 
controlled when 0, is OFF 

vcd 12V) -~----1----------------------------------' 

• MITSUBISHI 
.... ELECTRIC 

MOTOR COIL 
r----' 

.A 
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MITSUBISHI LINEAR IC. 

MS1971L,FP 

SPEED CONTROL FOR MOTOR 

X. Speed control drive circuit for 3-phase brush less motor, using the M51971 and M51712 

Vcc __ ~ ____ ~ ____ ~ 
(12V) 

MOTOR COIL HALL ELEMENTS 

START/STOP --;---~-l 
CONTROL SIGNAL 10k 

(
Motor stops when Q. is ON) 
Speed Of motor is . 
controlled when Q. is OFF 

XI. Frequency comparator 

FREQUENCY 
INPUT R'r >2Rr 

OUTPUT 

Note. The hysteresis of Schmitt circuit should be higher 
than repple voltage at Pin @ (to prevent 
ch~ttering ) 

Unit Res.stance Q 

Capac.tance . F 

Input/output transfer characteristics 

w 
eJ 

1 

« 
f-

1 

( 

I 
( 

.J 
0 
> 
f-
::J 
a. 
f-
::J 
0 ( ~ ,. 

hH2 hHl 

INPUT FREQUENCY 

hHl'::::::1.20XR r ·C r 

hH2:::::::: ------------'--------
1.09XRr//R'rXCrxlnI3(~r+R'r)1 l R r -2R r J 
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SOME HINTS TO DESIGN STABLE SPEED 
CONTROL SYSTEM 
(How to determine filter constants at Pin ® (CF1, CF2, 
RF) ) 

The filter constants at Pin ® must be determined to 
satisfy the stability of the system. 

1. Transfer function of speed control system for motor 

CONTROL MOTOR 
~ CIRCUIT f---

-GC<S) GM(S) 

SPEED CONTROL $YSTEM FOR MOTOR 

The speed control system for the motor is a negative 
feedback system, including control citcuit and motor. 

To achieve stable negative feedback, the phase stays 
180' or less in the frequency range in which the gain of 
cyclic transfer function (Gc (S)· GM (S)) is greater than 
1. 

2. Transfer function of motor 
With the armature current of motor as la and angle 
speed as W v, the following equation is obtained. 

/:",Tg=KT·/:",la=(SJ+O)·/:",w v ........................ (1) 

where T g: torque generated by motor 
KT: proportional constant between torque 

generated by motor and armature current 
J: inertia moment of motor and load 
0: viscous friction coefficient 

As the relationship between tacho generator angle 
frequency wand motor angle speed w v' with number 
of pole pairs of tacho generator ad P, is expressed as 
w = p. w v, the transfer function of motor (transfer func
tion including motor and tacho generator) GM (S) is a 
single-pole transfer function, and is given by 

J ............................ (2) 

o'(HS'-o 
KM 

=~-.................................. (3) 

1+~ 
WM 

where 
P·KT KM=~O- ........................................ (4) 

o wM=J ............................................ (5) 

MITSUBISHI LINEAR IC. 

M51971L,FP 

SPEED CONTROL FOR MOTOR 

log'" 

Simulated transfer function of the motor 

3. Transfer function of control circuit using the 
M51971 

Under the assumption that input information is con
tinuously given, (tacho generator frequency is assumed 
to be infinitely high), the transfer function from the input 
at Pin ® to the output at Pin. @ is gi'ven as follows; 

G () /:",(PIN@OUTPUTVOLTAGE) 
C(M51971) S = /:", (PIN ® INPUT FREQUENCY) 

T T (11@cl+ll@dl) X 1+S/w F1 ............ (6) 
CF1 +CF2 S( 1 +S/ w d 

where T T: pulse width of timer"'='1.10X R T XC T 

I@c: charge current at Pin® 
I@d: discharge current at Pin @ 

1 
w F1 ;;;a; RF-CF2 

CF1 +CF2 
(JJ F25iii!! 

RF,CF1,CF2 

With the gain of the circuit connected after Pin @ of 
the M51971 as Kcp, the transfer function of the whole 
circuit Gc(S) is given in the following; 

GdS)=KcpX T T (11@cl+ll@dl) X 1+S/wFl ... (7) 
CF1 +CF2 S(1+S/wF2) 

logw 

Simulated transfer function of the control CirCUIt 

• MITSUBISHI 
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4. Requirement for stable control 
For stable control of motor, the phase characteristics 
must be less than 180 in the frequency fange where the 
gain of Gd S)· GM( S) is greater than 1. 

The relationship between phase and gian is deter
mined by the Baud's theorem when all the poles and 
zero pints of transfer function are on the left of the com
plex sphere. 

If the Gc (j W ). GM (j w) follows the Baud's theorem, 
the inclination of gain of Gc (j W ). GM (j w) should be 
more than - 12dB/oct in the frequency range of I Gc 
(j w ). GM(j W ) I ~ 1 to ensure stable control. 

When circuits constants are chosen so that w Fl::::: W M, 
the following equation must be established in -the fre
quency range where the inclination of gain of Gc (j w ) 

and GM(jw) are both -6dB/oct, in other words, the in
clination of gain of Gc (j w ). GM (j w) becomes -
12dB/oct. 

For precision control, the gain of one cycle transfer 
function must be large in all frequency ranges. 

Fluctuation of speed of motor due to external disturb
ance is reduced if the inclination is -6dB/oct in the fre
quency range higher than w M. 

Therefore, capacity of speed control in the frequency 
range from w Fl to w F2 is determined by the gain of one 
cycle transfer function when w Fl (::::: w F2). The following 
equation is established as I Gc (j w d· GM (j w d I < 1 
and the inclination of gain of Gc(jW )'GM(jw) is approx
imately -6dB in the frequency range of w F2 or less. 

IGdjWM)'GM(jWM)I< ::~"" :: ................ (9) 

Therefore, the following conditions are required to im
prove accuracy of control in the frequency range from 
w F1 to w F2. 

wFl""w M .. ··· .. ·· .. ·· .. ···· .. ··· .... ···· .. ·· .. ·· .. ····· .. ···(10) 

WF2 ~1 ..................................................... (11) 
wFl 

Then, the values of Kcp or CFl + CF2 must be set to 
satisfy the equations (4) and (5). 

5. Influence of tacho generator frequency on stability 
The tacho generator frequency, which is a system con
trolled by period, is basically a kind of sample hold sys
tem controlled by discrete information on the time axis. 

The sample hold operation only adds an extra phase 
delay only to make the system unstable. 

Here, w G: Set value of tacho generator frequency 
Additional phase delay of 21!' w / w G (rad.) need to be 

considered. 
Therefore, for the angle frequency where I Gc * (j w ). 

GM * (j w ) 1=1 is wodB' the following equation must be 
established. 

w G >4'Q) odB .... · .......................................... (13) 

MITSUBISHI LINEAR IC. 

MS1971L. FP 

SPEED CONTROL FOR MOTOR 

With this, if the w G is determined, the gain value of 
one cycle transfer function can be obtained. 

IGC (jw M)'GM(jw M)I<0.357X WG ............... (14) 
WM 

This equation (14) must be satisfied in any control 
systems using tacho generator frequency irrespective of 
control method, ana, it can be noted that, once the 
motor and tacho generator are determined, the upper 
limit value of the control gain in W M is determined. 

To improve the accuracy of speed control, it is neces
sary that I Gc (j W M)' GM (j W M) I ~ 1 and, therefore, the 
following equation must be established. 

0.357·~~1 · .. ···· .. ·········· .... ··· ...... · .... ·· .. ····(15) 
WM 

6, Summary 
The following is the method of designing speed control 
system, making the maximum use of characteristics of 
motors, based on the above-mentioned theoretical con
siderations. 

1 (1) w Fl"",---""w M .... · .... · ...................... (16) 
RF,CF2 

It is desirable that the circuit constant is set closed to 
the minimum value of W M, if the W M changes greatly 
when motor load is changed. 

(2) wF2 .... CF1 +CF2 ,2J.- w ...................... (17) 
RF,CF1,CF2 - 4 G 

The smaller the value of CF1, the less is the influence 
of W F2, but the greater the peak-to peak value of output 
pin waveform and the drive waveforms becomes more 
pulsive. 

Therefore, both arms of the equation should be equal 
in most cases of system designing. 
(3) Selection of gain 

Obtain the value for stable control, changing the 
values of Kcp, CFl or CF2, satisfying at the same time the 
relationship described in the above (16) and (17). 

When setting the stepping motor speed, the speed is 
usually unstable at slow speed, ad therefore, experi
ments should be made at the slowest speed. 
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How to obtain approximate value of transfer function 
of motor 
(1) How to obtain KM 

3 

~ z 
W 
:l 

~ i 
~ 
w 
z 
w 
C!l 
o 
:I: 

~ 

I>.w 2'" 1>.' 
KM=~=~ 

~ 

MOTOR DRIVER CURRENT la 

Plot the relationship between motor drive current and 
tacho generator frequency and obtain the inclination. 

MITSUBISHI LINEAR Ie. 

MS1971L,FP 

SPEED CONTROL FOR MOTOR 

(2) How to obtain W M 

The W M can be obtained by measuring frequency re
sponse of motor but usually this method takes long time. 
In stead, the approximate value can be simply obtained 
by measuring the step response. 

--t 

II: 

~ o 

~t 
o 
w 
W 
0.. 
en 

The method is to apply stepping current to halted 
motor and measure the time ' M when the speed of 
motor reaches 63% of the final speed and the 'M is 
obtained from the following equation. 

1 
'M=-- ···················································(18) 

'M 
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MITSUBISHI LINEAR Ie. 

MS1724P,FP 

3·PHASE BRUSHLESS MOTOR PRE·DRIVER 

DESCRIPTION 
The M51724P,FP are semiconductor integrated circuits de
signed for use in 3-phase DC brush less motor. 

FEATURES 
• Suitable for various kind of motor system by selecting the 

external power transistors 
• Internal current distribution circuit 
• Good balance in output current between each phase 
• Few ~xternally connected parts 

APPLICATION 
Brushless motor driver for VTR, cassette tape deck, flop
py-disk drive. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range .................................. 10V-20V 
Rated supply voltage .......................................... ·15V 

BLOCK DIAGRAM 

I -1-'--

PIN CONFIGURATION (TOP VIEW) 

CONTROL INPUT 16 1N~~~S: HALL 

POWER SUPPLY 15 lN~~*¥ HALL 
2-PHASE HALL 14 f-pRASE COLLEC-

ThlPUT B TOR O1J'tPO'i' 
2-PHASE HALL 13 2-PHASE COLLEC 

INPUT A TOR OUtPUT 
POWER SUPPLY 12 I-PHASE EMITTER 

3-PHASE HALL OUTPUT 
INPUt A 11 f,-J'.n,'USf EMITTER 

3-PHASE HA-LL 3 PHASE COLLEC 
INPUT B 10 TOR OUTPUT -

GND 9 3-PHASE EMITTER 
-, ______ -r-OUTPUT 

16-pin molded plastic DIP 

16-pin molded plastic FLAT 

(Vee) 

SOURCE 

CURRENT If AMPLIFIER 

14 101 
CURRENT 
DISTRIBUTOR 
(I) lSI 

102 

CURRENT 
DISTRIBUTOR 
(II) 

i03 
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MITSUBISHI LINEAR Ie. 

M51724P,FP 

3·PHASE BRUSHLESS MOTOR PRE· DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25t, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 20 

If Control input current 1 

Vo Applied voltage at collector output pin 24 

Vs Applied voltage at emitter output pin !,l.5 

V H Applied voltage at hall output pins 6.5 

fin Hall input frequency DC-l 

Pd Power dissipation ( )=M51724FP 900(540) 

K8 Thermal deratlng(T~25'C) ( ')=M51724FP 110(185) 

Topr Operating temperature -10-+50 

Tstg Storage temperature -40-+125 

ELECTRICAL CHARACTERISTICS (Ta=25t,Vee=15V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

Icc Circuit current 5 12 27 

Voflset Comparator Input offset voltage 5 20 

Ko Collector output current gain 10 15 20 

Ks Emitter output current gain 11 16 21 

lo(maXl) MaXimum output current of collector output (1 ) 3 4 

lo(max2) MaXimum oulput current of collector output (2) 5.5 7 

Is(maxl) MaXimum output current of emiller output (1 ) 3 4 

Is(maxz) MaXimum output current of emitter output (2) 5 7 

Current gain ratio between collector \ 
1 1. 33 Mo 0.75 

output phases 

Ms 
Current gain ratio between emitter out-

0.75 1 1. 33 
put phases 

Ion Comparator input current 0.1 1.5 6 

ILO Collector output leak current 200 

ILS Em itte r output I eak current 200 

TYPICAL CHARACTERISTICS (Ta=25t, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) CIRCUIT CU~RENT VS. SUPPLY VOLTAGE 
1000 

~ 900 
E 

800 

" Q. 
700 

Z 600 0 

~ 
540 
500 

Q. 
(ij 
C/) 

400 

15 300 
[I: 
w 200 
~ 
0 100 Q. 

'< 
E 

(0 (1)~51~24~ 
r'\. (2)M51724FP-

u 
.!d 

I-
Z w 

'\. 

.ill. 
1', 

- ..... 
[I: 
[I: 
:::l 
() 

,r--.. 
I', , 

I-
5 '" 

, 
() 
[I: " , 

~~ 
U 

25 50 75 100 125 

AMBIENT TEMPERATURE T a (t) 
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21 

18 
\ 

15 

12 

9 

6 

3 

~ . 
V 

fo'l 
I 
I 

I-r"'~ I 
I 
I , 

I I 

,/ I I 
I I 

I I I I I 
~~ .. I I 

3 6 910 12 15 18 2021 

SUPPLY VOLTAGE Vee (V) 

Unit 

V 

mA 

V 

V 

V 

kHz 

mW 

t/W 

t 

t 

Unit 

mA 

mV 

AlA 

A/A 

mA 

mA 

mA 

mA 

AlA 

A/A 

pA 

nA 

nA 
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'< 
E 

f
Z 
W 
c: 
c: 
:::l 
() 

f
:::l 
0.. 
I
:::l 
o 
c: 
~ 
() 
W 
..J 
..J 
o 
() 

COLLECTOR OUTPUT CURRENT VS. 
CONTROL INPUT CURRENT 

14 

17 

10 

Vcc=20V 

l# ~l Vcc=15V 

~ ~ ,:,,:,",1 
Vcc=10V 

~ ~ 
~ 

8 

6 

4 

2 

./ 
00 O. 1 0.2 O. 3 0.4 0.5 0.6 0.7 

CONTROL INPUT CURRENT If (mA) 

Note. when collector output 1 system and emitter 
output 2 system are ON 

MITSUBISHI LINEAR ICs 

MS1724P,FP 

3-PHASE BRUSHLESS MOTOR PRE-DRIVER 

'< 
E 

f
Z 
W 
c: 
c: 
:::l 
() 

f
:::l 
0.. 
f
:::l 
o 
c: 
w 
I: 
~ 
w 

EMITTER OUTPUT CURRENT VS. 
CONTROL INPUT CURRENT 

14 

12 

10 

~cc=20V 

/' ~ Ivcc15v 

~ V 
I 

8 

6 

~ P" Vcci10V 

./ 
2 

O. 1 O. 2 O. 3 O. 4 O. 5 O. 6 O. 7 

CONTROL INPUT CURRENT If (mA) 

Note when collector output 2 system and emitter 
output 1 system are ON 

INPUT/OUTPUT TIMING CHART OF THE M51724P,FP 

6-42 

H'A ® -----l 
H'B@ --,1-_--;:::=-_-, 
H2A 8) -, 

:=====: 
H2B 0 ~ 
H3A ® ----.., 

:=====: 
H380 

Is, @ 

153 ® 

:====~r L 

------ 1/2 

'----0 

,....----0 

-------- 1/2 

------------- I 

1/2 

Note: 1. In the output current value (1 0 • Is) • + indicates source current and - indicates sink current 
2. All the Input pins are biased. 
3. Care must be taken to connect a load (low impedance) to all the ouiput pins according to the 

current at the control input Pin CD 
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APPLICATION EXAMPLE 

t 
If 

SPEED SIGNAL 

MITSUBISHI LINEAR IC. 

M51724P,FP 

3·PHASE BRUSHLESS MOTOR PRE· DRIVER 

~----------~~------------~------~----~Vcc 

+ Cs 
- 47,.. 

(l0-15-20V) 

M51724P,FP 

* All constants are tentative. 

NOTE: 

1. R,-R.: For hall element bias 

R4 
470 

2. Rs: For output (input) current limiting 

3. R,;. C, : For oscillation prevention 

4. R7-Rg. C2. C. : For reduction of driver noise 

5. Cs : For power supply stabilizing 

6. R.: For current feedback 

7. Tr.l : Control transistor (5. S. ) 

8. Tr. 2-Rr. 7 : Power transistors 

9. H,-H,: Hall elements for position detection 

R. 
1.1 

Unit Resistance: Q 
Capacitance' F 

10. The same power supply (Vcc) must be connected to Pin @ and Pin @ 
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MITSUBISHI LINEAR ICs 

M51781SP 

SPEED CONTROL AND DRIVER FOR 2·PHASE BRUSHLESS MOTOR 

DESCRIPTION 
The M51781 SP is a semiconductor integrated circuit de
veloped for use in controlling 2-phase DC brush less motor. 
Both control and driver systems are contained in a single 
chip. It employs hall elements for position detection and 
consists of an FG amplifier, F-V converter, sample and hold 
circuit, constituting a complete circuit of F-serve motor driv
er system in a single chip .. 

FEATURES 
• Includes both control system and driver system in a single 

chip 
• Drives all waves of 2-phase motors 
• High output current 
• Including FG amplifier, hysteresis comparator, F-V 

converter, sample and hold circuit 
• Gain adjustment of controL amplifier of the final stage of 

servo system possible 
• Internal reference voltage generator 
• Built-in output current limiter circuit 
• Including forward/reverse direction control pins 
• Start/stop control pins provided 

APPLICATION 
FDD, etc. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................. 7.2V-18V 
Rated supply voltage .......................................... '12V 

BLOCK DIAGRAM 

GND 

COMMON 
1-PHASE HALL 2-PHASE 

HALL INPUT INPUT HALL INPUT 

3 5 - 4f----

1-PHASE 
HALL 

AMPLIFIER 

2-PHASE 
HALL 

AMPLIFIER 

PIN CONFIGURATION (TOP VIEW) 

STABILIZED --1--'-J--""L
VOL TAGlE OUTPUT 1 
FORWARD/REVER· 2 

SE SWITCHING 

HA~L~~~Bf 3 
2-PHASE 

HALL INPUT 
COMMON HALL 

INPUT

1 GND 

FG AMPLIFIER 
INPUT (+) 

FG AMPLIFIER 
INPUT (-) 

FG AMPLIFIER 
OUTPUT 

COMPARATOR 
INPUT 

CLOCK SET 
REFERENCE 

TIME SET 
REFERENCE 

VOLTAGE OUTPUT 

22 FILTER 
START/STOP 

21 SWITCHING 

20 ~~iEgu~~m:-
19 INVERTED 

INPUT 
18 HOLD INPUT 

17 ~G~~~~NCE 
~----~ VOLTAGE 

32-pin molded plastic DIP shrink 

. 1-PHASE 
30 OUTPUT (b) 
29 2-PHASE 

OUTPUT (a) 
28 2-PHASE 

OUTPUT (b) 

It~=tl~23 CURRENT 
FEEDBACK 

~:b~~~;;~~~~~~~~~~;;=-~~1f~~~=='~~~~~1l START/STOP 

4-------{21 SWITCHING 

FORWARD/ 
REVERSE 
SWITCHING 
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MITSUBISHI LINEAR ICs 

MS1781SP 

SPEED CONTROL AND DRIVER FOR 2-PHASE BRUSHLESS MOTOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

ILmax Charge current 

IL Output current 

Istb Pin CD output current 

10L@ Pin @ source current When discharge of time constant capaCitor is fimshed 

10L@ Pin @ source current When discharge of time constant capacitor is finished 

VH 
Applied voltages between pms @-@ 

and pins@-;-@ 

V<1l>-@ Applied current between pm ® and pin ® 
VH(c) Hall input common phase voltage Between pins @-@ and pins @-@ 

PdF Power dissipation Heat sink of infinite size IS used 

Topr Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=25"C,Vee=12V, unless otherwise noted) 

Symbol 

Icc (1) 

ICC (2) 

VStb(l) 

VStb(2) 

Vref 

I® 

I@ 

VOL@ 

VOL@ 

VTH(l) 

VTH (2) 

VTH (3) 

VTH (4) 

VOL@) 

Voffset@-@ 

Voffsel®-@ 

IBa(max) 

Isb(max) 

Kls(max) 

Vsat(U) 

Vsat(o) 

Parameter 

Circuit current (1) 

Circuit current (2) 

Stabilized output voltage (1 ) 

Stabilized output voltage (2) 

Output voltage of reference voltage 

Pin ® input current 

Pin @ input current 

Pin @ low level voltage 

Pin @ low level voltage 

Clock threshold voltage (1 ) 

Clock threshold voltage (2) 

Clock threshold voltage (3) 

Clock threshold voltage (4) 

Pin @) low level voltage 

Offset voltage between pin @ and pin ® 
Offset voltage between pm ® and pm ® 
MaXimum bias current of a output 

Maximum bias current of b output 

Maximum current bias ratio 

Output saturation voltage (upper) 

Output saturation voltage (lower} 

Test conditions 

Vec=18V 

270Q between Vstb and GND 

Vec=Vstb=5. 8V, v",=OV 

Vcc=Vstb=5. 8V, v",=OV 

Vcc=Vstb=5.BV,10kO between Vstb and pm@ 

Vcc=Vstb=5. BV, 10kO between Vstb and pm @ 

Vec=Vstb=5. SV 

Vce=Vstb=5. SV 

Vec=Vstb=5.8V 

Vee=Vstb=5. SV 

Vcc=Vstb=5.BV,5.1kO between Vstb and pm@ 

Vee=Vstb=5.8V 

Vcc=Vstb=5. SV 

Measured at pm @ 

Measured at pm @ 

Calculated by Isa(max)/Isb(max) 

10=0. SA, applicable to pins @-@ 

10=0. SA, applicable to pins @-@ 

• MITSUBISHI 
"-ELECTRIC 

Ratmgs Unit 

18 V 

1.2 A/PHASE 

0.4 A/PHASE 

20 mA 

10 mA 

10 mA 

5 V p _p 

±0.7 V 

l-Vstb-1 V 

4 W 

-20-+70 "C 

-40-+125 "C 

Limits 
Unit 

Min Typ Max 

2.2 3.5 5.5 mA 

2.4 3.9 6.6 mA 

5.4 5.8 6.2 V 

5.2 5.8 6.2 V 

2.72 2.90 3.02 V 

0.5 3.0 pA 

30 180 nA 

SO 120 mV 

50 90 mV 

1. S3 1. 95 2.05 V 

2.75 2.90 3.05 V 

3.12 3.2S 3.44 V 

4.10 4.32 4.54 V 

0.75 1. 00 V 

±10 mV 

±10 mV 

9 13 mA 

9 13 mA 

0.9 1.0 1.1 A/A 

1.5 2.2 V 

1.0 1.5 V 
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MITSUBISHI LINEAR ICs 

M51781SP 

SPEED CONTROL AND DRIVER FOR 2·PHASE BRUSHLESS MOTOR 

TYPICAL CHARACTERISTICS 

6-46 

THERMAL DERATING (MAXIMUM RATING) 

~ 
"0 a. 

z 
o 
f= 
~ 
Ci5 
(f) 

15 
a: 
w 
:: o a. 

AMBIENT TEMPERATURE Ta (OC) 

STABILIZED VOLTAGE VS. SUPPLY VOTAGE 
7. 0 r--,---,-,--,--,---,--,--. 

.c 
; 6.51----+--j-+--+-+--+-1--l 

w 
" 6. Ol----+---+-·+---+--+.-+--_+_--I 
~ 
o 
> 5.5 
Q 
w 
N 
::; 
iii 5.0 1---!---1-+--+-+--+-I--1 

~ 
(f) 

4. 5 ':-~---::__7::---;";:__::':---:'":-__:'~~ 
4 8 1 0 12 14 16 18 20 

4.5 

~ 
E 

4.0 
() 

.2 

f- 3.5 z 
w 
a: 
a: 
::J 3.0 
U 
t: 
::J 

~ 2.5 

13 

SUPPLY VOTLAGE Vee (V) 

CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 

----~ 
....... 

25 a 25 50 75 100 

AMBIENT TEMPERATURE Ta (OC) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
4.5 

~ 
E 4.0 
() 

.2 

f- 3.5 
Z 
w 
a: 
~ 3.0 
U 
t: 
5 2.5 
a: 
13 

2.0 

> 

-...-

4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE Vee (V) 

REFERENCE VOLTAGE VS. 
SUPPLY VOLTAGE 

J 3. 51----t----lr---+--+--t--t--j----i 

w 

C) 3. 0 1---t-'=f=F*~=;f;;~---1 ~ I 

o 
~ 2. 51----t--r---t--+--t--t--j----t 
U 
z 
w 
ffi 2.01---+--4-+--+-+---t--r--~ 
LL 
w 
a: 

I. 5 L--:'----,~':":--:':::__::-':---:'":-___,'::--~ 
4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE Vee (V) 

PIN @J LEVEL SHIFT VOLTAGE VS. 

~ 3.0 

> 
w 2.5 
C) 

~ o 2.0 
> 
t 
1)5 1. 5 
oJ 
w 
> 
~ 1.0 

AMBIENT TEMPERATURE 

.......... 
~ 

~ r-..... 

Z 0.5 
il: 50 -25 0 25 50 71; 100 

AMBIENT TEMPERATURE T a CC) 
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MITSUBISHI LINEAR ICs 

MS1781SP 

SPEED CONTROL AND DRIVER FOR 2·PHASE BRUSHLESS MOTOR 

STABILIZED OUTPUT VOLTAGE VS. 

~ 
6.5 

> 
w 6.0 
(!l 

~ o 5.5 
> 
r-
::l 
:: 5. a 
::l 
o 
@ 4.5 
N 
:J 
in « 4. a 

AMBIENT TEMPERATURE 

1-

~ -50 -25 a 25 50 75 lOa 

AMBIENT TEMPERATURE Ta (OC) 

CLOCK THRESHOLD VOLTAGE VS. 
AMBIENT TEMPERATURE 

>' 5.0 

w 4.0 
(!l 

~ o 3.0 
> 
o 
...J o 2.0 
1: 
(/) 
W 
c:c 
1: 1. a 
r-
~ 
u o 
...J 
U 

a 
-50 -25 

VTH4 

VTH3 

VTH 2 

VTHl 

a 25 50 75 lOa 

PIN@LOWLEVEL VOLTAGE VS. 

>' 
AMBIENT TEMPERATURE 

1. 25 
11 
0 

> 
1. 00 

W ---- ---...J~ 0.75 
o 
> 
...J 

~ 0.50 
w 
...J 

~ 9 0.25 

® 
z 
a: a 

-50 -25 a 25 50 75 lOa 

AMBIENT TEMPERATURE T a CC) 

REFERENCE VOLTAGE VS. 
AMBIENT TEMPERATURE 

4. a r---,.--,--.,...-...,--,----, 

~ 3.5r-~--~--~--+---+--1 
> 
w 

(!l 3. a 1--i-=+==t==I==11 ~ I 
o 
~ 2.5r-~---r---r--+---+-~ 
u 
z 
w 
ffi 2. a I---i---+---r--+---+---l 
u. 
w 
c:c 

1. 5 ~----':::---7-~-~-::'::--:-:' 
-50 -25 a 25 50 75 lOa 

AMBIENT TEMPERATURE T a CC) AMBIENT TEMPERATURE T a CC) 
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MITSUBISHI LINEAR ICs 

MS1781SP 

SPEED CONTROL AND DRIVER FOR 2-PHASE BRUSHLESS MOTOR 

APPLICATION EXAMPLE 

22 
pF 

Vcc~----------~ 

• Pin ® Forward when ON 
and reverse when OFF 

• Pin ® Start when ON and 
stop when OFF 

• Constant for externally 
connected capacitor when ° 1 F 
FG frequency ""930Hz I' I' 

4.7 4.7 
pF f.L F 

Note 1. The signal amplitude for the input tacho gener
ator should be 1 mVp _p or more. 

First stage amplifier gain -
1+ w G2Cl(Rs+Rf)2 

1+wG2CS2Rs2 

where W G: input tacho generator angle 
frequency 

Cs must be chosen 4.7 f1 F or less. The disire
able range of Rs is obtained in the following. 

2 1 
WG ~Cs'Rs~ WG 

M51781SP 

RNF 

IO.022/,F 

IO., 
"F 

FG 

3300 r'ooo 18kQ 
pF 

47 
kO 

Rref 

Note 2. RNF and CNF are resistor and capacitor for noise 
filtering. If the time constant is too large, the in
put signal is weakened. RNF and CNF should be 
chosen as follows; 

1 
RNF'CNF::;:-

- WG 

Note 3. Rref and Cref are resistor and capacitor for set
ting speed of motor. Rref and Cref should be 
chosen as follows; 

Rref'Cref 
1 

where fG: input tacho generator frequency 

6-48 
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MITSUBISHI LINEAR Ie. 

MS1781FP 

SPEED CONTROL AND DRIVER FOR 2·PHASE BRUSHLESS MOTOR 

DESCRIPTION 
The M51781 FP is a semiconductor integrated circuit de
veloped for use in controlling 2-phase DC brush less motor. 
Both control and driver systems are contained in a single 
chip. It employs hall elements for position detection and 
consists of an FG amplifier, F-V -converter, sample and hold 
circuit, constituting a complete circuit of F-serve motor driv
er system in a single chip. 

FEATURES 
• Includes both control system and driver system in a single 

chip 
• Drives all waves of 2-phase motors 
• High output current 
• Including FG amplifier, hysteresis comparator, F-V 

'converter, sample and hold circuit 
• Gain adjustment of control amplifier of the final stage of 

servo system possible 
• Internal reference voltage generator 
• Built-in output current limiter circuit 
• Including forward/reverse direction control pins 
• Start/stop control pins provided 

APPLICATION 
FDD, etc. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ................................. 7.2V-18V 
Rated supply voltage .......................................... ·12V 

BLOCK DIAGRAM COMMON 

GND 

l-PHASE HALL 2-PHASE 
HALL INPUT INPUT HALL INPUT 

---- 3 5 - 4}----

l-PHASE 
HALL 

AMPLIFIER 

2-PHASE 
HALL 

AMPLIFIER 

PIN CONFIGURATION (TOP VIEW) 

STABILIZED --1'-----",_ POWER 
VOLTAGE OUTPUT 1 36 SUPPLY 

FO~r~Wt~'6~~~~ 2 h8t'tJ'f (a) 

HA~L~~~~f 3 34 h-.rt'tJ'f (b) 

HACL~~~~i 4 2~PHASE ( ) 
COMMON HALL 5 32 ?-~'X..~~ a 

INPUT 1 OUTPUT (b) 

GND GND 

11 26 
FG AMPLIFIER CURREN 

INPUT (+) 12 2 FEEDBAJK 

FG f~~~J4F~~' 13 24 FILTER 

FG AMcf&fFlo~ 14 23 ~J.ft~6~~~gP 
COMPARATOR 15 22 ~btE8uq.~~t 

CLOCI~~~i 16 21 I~~O~TED 
RE~F~~~~i 17 20 HOLD INPUT 
REFERENCE 18 ~O~~[~CE 

VOLTAGE OUTPUT --,,-----J-VOLTAGE 

36-pin molded plastic FLAT (A type) 

l-PHASE 
34 OUTPUT (b) 
332-PHASE 

OUTPUT (a) 
32 2-PHASE 

OUTPUT (b) 

r-t=~~~25~~:~:~K 

~l:::~~~~~~~~~~~~~;==:~1f~~:;~~~~~~L:~ START/ 

23 STOP 
SWITCHING 
FORWARD/ 
REVERSE 
SWITCHING 

HOLD INVER-SPEED REFE- REFE-FILTER 
INPUT TED CONT- RENCE RENCE 

INPUT ROL VOLTAGE SUPPLY 
INPUTOUTPUT VOLTAGE 
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MITSUBISHI LINEAR IC. 

MS1781FP 

SPEED CONTROL AND DRIVER FOR 2·PHASE BRUSHLESS MOTOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25t, -unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

ILm8x Charge current 

IL Output current 

Istb Pin CD output current 

10L@ Pin @ source current When discharge of time constant capacitor is fmished 

10L@ Pin @ source current When discharge of time constant capacitor is finished 

VH 
Applied voltages between pins @-@ 

and pins@)-@ 

V@-@ Applied current between pin @l and pin @ 

VH(C) Hall input common phase voltage Between pins @-@ and pins @)-@ 

PdF Power dissipation Heat sink of infinite size is used 

T<>!,r Operating temperature 

Tstg Storage temperature 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=12V, unless otherwise noted) 

Symbol 

leCel) 

lec(2) 

Vstbel) 

Vstb(2) 

Vref 

I@ 

1<lJ> 

VOL@ 

VOL@ 

VTH(l) 

VTH(2) 

VTH (3) 

VTH (4) 

VOL@ 

Voffset®·@ 

Voffset@·@ 

IBa(max) 

Isbemax) 

Kisemax) 

VsateU) 

Vsateo) 

6-50 

Parameter 

Circuit current (1 ) 

Circuit current (2) 

Stabilized output voltage (1) 

Stabilized output voltage (2) 

Output voltage of reference voltage 

Pin @ input current 

Pin @ input current 

Pin @ low level voltage 

Pin @ low level voltage 

Clock threshold voltage (1) 

Clock threshold VOltage (2) 

Clock threshold voltage (3) 

Clock threshold voltage (4) 

Pin @ low level voltage 

Offset voltage between pin @ and pin @l 

Offset voltage between pin 11]1 and pin @ 

Maximum bias current of a output 

Maximum bias current of b output 

Maximum current bias ratio 

Output saturation voltage (upper) 

Output saturation voltage (tower) 

Test conditions 

Vcc=lBV 

2700 between Vstb and GND 

Vcc=Vstb=5. BV, Vav=OV 

Vcc=Vstb=5. BV, Va.=OV 

Vcc=Vstb=5.BV,10kO between Vstb and Pln@ 

Vcc=Vstb=5.BV,10kO between Vstb and pin@ 

Vec=Vstb=5. BV 

Vcc=Vstb=5. BV 

Vcc=Vstb=5. BV 

Vcc=Vstb=5. BV 

Vcc=Vstb=5.BV,5.1kO between Vstb and pin@ 

Vcc=Vstb=5. BV 

Vcc=Vstb=5. BV 

Measured at pin @ 

Measured at pin @ 

Calculated by Isaemax)/Isbemax) 

10=0. BA, applicable to pins @-@ 

10=0. BA, applicable to pins @-@ 

• MITSUBISHI 
"'-ELECTRIC 

Ratings Unit 

1B V 

1.2 A/PHASE 

0.4 A/PHASE 

20 mA 

10 mA 

10 mA 

5 Vp~p 

±0.7 V 

1-Vstb-'-1 V 

3.5 W 

-20-+70 ·c 
-40-+125 t 

Limits 
Unit 

Min Typ Max 

2.2 3.5 5.5 mA 

2.4 3.9 6.6 mA 

5.4 5.B 6.2 V 

5.2 5.B 6.2 V 

2.72 2.90 3.02 V 

0.5 3.0 pA 

30 1BO nA 

BO 120 mV 

50 90 mV 

1. B3 1.95 2.05 V 

2.75 2.90 3.05 V 

3.12 3.2B 3.44 V 

4.10 4.32 4.54 V 

0.75 1. 00 V 

±1O mV 

±10 mV 

9 13 rnA 

9 13 mA 

0.9 1.0 1.1 A/A 

1.5 2.2 V 

1.0 1.5 V 



MITSUBISHI LINEAR IC. 

M51781FP 

SPEED CONT",OL AND DRIVER FOR 2-PHASE BRUSHLESS MOTOR 

TYPICAL CHARACTERISTICS 

THERMAL DERATING (MAXIMUM RATING) 

5 

! 
~ 4 
'C a. 3.5 
z 3 
0 
j:: 
« a. 
(jj 2 
(j) 

5 
II: 1.2 
w 
~ 

1 

0 a. 
a 

'Y. 
~--- i'~.~~.:)-

~/oS'oS'/"k 
.~oS','f 0 
i¢~~ 

«>. . ,~;., 
I ' ~ F~€ , 

~---~~_ € A./~ : .. 
-t " 

~~ , , 
I ~~~ .. 
I ,~, 

25 50 7075 100' 125 150 

AMBIENT TEMPERATURE Ta (t) 

STABILIZED VOLTAGE VS. 
SUPPLY VOLTAGE 

7. a ,...--,--.---.---.--r-.....,.-.,......., 

~ 6. 5~~-1-4--+-+--+-~~ 
> 
w 
(!) 6. a r--+--f---1---I-+---+-+--1 

~ 
o 
~ 5.5~-+--~+-1-+--+-+-~ 
w 
N 
:J 
ffi 5.0r--+--f---1---I-+---+-+--1 
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4. 5 L.--I...._L.....-.,.L---'_..I---l.._.l.-.....I 

4 6 8 10 12 14 16 18 20 

4.5 
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E 4.0 
() 

.2 

I- 3.5 
Z 
w 
II: 
II: 
6' 3.0 

l-
S 
~ 2.5 
(3 

2. a 

SUPPLY VOLTAGE Vee (V) 

CIRCUIT CURRENT VS. 
AMBIENT TEMPERATURE 

:--~ 
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V 

-50 -25 a 25 50 75 100 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
4.5 
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E 4. a 

I- 3.5 
Z w 
II: 
II: 
::J 3.0 
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S 
() 2.5 
II: 
(3 

2.0 

-
.-1.---

4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE Vee (V) 

REFERENCE VOLTAGE VS. 
SUPPLY VOLTAGE 

4. O...-........ --.~-.---r-..--....;..-.--... 

~ 3.51--+--1'--I---f.-+---l--+_--I 
> 
w 

(!) 3. a I-+-*~F=;;j;;.;;;;;;;;f;;--I=-r--; 
~ 
~ w 2.5~~-1-4--+-+--+-~~ 
() 
Z 
w 
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LL 
w 
II: 
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"> 
~ 

-> 
w 
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3.0 

2.5 

..J;= 
2.0 

o 
> 
t 
:I: 1. 5 
(j) 

..J 
W 
> 1.0 w 
..J 

SUPPLY VOLTAGE Vee (V) 

PIN @ LEVEL SHIFT VOLTAGE 
VS. AMBIENT TEMPERATURE 

I ........ ~ 
r-..... 
~ 

~ 0.5 
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AMBIENT TEMPERATURE T a ('G) AMBIENT TEMPERATURE T a (t) 
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MITSUBISHI LINEAR IC. 

MS1781FP\ 

SPEED CONTROL AND DRIVER FOR 2·PHASE BRUSHLESS MOTOR 

STABILIZED OUTPUT VOLTAGE 
. VS. AMBIENT TEMPERATURE 

- / 

~ 1.25 

5 
0' 
> 
w 
Cl 

1. 00 

..J~ 0.75 o 
> 
..J 

~ 0.50 
w 
..J 

~ o 0.25 
..J 

Z 0 

PIN ® LOW LEVEL VOLTAGE 
VS. AMBIENT TEMPERATURE 

--r--.... --
g -50 -25 o 25 50 75 100 a: -50 -25 0 25 50 75 100 

~ 5.0 

; 
4.0 

w 

~ 3.0 

~ 
c 
5 2.0 
l: 
en 
w 
~ 1.0 
I-
~ 

g 0 

AMBIENT TEMPERATURE Ta ee) 

CLOCK THRESHOLD VOLTAGE 
yS. AMBIENT TEMPERATURE 

VTH4 

VT H3 

VTH2-

VTH,_ 

:;-

AMBIENT TEMPERATURE Ta ("e) 

REFERENCE VOLTAGE VS. 
AMBIENT TEMPERATURE 

4.0....--....----,----,--..--r--, 

l! 3.51---1----1--+--+--4---\ 
> 
w 

Cl 3.0 1--i-=:t==I:=:t:=i-1 ~ I 

~ 
w 
U 
Z 
w 

2.51--1---1---+--+--+--\ 

ffi 2.01--1---1---+--+--+--\ 
u. 
w 
II: 

<3 -50 -25 o 25 50 75 100 
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AMBIENT TEMPERATURE Ta ee) 
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MITSUBISHI LINEAR ICs 

MS1781FP 

SPEED CONTROL AND DRIVER FOR 2-PHASE BRUSHLESS MOTOR 

APPLICATION EXAMPLE 

22 
,uF 

Vcc~----------~ 

4.7 4.7 
,uF ,uF 

M51781 FP 

• Pin C2l Forward when 
ON and reverse when 
OFF 

" Pin @ Start when ON 
and stop when OFF 

" Constant for externally 
connected capacitor T O. 1 I' F 
when FG frequency -m-
=930Hz 

Note 1. The signal amplitude for the input tacho gener
ator should be 1 mVp . p or more. 

First stage amplifier gain ~ 
1 + W G2CS2( Rs+Rf)2 

1+wG2CS2Rs2 

where W G: input tacho generator angle 
frequency 

Cs must be chosen 4.7 p. F or less. The disire
able range of Rs is obtained in the following. 

2 1 
-LC "RL-
WG - s s_ WG 

3300 

RNF 

rD' 0221' F 

I o. l ,uF 

FG 

rlOOO 18kO 
pF 

47 
kO 

Rref 

Note 2. RNF and CNF are resistor and capacitor for noise 
filtering. If the time constant is too large, the in
put signal is weakened. RNF and CNF should be 
chosen as follows; 

1 
RNF"CNF::;:-

- wG 

Note 3. Rre! and Cre! are resistor and capacitor for set
ting speed of motor. Rre! and Cre! should be 
chosen as follows; 

1 

where fG: input tacho generator frequency 
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DESCRIPTION 
The M5178SP/SP is a semiconductor integrated circuit de
signed for a single-chip controller for FDD spindle motor, 
consisting of power amplifier, Hall ajplifier, FG amplifier, 
oscillator and speed discriminator and various protection 
circuits. 
The device shows superiority in speed switching function of 
1 : 1.2 which enables miniaturization of motor sets and cost 
reduction. 

FEATURES 
• High-accuracy, high-stability, and adjustment-free con-

troller is possible by digital servo 
• Speed switch of 1 : 1.2 possible·························· MOD 

• 10<peak)=1.2A 
• 2 ENABLE systems" ...................................... EN, EN 

APPLICATION 
FDD spindle motor (S", 3.S") 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage""""""""""""""""""""'" 10.8-12-13.2V 
OSCillating frequency········· ............................ 400-650kHz 

Ingector current·············································· 2.S-3-7mA 
Maximum output current········································ 800mA 
FG OUT ,Load resistance ··············· .. ····· .. ··············100kO 
FG ,amplifier input signal level ........ ; ...... ,' S or above mVp_p 

Hall amplifier input signallevel··········· .. ··SO-100-1S0 mVp_p 

MITSUBISHI LINEAR ICs 

MS178SP,SP 

3-PHASE BRU$HLESS MOTOR CONTROL 

PIN CONFIGURATION (TOP VIEW)' 

36 .... r~pc~r~rIER 
35 .... f~~~~61~IER OUTPUT 

34 .... ~n~~ SELECT 

33 .... ~~'G~LATOR 

32 .... g~~~~:TOR 
31 .... ENABLE (EN) 

GND GND 

36-pin molded plastic FLAT (shrink) 

32 .... r~c~r~rIER 
31 .... m~~61~IER OUTPUT 

30 .... ~n~~ SELECT 

29 .... ~~'G~LA TOR 

26 .... ge~~L~: TOR 

27 .... ENABLE (EN) 

POWER SUPPLY 

32-pin molded plastic DIP (shrink) with fin 
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BLOCK DIAGRAM 

Vee 

if 
I 

! 

I 

v 

OPERATION 
CONTROL 

w 

Hu- Hu+ Hv- Hv+ Hw- Hw+ 

Note Pin No=M51785P. 

EN 

MITSUBISHI LINEAR ICs 

MS178SP,SP 

3-PHASE BRUSH LESS MOTOR CONTROL 

FLT ERRoUT ERR'N 

EN 

GND 
7-1i! DSCoUT 

DISCRI
MINATOR 

ABSOLUTE MAXIMUM RATIN,GS (Ta=25t) 

Symbol Parameter 

VecA Operating supply voltage 

10 Output current 

V HD Hall amplifier differential input voltage 

Iss Source/sink current 

Y'N Pin applied voltage 

lin) Injection current 

VRF @ pin applied voltage 

Pt Power diSSipation 

KO Thermal derating 

Tj JUnction temperature 

Topr Operating temperature 

Tstg Storage temperature 

Vece QUiescent supply voltage 

) Shows the value of M51785SP 

Conditions 

3-4,5-6, 14-15(Pm no). 

20, 21, 23, 32, 33, 36( Pin no.) 

1,3,4,5,6,14,15,22,24,31, 34(Pln no) 

Heatsmk of infinite Size used 

Heatstnk of infinite size used 

EN-Lo, EN-HI. 

• MITSUBISHI 
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Ratings Unit 

15 V 

1.2 A 

5 V 

±3 mA 

O-Vee V 

20 mA 

1 V 

4.5(8) W 

27.8(15.6) ·C/W 

150 t 

-20-+75 t 

-40-+125 "C. 
16 V 
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MIJSUBISHI LINEAR ICs 

MS178SP.SP 

3-PHASE BRUSHLESS MOTOR CONTROL 

------------------------------------------------------------------------------------------~ 
ELECTRICAL CHARACTERISTICS (Vcc=12V, Ta=25"C, unless otherwise noted) 

Symbol Parameter 

ledH) Circuit current (EN ON) 

lee(L) CirCUit current (EN OFF) 

vedop) Operating supply voltage 

linHA Hall amplifier Input current 

V N Phase output middle point voltage 

L:>.VN Difference of middle point voltage between phases 

Vsat Output saturation ,voltage 

VTH Control Input reference voltage 

G v Voltage gain between contol Input and output 

L:>.Gv Difference of voltage gain between phases 

Vref Error amplifier recerence voltage 

linEA Error amplifier Input current 

VOEA Error amplifier output level 

VCL Current limiter reference voltage 

V ,N Function input threshold value 

liN Input current at funclion input pin 

Vlnj Injection pin voltage 

Voosc Discriminator output level 

L:>.T Discriminator count error 

f080 OSCillating frequency 

IlnjMAX MaXimum Injection operatlong current 

linjMIN Minimum Injection operating current 

VoL(FG) FG amplifier output l'ow level (momtor) 
IifFG) . Leak current at FG amplifier output (monitor) pin 

VeC(SOI Over-voltage protection operating voltage 

T(sol Thermal shutdown protection operallng temperature 

L:>.T(sol Thermal shutdown protection hystereSIs 

VlnlFGIMIN FG amplifier operating minimum Input voltage 

VFG(NMI FG amplifier Input nOise margin 

NCLK Discriminator count no 

fFGL1 Synchronous frequency 1 

fFGL2 Synchronous frequency 2 

6-56 

Test conditions 

EN=2.SV, MOD=EN=O.BV, excluding Inlec-

bon current and FG monitor pin current. No 

load 

Connect injection setting pin and FG monitor 

pin directly to Vee No load, EN = O. BV, EN = 

2.5V 

Current flow U-V, V-W, W-U. Total of Vsat 

of Tr on both sides, 10=0. 7A 

FL T pin voltage produCing output 

Source I 
Sink I 

Measure middle leval of diSCriminator output 

~ Lo 

RF Pin voltage when FL T pin voltage 18 re-

duced to less than 1 SV 

~ 24,31,34 

Lo 

V,N-12V I 24,34 

V,N-OV I 31 

IinJ=6mA 

~ Lo 

+ for deceleration, -for acceleration 

f08C=61 O. 2kHz 

f08C=61 O. 2kHz 

f08C=61 O. 2kHz. 

fosc-61 O. 2kHz 

IL=200,uA 

12V IS applied 

Measure at FG monitor pin 

MOD=Lo I Count error IS speCIfied In sectIon 

MOD-HI 11901 ELECTRICAL CHARACTERISTICS 

MOD-HI, fosc=610. 2kHz 

MOD= Lo, f08C=610. 2kHz 

• MITSUBISHI 
..... ELECTRIC 

limits 
Unit 

Min Typ Max 

9 18 28 mA 

- 90 300 J-I.A 

9 12 15 V 

- 0.4 4 J-I.A 

5.3 6.5 7.3 V 

- - 0.2 V 

- 2.3 3.3 V 

1.0 1.1 1.2 V 

16.65 18.06 26.81 
dB 

20.82 23.80 26.81 

- - 2 dB 

2.0 2.2 2.4 V 

-2.0 -0.02 - /.'A 

2.2 2.5 3.1 
V 

0.6 0.8 1. 05 

0.36 0.40 0.44 V 

2.5 - -
0.8 

V - -
500 700 1000 

-150 -100 -70 
/.'A 

0.6 0.9 1.5 V 

4.1 4.8 5.3 

0.5 0.8 1.2 
V 

-6 1 6 J..lsec 

-0.2 - +8.2 % 
17 - - mA 

- - 4 mA 

- 0.1 0.2 V 

- - 1.0 /.'A 

16.3 V 

150 °C 

25 °C 

2.5 mVp _p 

1.0 mVp _p 

1695 -
2034 

300.0 Hz 

360.0 Hz 



THERMAL DERATING (MAXIMUM RATING) 

j 
Ii 
~ 4.5 

~ 4.0 
- 3.8 

~ 
gj 3.0 
o 
ffi 
~ 2.0 

~ 1.2 
~ 1.0 

~ 

I'\. 
~ ," 

"\ 

""--

M51785P 

WITH INFINITE HEAT S NK 

/ 
"\. 
,V 

r-..c... 

WXLXT~I 
5OmmX50mmX2m m 

TSINK IRON HEA 

I,' VFREE AIR 

Y. L, 
~ 

- ~ --...J 
< 00 i"'--~" 

25 50 75 100 125 150 

AMBIENT TEMPERATURE T a("C) 

APPLICATION EXAMPLE 

I- C 
(!l::> 0 
u.O :::; C9 

M51786P 

MITSUBISHI LINEAR ICs 

MS1785P,SP 

3·PHASE BRUSHLESS MOTOR CONTROL 

THERMAL DERATING (MAXIMUM RATING) 

~ 8.0 

~ 
11. 

gj 6.0 

o 5.0 
ffi 4.8 

~ 4.0 

~ 3.0 
III 2.0 
~ 1.8 

~ 
< 

z 
w 

a 
o 

M58785SP 

~ LWITH INFINITE t EATSI K 

" 
"-

'" 
'" 

............. kFREEAIR " .- ...... , 
... ... :.' 

25 50 75 100 125 150 

AMBIENT TEMPERATURE T a("C) 

~. 
o 0 Q 

22 21 20 19 

5 6 8 9 10 11 12 13 14 15 16 17 18 

R2 

CONSTANTS 

R1 330!l 

R2 3.6k!l 

R3 0.5!l 
R4 33O!l 

R5 4.7!l 
R6 4.7!l 
R7 4.7!l 
R8 75k!l 
R9 22k!l 
R10 330!l 

R3 

C1 4.7"F 
C2 O.l"F 
C3 O.l"F 
C4 O.l"F 
C5 O.l"F 
C6 0.221'\F 
C7 0.33uF 
C8 O.033pF 
C9 220pF 
C10 220pF 
C11 l00pF 
C12 O.l"F 
C13 33"F 

• MITSUBISHI 
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X1 610. 2kHz 

Note: Open collector output at FG OUT pin 
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MITSUBISHI LINEAR ICs 

MS178SP,SP 

3·PHASE BRUSHLESS MOTOR CONTROL 

TIMING CHART 

6-58 

HALL INPUT + V';;+i\ / -'\ /r-~/ -\ 
Hu 

~\ / \ / \ I \ \ I I 
\ u- I \ / 
"'-'" ......... ~-'" 

@ ® 

-, 

V 
,...-. -'" 

V 
~ 

\ v+ \ 
, \ 

\ 
, 

\ 

\ I 

" / \ 
I \ V ~\ 

\ I 
, 

\ v- I \ ......... - ......... ~-

Hv 

\ 
,,- ~ -

/ 
, 
V \ 

, \ , I \ 
/ \ ~I \ 

Hw 

I \ / \ I ~ / / \ I 
I \ w- I 

'-' ~- ~ 

OUTPUT + - - ,--h 
U 

- I"-' -
,.--h Ir '\ 

v 

~ -
II 
~ 

w 

IL --' - -
o 180 360 540 

Note 1. The waveforms shown above are different from those at actual motor operation 
Note 2. Pin No. = M51785P 
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........... / 
, 

\ I 
I 

I 1\ I 
I 

r--

/ 
\ , 

\ 
"'-" 

-

\..... 

iro-n 
720 

SOURCE 

+ SINK 



TEST DESCRIPTION 
Phase output middle point voltage 
Difference of middle pOint voltage between phase 

Output saturation voltage 

Control input reference voltage 

Voltage gain between control input and output 

Difference of voltage gain between phase 

Vee 

V, 

:; 
W 
(!) v, « 
~ 
0 
> 
I-

V3 :l 
0-
I-
:l 
0 <D 

v. 

IVFl VF2 

MITsUBlsHI LINEAR ICs 

MS178SP,SP 

3·PHAsE BRUSH LESS MOTOR CONTROL 

-CD 
; Measure voltage 1 for each phase and .D.VN is given in, 

.D.VN=.D.VUV=Vu-Vv 
=.D.Vvw=Vv-Vw 
=.D.Vvu=Vw-Vu 

-CD+® Load current 0.7 A 
Control input voltage 2.2V 

-® Control input voltage value (VFL~) when the output 
voltage is CD+100mV. 

-@(source) 
@(sink) 
@=20 log !(V1-V2)/0.21 
@=20 log !(Va-V4 )/0.21 

; Measure @ and @ for each phase, and .D.Gv is given in, 
(source and sink) 

.D.G=.D.Guv=GV(U)-GV(V) 
=.D.Gvw=GV(V)-GV(W) 
=.D.Gwu=GV(W)-GV(U) 

VFl =(2)+0. 25V 

VF2=(2)+O. 45V 

Set the values of (2) to ® 
so that the output current flows 

between phases 

U-V. V-W, W-U. 

CONTROL INPUT VOLTAGE VFLT(V) 

• MITsUBlsHI 
~ELECTRIC 
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MITSUBISHI LINEAR ICs 

MS178SP,SP 

3-PHASE BRUSHLESS MOTOR CONTROL 

DISCRIMINATOR COUNT ERROR 
Measure the pulsewidth at 23 pin DSC OUT. The test value 
is negative for accelerating pulse. 

CDFG IN-

OmV Measure acceleration or deceleration pulse at DOSOUT out
put, applying pulse (synchronous with Fosc) divided by 
Fosc to FG,N-in each mode. 

c,t *Refer to table 1 for the frequency given to FG ,N . 

@OSCOUT 

Vrel 

, , , , 
I't! , 
~ Deceleration pulse 

3. 6V --t~t--

1.55V i i 
V " 

2 - - - 1"---',. "'-- Acceleration pulse 

-c,t Fig. 1 

1m ; FG'N INPUT FREQUENCY 

Fosc ; oscillating Irequency 

Table 1 
I ®MOD <DFG'N Input frequency 

I L 1665 division 

I H 2034 division 

DISCRIMINATOR OUTPUT LEVEL 
Measure V1 and V2 in Fig. 1. VODsdHi)-V1 

(Lo)-V2 

Fosc/1695 

Fosc/2034 

But, for Low(V2 )level, measure Lo level of fFG=250Hz(acceleration pulse), 
and for High(V1 )level,.measure Hi level of fFG=400Hz (deceleration pulse). 

ENABLE FUNCTION 
Table 2 

~ Lo 
EN 

Lo DISABLE 

HI DISABLE 

*EN pin=circuit is operated only when EN pin=Hi and EN pin=Lo 
*EN pin-open= Lo 

Hi 

ENABLE 

DISABLE 

EN pin-open=Hi 
(But anti-noise characteristics may deteriorate if us~d with EN .• EN=open after mounting on the equipment.) 
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MITSUBISHI LINEAR ICs 

M51714P 

DUAL BI-DIRECTIONAL DRIVER 

DESCRIPTION 
The M51714P is a semiconductor integrated circuit for use 
in dual bi-directional micro motor. 

FEATURES 
• Superiority in mounting 
• .Can be controlled by TTL level interface 
• 2-ENABLE facility 
• 1.2A maximum output current 

APPLICATION 
General home-use equipment 

FUNCTIONAL DESCRIPTION 
The M51714P has 4 internal amplifiers, and each amplifier 
operates as current source type when the input is in the high 
level and as current sink type when the input is in the low 
level. 

Two ENABLE are provided, and EN1 functions in ampli
fiers 1 and 2 and EN2, in amplifiers 3 and 4. When the EN
ABLE input is in the high level, the system output is off and 
when the input is in the low level, and input-related output is 
produced. 

The circuit power supply and drive power supply are inde
pendently provided for power supply of the device, facilitat
ing free equipment design. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ENABLE 1 

INPUT 1 

OUTPUT 1 

GND 

GND 

OUTPUT 2 

INPUT 2 
DRIVE SUPPLY 

VOLT-AGE --' ___ ....J 

16-pin molded plastic DIP 

OUT3 

EN, 1 ~-----~~--~----------~--;-~ 

OUT, GND GND OUTz 

• MITSUBISHI 
.... ELECTRIC 

I------{ 7 IN, 
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MITSUBISHI LINEAR ICs 

MS1714P 

DUAL BI·DIRECTIONAL DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vm Drive supply voltage 

Vee Circuit supply voltage 

Vj<ON) Input voltage 

VIC EN) Enable input voltage 

lo(max) Ruch current 

10 Output current 

Pd Allowable power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

RECOMMENDED OPERATING CONDITIONS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

Vm Drive supply voltage 5 

Vee Circuit supply voltage Should be less than Vm 

10 Output current 

VIH High-level input voltage For both input and enable input 2.8 

ViL Low-level input voltage For both input and enable input 0 

Note. It is desirable that enable input is in the high level and the output is off when the motor is stopped. 

ELECTRICAL CHARACTERISTICS (T a=25'C, unless otherwise noted) 

Symbol Parameter 

Icc Circuit current 

1m Drive supply voltage current 

VTH(IN) Input threshold value 

VTH(EN) Enable input threshold value 

lin(IN) Input current 

lin(EN) Enable input current 

Vsat(u) Output saturation voltage (source) 

Vsat(D) Output saturation voltage (sink) 

6-62 

Test conditions 

Vcc=5V All enable input="H" 

bi-derectional mode All enable Input="L" 

Vm=12V, no-load Ali enable input';'''H'' 

bi-directional mode All enable input="L" 

Vcc=5V 

Vcc=5V 

Vcc=5V(flowing to the pin) 

Vcc=5V(flowing from the pin) 

10=0.2A 

10=0.4A 

10=0.2A 

10=0.4A 

• MITSUBISHI 
..... ELECTRIC 

Min 

1.6 

1.6 

Ratings Unit 

Vcc-26 V 

Vm V 

-0.3-7 V 

-0.3-7 V 

1.2 A 

0.4 A 

2.5 W 

-20-+75 ·C 

-40-+125 ·C 

Limits 
Unit 

Typ Max 

12 24 V 

5 12 V 

300 mA 

Vcc-1.5 V 

1.5 V 

Limits 
Unit 

Typ Max 

4 8 
mA 

10 20 

0 
mA 

25 50 

2.2 2.7 V 

2.2 2.7 V 

3.5 20 flA 

0.5 10 flA 

1.0 1.6 
V 

1.3 1.9 

0.9 1.5 
V 

1.0 1.6 



MITSUBISHI LINEAR ICs 

M51714P 

DUAL BI-DIRECTIONAL DRIVER 

REFERENCE DATA (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions Reference value 

tr Rise time Output 10%-90% 150 

tf Fall time Output 90%-10% 550 

tpLH 
Output low-level to high-level prop-

Input 50%-Output 50% 350 
agation delay time 

tpHL 
Output high-level to low-level prop-

Input 50%-Output 50% 400 
agation delay time 

TRUTH TABLE 

Input Enable Output 

"H" "L" "H" 

"L" "L" "L" 

"H" "H" OFF 

"L" "H" OFF 

Note 1. ENABLE 1 functions on amplifiers 1 and 2, and ENABLE 2 functions in amplifiers 3 and 4. 

2. OFF means high impedance. 

TYPICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) 
4r-----r----,-----,-----, 

~ 3~----+-----~-----+----~ 

5 2.51---""-.. 

~ 2 ~ 
~ 1 5 ----------~ 15 • 

w 
o a: 
:;) 

o 
C/) 

w 
(!l 
« 

a: 
w 
:: o 
0.. 

!:is; 
O~ 
> ~ 
Z ::> 
o i 
~>' 
a: 
:;) 

~ 
f
:;) 
0.. 
f
:;) 

o 

°0L----2~5~-~50------7~5----~,00 

AMBIENT TEMPERATURE T a CC 1 

OUTPUT CURRENT VS. OUTPUT 
SATURATION VOLTAGE (SOURCE) 

2.6 

2.4 

2.2 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.60 

~ 

/V 

./ 
l/ 

V 
1/ 

./ 

0.2 0.4 0.6 0.8 1. 0 

OUTPUT CURRENT 10 (Al 

W *" 
OUTPUT CURRENT VS. CIRCUIT 

CURRENT IDRIVE CURRENT 
..J « o 
C/) 

~ 
-:( 
E 

'";;< 
()~ 

-1' 
f-

~!z a: w a: a: :;)a: 
0:;) 
t:o 
:;)w 
00 a:_a: 
OCl 

14 1. 0 

12 0.8 

10 0.6 

8 0.4 

6 0.2 

4 0 

• Vm=12V I' 
r-. Vcc=5V .I .I .~ / • DRIVES ONLY ONE 

OUTPUT / 
r--r--

I V 
Icc 

/ I 

k' 
/ 1m 

/ 
/ 

V 
o 0.2 0.4 0.6 0.8 1.0 

OUTPUT CURRENT 10 (Al 

"Q 

OUTPUT CURRENT VS. OUTPUT 
SATURATION VOLTAGE (SINK) 

z 
Vi 

w 
(!l 

; 
O~ » 
z~ 

Q '0 
f- '" ~ l)i 
:;» 

~ 
f
:;) 
0.. 
f
:;) 

o 

2.6 

2.4 

2.2 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 0 

~ 

V 
,./ 

/ 
"... 

0.2 0.4 0.6 0.8 1.0 

OUTPUT CURRENT 10 (Al 
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Unit 

ns 

ns 

ns 

ns 
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MITSUBISHI LINEAR IC. 

M51714P 

DUAL BI-DIRECTIONAL DRIVER 

APPLICATION EXAMPLE 

r-4----4-~--------INPUTB 

,.------- ENABLE B 
Vcc --+-----, 

k-4----4--4-~------INPUTA 

Vm---~--4----~---~--

k----------------ENABLEA 

Note. A diode of small VF is used between clamps. (For example, Schottky diode) 
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DESCRIPTION 
The M54540AL. BI-DIRECTIONAL MOTOR DRIVER. consists 
of a full bridge power driver designed for a low power D-C 
motor control. 

FEATURES 
• Small single-in-line package 
• Integral diodes for transient suppression 
• PMOS compatible input 

APPLICATION 
Audio cassette tape recorder 

FUNCTION 
The M54540AL. full bridge motor driver. has the logic circuit
ry and non-darlington power drivers for bidirection control of 
D-C motors operating at currents of up to 600mA. 
The power supplies for the logic circuitry and the drivers are 
separated so that the applied voltage to the motor can be 
controlled by the Vcc' of the driver supply voltage. 

LOGIC TRUTH TABLE 
Input output 

Note 
IN, IN, 0, '0. 

L L "OF!;." "OFF" Open state state 
H L H L 0 
L H L H 0 
H H ": ": Open 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54540AL 

BI.DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY Vee 

DRIVER POWER SUPPLY1 Vee', 

OUTPUT 1 0, +-

INPUT 1 IN, -+ 

GND 

INPUT2 

OUTPUT 2 

DRIVER POWER SUPPLY 2 Vcc', 

Outline BP5 

CIRCUIT SCHEMATIC 
Vee', 0, 0, vcc', 

IN. , 
I ' 
, I 
I I , I 
~---------0--------~ 

GND 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C. unless otherwise noted) 

Symbol 

Vee 

Vee 

V, 

Vo 

lo(max) 

10 
Pd 
ToDr 

Tat" 

Parameter 

Supply voltage 

Driver supply voltage 

Input voltage 

Output voltage 

Peak output current 

Continuous output current 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

too-10ms. Repetitive cycle O. 2Hz max 

Ta-60t 

• MITSUBISHI 
"ELECTRIC 

Ratings Unit 

-0.3-+12 V 

-0.3-Vee V 

-0.3-Vee V 

-0. 3-Vee+2. 5 V 

±600 mA 

±120 mA 

850 mW 

-10-+60 t 
-55-+125 t 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54540AL 

BI·DIRECTIONAL MOTOIJ DRIVER 

RECOMMENDED OPERATING CONDITIONS (Ta=25"C, unless otherwise noted) 

Limits 
Symbol Param.eter Conditions Unit 

Min Typ Max 

Vee Supply voltage 6 10 11 V 

10 Continuous output current ±100 mA 

V ,H "H" Input voltage 3 5 Vee V 

V ,L "L" Input voltage 0 0.4 V 

Toft Input switching interval It is prohibited to switch the inputs at the same time. 10 300 ms 

ELECTRICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

Vcc=Vcc"=20V Vo=12V 100 
10Oeak) Output leakage current 

V,,=V,,=3V vo=ov -100 
I"A 

VOH "H" Output saturation voltage 
Vcc=Vcc"=10V V,,=3V, V,,-OV 

8 V 
IOH=-l00mA V,,=OV, V,,=3V 

VOL "L" Output saturation voltage 
Vcc=Vcc"=lOV V,,=3V, V,,=OV 

0.6 V 
IOL=100mA v,,=OV, V,,=3V 

I'H "H" Input current Vcc=Vcc"=lOV 
V,,=3V 

500 I"A 
V,,=3V 

V,,=3V, v,,=OV 
28 40 

Icc Supply current Vcc=Vcc"=12V 
v,,=OV, V,,=3V 

mA 
V,,=OV, v,,-ov a 
V,,=3V, V,,=3V 

TYPICAL CHARACTERISTICS APPLICATION EXAMPLE 

. ALLOWABLE AVERAGE 
POWER DISSIPATION 
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1600 

ffi ~1400 
;:;: 
~ -?120 
UJ til 

a 

0 ~ ~100 
o(l. 
~ ~ 800 

UJi= 
ill ~ 600 

~iii 9 is 400 
...J 
« 200 

............ :--... 
I'-.... 

25 50 60 75 

AMBIENT TEMPERATURE TaCC) 

100 

R,=2!l 
VB--~----~----~-------------------' 

c + 
10-100,uF 

Note 

INPUT2 ~-+--+-, r-+--f----1--INPUT 1 

1. It is prohibited to switch the both inputs simultaneously. The Inputs 

should be driven separately to avoid high crossover current. 

2. The pins 1 ,2 and 8 are separated and shall be connected externally. 

• MITSUBISHI 
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DESCRIPTION 
The M54541 L. BI-DIRECTIONAL MOTOR DRIVER. consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 
• 9-pin single-in-line power tab package 
• Integral diodes for transient suppression 

• aOOmA output current 
• PMOS compatible input 

APPLICATIONS 
• Audio cassette tape recorder 
• Video cassette recorder 

FUNCTION 
The M54541 L. full bridge motor driver. has the logic circuitry 
and darlington-pair power drivers for bidirectional control of 
D-C motors operating at currents up to aOOmA. The power 
supplies for the logic circuitry and the drivers are separated 
so that the applied voltage to the motor can be controlled by 
the Vce' of the driver power supply voltage. 

LOGIC TRUTH TABLE 
Input Output 

Note 
IN, IN, 0, 02 

L L "OFF" "OFF" Open state state 

H L H L 0 
L H L H 0 
H H "OFF" 

staie 
"OFF" 
state Open 

CIRCUIT SCHEMATIC 

Veel 

IN, 

MITSUBISHI BIPOLAR DIGITAL .\i5 

M54541L 

BI.DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY I Vee' 

DRIVER POWER Vee', 
SUPPLY I 

OUTPUT I 0, <-

INPUTI 'IN, --> 

GND 

INPUT2 IN, --> 

OUTPUT 2 

DRIVER POWER 
Vee', SUPPLY 2 

POWER SUPPLY 2 VCC2 

Outline 9P9 

0, 
VCC'2 

7 8~:::':"'-

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54541L 

BI-DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Vee Driver supply voltage 

V, Input voltage 

Vo Output voltage 

lo(rnax) Peak output current top=IOms, Repetitive cycle O. 2Hz max 

10 Continuous output current 

Pd Power dissipation T a=60,(; 

T oDr Operating ambient temperature range 

Tsta Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

C-Vee 
-

Supply voltage 

10 Continuous output current 

V ,H "H" Input voltage 

V ,L "L" Input voltage 

Toft Input sWitching Interval 11 is prohibited to sWitch the mputs at the same time 

ELECTRICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

Symbol Parameter 

10(leak) Output leakage current 

V OH "H" Output saturatIOn voltage 

VOL "L" Outuput saturation voltage 

I'H "H" Input current 

Icc Supply current 

* : The all typical values are at T a=25,(; . 

6-68 

Test conditIOns 

Vcc=Vcc'=20V 

VI1=V,2=3V 

Vcc=Vcc'=12V 

IOH=-200mA 

Vcc=Vcc'=12V 

IOL=200mA 

Vcc=Vcc'=12V 

Vcc=Vcc'=16V 

• MITSUBISHI 
"ELECTRIC 

Vo=20V 

Vo=OV 

V,,=3V, v,,=OV 

VI1=OV, V,,=3V 

VI1=3V, V,,=OV 

VI1=OV, V,,=3V 

VI1-3V 

V,,=3V 

VI1=3V, v,,=OV 

v,,=OV, V,,=3V 

V,,=OV, V,,=OV 

VI1=3V, V,,=3V 

Ratings Unit 

-0,5-+16 V 

-0,5-V ee V 

-O,5-Vee V 

-0, 5-Vee+2, 5 V 

±800 rnA 

±220 rnA 

900 rnW 

-10-+60 'c 
-55-+125 'c 

Limits 
Unit 

Min Typ Max 

6 14 15 V 

±200 rnA 

3 5 Vee V 

0 0,4 V 

10 300 rns 

Llmitf: 
Unit 

Min Typ· Max 

100 

-100 
J.<A 

9,9 10,4 V 

0,3 0,7 V 

500 J.<A 

35 50 

rnA 

a 



TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 
a. 

.I 25cm'X1. Smm(t) 
ALUMINUM HEAT SINK 

......... ~ 

'~ 

v----FREE AIR 

r-~ 

a 
o 25 50 60 75 100 

AMBIENT TEMPERATURE Ta('C) 

MITSUBISHI BIt"ULAK un" •• " .... " .. 

M54541L 

BI-DIRECTIONAL MOTOR DRIVER 

APPLICATION EXAMPLE 

VB--~~--~--------~---------' 

c 
10-100",1' 

INPUT 2 -+-----+--iT--I---, 

Note 

,-+--+--t---INPUT 1 

1. It is prohibited to switch the both input simultaneously The inputs 

should be driven separately to avoid high crossover current. 

2. The pins 1 ,9 and 2 , 8 are separated and shall be connected exter

nally. 

• MITSUBISHI 
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DESCRIPTION 
The M54542L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 
• 9-pin single-in-line power tab package 
• Integral diodes for transient suppression 
• 1. 2A output current 
• PMOS compatible input 

APPLICATIONS 
• Audio, video cassette recorders 
• Floppy disk driver 

FUNCTION 
The M54542L, full bridge motor driver, has the logic circuitry 
and darlington-pair power drivers for bidirectional control of 
D-C motors operating at currents up to 1. 2A. 
The power supplies for the logic circuitry and the drivers are 
separated so that the applied voltage to the motor can be 
controlled by the Vee' of the driver power supply voltage. 

LOGIC TRUTH TABLE 
INPUT OUTPUT 

NOTE 
IN, IN, 0, 0, 

L L "OFF' "OFF" Open state state 

H L H L 0 
L H L H 0 
H H "OFF' "OFF' Open state state 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54542L 

BI·DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY 1 Vee, 

DRIVER POWER SUPPLY 1 Vee', 

OUTPUT 1 01 4-

INPUT 1 

GND 

INPUT2 

OUTPUT 2 

DRIVER POWER SUPPLY 2 VCC'2 

POWER SUPPLY 2 Vee2 

Outline 9P9 

CIRCUIT SCHEMATIC 0, 0, 

I 

"'~ 

6-70 

7 8 Vee', 

. • MI. TSUBlSHI 
..... ELECTRIC. 



MITSUBISHI BIPOLAK UIUIIIU ... ". 

M54542L 

BI-DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply vottage 

Vee Driver voltage 

V, Input voltage 

Vo Output voltage 

lo<rnax) Peak output current 
top-l0ms 

Repetitive cycle O. 2Hz max 

10 Continuous output current 

Pd Power dissipation Ta=60'C 

Topr Operating ambient temperature range 

Tsto Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=2S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Continuous output current 

V'H "H" Input voltage 

V'L "L" Input voltage 

TOFF Input switching interval It IS prohibited to switch the inputs at the same time. 

ELECTRICAL CHARACTERISTICS (Ta=2S"C, unless otherwise noted) 

Symbol Parameter 

10<leak) Output leakage current 

VOH "H" Output saturation voltage 

VOL "L" Output saturation vollage 

I'H "H" Input current 

Icc Supply current 

r : The all typical values are at T a=2S'C 

Test conditions 

Vcc=Vcc'=20V Vo=20V 

V,,=V,,=3V Vo-OV 

Vcc-Vcc'-12V V,,-3V, v,,-OV 

IOH=-300mA v,,=OV, V,,=3V 

Vcc=Vcc'=12V V,,=3V, V,,=OV 

IOL=300mA V,,=OV, V,,=3V 

Vcc=Vcc'=12V 
V,,=3V 

V,,=3V 

V,,=3V, v,,=OV 

v,,=OV, V,,=3V 
Vcc=Vcc'=16V 

V,,=OV, V,,=OV 

V,,=3V, V,,-3V 

• MITSUBISHI 
'" ELECTRIC 

Ratings Unit 

-0.5-+16 V 

-0.5-Vee V 

-0.5-Vee V 

-0. 5-Vee+2. 5 V 

±1200 rnA 

±330 rnA 

1000 rnW 

-10-+60 'C 

-55-+125 'C 

Limits 

Min Typ Max 
Unit 

6 14 15 V 

+300 rnA 

3 5 Vee V 

0 0.4 V 

10 300 rns 

Limits 
Unit 

Min Typ· Max 

100 

-100 
f.J-A 

9.7 10.2 V 

0,9 1.4 V 

500 f.J-A 

7 10 

rnA 

0 
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TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

8 

a:: 
LU 
~~ 

a: ~ 6 
w ~ 
(!l E « ~ 
><: "0 
() 0.. 

« z 4 
0.. 0 
w;:: 
-' « 
<Xl 0.. « -
~ gJ 
9 Ci 
-' « 

a 
a 

POWER DISSIPATION 

.I. 25cm'X1.5mm(t) 
ALUMINUM HEAT SINK 

""'" 
...,JV 

" 

~ FREE AIR 

r--~ 

25 50 60 75 100 

AMBIENT TEMPERATURE T aCe) 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54542L 

BI·DIRECTIONAL MOTOR DRIVER 

APPLICATION EXAMPLE 

VB--r-~~~--------r---------. 

C 
10-1 OO,u F 

INPUT 2 INPUTl 

Note 

1. It is prohibited to switch the both inputs simultaneously. The inputs 

should be driven separately to avoid high crossover current. 

2. The pins 1 ,9 and 2 ,8 are separated and shall be connected exter

nally. 
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DESCRIPTION 
The M54543L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 
• Wide operating voltage range (Vee = 4 -16V) 
• TIL, PMOS and CMOS compatible input 
• Low output saturation voltage 
• Integral diodes for transient suppression 

• 1. 2A output current 
• Braking mode input 

APPLICATION 
Audio, video cassette recorder 

FUNCTION 
The M54543L, full bridge motor driver, has the logic circuitry 
and non-darlington power drivers for bidirectional control of 
D-C motors operating at currents up to 1.2A. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. 

LOGIC TRUTH TABLE 
INPUT OUTPUT 

NOTE 
IN, IN, 0, 0, 

L L "OFF" "OFF" Open state state 

H L H L 0 
L H L H 0 
H H L L Braking 

CIRCUIT SCHEMATIC 
Vee! 

I 

I , 

I 
I 

L __ , __ _ 
IN, 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54543L 

BI.DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY 1 Veel 

DRIVER POWER SUPPLY 1 Vee', 

OUTPUT 2 

INPUT 1 

GND 

INPUT2 IN, --+ 

OUTPUT 1 

DRIVER POWER SUPPLY2 Vce'2 

POWER SUPPLY 2 Vee2 

Outline 9P9 

, 

I 
I 

I 
I 

I 
I 

I 
L 

_____ J 
GND IN, 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54543L 

BI-DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C. unless otherwise noted) 

Symbol Parameter Conditions 

VCC (ll Supply voltage (J) 

VCC (2) Supply voltage (2) With an external heat sink (3000mm'X1.5mm) 

Vee Driver supply voltage 

V, Input voltage 

Vo Output voltage 

10(rnaXl Peak output current top= 1 Oms: Repetitive cycle O. 2Hz max 

10 (1) Continuous output current (J ) 

10 (2) Continuous output current (2) With an external heat sink (3000mm'X1. 5mm) 

Pd Power dissipation Ta=7S'C 

Topr Operating ambient temperature range 

Tst!:! Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25'C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Continuous output current 

V,H "H" Input voltage 

V'L "L" Input voltage 

te Motor braking interval 

ELECTRICAL CHARACTERISTICS (Ta=25'C. unless otherwise noted) 

Symbol Parameter 

10Cieak) Output leakage current 

VOH (1) "H" Output saturation voltage (1) 

VOH (2) "H" Output saturatIOn voltage (2) 

VOL(l) "L" Output saturation voltage (1) 

VOL (2) "L" Output saturation vo(tage (2) 

IrH (1) "H" Input current (I) 

IIH (2) "W Input current (2) 

Icc Supply current 

6-74 

Test conditions 

Vcc=Vcc'-20V Vo=20V 

VI1=VI2=OV Vo=OV 

Vcc=Vcc'=12V 
VI1=2V 10H (1)= - 300mA 

VI2=OV 10H (1)=-SOOmA 

Vcc=Vcc'=12V 
VI1=OV 10H (2)= - 300mA 

10H (2)= -SOOmA V,,=2V 

VI1=OV IOLCII=300mA 

Vcc=Vcc'=12V VI2=2V 
10L (I)=SOOmA 

VI1=V,,=2V 

VI1=2V 10L(2)=300mA 

Vcc=Vcc'=12V VI2=OV 

VI1=VI2=2V 
10L (2)=SOOmA 

Vcc=Vcc'=12V. VI1=2V. V,,=OV 

Vcc=Vcc'=12V. VI1=OV. VI2=2V 

VI1=2V. V,,=OV 

VI1=OV. V,,=2V 
Vcc=Vcc'=16V 

VI1=V,,=2V 

VI1=VI2=OV 

•. MITSUBISHI 
...... ELECTRIC 

Ratings Unit 

-0.5-+16 V 

-0.5-+20 V 

-0.5-+16 V 

O-Vee V 

-0. 5-Vee'+2. 5 V 

+1.2 A 

+330 rnA 

+600 rnA 

1.15 W 

-10-+75 "C 
-55-+125 'c 

limits 
Unit 

Min Typ Max 

4 12 15 V 

±300 rnA 

2 Vee V 

0 0.4 V 

100 rns 

, Limits 
Unit 

Min Typ Max 

100 

-100 
j.JA 

10,8 

10,7 
V 

10,8 

10.7 
V 

0.5 

0.65 V 

0.65 

0.5 

0,65 V 

0.65 

70 200 j.JA 

70 200 j.JA 

40 

60 
rnA 

0 



TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 

LJ5.J(t) -
ALUIMINUM HEAT SINK , V 

1'0../ 

i'-.. 
.......... 

v-.-- FREE AIR 
/ 

r--~ I--
a 
o 25 50 75 100 

AMBIENT TEMPERATURE Tare) 

Note 

When the Vce' is lower than the Vee. the current will flow from the Vee 

to the Vcc' and may drive the motor. 

The M54544L may be recommended to have the wider control voltage 

range of the Vec·. 

MITSUBISHI BIPOLAK unilllU .• "'. 

MS4543L 

BI·DIRECTIONAL MOTOR DRIVER 

APPLICATION EXAMPLES 

1) Motor speed control by Vee and Vee' 

INPUT2~+-----+--+--r-, 

2) Motor speed control by the Vee' 

c + 
\-10,uF 

INPUT 2o-t---t--t-----+----, 

3) Motor speed control by the Vee 

Vee' o-~----_t_--'Wv----__, 

c 
1-10,uF 

INPUT 2 C>-1------1f---+---+------. 

M54543L 
o o 

• MITSUBISHI 
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DESCRIPTION 
The M54543AL, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 
• Wide operating voltage range (Vee = 4 -16V) 
• TTL, PMOS and CMOS compatible input 

• Low output saturation voltage 
• Integral diodes for transient suppression 

• 1. 2A output current 

• Braking mode input 
• Internal thermal shutdown protection 

APPLICATION 
Audio, video cassette recorder 

FUNCTION 
The M54543AL, full bridge motor driver, has the logic circuit
ry and non-darlington power drivers for bidirectional control 
of D-C motors operating at currents up to 1. 2A. A braking 

mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
spe~d control. 

LOGIC TRUTH TABLE 
INPUT OUTPUT 

NOTE 
IN, IN2 0, 02 

L L "OFF" "OFF" Open state state 

H L H L 0 
L H L H 0 
H H L L Braking 

BLOCK DIAGRAM 
Vee! Vee', ,-

, 

I , 

I , 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54543AL 

BI·DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY 1 Vee l 

[)RIVER POWER SUPPLY 1 Vee', 

OUTPUT 2 

INPUT 1 IN, -. 

GND 

INPUT2 IN2 -. 

OUTPUT 1 

DRIVER POWER SUPPLY2 VCC'2 

POWER SUPPLY 2 VCC2 

Outline 9P9 

VCC'2 VCC2 

8 --------- 9 

I , 

I 
I 

I , 
I , CONTROL 

CIRCUIT 

I , 
I 
~-- __ ~'---+--' ______ J 

6-76 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4543AL 

BI·DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

V ee(1) Supply voltage (1) 

V ee(2) Supply voltage (2) With an external heat sink (3000mm'X1. 5mm) 

Vee Driver supply voltage 

V, Input voltage 

Vo Output voltage 

lo<rnax) Peak output current top=10ms: Repetitive cycle 0, 2Hz max 

10 (1) Continuous output current (1) 

10(2) Continuous output current (2) With an external heat sink (3000mm'Xl, 5mm) 

Pd Power dissipation Ta-75"C 

Topr Operating ambient temperature range 

Tsta Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Continuous output current 

V ,H "H" Input voltage 

V'L "L" Input voltage 

te Motor braking Interval 

T'lshut) Thermal shutdown temperature Junction temperature 

ELECTRICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

Symbol Parameter 

10<leak) Output leakage current 

V OH (l) "H" Output saturation voltage (1) 

VOH (2) "H" Output saturation voltage (2) 

VOL (l) "L" Output saturation voltage (1) 

VOL (2) "L" Output saturation voltage (2) 

IIH(1) "H" Input current (1) 

IIH(2) "H" Input current (2) 

Icc Supply current 

Test conditions 

Vcc=Vcc'=20V Vo=20V 

VI1=VI2=OV Vo=OV 

Vcc=Vcc'=12V 
VI1=2V 10H 11)=-200mA 

VI2=OV IOHI1)=-500mA 

Vcc=Vcc'=12V 
VI1=OV 10H (2)= -200mA 

VI2=2V 10H (2)= -500mA 

VI1=OV IOLlII=200mA 

Vcc=Vcc'=12V VI2=2V 

VI1=VI2=2V 
loLlII=500mA 

VI1=2V 10L (2)=200mA 

Vcc=Vcc'=12V VI2=OV 
IOL(2)=500mA 

VI1=VI2=2V 

Vcc=Vcc'=12V, VI1=2V, VI2=OV 

Vcc=Vcc'=12V, VI1=OV, VI2=2V 

VI1=2V, VI2=OV 

Vcc=Vcc'=16V 
VI1=OV, VI2=2V 

VI1=VI2=2V 

VI1=VI2=OV 

• MITSUBISHI 
;""ELECTRIC 

Ratings Unit 

-0.5-+16 V 

-0.5-+20 V 

-0.5-+16 V 

O-Vee V 

-0. 5-Vee'+2. 5 V 

±2 A 

±330 rnA 

±600 rnA 

1. 15 W 

-10-+75 "C 

-55-+125 "C 

Limits 
Unit 

Min Typ Max 

4 12 15 V 

±300 rnA 

2 Vee V 

0 0.4 V 

100 rns 

150 "C 

Limits 
Unit 

Min Typ Max 

100 

-100 
J1.A 

10,8 

10,7 
V 

10.8 

10.7 
V 

0.5 

1.35 V 

1.35 

0.5 

1. 35 V 

1.35 

50 120 J1.A 

50 120 J1.A 

20 

20 
rnA 

4 
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TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 

2sL2xJ.5mmitJ-
ALU~'NUM HEAT SINK 

"- V 
r-J 

r...... 
.......... 

V- FREE AIR 
/ 

r--~ r--

25 50 75 100 

AMBIENT TEMPERATURE Ta('C) 

Note 

When the Vee' is lower than the Vee. the current will flow from the Vee 

to the Vcc' and may drive the m,otor. 

The M54544AL may be recommended to have the wider control voltage 

range' of the Vcc . 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54543AL 

BI·DIRECTIONAL MOTOR DRIVER 

APPLICATION EXAMPLES 

1) Motor speed control by Vee and Vee' 

R2=30 
VB~~~~~----------~------__ -, 

C 
1 0-1001' F 

INPUT 2 0--+-----+--+--+--, 

o 

2) Motor speed control by the Vee' 

20 
Vcc o--r----r--------~'M;:,~::;:::;_I 

c + 
1-10"F 

INPUT 2 0-+------+---+---+-

M54543AL 
o 

3) Motor speed control by the Vee 

Vcc' o-~-----+---'VI/'v'-------, 

C 
1O-1001'F 

INPUT 2 o-I-----I--I--t-, 

INPUTI 

INPUTI 

o 
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DESCRIPTION 
The M54544L, BI-DIRECTIONAL MOTOR DRIVER, consists 

of a full bridge power driller designed for D-C motor control. 

FEATURES 
• Wide operating lIoltage range (Vcc= 4 -16V) 
• TTL, PMOS and CMOS compatible input 

• Low output saturation lIoltage 
• Integral diodes for transient suppression 

• I. ,2A output current 
• Braking mode input 

APPLICATION 
Audio, lIideo cassette recorders 

FUNCTION 
The M54544L, full bridge motor driller, has the logic circuitry 

and non-darlington power drillers for bidirectional control of 
D-C motors operating at currents up to 1. 2A. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drillers are usable for motor 
speed control. The power supply for the predriller is con

nected with the driller power supply to halle a wider control 
range of motor supply lIoltage. 

LOGIC TRUTH TABLE 
Input Output 

Note 
IN, IN, 0, 0, 

L L "OFF" "OFF" Open state state 

H L H L 0 
L H L H 0 
H H L L Braking 

CIRCUIT SCHEMATIC 

I 
I , 

I , 

I 
I 

I 
IN, 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54544L 

BI·DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY 1 IICOl 

DRIVER POWER SUPPLY 1 IIcc', 

OUTPUT 2 0, +--

INPUT 1 IN,-. 

GND 

INPUT 2 IN,-. 

OUTPUT 1 0, +--

DRIVER POWER SUPPLY2 Vcc', 

0, 

GND 

POWER SUPPLY2 Vcc, 

0, 

7 

Outline 9P9 

~-----~ 

• MITSUBISHI 
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MITSUIISHI IIPOLAR DIGITAL ICs. 

MS4544L 

II·DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM flATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Veell) Supply voltage (1 ) 

VCC (2) Supply voltage (2) With an external heat sink (3000mm'X I. 5mm) 

Vee Driver supply voltage 

V, Input voltage 

Va Output voltage 

101maX) Peak output current too=IOms: Repetitive cycle O. 2Hz max 

lOll) Continuous output current (1) 

10 (2) Continuous output current (2) With an external heat sink (3000mm'XI. 5mm) 

Pd Power Dissipation 
. 

Ta=75'C 

Topr Operating ambient temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Continuous output current 

V'H "H" Input voltage 

V'L "L" Input voltage 

te Motor braking interval 

ELECTRICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

Symbol Parameter 

10Oeak) Output leakage current 

V OH (1) "H" Output saturation voltage (1) 

V OH (2) "H" Output saturation voltage (2) 

VOLIl) "L" Output saturation voltage (I ) 

VOL (2) "L" Output saturation voltage (2) 

I'HIl) "H" Input current (1) 

IIH (2) "H" Input current (2) 

lee Supply current 

6-80 

Test conditions 

Vec=Vcc'=20V Vo=20V 

VI1=V"=OV Vo=OV 

Vec=Vec'=12V 
V,,=2V IOH(1)=-300mA 

v,,=OV 10H (1)= -500mA 

Vec=Vcc'=12V 
IOH(2)=-300mA 

V,,=2V 10H (2)= -500mA 

v,,=OV 10L(1)=300mA 

Vcc=Vcc'=12V V,,=2V 
10L (I )=500mA 

V,,=V,,=2V 

VI1=2V 10L (2)=300mA 

Vcc=Vcc'=12V V~=OV 
10L (2)=500mA 

VI1=V,,=2V 

Vcc=Vcc'=12V, VI1=2V, V,,=OV 

Vcc=Vcc'=12V, VI1=OV, V,,=2V 

VI1=2V, V,,=OV 

VI1=OV, V,,=2V 
Vcc=Vcc'=lSV 

V,,=V,,=2V 

v,,=v,,=OV 

• MITSUIISHI 
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Ratings Unit 

-0.5-+16 V 

-0.5-+20 V 

-0.5-+16 V 

O-Vee V 

-0. 5-Vee'+2. 5 V 

+1.2 A 

+330 mA c 

+600 mA 

1.15 W 

-10-+75 ·c 
-55-+125 'C 

limits 
Unit 

Min Typ Max 

4 12 15 V 

+300 mA 

2 Vee V 

a 0.4 V 

100 ms 

Limits 
Unit 

Min Typ Max 

100 
I'A 

-100 

10.8 

10.7 
V 

10.8 

10.7 
V 

0.5 

0.65 V 

0.65 

0,5 

0.65 V 

0.65 

70 200 I'A 

70 200 I'A 

30 

60 
mA 

0 



TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 
8 

I. 2sLxl'.5mJ)-
ALUMINUM HEAT SINK 

........... J 
V 

" 
......... 

V REE AIR 

/ 
r-~ I--

25 50 75 100 

AMBIENT TEMPERATURE Ta('C) 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54544L 

BI·DIRECTIONAL MOTOR DRIVER 

APPLICATION EXAMPLES 

1) Motor speed control by Vee and Vee' 

VB~~~--~--------~--------, 

c + 
10-100.uF 

INPUT 2 ~t----+---1-+---' 

M54544L 
o 

2) Motor speed control by the Vee' 

INPUT 2 cr-t-------f--f---+--, 

INPUT 1 

o 

INPUT 1 

• MITSUBISHI 
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DESCRIPTION 
The M54544AL, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 
• Wide operating voltage range (Vcc= 4 -16V) 
• TTL, PMOS and CMOS compatible input 
• Low output saturation voltage 
• Integral diodes for transient suppression 
• 1. 2A output current 
• Braking mode input 
• Internal thermal shutdown protection 

APPLICATION 
Audio, video cassette recorders 

FUNCTION 
The M54544AL, full bridge motor driver, has the logic circuit
ry and non-darlington power drivers for bidirectional control 
of D-C motors operating at currents up to 1. 2A. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. The power supply for the predriver is con
nected with the driver power supply to have a wider control 
range of motor supply voltage. 

LOGIC TRUTH TABLE 
Input Output 

Note 
IN, IN, 0, 0, 

L L "OFF" "OFF' Open state state 

H L H L 0 
L H L H 0 
H H L L Braking 

BLOCK DIAGRAM 

I 

I 
I 

I 
I 

I , 

I , 

L. ____ ---< 
IN, 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54544AL 

BI·DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY 1 Vee, 

DRIVER POWER SUPPLY 1 Vee', 

OUTPUT 2 0, +-

INPUTl IN, -> 

GND 

INPUT 2 IN, -> 

OUTPUT 1 0, +-

DRIVER POWER SUPPLY 2 Vee', 

POWER SUPPLY2 VeC2 

Outline 9P9 

VeC2 --@-l 

TJERMALI 
SHUTDOWN 

CONTROL 
CIRCUIT 

GND 

I 

I , 

j 
I 

I 
I 

I 
-----~ 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54544AL 

BI-DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

VCC(l) Supply voltage (1) 

V CC (2) Supply vollage (2) , W,lh an external heat Sink (3000mm'Xl.5mm) 

Vcc Dnver supply voltage 

V, Inpul vollage 

Vo Oulpul vo1lag e 

10lmax) Peak output current Repetitive cycle O. 2Hz max 

10 (1) Contmuous output current (1) 

10 (2) Continuous output current (2) Wilh an exlernal heal Sink (3000mm'X1.5mm) 

Pd Power DiSSipation Ta-75'C 

Topr Operating ambient temperature range 

TstQ Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply vollage 

10 Contmuous output current 

V ,H "H" Inpul vollage 

V ,L "L" Input vollage 

te Motor braking mterval 

T'lshul) Thermal shutdown temperature junction temperature 

ELECTRICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

Symbol Parameter 

1011eak) Output leakage current 

V OH (1) "H" Oulpul saturation voltage (1) 

VOH (2) "H" Oulpul saturation voltage (2) 

VOL(l) "L" Oulpul salurallOn vollage (1) 

V OL (2) "L" Outpul salurallOn voltage (2) 

IIH(1) "H" Input current (1) 

IIH (2) "H" Inpul current (2) 

Icc Supply current 

Test conditions 

Vcc=Vcc'=20V Vo=20V 

V,,=VI2=OV Vo=OV 

V,,=2V 10H 11I--200mA 
Vcc=Vcc'=l2V 

v,,=OV IOHli)=-500mA 

V,,=OV 10H 1,)=-200mA 
Vcc=Vcc'=12V 

VI2=2V 10H 12)=-500mA 

V,,=OV 10L II )=200mA 

Vcc=Vcc'=12V VI2=2V 

V,,=VI2=2V 
IOLiIl=500mA 

V,,=2V 10L 12)-200mA 

Vcc=Vcc'=12V V,,=OV 

V,,=V,,=2V 
10L (21=500mA 

Vcc=Vcc'=12V, V,,=2V, V,,=OV 

Vcc=Vcc'=12V, V,,=OV, V,,=2V 

V" =2V , V,,=OV 

Vcc=Vcc'=16V 
V,,=OV, V,,=2V 

V,,=V,,=2V 

v,,=V,,=OV 

• MITSUBISHI 
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Ralings Unit 

-O,5~+16 V 

-O,5~+20 V 

-0.5~+16 V 

O~Vcc V 

-0. 5~Vcc'+2. 5 V 

±2 A 

±330 rnA 

±600 rnA 

1. 15 W 

-10~+75 "C 
-55~+125 "C 

Limits 
Unil 

Min Typ Max 

4 12 15 V 

±300 rnA 

2 Vcc V 

a 0.4 V 

10 100 rns 

150 "C 

Limits 
Unit 

Min Typ Max 

100 

-100 
J-lA 

10.8 

10.7 
V 

10.8 

10.7 
V 

0.5 

1. 35 V 

1.35 

0.5 

1. 35 V 

1. 35 

50 120 J-lA 

50 120 J-lA 

15 

20 
mA 

4 
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TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

8 

c: 
UJ 
;:~. 
O~ 
0. X 6 

UJ '" (!) E 
;2 :;; 
~ ~ 4 
0. 0 
~;:: 
m< 
< ~ 
~ 1!l 2 
...J 0 
...J 
< 

o o 

POWER DISSIPATION 

-' 1 I. 
"I. 25cm' X 1. 5mm(t) 

ALUMINUM HEAT SINK 

.......... V 
t-J 

i'-,. 
........... 

/ FREE AIR 
/ 

r--~ t--

25 50 75 100 

AMBIENT TEMPERATURE TaCC) 

MITSUBISHI BIPOLAR DIGITAL ICs 

MS4544AL 

BI.DIRECTIONAL MOTOR DRIVER 

APPLICATION EXAMPLES 

1) Motor speed control by Vee and Vee' 

R,=30 

c + 
10-100",1= 

INPUT 2 0-+---+-+-+--, 

M54544AL 
o 

2) Motor speed control by the Vee' 

INPUT 2 o--f----f--+--+~ 

M54544AL 
o 

INPUT 1 

Vee, 

o 

INPUTl 

o 
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DESCRIPTION 
The M54545L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor <'ontrol. 

FEATURES 
• Wide operating voltage range (Vcc = 3 -16V) 
• Low output saturation voltage 
• Integral diodes for transient suppression 
• 1. 2A output current 
• Braking mode input 
• Low standby current 

APPLICATION 
Audio, video cassette recorder 

FUNCTION 
The M54545L, full bridge motor driver, has the logic circuitry 
and the quasi-darlington power driver for bidirectional con
trol of D-C motors operating at currents up to 1. 2A. A brak
ing mode by switching the both inputs high may make easier 
to control the motor. The power supplies for the logic circuit
ry, the pre drivers and the power drivers are separated so 
that the application circuit with the M54545L can be easily 
optimized for lower power consumption. 

LOGIC TRUTH TABLE 

Input Output 
Note 

IN, IN, 0, 0, I. 

L L "OFF" "OFF" H Off state state 

H L H L H 0 
L H L H L 0 
H H L L H Braking 

CIRCUIT SCHEMATIC 

MITSUBISHI BIPOLAR DIGITAL les 

M54545L 

BI-DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

EXTERNAL DRIVER I. 

DRIVER POWER SUPPLY Vee' 

OUTPUT2 0, 

INPUTl IN, 

GND 

INPUT2 ,IN, 

OUTPUT 1 0, 

PRE DRIVER SUPPLY VR 

POWER SUPPLY Vee 

Outline 9P9 

IN, GND IN, 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DlelTAL ICs 

MS4S4SL 

BI·DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V R Predriver supply voltage 

Vee Driver supply voltage 

V, Input voltage 

Vo Output voltage 

'o<max) Peak output current top=10ms Vcc~SV: Repetitive cycle O.2Hz max 

10 Continuous output current 

Pd Power dissipation Ta=7S'C 

T oDr Operating ambient temperature range 

Tsto Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Continuous output current 

V'H "H" Input voltage 

V'L "L" Input voltage 

te Motor braking interval 

ELECTRICAL CHARACTERISTICS (T a=25'C, unless otherwise noted) 

Symbol Parameter 

10<leak) Output leakage current 

VOH(I) "H" Output saturation voltage (1) 

VOH (2) "H" Output saturation voltage (2) 

VOL(l) "L" Output saturation voltage (1) 

VOL (2) "L" Output saturation voltage (2) 

ItH (1) "H" Input current (1) 

IIH (2) "H" Input current (2) 

Icc Supply current 

Ie I. Output current 

6-86 

Test conditions 

Vcc=VR=Vcc'=16V Vo=16V 

V,,=V,,=OV Vo=OV 

Vcc=VR=Vcc'=12V V,,=3V, v,,=OV 

IOH=-200mA V,,=OV, V,,=3V 

Vcc=VR=Vcc'=12V V,,=OV, V,,=3V 

10L 11)=200mA V,,=3V, V,,=3V 

Vcc=VR=Vcc'=12V V,,=3V, V,,=OV 

10L (2)=200mA V,,=3V, V,,=3V 

VCC=VR=VCC' -12V V,,=3V, v,,=ov 

Vcc-VR- Vcc'-12V V,,-OV, V,,=3V 

V,,=OV, V,,=OV 

vcc=VR=Vcc'=12V V,,=3V, V,,=OV 

V,,=OV, V,,=3V 

Vcc=VR=Vcc'=12V, V,.=12V, V,,=OV, V,,=3V 

• MITSUBISHI 
"'ELECTRIC 

Ratings Unit 

-0.5-+16 V 

-0.5-+16 V 

-0.5-+16 V 

O-Vee V 

-0. 5-Vee'+2. 5 V 

±1.2 A 

±330 mA 

1.15 W 

-10-+75 'C 
-55-+125 ·C 

Limits 
Unit 

Min Typ Max 

3 12 15 V 

±200 mA 

3 Vee V 

0 0.4 V 

100 ms 

Limits 
Unit 

Min Typ Max 

100 

-100 
f.J.A 

10.8 V 

10.8 V 

0.4 V 

0.4 V 

700 f.J.A 

700 f.J.A 

5 

10 
mA 

1.0 15.0 mA 



TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 
8 

~cm2Jl. 5m~(t) 
ALU~INUM HEAT SINK 

I" ./ V 

"'~ 

"" 
I v--FREE AIR 

L 
-r--~ t--. 

25 50 75 100 

AMBIENT TEMPERATURE TaCe) 

2) Motor speed control by the VR and Vee 

2Cl 

C 

1-10tlF 

INPUT 20-+---+--+--+--, 

4) Motor speed control by the VR and Vee' 

vee' 

Vee o--~-----, 

c!+ 
1-10tlF i ,-_____ ~ ___ --1-0-,100tl~f+ ~ 

INPUT 1 
INPUT 2 <>-t-----t--t-------t-----, 

M54545L 
o o 

MITSUBISHI BIPOLAR DIGITAL ICs 

MS4S4SL 

BI·DIRECTIONAL MOTOR DRIVER 

APPLICATION EXAMPLES 

1) Motor speed control by Vee and Vee' 

3) Motor speed control by the Vee' 

Vee 

+ 
C 

l-lOtlF 

INPUT2 

M54545L 
o 

5) Motor speed control by the VR 

Vee 
0---.-----, 

C 
1-10tlF 

INPUT 20-4---+--+--+--, 

o 

20 

o 

20 

10-100tlF 
INPUT 1 
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DESCRIPTION 
The M54546L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D"C motor control. 

FEATURES 
• Wide operating voltage range (Vcc= 4 -16V) 
• TTL, PMOS and CMOS compatible input 
• Low output saturation voltage 
• Integral diodes for transient suppression 
• Small single-in-line packag,e 
• Braking mode input 

APPLICATION 
Audio, video cassette recorder 

FUNCTION 
The M54546L, full bridge motor driver, has the logic circuitry 
and non-darlington power drivers for bidirectional control of 
D-C motors operating at currents up to 700mA. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. The power supply of the predriver is con
nected with the driver power supply to have a wider control 
range of motor supply voltage. 

LOGIC TRUTH TABLE 
INPUT OUTPUT 

NOTE 
IN, IN, 0, 02 

L L ·OFF" "OFF" Open state state 

H L H L 0 
L H L H 0 
H H L L Braking 

CIRCUIT SCHEMATIC 

MITSUIISHI IIPOLAR DIGITAL ICs 

M54546L 

II·DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY2 VCC2 

DRIVER POWER· SUPPLY 2 VCC'2 

OUTPUT' 0, +-

INPUT2 
s:: 

GND ~ 
~ 

GND 
en 
r 

INPUTl IN, --+ 

OUTPUT 2 02 +-

DRIVER POWER SUPPLY' Veo'l 

POWER SUPPLY' Vee, 0 
Outline lOPS 

Vee! 

, 

I , 

I , 

I , 

_____ J 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54546L 

BI-DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply vollage 

Vcc Driver supply voltage 

V, Inpul vollage 

Vo Oulpul vollag e 

lo<rnax) Peak output current top=lOms Repelilive cycle O.2Hz max 

10 Continuous output current 

Pd Powl'r dissipallon T a=75"C 

T oDr Operating ambient temperature range 

Tsla Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25'C, unless olherwise noted) 

Symbol Parameter Conditions 

Vcc Supply vollage 

10 Continuous output current 

V ,H "H" Inpul vollage 

V'c "L" Inpul voltage 

Ie Motor brakmg mterval 

ELECTRICAL CHARACTERISTICS (Ta=25'C, unless olherwise noled) 

Symbol Parameter 

lo<leak) Output leakage current 

VOH (1) "H" Oulpul saluralion vollage (1) 

VOH (2) "H" Output saturation voltage (2) 

VOLlO '''L'' Outpul saluralion voltage (I) 

VO L(2) "L" Oulpul saluralion vollage (2) 

IIH(l) "H" Inpul currenl (I) 

IIH (2) "H" Inpul currenl (2) 

Icc Supply currenl 

Test conditions 

Vcc=Vcc'=20V Vo=20V 

Vll=VI2=2V Vo=OV 

Vcc=Vcc'=12V 
VI1-2V IOH /1,= -50mA 

v,i=OV 10H 1,=-lOOmA 

Vcc=Vcc'=12V 
VI1-0V IOH 12'= -50mA 

V,,=2V IOH 121- -1 OOmA 

VI1=OV lOLl =50mA 

Vcc=Vcc'=12V V,,=2V 
10L I =IOOmA 

V11=VI2=2V 

.V,,=2V 10L 2=50mA 

Vcc=Vcc'=12V V,,=OV 
loL 2=lOOmA 

VI1=VI2=2V 

Vcc-Vcc'-12V, VI1-2V, V,,-OV 

Vcc-Vcc'-12V, VI1-0V, V,,-2V 

V,,=2V, V,,=OV 

Vcc=Vcc'=16V 
VI1=OV, V,,=2V 

VI1=VI2=2V 

VI1=VI2=OV 

• MITSUBISHI 
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Ratings Unit 

-0.5-+16 V 

-0,5-+16 V 

O-Vcc V 

-0. 5-Vcc·+2. 5 V 

±700 rnA 

±150 rnA 

600 rnW 

-10-+75 ·c 
-55-+125 ·c 

Llm.ts I 
Unil 

Min Typ Max 

4 12 15 V 

±300 rnA 

2 Vce V 

0 0.4 V 

100 rns 

limits 
Unit 

Min Typ Max 

100 

-100 
/lA 

11.0 

10.9 
V 

11. 0 

10.9 
V 

0.3 

0.35 V 

0.35 

0.3 

0.35 V 

0.35 

70 200 .~ 
70 200 J.'A 

30 

60 
rnA 

.-

0 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54546L 

~ BI·DIRECTIONAL MOTOR DRIVER 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE \ 

POWER DISSIPATION 

1.6 

ffi 1.4 
:=~ 

!(~ 1. 2 
UJ 1il 

0 ~ ~ 1. 
011. 
<z 0.8 
11.0 

~ ~ 0.6 
alQ. 
<iii 
~~ 0.4 

;;! 0.2 

o o 

............ 
......... 

r'---!'-...... 

25 50 75 

AMBIENT TEMPERATURE Ta(''(;) 

APPLICATION EXAMPLES 

100 

1) Motor speed control by Vee and Vee' 

VBo---~~~~----------~~----------~ 
R,,=30 

c + 
10-100,uF 

.-----il M IJ------, 

INPUT 2 o---+_----r--+--+_ ....... ...---+---I---f----<>INPUTl 

o 
M54546L 

2) Motor speed control by the Vee' 

6-90 

20 
Vooo-~~---.---------------------------. 

c + 
1-10,uF 

INPUT 20--+--+--11--+---, 

M54546L 

• MITSUBISHI 
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...---+-t---+--OINPUT 1 
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MITSUBISHI BIPOLAR DIGITAL les 

M54547P 

BI·DIRECTIONAL MOTOR DRIVER WITH OP AMP AND TRANSISTOR ARRAY 

DESCRIPTION 
The M54547P, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver and dual general purpose NPN 
darlington pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 600mA output current 
• Braking mode input 
• Integral operational amplifier at direction control input 
• Output transient suppression 

APPLICATION 
Audio, video cassette recorder 

{ 
IN.+-- 1 

ANALOG 
INPUTS IN.- __ 2 

ANALOG 
OUTPUT 

INPUTS { 
IN1--

GND1 

ANALOG 
SWCTCH 

INPUT 

OUTPUT 1 

VeGl 
POWER 

SUPPLY 

VCC2 
DRIVER 

POWER 
SUPPLY 

OUTPUT 2 

TRANSISTOR 

FUNCTION 
TRANSISTOR { INT1 -- 7 

INPUTS 
INT2 -- 8 

10 -- On } 
9 __ OT2 OUTPUT 

The M54547P, full bridge motor driver, has the logic circuitry 
and darlington power drivers for bidirectional control of D-C 
motors operating at currents up to 600mA. The operational 
amplifier is connec.ted to the direction control input through 
an analog switch controlled by pin 15 input. By switching the 
INAs ihput high and the IN1 input low, the output of the 
amplifier appears at the output 01 so that the voltage across 
the bridge output is altered linearly by the amplifier input. 
The internal NPN darlington pairs are capable of sinking 
300mA and will withstand 20V in the OFF state. 

BLOCK DIAGRAM 

• MITSUBISHI 
"'ELECTRIC 

Outline 16p4 

16-pin molded plastic DIP 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54547P 

BI-DIRECTIONAL MOTOR DRIVER WITH OP AMP AND TRANSISTOR ARRAY 

LOGIC TRUTH TABLE 
Input Output 

Note 
INsw IN, IN2 0, 02 

L L L H H Braking 

L L H H L 0 
L H L L H 0 
L H H L L Braking 

H L L A* H Analog 0 
H L H A* L Analog 0 
H H L L H 0 
H H H L L Braking 

A' : The output voltage .s controiled by the amplifier output. 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C,unless otherwise noted) 

Symbol Parameter Conditions 

Vee l Supply voltage 

VCC2 Driver supply voltage 

V"V1AS Input voltage 

Va Output voltage 

lop Peak output current top=10ms: Repetitive cycle 0.21""1z max 

10 Continuous output current 

VCEO Collector-emitter applied voltage(trans.stor array) --
Ie Collector current(transistor array) 

V. Input voltage(Translstor array) 

Ta=25'(; 
Pd Power diSsipation 

Ta=60'C 

Topr Operating ambient temperature range 

TSLQ Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25'C, unless otherwise noted) 

Symbol 

Vee1 

10 

VIH 

VIL 

tB 

V IH 

VIL 

6-92 

Parameter 

Supply voltage 

Continuous output current 

Input voltage (motor driver) 

(IN" IN,. INAs ) 

Motor braking interval 

TranSistor array input voltage 

(INTl,INT2l 

Conditions 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

-0.5-+16 V 

-0.5-+16 V 

O-Vee V 

-0. 5-Vee2+2. 5V V 

±600 mA 
±150 mA 

20 V 

300 mA 
10 V 

1. 47 

1.06 
W 

-10-+60 "C 
-55-+125 ·c 

Limits 
Unit 

Min Typ Max 

4 12 15 V 

±100 mA 

3 Vee V 

0 0.6 V 

100 ms 

4 10 V 

0 0.6 V 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54547P 

BI.DIRECTIONAL MOTOR DRIVER WITH OP AMP AND TRANSISTOR ARRAY 

ELECTRICAL CHARACTERISTICS (Ta=25·C, unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

lo<leak) Output leakage current(O" 0,) 
VCC1=VCC2=16V Vo=OV 

VIN1=VIN2=V1AS=OV Vo=16V 

V OH "H"Output saturation voltage (0, , 0,) 
Vcc,=VcC2=12V V'N'=OV, V'N,=3V 

10.3 
10=-150mA V'N' =3V, V'N'=OV 

VOL "L"Output saturation voltage(01o 0,) 
VCC1=Vcc,=12V V'N'=OV, V'N,=3V 

10=150mA V'N' =3V, V'N'=OV 

I, Input current(1N" IN" INAs) VCC1=12V, V,=3V 

lo<leak) Output leakage current( OT1o od Vo=30V, V,=O. 6V 

Voe "L"Output saturation voltage V,=4V 
Ic=100mA 

Ic=200mA 

I, Input ClJrrent V,=4V 

Ao OP Amp open·loop·galn 40 

ICOl Supply current VCC1=12V, V'N,=V'N,=V'AS=3V 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

APPLICATION EXAMPLE 

a: 
w 

2.0 

~ 1. 5 
11.-

w! 
C) "0 

;2~ 
U 01.0 
O':~ 
WI1. 

fficn <C/) ;: c 0.5 
o 
...J 
...J 
< 

POWER DISSIPATION 

................. 

.......... 

25 50 60 75 

AMBIENT TEMPERATURE Ta(·C) 

100 

ANALOG INPUT 
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10k 

BIAS 

Limits 
Unit 

Typ Max 

±100 )J.A 

V 

1.2 V 

0.3 mA 
100 )J.A 
1.3 

1.5 
V 

0.8 mA 
dB 

6 mA 

Unit n 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4548L 

BI.DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 

DESCRIPTION 
The M54548L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for use in a D-C 
motor control circuit. The internal operational amplifier is 
capable for controlling the voltage across the bridge outputs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Wide operating voltage range 
• NMOS and CMOS compatible input 
• 1. 2A output current 
• Integral operational amplifier for output source voltage 
• Output transient suppression 
• Braking mode input 

APPLICATION 
Audio, video cassette recorder 

FUNCTION 
The M54548L, full bridge motor driver, has the logic circuitry 
and the quasi-darlington power driver for bidirectional con
trol of D-C motors operating at current up to 1. 2A. The in
puts, S" S2 and Sa, are capable to control the bridge output 
polarity and also to select the supply voltage of the predriver 
from the voltages drived by V" V2 or the output of the oper
ational amplifier. 

LOGIC TRUTH TABLE 
Input Output Dnver power 

Note 
8, 8, 8, 0, 0, supply, 

L L L ·OFF" "OFP' - 8TOP state state 

L L H H L OP AMP OUTPUT PLAY(+) 

OUTPUT' +-

GNO 0 
OUTPUT2+-

OUTPUT CONTROL -+ 
INPUT' 

OUTPUT c~~~~~~ -+ 
3: 

POWER SUPPLY en ..... 
en 

OP-AMP OUTPUT +- ..... 
CO 

OP-AMPINPUT(+)-+ IN(+) 8 
r 

OP-AMPINPUT(-)-+ IN(-) 9 

INPUTa-+ 

0 INPUT2-+ 

INPUT'-+ 

Outline 12P9 

L H L L H OP AMP OUTPUT PLAY(-) 

L FF( 2) 
12-pin molded plastic SIP 

H H H L 

H L L L H 

H L H H L 

H H L L H 

H H H L L 

BLOCK DIAGRAM 

6-94 

V, 

V, REW( 2) 

V, FF( 1 ) 

V, REW( 1) 

Vs BRAKING 

INPUT 3 INPUT 2 INPUT 1 
S, S, S, 

10 --~~----------

B IN(+) OP-AMP INPUT (+) 

r--1...---I...-......J.....L,~~_......J~~2==-+<9 IN(-) OP-AMP INPUT(-) 
\-----1 I- OP-AMP OUTPUT 

'---r--....,.---r----r.....Jt[-~ vee 

GND 0, 

OUTPUT 1 

-0- ----
0, Vee 

OUTPUT 2 POWER SUPPLY 

, • MITSUBISHI 
...... ELECTRIC 

OUTPUT CONTROL INPUT 1 

OUTPUT CONTROL INPUT 2 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54548L 

BI.DIRECTIONAL MOTOR DRIVER MITH MOTOR SPEED CONTROL 

ABSOLUTE MAXIMUM RATINGS (Ta =25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage With an external heat sink (3000mm'Xl, 5mm') 

V, Input voltage 
4 Pin, 5 Pin 

Va Output voltage 

10lmax) Peak output current top=10ms; Repetitive cycle O. 2Hz max 

10 1TI Continuous output current (1) 

10 (2) Continuous output current (2) With an external heat sink (3000mm'X1. 5mm') 

Pd Power dissipation Ta =75"C 

Topr Operating ambient temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (T a =25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Continuous output current 

V'H "H" Input voltage 

V'L "L" Input voltage 

ts Motor braking interval 

ELECTRICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

Symbol Parameter 

lo<ieak) Output leakage current 

VOH (l) "H" Output saturation voltage (1) 

VOH (2) "H" Output saturation voltage (2) 

V OL (l) "L" O~tput saturation voltage (1) 

VOL {2) "L" Output saturation voltage (2) 

I'H "H" Input current 

I" "L" Input current 

Icc Supply current 

A Op amp open-loop-gam 

Test conditions 

Vo=OV 
Vs,=OV 

Vcc=Vs=20V 
Vs,=OV 

Vo=14V 
V.,=OV 

Vcc=Vs=14V 

Vcc=16V 
VS1 =VS2=OV 

V'NI-)=OV 

V'NI+)=3V 
VS3=3V 

Vcc-16V 
VS,=VS3=OV 

V'NI-)=OV 

V'NI+)=3V 
Vs,=3V 

Vcc=16V 
VS1=VS3=OV 

V'NI-)=OV 

V'NI+)=3V 
Vs,=3V 

Vcc=16V 
Vs,=Vs,=OV 

V'NI-)=OV 

V'NI+)=3V 
VS3=3V 

Vcc-16V, V,s-3V (5" 5" 53) 

Vcc=16V, V,s=OV (5" 5" 53) 

Vcc=16V, Vs,=Vs,=V.,=3V 

• MITSUBISHI 
.... ELECTRIC 

IOH=-200mA 

IOH=-500mA 

IOH=-200mA 

IOH=-500mA 

IOL=200mA 

IOL=500mA 

IOL=200mA 

IOL=500mA 

Ratings Unit 

-0.5-+18 V 

-0.5-+140r Vee 

-0.5-Vee 
V 

-0. 5-Vee+2. 5 V 

±1.2 A 

±300 mA 

±600 mA 

1.2 W 

-10-+75 'c 
-55-+125 'C 

Limits 
Unit 

Min Typ Max 

4 12 16 V 

±200 mA 

3 V 

1 V 

100 rns 

Limits 
Unit 

Min Typ Max 

-100 

f.'A 

+100 

13 
V 

12.8 

13 
V 

12.8 

0.5 
V 

1.4 

0.5 
V 

1.4 

10 f.'A 

-20 f.'A 

25 mA 

50 dB 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54548L 

BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 

I I I 
! 25cm2X 1.5mm{t) 

ALUMINUM HEAT SINK 

."" / 
./ 

""'-
........... 

r- FREE AIR 

r--~ -
o 
o 25 50 75 100 

AMBIENT TEMPERATURE T aCe) 

APPLICATION EXAMPLE 

20k 10k 

6-96 

INPUT 0--------, 

00""0"""' {:=::;-] F- !rio. 
"1~2'1~1~1~O-+9-+8-+7-+6~5~4~3~2r-~1~ 

S, S2 S, IN IN Vs Vee V, V, 0, GND 0, 
(-)(+) 

10k 

M54548L 

• MITSUBISHI 
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10k 

12V + F 10-100,uF 

Unit 0 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54549L 

DUAL BI·DIRECTIONAL MOTOR DRIVER WITH THERMAL SHUT DOWN FUNCTION 

DESCRIPTION 
The M54549L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of the two full bridge power designed for use in are two D
C motors control circuit. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Two separated full bridge driver (only one circuit can 

be switched by the SE input) 
• Wide operating voltage range (Vcc=4-16V) 
• TTL, PMOS, CMOS outputs, capable of direct drive 
• Low output saturation voltage 
• Built-in clamp diode 
• Large output drive current (lo(max)=±2A) 
• Braking mode input 
• Internal thermal shutdown protection 

APPLICATION 
• Audio tape-deck player, radio/cassette player 

• VTR 
• Home-use equipment 

FUNCTION 
The M54549L, two-full bridge motor driver, has the logic 
circuitry and the darlington power driver for bi-directional 
control of two D-C motors operating at current up to 2.0A. 
The input SE selects one of the bridges and S" S2 deter
mine the output polarity. 

BLOCK DIAGRAM 

8 E 8, 

OUTPUT, 

POWER SUPPLY, 

DRIVER POWER 
SUPPLY, 

OUTPUT 2 

0 1 - 1 
VCC1 

Vee '1 

GND 

03 - 9 

VCC'2 

VCC2 

Outline 12P9 

LOGIC TRUTH TABLE 
Input Output 

SE S, S2 0, O 2 0 3 A. 
0 0 0 OFF OFF OFF OFF 

0 1 0 1 0 OFF OFF 

0 0 1 0 1 OFF OFF 

0 1 1 0 0 OFF OFF 

1 0 0 OFF OFF OFF OFF 

1 1 0 OFF OFF 1 0 

1 0 1 OFF OFF 0 1 
1 1 1 OFF OFF 0 0 

VCC2 0 3 04 Vee 2 

1t-----t--+--+--
9 

---l 

--..",8 -------

8, 
5 

GND 

• MITSUBISHI 
"-ELECTRIC 

Note 

Output 0,. 0, Outpul 03• 0, 

OPen Open 

0 Open 

0 Open 

Brakmg Open 

Open Open 

Open 0 
Open 0 
Open Braking 
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MITsUBlsHI BIPOLAR DIGITAL ICs 

M54549L 

DUAL BI-DIRECTIONAL MOTOR DRJVER WITH THERMAL SHUT DOWN FUNCTION 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

V ee(1) Supply voltage (I ) -0.5-+18 V 

VCC (2) Supply voltage (2) With an external sink (3000mm'X1. Smm) -0.5-+18 V 

Vee' Driver supply voltage -0.5-+18 V 

V, Input voltage O-Vee V 

Va Output voltage -2-Vee+2.5 V 

lotmax) Peak output current top=IOms, retitive cycle 0.2Hz max +2.0 A 

10(1) Continuous output current (I ) ±330 mA 

lo(2) Continuous output current (2) With an external sink (3000mm'Xl. Smm) ±600 mA 

Pd Power dissipation Ta-75 'C 1.20 W 
Topr Operating ambient temperature range -10-+75 °C 

Tstg Storage temperature range -55-+125 °C 

RECOMMNDED OPERATING CONDITIONS (Ta=2S"C, unless otherwise noted) 

Limits 
Symbol Parameter Conditions Unit 

Min Typ Max 

Vee Supply voltage 4 12 16 V 

10 Output current ±300 mA 

V'H "H" Input voltage Input S" S" S, 2 Vee V 

V'L "L': Input voltage Input 81. 82. SE 0 0.4 V 

ts Motor braking interval 10 100 ms 

tjtshut) Thermal shut down temperature Vee" 7V 150 °C 

ELCTRICAL CHARACTERISTICS (T a=2S"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

Vee=Vec'=18V Vo=18V 100 
lot leak) Output leakage VS1 =VS,=OV /.LA 

Vs,=OV or 2V Vo=OV -10 

IOHtll=-200mA 10.8 
V OH "H" output voltage Vcc=Vcc=12V V 

10Ht,) = -SOOmA 10.7 

IOL=200mA 0.5 
VOL "L" output voltage Vcc=Vcc'=12V V 

10LtIl=SOOmA 1.35 

I'H "H" Input current Vcc=Vcc'=12V, V,=2V 70 200 /.LA 

I'L "L" mput current Vcc=Vcc'=12V, V,=OV 70 200 /.LA 

Vs,=OV, VS1=VS'=OV 
10 

lee Supply current Vcc=Vcc=VCC'=12V Vs,=OV, VS1=VS2=OV mA 

I Vs,-OV, VS1 -0V, Vs,-2V 20 

6-98 " MITsUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54549L 

DUAL BI·DIRECTIONAL MOTOR DRIVER WITH THERMAL SHUT DOWN FUNCTION 

TYPICAL CHARACTERTICS 

8 

ALLOWABLE AVERGE 
POWER DISSIPATION 

II I 
25cm2Xl.5mm(t) 

/ ALUMINUM 
HEAT 8INK-

" j 
V 

~ , 
......... 
~ ./ 

r-- I-FREE AI R 

............ 

25 50 75 100 

AMBIENT TEMPERATURE Ta(t) 

APPLICATION EXAMPLE 

MOTOR DIRECTION 0-8, ____ , 
CONTROL INPUT 

8 2 
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DESCRIPTION 
The M54549AL, BI-DiRECTIONAL MOTOR DRIVER, con
sists of the two full bridge power designed for use in are 
two D-C motors control circuit. 

FEATURES 
• Two separated full-bridge drivers (only one circuit can 

be switched by the SE input) 

• Wide operating voltage range (Vcc=4-16V) 
• TTL, PMOS, CMOS outputs, capable of direct drive 
• Low output saturation voltage 
• Built-in clamp diode 
• Large drive current (lo(max)=±1. 2A) 

• Braking mode input 
• Internal thermal shutdown protection 

APPLICATION 
• Audio tape-deck player, radio cassette player 

• VTR 
• Home-use equipment 

FUNCTION 
The M54549AL, two-full bridge motor driver, has the logic 
circuitry and the darlington power driver for bi-directional 
control of two D-C motors operating at current up to 2.0A. 
The input SE selects one of the bridges and S" S2 deter
mine the output polarity. 

BLOCK DIAGRAM 
Vee1 ,---

I 

I 
I 

I 
I 

I 
I 

L---- 6 
SE S, 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54549AL 

BI·DIRECTIONAL MOTER DRIVER 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT' 0, - 1 

POWER SUPPLY 1 Vcc, 2 

DRIVE~~~p~;~ VCC'1 

OUIPUT2 O2 - 4 

GND GND 5 

INPUT SE 

INPUT 1 

INPUT 2 

OUTPUT 3 03 - 9 

DRIVE~J~p'f:'$~ VeC'2 10 

POWER SUPPLY 2 Vee2 

OUTPUT 4 

Outline 12P5 

LOGIC TRUTH TABLE 
Input Output Note 

Se S, S2 0, O2 0 3 0, Output 0" 02 Output 03, 0, 

0 0 0 OFF OFF OFF OFF OPen Open 

0 1 0 1 0 OFF OFF 0 Open 

0 0 1 0 1 OFF OFF 0 Open 

0 1 1 0 0 OFF OFF BrakIng Open 

1 0 . 0 OFF OFF OFF OFF Open Open 

1 1 0 OFF OFF 1 0 Open 0 
1 '0 1 OFF OFF 0 1 Open 0'-

1 1 1 OFF OFF 0 0 Open Braking 

VCC2 VCC'2 

--'1 
I 

I 
I 

I 
I 

I 

-~ 
s, GND 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54549AL 

BI·DIRECTIONAL MOTER DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Vee' Driver supply voltage 

V, Input voltage 

Va Output voltage 

loernax) Peak output current top=10ms, retitlve cycle O. 2Hz max 

10 (1) Continuous output current (1 ) 

Pd Power dissipation T a=75'C 

Topr Operating ambient temperature 

Tstg Storage temperature range 

RECOMMNDED OPERATING CONDITIONS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Output current 

VIH "H" input voltage 

V IL "L" input voltage 

te Motor braking interval 

tjeshutl Thermal shutdown temperature 

ELECTRICAL CHARACTERISTICS (Ta=25·C. unless otherwise noted) 

Symbol Parameter 

10Cieak) Output leakage current 

V OH "H" output saturation voltage 

VOL "L" output saturation voltage 

I'H "H" Input current 

Icel Supply current (1) 

Icc2 Supply current (2) 

Test conditions 

Vcc=Vcc'=18V 

VSI=VS2=O,4V, VSE=O,4V or 2V 

Vcc=Vcc'=12V 

Vcc=Vcc =1 2V 

Vcc=Vcc=12V, V,=2V 

Vcc=Vcc =12V 

Vcc=Vcc'=12V 

• MITSUBISHI 
;"ELECTRIC 

Vo=18V 

Vo=OV 

IOH(I)=-200mA 

IOH(I)=-500mA 

IOL=200mA 

IOLII )=500mA 

VSEQ=VS1=VS2=O.4V 

VSE=VS1 =O,4V, VS2=2V 

VSE=2V, VS1 =VS2-O. 4V 

VSE=VS1 =2V, VS2=2V 

Ratings Unit 

-0.5-+18 V 

-0.5-+18 V, 

O-Vee V 

-2-Vee+2.5 V 

±1.2 A 

±330 rnA 

830 rnW 

-20-+75 'c 
-55-+125 ·C 

limits 
Unit 

Min Typ Max 

4 12 16 V 

±300 rnA 

2 Vee V 

0 0.4 V 

100 rns 

150 ·c 

Limits 
Unit 

Min Typ Max 

100 

-100 
/1A 

10.8 
V 

10.7 

0.5 

1. 35 
V 

50 120 /1A 

10 

20 
rnA 

10 

20 
rnA 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54549AL 

BI·DIRECTIONAL MOTOR DRIVER 

TYPICAL CHARACTERTICS 
ALLOWABLE AVERGE 
POWER DISSIPATION 

1.6 

! 1.4 

w ~ 
Cl E 1. 2 
~'6 
~ "- 1.0 
"-z 
~ g 0.8 
m< 
<"-;: en 0.6 
o!!l 
jO 
< ffi 0.4 

~ 0.2 
"-

" 

25 

......... 
~ 

"" 
50 75 100 

AMBIENT TEMPERATURE Ta(''C) 

APPLICATION EXAMPLE 
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5, 

INPUT 1 
0-----, 

5. MOTOR SELECT 
.----0 INPUT 

52 

r--+-+-r-r-+-~~r--W~~+~VB 

r1111--;::+::t-+--I---~ 10-100~F 

M54549AL 
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DESCRIPTION 
The M54641 L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor con
trol. 

FEATURES 
• Wide operating voltage range (Vcc=4-10V, Vcc'cmax) 

=20V) 

• Low output saturation voltage in continuos' output motor 
circuit (High voltage between motors) 

• Built-in clamp diode 
• Output voltage control pin (Vz) 
• Internal thermal shutdown protector (TjCshut)=120'C TyP ) 

APPLICATION 
• AudiO tape deck, radio cassette player, VTR 

FUNCTION 
The M54641 L, full bridge motor driver, has the logic circuit
ry and darlington-per power drivers for bidirectional control 
of D-C motors operating at currents up to SOOmA. 
The power supplies for the logic circuitry and the drivers 
are separated so that the applied voltage to the motor can 
be controlled by the Vz or Vcc' of the driver power supply 

voltag,e. 

BLOCK DIAGRAM 

INPUT CURRENT 1 I, 3 

POWER SUPPLY 

Vee 

t--------1...J 

MITSUBISHI BIPOLAR DIGITAL ICs 

MS4641L 

BI-DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER su PPL Y Vee 

OUTPUT 2 0,-
INPUT 1 IN, .... 

s::: 
GND C1I .,. 

OUTPUT VOLTAGE 0> 
CONTROL PIt< Vz ~ 

OUTPUT 2 0,- r 

INPUT 2 IN2 -

DRIVER POWER SUPPLY Vee' 

Outline 8P5 

LOGIC TRUTH TABLE 
Input 

IN, IN2 0, 

L 

H 

L 

H 

L "OFF" 
state 

L 

H 

H 

DRIVER POWER SUPPLY 

Vee 

H 

L 

L 

Output 

O2 
"OFF" 
state 

L 

H 

L 

Note 

Open 

Clockwise 

Anti-clockwise 

Braking 

r ----t-----{ 5 V OUTPUT VOLTAGE 
z CONTROL PIN 

>--+------{ 2 O,OUTPUT2 
o f- 1---+--1 
0:5 

INPUT CURRENT 2 I, 6 

~a? 
86 

t------J 1----1 

GND 

• NIITSUBISHI 
I!fi'tiA ELECTRIC 

>----~--{ 7 0, OUTPUT 1 
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MITSUBISHI BIPOLAR 'DIGITAL ICs 

M54641L 

BI-DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25t, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Vee' Driver power supply 

V, Input voltage 

Vo Output voltage 

lo(max) Peak output current 
top=lOms 

top=lOms . repetitive cycle O. 2Hz max 

10 Continuous output current 

Pd Power dissipation Ta=60"C 

Tj Junction temperature 

Topr Operating ambient temperature 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25'C, unless ~therwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Output current 

Y'N "H" Input voltage 

V ,L "L" Input voltage 

ts Motor braking interval 

Ts Thermal shutdown protector operating temperature (Junction temperature) 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=5V, unless otherwise noted) 

Symbol Parameter 

10(leak) Output lekage current 

VOH "H" output voltage 

VOL "L" output voltage 

V01~02 Votage between outpul!!) and oulpul(2) (vollage between molars) 

I, Input current 

Icc Supply current 

6-104 

Test conditions 

Vcc=20V 

Vz . open 

Vcc=12V 

Vz. open 

Vcc·=12V 

Vz open 

Vcc·=12V 

Vz=7V 

Vcc·=12V ~ V,=5V 

Vcc=lOV 

Vcc·=12V 

• MITSUBISHI 
...... ELECTRIC 

Vo=20V 

Vo=OV 

IOH=-50mA 

IOH=-lOOmA 

IOH=50mA 

IOH=lOOmA 

lo=±lOOmA 

Outpulopen 

"OFF" slale 

Clockwise or anti-clockwise 

Braking 

Ratings Unit 

-0.5-+12 V 

-0.5-+20 V 

O-Vee V 

-0. 5-Vee+2. 5 V 

±800 mA 

±150 mA 

570 mW 

100 "C 
-10-+60 "C 
-55-+125 'c 

limits 
Unit 

Min Typ Max 

4 5 10 V 

±100 mA 

3.0 Vee V 

0 0.6 V 

10 100 ms 

100 120 'C 

Limits 
Unit 

Min Typ Max 

100 

-100 
J1A 

10.2 10.5 
V 

10.0 10.4 

0.1 0.3 
V 

0.2 0.4 

6.3 7.0 7.7 V 

roo 180 

240 380 
J1A 

1.2 3.0 

4.5 8.0 mA 

7.5 12.0 



INPUT/OUTPUT CIRCUIT 
INPUT 

lK 15K 
INPUT O-Wv-lM-'Wv---.--{ 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 
POWER DISSIPATION 

t=20sec \ 
"-\ 

t=oo "- \-t=10sec 

.'" \ 
"-'-

25 50 60 75 

AMBIENT TEMPERATURE Ta('C) 

APPLICATION EXAMPLE 

100 

20 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54641L 

BI·DIRECTIONAL MOTOR DRIVER 

OUTPUT 

Notel: Mounted on an epoxy PC board with Cu cover on 
one side (5cmX5cmXO. 8mmt) 

2 : t· time for power application 

30 

INI o==:=t=t=--t===;==i=!:jt!:::j IN2o----+-+_---, 

M54641L 
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DESCRIPTION 
The M54642L is a semiconductor integrated circuit, cap
able of directly driving bi-directional micro motor. 

FEATURES 
• Wide operating voltage range (Vcc=4-10V, Vcc·(max) 

=20V) 

• Low output saturation voltage in continuous output motor 
circuit (High voltage between motors) 

• Built-in clamp diode 
• Output voltage control pin (Vz) 
• Internal thermal shutdown protector (Tj(Shut) = 120'C TYP) 

• Additional interrupt input 11', 12' 

APPLICATION 
• Audio tape deck, radio cassette player, VTR 

FUNCTION 
The M54642L is a driver for bi-directional micro motor. The 
input pin has inputs 11 and 12 which are identical to those in
puts of the M54641 L and interrupt inputs of 1/ and 12'. The 
11 functions to the 11' and the 12, to the 12'. The 11' and the 12', 
if they are "H", operate just like the 11 and the 12 input sig
nals in the M54641 L. If the "H" signal is input to the input 
pin 11, and the "L" signal is input to, the input pin 12, output 
0 1 is "H" and output O2 is "L". If a motor is connected be
tween the output pins of 0 1 and O2, the output power supp
ly is current source and the O2 is current sink and the motor 
is driven. If the reverse signals are input to the 11, 12, the 0 1 
becomes "L" and the O2 becomes "H", then the motor is 
driven backward. But, if the 11 and the 12 are both "H", and 
the 0 1 and the O2 are "L", then the motor is quickly halted. 
(Braking mode input) 
The interrupt input 11' and 12' are "L" active inputs and, 
when the 11 is "H" and 12 is "L", the motor is driven, but, if 
the 12' is "L", then the outputs 0 1 and the O2 are both "L" 
and becomes brake mode. 
The speed of motor becomes constant if a zener diode of a 
certain voltage is added to the Vz pin, because the output 
"H" voltage never exceeds this zener voltage. If the Vz pin 
is connected to the driver power supply Vcc', the speed of 
motor can be changed by changing the Vcc'. 
The peak output current is lop (max) = aOOmA, and con
tinuous output current is 10(max)=150mA. 
Threshold temperature of the internal thermal shutdown 
protector is min 100'C, and the drive current must be set so 
that the thermal shutdown protector will not operate. 

MITSUBISHI BIPOLAR DIGITAL ICs 

MS4642L 

BI-DIRECTIONAL MOTOR DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER SUPPLY Vcc 

OUTPUT 2 O2 -

INPUT CURRENT 1 ','-+ 
INPUT CORRENT 1 1,-

s::: 
GND GND 01 .,.. 

OUTPUT VOL TAGH en 
Vz 

.,.. 
CONTROL PIN I\J .. 

INPUT CURRENT 2 12 -

I NPUT CURRENT 2 12'-

OUTPUT 1 01 -

ORIVER POWER SUPPLY Vcc 

Outline 10P5 

LOGIC TRUTH TABLE 
Input Output 

Note 
I, I( 12 I, 0, O2 

L H L H "OFF" "OFF" Open state state 

L L L H H L Clockwise 

L H L L L H Anti-clockwise 

L L L L L L Braking 

H H L H H L Clockwise 

H L L H H L Clockwise 

H H L L L L Brakmg 

L H H H L H Ahti-clockwise 

L H H L L H Anti-clockwise 

L L H H L L Braking 

H * H * L L Braking 

* : Irrelevant 
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BLOCK DIAGRAM 

INPUT CURRENT 1 

INPUT CURRENT2 

POWER SUPPLY 
Vee 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54642L 

BI·DIRECTIONAL MOTOR DRIVER 

DRIVER POWER RUPPL Y 
Vee' 

10 -I 

c5 !:: 1----t--1 
~t------{ 2 0, OUTPUT 2 

a::;:) 
f-() 
Za: 

85 
1----\ 

I 

~ 0,OUTPUT1 

L---R-------J 
GND 

INPUT/OUTPUT CIRCUIT 
INPUT 

,,,{ 20K 

1K 

IN 

.----.----r-( 1 Vee 

15K 

20K 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4642L 

BI.DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RAINGS (Ta=2S·C. unless otherwise noted) 

Symbol Parameter Conditions Ratings Unil 

Vee Supply vollage -0.5-+12 V 

VeO' Driver power supply -0.5-+20 V 

V, Input voltage O-Vee V 

Vo Oulput vollage -0.5-Vee+2.5 V 

lo<max) Peak output current 
10p-lOms 

±800 mA 
10p=IOms: repetitive cycle O. 2Hz max 

10 Continuous output current ±150 mA 

Pd Power dissipation Ta=60'C 570 mW 

Tj Junction temperature 100 ·C 

Topr Operating ambient temperature -10-+60 ·C 

Tstg Storage temperature range -55-+125 t 

RECOMMENDED OPERATING CONDITIONS (Ta=2S·C. unless otherwise noted) 

Symbol 
Limits 

Parameter Conditions Unit 
Min Typ Max 

Vee Supply voltage 4 5 10 V 

10 Output current ±100 mA 

V ,H "H" input volta.ge 11• 12 input pins 3.0 Vee V 

V"H "H" Input voltage I" 12 input pins Vec-O•S Vee V 

V ,L "L" Input voltage 11, b input pins 0 0.6 V 

V"L "L" inpul voltage 11, 12 input pins 0 Vce-3.6 V 

Is Motor braking Interval 10 100 ms 

Ts Thermal shutdown protector operating temperatlJre (JunctIOn temperature) 100 120 ·C 

ELECTRICAL CHARACTERISTICS (Ta=2S'C. Vcc=sv. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unil 

Min Typ Max 

Vcc=20V Vo=20V 100 
10<leak) Oulpullekage currenl 

Vo=OV -100 
/-lA 

Vz. open 

Vec=12V IOH=-50mA 10.2 10.5 
V OH "H" oulpul voltage V 

Vz' open IOH=-100mA 10.0 10.4 

Vcc,=12V IOH=50mA 0.1 0.3 
VOL "L" output vollage V 

Vz' open IOH=100mA 0.2 0.4 

V 01 - 02 Vollage between oulput III and outpul(2) (vollage between motors) 
VCC'=12V 

lo=±100mA 
Vz=7V 

6.3 7.0 7.7 V 

V,=3V, V,'=4.5V 100 180 
I, Input current Vcc,=12V 

V,=5V, V,'=4.5V 
Output open 

240 380 
/-lA 

I,' 
V,=O.4V, V;=4.5V -200 -250 

Input current VcC'=12V 
V;=1.4V, V,=O.6V 

Oulpulopen 
-145 -190 

/-lA 
-

"OFF" slale 1.2 3.0 

Icc Supply currenl 
Vcc=10V 

Clockwise or anti-clockwise 4.5 8.0 mA 
VcC'=12V 

Braking 7.5 12.0 

6-108 • MITSUBISHI 
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TYPICAL CHARACTERISTICS 

z 
o~ 

f=~ 
~ ~ 1.4 
gJ .5 
o(f1.2 
II: 
UJ 1.0 

~ 
UJ 

~ 
~ 
UJ 
...J 
In 

~ o 
...J 
...J ..: 

O.S 

0.6 

0.4 

0.2 

o 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

t=20sec _\ 
'\.\ 

t=oo '\ \-t-l0sec 

'" '\ 
'\ 

" 

25 50 60 75 

AMBIENT TEMPERATURE T aCC) 

APPLICATION EXAMPLE 

100 

211 

MITSUBISHI BIPOLAR DIGITAL ICs 

MS4642L 

BI·DIRECTIONAL MOTOR DRIVER 

Notel: Mounted on an epoxy PC board with Cu cover on 
one side (5crnX5crnXO. Smml) 

2 : I: lime for power application 

311 

M54642L 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54648L 

BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 

DESCRIPTION 
The M54648L isa semiconductor integrated circuit, cap

able of directly driving bi-directional micro motor, with a 
built in speed control circuit. 

FEATURES 
• Wide operating voltage range (Vcc=4-18V) 

• NMOS, CMOS IC output for direct drive 

• Large drive current (lo(max)=±3.0A) 
• Built-in operational amplifier for "H" output voltage 

control 

• Built-in clamp diode 

• Braking mode input 

APPLICATION 
• Audio tape deck player, radio cassette player 

• VTR 
• Home use equipment 

FUNCTION 
The M54648L consists of a decoder, operational amplifier 
and bi-directional motor driver. 
The output polarity shown in the logic truth table can be 

selected by inputs. S" S2, and S3, and the supply voltage of 
the predriver can also be selected from the voltages driven 

by V" V2 or the output of the operational amplifier for the 
variable speed of motor. The motor driver has darlington 

output, capable of driving peak output voltage of loP(max)= 
3.0A. 

The internal thermal shutdown circuit protects the IC from 
thermal destruction due to blocking of motor, etc. 

BLOCK DIAGRAM INPUT 3 INPUT 2 
83 8, 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT' 

GND GND 

OUTPUT 2 

OUTPUT CONTROL INPUT' 

OUTPUT CONTROL INPUT 2 

POWER SUPPLY Vee 

OP AMP OUTPUT Vs"- 7 

OPAMPINPUT(+)IN(+)_ 8 

OPAMP INPUT(-) IN( -) - 9 

INPUT 3 

INPUT 2 

INPUT' 

o 

o 

Outline 12P9 

LOGIC TRUTH TABLE 
Input O"tput Driver power 

8, 8, 83 0, 0, supply (Vee) 

L L L "OFF"' "OFF" -state state 

L L H H L OP AMP OUTPUT 

L H L L H OP AMP OUTPUT 

L H H H L V, 

H L L L H V, 

H L H H L V, 

H H L L H V, 

H H H L L Vs 

Note 

STOP 

PLAY(+) 

PLAY(-) 

FF(2) 

REW(2) 

FF(l) 

REW(l) 

BRAKE 

8 IN(+) OPAMP INPUT(+) 

9 IN( -) OP AMP INPUT( -) 

~=-____ ~====~--ti7 VsOPAMPOUTPUT. 

4 .J, ?~;G~i CONTROL 

GND 0, 
OUTPUT 1 

0, Vee 

6-110 

OUTPUT 2 POWER 8UPPL Y 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4648L 

BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage With an external heat sink (3000mm'X1.5mmt) 

V, Input voltage 
4Pin,5Pin 

Inputs pin other than the above 

Vo Output voltage 

10lrna)o Peak output current top=10ms ; repetive cycle O. 2Hz max 

10 (1) Continuous output current (1) 

10 (2) Conlinuous output current (2) With an external hbat sink (3000mm'X1. 5mmt) 

Pd Power dissipation Ta=75"C 

Topr Operating ambient temperature 

Tstg Storge temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Output current 

V ,H "H" mput voltage 

V'L "L" Input voltage 

tB Moter braking interval 

tj(shut) Thermal shutdown temperature 

ELECTRICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

Symbol Parameter 

lolleak) Output leakage current 

VOH (1) "H" output voltage 

VOH (2) "H" output voltage (2) 

V O L(1) L "L" output voltage (1) 

VOL(2) "L" output voltage (2) 

I'H "H" input current 

I'L "L" Inp~t current 

lee SupplY'current 

A Op amp open·loop-gam 

Test conditions 

Vo=OV 
Vs,=OV 

Ss,=OV 
Vcc=Vs=20V 

Vo=14V 
VS3=OV 

Vcc=Vs=14V 

Vcc=16V 
Vs,=Vs,=OV 

V'NI-)=OV 

V'NI+)=3V 
VS3=3V 

Vcc=16V 
VS1=VS3=OV 

V'NI-)=OV 

V'NI+)=3V 
VS2=3V 

Vcc=16V 
VS1=VS3=OV 

V'NI-)=OV 

V'NI+)=3V 
VS2=3V 

Vcc=16V 
Vs,=Vs,=OV 

V'NI-)=OV 

V'N(+1=3V 
VS3=3V 

Vcc=16V, v,s=3v(s" 52, 53) 

Vcc=16V, V,s=OV(S" 5" 53) 

Vcc=16V, Vs,=Vs,=Vs3=3V 

• MITSUBISHI 
.... ELECTRIC 

IOH=-200mA 

IOH=-500mA 

IOH=-200mA 

IOH=-500mA 

lo,=200mA 

IOL=500mA 

IOL=200mA 

lo,=500mA 

Rallngs Unit 

-0.5-+20 V 

-0,,5-+14 or Vee 

-0.5-V ee 
V 

-2" 0-Vee+2" 5 V 

+3.0 A 

+300 rnA 

±800 rnA 

1.1 W 

-10-+75 "c 
-55-+.125 "C 

Limits 
Unit 

Min Typ Max 

4 12 18 V 

±300 rnA 

3 Vee V 

0 1 V 

100 ms 

125 150 "c 

limits 
Unit 

Min Typ Max 

-100 

pA 

+100 

13 
V 

12.8 

13 
V 

12.8 

1.1 
V 

1.2 

1.1 
V 

1.2 

10 pA 

-20 pA 

30 mA 

50 dB 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4648L 

BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 

TYPICAL CHARACTERISTICS 

12 

! 
>< 10 

~ § 
~ 0:' 8.~ 
~z 
a.o 
~i= 
CIlCf. 

~~ go 
...Ja: 
« ~ 2.2 

o 2 
a. 

o 
o 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

,1 
~ ~ 

.............. ~ 
~ r---

25 50 75 

AMBIENT TEMPERATURE T a('e) 

1) WITH HEAT SINK OF INFINITE SIZE 

100 

2) 25cm'Xl. 5mmt ALUMINUM HEAT SINK 

3) FREE AIR 

APPLICATION EXAMPLE 

6-112 

SERVO INPUT 

CONTROL INPUT{ 

o-~ 
12 11 
S, S, 

10k 

F 
1--' 

10 9 8 7 6 5 4 

S, IN IN Vs Vee V, V, 
(-)(+) 

M54548L 

• MITSUBISHI 
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20k 

"r 3 2 1 

O,GND 0, 

10k 

12V 

10k 

T-

+ 
10-100,uF F 

Unit: n 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54648AL 

BI·DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 

DESCRIPTION 
The M54648AL is a semiconductor integrated circuit, cap
able of directly driving bi-directional micro motor, with a 
built in speed control circuit. 

FEATURES 
• Wide operating voltage range (Vcc=4-18V) 
• NMOS, CMOS IC output for direct drive 
• Large output sink current (lo(max)=±3.0A) 
• Built-in operational amplifier for "H" output voltage 

control 

• Built-in clamp diode 
• Braking mode input 
• Compact power package requiring small space 

APPLICATION 
• Audio tape deck player, radio cassette player 

• VTR 
• Home-use equipment 

FUNCTION 
The M54648AL consists of a decoder, operational amplifier 
and bi-directional motor driver. 
The output polarity shown in the logic truth table can be 
selected by inputs. S" S2, and S3, and the supply voltage of 
the predriver can also be selected from voltages driven by 
V" V2 or the output of the operational amplifier for the vari
able speed of motor. The motor driver has darlington out
put, capable of driving peak output voltage of lop (aax) = 
3.0A. 
The internal thermal shutdown protector protects the IC 
from thermal destruction due to blocking of motor, etc. 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT, 

GND GND 
OUTPUT 2 

OUTPUT CONTROL INPUT, 

OUTPUT CONTROL INPUT 2 

POWER SUPPLY 

OP AMP OUTPUT Vs _ 7 

OP AMP INPUT(+) IN( +) --+ 8 

OP AMP INPUT( -) IN (-) --+ 9 

INPUT 3 

INPUT 2 

INPUT 1 

o 

o 

Outline 12P9B 

LOGIC TRUTH TABLE 
Input Output Driver power 

S, S, S3 / 0, 0, supply (Vee) 

L L L "OFF" "OFF" -state state 

L L H H L OP AMP OUTPUT 

L H L L H OP AMP OUTPUT 

L H H H L V, 

H L L L H V, 

H L H H L V, 

H H L L H V, 

H H H L L Vs 

Note 

STOP 

PLAY(+) 

PLAY(-) 

FF(2) 

REW(2) 

FF(l) 

REW(l) 

BRAKE 

BLOCK DIAGRAM INPUT 3 INPUT 2 INPUT 1 

GND 

S3 S, S, 

8 IN(+) OP AMP INPUT(+) 

9 IN( -) OP AMP INPUT( -) 

r=1=----t===~-t-\7 Vs OPAMP OUTPUT 

4 V, ?~;~~T CONTROL 

5 V OUTPUT CONTROL 
, INPUT 2 

I 
THERMAL ~ U I 
SHUTDO~~ 

O2 Vee 0, 
OUTPUT 1 OUTPUT 2 POWER SUPPLY 

'. MITSUBISHI 
"" ELECTRIC 
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MITSUBISHI BIPOLAR DIGITAL. ICs 

MS4648AL 

BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 

ABSOLUTE MAXIMUM RATINGS (Ta=25·C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage With an external heat sink (3000mm2X1.5mmt) 

V, Input voltage 
4Pln. SPm 

Inpuls pin other than the above 

Vo Output voltage 

lo(rnax) Peak output current top=10ms. repetive cycle O. 2Hz max 

10 (1) Continuous output current (1 ) 

10 (2) Continuous output current (2) With an external hbat smk (3000mm2X1. 5mmt) 

Pd Power dissipation Ta=75"C 

Topr Operating ambient temperature 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=25·C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

10 Output current 

V ,H "H" Input voltage 

V ,L "L" mput voltage 

Is Moter brakmg Interval 

tj(shut) Thermal shutdown temperature 

ELECTRICAL CHARACTERISTICS (Ta=25"C. unless otherwise noted) 

Symbol Parameter 

10Cieak) Output leakage current 

V OH(,) "H" oulput voltage (1) 

V OH(2) "H" oulput voltage (2) 

V OL(1) "L" output voltage (1 ) 

V O L(2) "L" output voltage (2) 

I'H "H" Input current 

I'L "L" Input current 

Icc Supply current 

A Op amp open-loop-gam 

6-114 

Test conditions 

Vo-OV 
Vs,=OV 

S.,=OV 
Vcc=Vs=20V 

Vo=14V 
VS3=OV 

Vcc=Vs=14V 

Vcc=16V 
V,,=VS2=OV 

V'N(-I=OV 

V'N(+)=3V 
VS3=3V 

Vcc=16V 
VS,=VS3=OV 

V'N(-)=OV 

V'N(+)=3V 
V.,=3V 

Vcc- 16V 
VS,=VS3=OV 

V'N(-)=OV 

V'N(+)=3V 
VS2=3V 

Vcc=16V 
vs,=VS2=OV 

V'N(-I=OV 

V'N(+)=3V 
V.,=3V 

Vcc=16V. V,s=3V(S,. 52. 53) 

Vcc=16V. V,s=OV(S,. 52. 53) 

Vcc=16V. VS,=VS2=VS3-3V 

• MITSUBISHI 
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IOH=-200mA 

IOH=-500mA 

IOH=-200mA 

IOH=-500mA 

IOL=200mA 

IOL=500mA 

IOL=200mA 

IOL=500mA 

Ratings Unit 

-0.5-+20 V 

-0.5-+14 or Vee 

·-0.5-V ee 
V 

-2. 0-Vee+2. 5 V 

+3.0 A 

+300 rnA 

+800 rnA 

\ 0.8 W 

-10-+75 ·c 
-55-+125 "C 

Limits 
Unit 

Min Typ Max 

4 12 18 V 

+300 rnA 

3 Vee V 

0 1 V 

100 rns 

125 150 ·c 

Limits 
Unit 

Mm Typ Max 

-100 

)J.A 

+100 

13 
V 

12.8 

13 
V 

12.8 

1.1 
V 

1.2 

1.1 
V 

1.2 

16 )J.A 

-20 )J.A 

30 rnA 

50 dB 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4648AL 

BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 

TYPICAL CHARACTERISTICS 

12 

~ 10 >< UJ '" (!) E 8.3 « ~ 
><: "0 8 ()Cl. 
;tz 
UJQ 6 ...Jt-CO« «Cl. 5 
3:00 
o!!1 
jO 
«a: 

UJ 
2 3: 

0 1.6 Cl. 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

;1 

~ J 
-........ ~ 
~ 

- 1.. -
25 50 75 

AMBIENT TEMPERATURE TaCt:) 

1) WITH HEAT SINK OF INFINITE SIZE 

100 

2) 25cm'X1. 5mmt ALUMINUM HEAT SINK 

3) FREE AIR 

APPLICATION EXAMPLE 

SERVO INPUT 

CONTROL INPUT { 

12 
S, 

I 
11 
S, 

10k 

F 
'-----

10 9 B 7 6 5 4 

S3 IN IN Vs Vee V, V, 
(-)(+) 

M54548AL 
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20k 10k 

rrllOk 

10k 

3 2 1 

O, GND O, 

12V 

7-

+ 
10-1001-1 ~ 

I 

Unit: n 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4649L 

DUALBI-DIRECTIONAL MOTER DRIVER 

DESCRIPTION 
The M54649L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power designed for use in are two DC
motor control circuit. The internal operational amplifier is 
capable for controlling the voltage across the bridge out
puts. 

FEATURES 
• Capable of driving two bi-directional motors 
• . "H" Output voltage control pin 
• Internal thermal shutdown protector 
• Large output sink current (lo(max)=1.6A) 
• Wide operating supply voltage (Vcc=4-18V) 
• CMOS IC output for. direct drive 

APPLICATION 
• Audio tape deck, radio cassette player 

• VTR 
• Home-use equipment 

FUNCTION 
The M54649L, full bridge motor driver, has the logic circuit
ry and the darlington power driver for bi-directional control 
of two DC motors operating at current up to 1.6A. 
The input IN1, IN2 and IN3 are capable to control the 
bridge output polarity. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

GNDGND 

OUTPUT 2 0,-

OUTPUT 3 0 3 -

INPUT 1 IN 1 -
3: 

INPUT 2 IN2 -
(11 
~ en 

INPUT 3 IN3 -
~ 
<0 
r 

POWER SUPPLY 1 Vcc, 
OUTPUT CONTROL INPUT VR ..... 

DRIVER POWER SUPPLY 2 V cc, 
OUTPUT 1 

Outline 10P5 

LOGIC TRUTH TABLE 
Input Output 

Note 
4 PIN 5 PIN 6PIN 10 PIN 2PIN 3PIN 
(IN 1) (IN 2) (IN 3) (OUT 1) (OUT2) (OUT3) 

L 
L L 

H 
L L L Braking 

H L L H L OPEN 0 
H L H L H OPEN 0 
L H L H OPEN L 0 
L H H L OPEN H 0 

L 
H H ~ L L L Braking 

1---- -r----1-----------~-;~~--:-----~~~;~~ ... -------------=--{9 Vcc2 DRIVER POWER SUPPLY 2 

6-116 

INPUT2 
IN2 

INPUT 3 
IN3 

I 

I 

k----r------~----+_------~----~--------_1_{8 VR OUTPUT CONTROL INPUT 

--, 
I 

* 

OUT2 OUTPUT2 

OUT 3 OUTPUT 3 

~~---------+--+---------~--~------~1 GND GND 

)----ID:>------r ....... ---"'-"'-..... -----lRA TED CU RRENT CI RC U IT 
(THERMAL 
SHUTDOWN 
PROTECTOR) CONTROL CIRCUIT 

, 

fVCC1 
I 

_______________________________ J 
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POWER SUPPLY 1 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4649L 

DUAL BI·DIRECTIONAL MOTOR DRIVER 

ABSOLUTE MAXIMUM RATING (Ta=2S·C, unless otherwise noted) 

Symbol Parameter Conditions 

VCC(1) Supply voltage (1 ) 

Vee(2) Supply voltage (2) 

V, Input voltage 

Va Output voltage 

lop Peak output current top;;:50ms, duty cycle 1/50 

10 Continuous output current Note 1 

Pd Power diSsipation Time of power applicatton lOs or less 

Topr Operating ambient temperature 

Tstg Storage temperature range 

RECOMMENDED 9PERATING CONDITIONS (Ta=2S·C, unless otherwise noted) 

Symbol Parameter Conditions 

VCC (1) Supply voltage (1 ) 

VCC (2) Supply voltage (2) 

10 Output current 

V,H "H" input,voltage 

V ,L "L" input voltage 

V R Control voltage 

TON Thermal shutdown temperature 

"ToN-OFF Hysteresis temperature width 

ELECTRICAL CHARACTERISTICS (Ta=25·C, unless oterwise noted) 

Simbol Parameter 

lo<ieak) Output leakage current 

VOL "Lit output saturation voltage 

V OH "H" output saturation voltage 

",Va "H" input current 

IR "L" Input current 

Icc1 Supply current 

Test conditions 

Output open Vo=O or 20V 

IOL=500mA 

IOH=-500mA 

10=±500mA VR=6. OV 

lo±500mA VR=6. OV 

Y,N', 2, 3=1.0V lo=OmA 

• MITSUBISHI 
.... ELECTRIC 

Vec1 ,2=20V 

Vec1 ,2=12V 

Vec,,2=12V 

Vec,,2=12V 

Vee,,2=12V 

Vee,,2=12V 

Ratings Unit 

-0.5-+20.0 V 

-0,5-+22.0 V 

-0,5-+7,0 V 

-2. 0-Vee+2. 5 V 

±1. 60 A 
±600 mA 
2.78 W 

-20-+75 ·C 

-55-+125 ·C 

limits 
Unit 

Min Typ Max 

4.0 12.0 18.0 V 

0.0 22.0 V 

±600 mA 
3.5 Vee V 

0.0 1.0 V 

0.0 18.0 V 

125 150 ·C 

50 ·C 

Limits 
Unit 

Min Typ Max 

±100 f.1.A 
1.5 V 

10.0 V 

-0.5 0.5 V 

0.2 1.5 mA 
8.0 24.0 mA 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54649L 

DUAL BI-DIRECTIONAL MOTOR DRIVER 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

• Minimum heat protection at 125"C 
• Mounted on an epoxy PC board with Cu 

ffi cover on one side (50X50XO. BmmJ 
~ ~ 3.0 • t : time for power application at single 

~ ~ 2. 78 t=10sec pulse duration 
(!l E « ~ 

5 rf t=30sec « z 2. o~=~k,----p>....--+----l 
~Q 
ffi ~ 1. 42 ~tl,;;=;':oo=--+-._ 
«:: 
~ fil 1. Of---+---I---=~"""",+--~ 
...JCl 
...J 
« 

O~O--~2~5--~5LO--~7L5--~100 

AMBIENT TEMPERATURE T a('C) 

APPLICATION EXAMPLE 

M54649L 

GND INl IN2 

1--1-----+------1 Rl 

CM 

6-118 

: Noise absorbing capacitor when the motor is 
driven should be less than 0.1,u F. 

: Current limiting resistor when output is shorted. 
: The "H" output voltage VO(II) is given in, 

. X R2 
VO(II) ",;,VCC1 R1+R2 

If the resistance of the Rl and R2, the output cur
rent VO(H) is higher than the V R (pin 8). 

• MITSUBISHI 
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j 

R2 

: If separate power supply is used for the VR (pin 
8), the output may oscillate. In this case, a capa
citor CR (0.01,uF) must be connected between 
the VR (pin 8) and Vcc2 (pin 9). 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4649L 

DUAL BI·DIRECTIONAL MOTOR DRIVER 

PRECAUTIONS FOR USE 
1. Input circuit schematic diagram 

1':::--+------ - TO THE INTERNAL CIRCUIT 

5k 
PI NS 4, 5, 6 o---+'.JV'v'.--....---l 

Vz 
"" 7.8V 

t---- - FROM THE INTERNAL CIRCUIT 
L-__ ~ _____ +-~ ______ GND 

Apply 3.5V-Vcc to the ON voltage (V,H ) and 0-1V to the 
OFF voltage (V ,L ) of the input. 

If the input voltage reaches approximately 7.8V or above, 
the impedance changes to approximately 5k n and, there
fore the voltage should be kept below 7V. 

2. Output voltage control method ---.,---,.------(7 Vee, 

The output cotrol circuit using the pin 8 is described on the 
right, and the voltage which is almost equal to the 8 pin vol
tage is output from the circuIt. ("H" side) 
If pin 8 is open, the maximum output voltage is available 

when VCC2>VCCl and the voltage is given in, 
Vo=Vccl-Vsat(Tr1) -VsE(Tr2) -VsE (Tr3) 

The output voltage can be controlled by varying the VCCl in 
this condition. 

3. Precaution for braking 
Care must be taken to braking mode input because the 
motor may affect other motors at the moment when it is 

switched from driving condition to braking condition. 

4. Allowable power dissapation 

The allowable power dissipation of the Ie (Pd), when VCC2 
>VCC1 , is given by. 

Pd=VCC1XlcCl+Jo IVCC2-VOH+Vod 
The equipment must' be so designed as not exceed this 
limit. 

5. Thermal shutdown 
The internal thermal shutdown circuit is provided to protect 
'the IC from overheating when excessive power is applied. 
The protection circuit functions when the temperature of the 
IC reaches 150'C (Min. 125'C), and all outputs are in the 

OPEN mode, and is canceled when the temperature is de
creased to 100'C (Max. 125'C). 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54649L 

DUAL BI-DIRECTIONAL M~TOR DRIVER 

6. Aso Characteristics 

7. Others 

t
Z 

~ 2.0 
a: 5 ~ 1. 6r------_. 
a:~ 
~ .2 1.0 

...J 

...J 
o 
(J 

°O~--~--~8---'~2--~~~-L~20 

COLLECTOR-EMITIER VOLTAGE VCE(V) 

Capacitors which are connected between power supply 
and GND should be placed as close to the IC as possible. 
Care should be taken as the capacitors may cause oscilla
tion otherwise. 
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QUICK REFERENCE TABLE OF ANALOG SWITCHES 

~ No of switches 
::> 

" Type No of ::> No of Features Supply 

~ Inputs CircUits voltage 

M4016BP 1 4 
On resistance: 2500 typo 

20V 
(Voo=15V) 

M4051 8 1 
On resistance: 500 typo 

20V 
(Voo=15V) 

U) 
On resistance: 500 typo 0 M4052 4 2 20V ::;; (Voo=15V) 

() 

M4053 2 3 
On resistance: 500 typo 

20V 
(Voo=15V) 

M4066 1 4 On resistance: 500 typo 
20V 

(Voo=15V) 

M51320P 2 3 3 CirCUitS Independent sWitching 14V 

M5132lP 3 3 3 cirCUits simultaneous switching 14V 

M51326P 2 3 3 circuits Independent switching 14V 

ro 
(5 M51327P 3 3 3 cirCUits simultaneous switching 14V 
Q. 

Iii 
M51329P 3 3 AudiO and visual Independent sWitching 14V 

M51330P 3 3 AudiO and visual Independent sWItching 14V 

M51551 2 2 
Low distortion: 0.006% 

24V 
BUilt-in channel indication LED dnver 
-- ---

,., # 
14-pln DIP 14-pin FLAT 

Maximum ratings 

Analog signal AII""able power 
Input voltage diSSipation 

Vss-0.5V 
-

V oo+0.5V 

VEE-0.5V 
-

Voo+0.5V 

VEE-0.5V 
-

Voo+0.5V 

VEE-0.5V 
-

Voo+0.5V 

Vss-0.5V 
-

Voo+0.5V 

6V 1.25W 

6V 1.25W 

6V 1.25W 

6V 1.25W 

6V 1.25W 

6V 1.25W 

- 620mW 
-

"" 16-pin DIP 

Electrical characteristics (typ.) Package 
Frequency Offset Distortion Outline 

Crosstalk Output nOise 
bandWidth voltage @lkHz -- 12MHz - 0.3% - 14-pin DIP Z 

~ 
25MHz 0.07% 

16-pin DIP - - -
, 16-pin FLAT 

16-pin DIP - 25MHz - 0.07% -
16-pin FLAT 

III 
>< 
II 

25MHz 0.07% 
16-pin DIP - - -
16-pin FLAT -< 

25MHz 0.07% 
14-pin DIP - - -
14-pin FLAT 

55dB 10MHz 
100mV 0.02% 50(:;vrms 16-pin DIP 

.1 at5MHz (~~~~~) ~~~~~ ) 

55dB 10MHz 
100mV 0.02% 50a,vrms 18-pin DIP 

I at5MHz (~:v~:c~) :~~~h ) 

"'II 
c: 
Z 
n ... -0 

55dB lOMHz 
100mV 0.02% 

50pVrms 
16-pin DIP 

at5MHz (~:v~:c~) (:~~~h) 

55dB 10MHz 50pVrms 
100mV 0.02% 18-pin DIP 

at 5MHz (~:v~:c~) (:~~~1.) 

z 
01 
"'II = 

55dB 10MHz 
100mV 0.02% 50(:;vrms 18-pin DIP 

(~:V~:C~) AudiO at 5MHz sWitCh) 

55dB 10MHz 
100mV 0.02% 50(:;vrms 18-pin DIP 

at5MHz (~:v~~~) AudiO 
SWitCh) 

:.i ze;; 
:.= r-f:) 

52dB 
100kHz - 0.006% 5.5 p Vrms 

14-pin DIP 
at I kHz 14-pin FLAT 

- -- - --

0'" ~~ ::a 

# ~ 
16-pin FLAT 18-pin DIP 

(1):'-

~; 
_C 
... :1 
nCJ zUt 
III~ (I)" 



DESCRIPTION 
The M4016BP is a semiconductor integrated circuit consist
ing of four independent bilateral analog switches. 

FEATURES 
• ON resistance: 2500typ. (Voo=15V) 
• High OFF resistance: 109 0 or greater (typ) 
• Small differences in ON resistance between each 

switch in the package: 100 typo (Voo=15V) 
• Wide operating voltage range: Voo=3-18V 
• Wide operating temperature range: T a=-40-+85'C 

APPLICATION 
General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
The control input (C ,N ) can be used to change the input-to
output impedance (IN/OUT-OUT/IN) of the switches. 
When (C ,N ) is made high, the input-to-output switch impe
dance Is low and wehn set to low, this impedance is high. 

~ InpuVoutput and outpuVinput resistance (Voo=10V, 15V) 
C'N 
H 2-20X10"0 

~ >1090 (typ) 

MITSUBISHI CMOS LOGIC 

M4016BP 

QUADRUPLE BILATERAL SWITCH 

PIN CONFIGURATION (TOP VIEW) 

6~~~J~ liN/OUT - 1 Voo 

OUTPUTSI ]tOUT/IN - 2 

INPUTSj20UT/IN_ 3 12 +-4C'N ! 
CONTROL 
INPUTS 

o~:~J+ 2IN/OUT -r:4ilr.C~§~~'I 11 - 4IN/OUT ~Ji';r~T 
CONTROL I 10 -40UT/IN!OUTPUTSI 

INPUTS 9 _ 30UT/IN INPUTS 

S - 3IN/OUT hNJTUpTIT 
-..---~ 

Vss 

Outline 14P4 

CIRCUIT SCHEMATIC (EACH SWITCH) 

CONTROL INPUT 
CONTROL IN 

Voo 
INPUT/OUTPUT 

IN/OUT 

Vss OUT/IN 
OUTPUT/INPUT 

LOGIC DIAGRAM (EACH SWITCH) 

INPUT/OUTPUT 
INIJOUT 0---+------11(" 

OUTPUT/INPUT 
>----ooUTiiN 

ABSOLUTE MAXIMUM RATINGS (Ta=-40-+S5t:, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Voo Supply voltage Yss-0.5-Vss+20 V 

V, Input voltage Vss-O. 5-Voo+0 .. 5 y 

I, Input current Control Inputs +10 mA 
10 Output current ±10 mA 
Topr Operating temperature range -40-+85 ·c 
Tstg Storage temperature range -65-+150 ·c 

• MITSUBISHI 7-3 
.... ELECTRIC 



MITSUBISHI CMOS LOGIC 

M4016BP 

QUADRUPLE BILATERAL SWITCH 

RECOMMENDED OPERATING CONDITIONS (Ta=-40-+85"C. Vss=ov. unless otherwise noted) 

Symbol 
Limits 

Parameter 
Min Typ Max 

Voo Supply voltage 3 18 
,V, Input voltage 0 Voo 

ELECTRICAL CHARACTERISTICS (Vss=OV) 

Symbol Parameter Test conditions 

V'H "H" input voltage (e'N) Input·ll>QJtputcurrent=10pA 

V'L "L"lnput current (elN) Input·l<Hlutputcurrent=10pA 

V,-5V 

V,=2.5V 

V,=O.25V 

V,=10V 

V,=5V 

V,=O.25V 

V,=15V 

RON ON resistance V,=7.5V 

V,=O.25V 

V,-5V 

V,=±O.25V 

V,=-5V 

V,=7.5V 

V,=±O.25V 

Test circuit 1 V,=-7.5V 

ON resistance variations 
.<IRON between switches of the 

same package 

Vllo=lOV, VOIl=OV 

InpuVoutp\Jt off·state VIIO=OV. VolI=lOV 
IOFF 

leakage current Vllo=lBV, V0/1=OV 

VIIO=OV, VOII=18V 

100 Quiescent supply current V,(C'N)=VOO• Vss 

I'H "H" input current (C'N) V,=18V 

I'L "L" input current (e'N) V'L=OV 

7-4 

-40"C 

Vss(V) Voo(V) Min Max 

0 5 3.5 

0 10 7.0 

0 15 11. 0 

0 5 1.0 
0 10 1.0 

0 15 1.0 

0 5 

0 5 

0 5 

0 10' 600 
0 10 1300 

0 10 600 

0 15 430 

0 15 800 

0 15 430 
-5 5 600 
-5 5 1300 
-5 5 600 

-7.5 7.5 430 

-7.5 7.5 800 

-7.5 7.5 430 
-5 5 

-7.5 7.5 

0 10 

0 10 

0 18 250 

0 18 -250 

0 5 1 

0 10 2 

0 15 4 

0 18 0.3 

0 18 -0.3 

\ • MITSUBISHI 
.... ELECTRIC 

Unit 

V 
V 

Limits 

25"C B5"C Unit 

Min Typ Max Min Max 

3.5 3.5 

7.0 7.0 V 
11.0 1'1. 0 

1.0 1.0 
1.0 1.0 V 
1.0 1.0 

600 

6000 

600 

700 900 

1500 2000 

700 900 

500 650 

950 1200 n 
500 650 

700 900 

1500 2000 

700 900 

500 650 

950 1200 

500 650 

15 n 
10 

125 

-125 

250 1000 
nA 

-250 -1000 

1 7.5 

2 15 IJA 

4 30 

O.~J 1.0 IJA 
-0.3 -1.0 IJA 



MITSUBISHI CMOS LOGIC 

M4016BP 

QUADRUPLE BILATERAL SWIT-CH 

SWITCHING CHARACTERISTICS (Ta=25t) 

Symbol Parameter 

fmax(lIo) Maximum transfer frequency 

fmaX(CIN) Maximum control frequency 

tpLH 

"L-H" and "H-L" output propagation time 

(IN/OUT-OUT/IN) 

tpHL 

tpLH 

"L-H" and "H-L" output propagation t,me 

(CONTROL IN-OUTIIN) 

tpHL 

- Sine-wave distortion 

- Feedthrough (switch off) 

Crosstalk -
(CONTROL IN-OUT/IN) 

C, Input capacitance 

TEST CIRCUITS 

1 ON resistance (RON) 

v,o---~-¢---+---K 

Limits 
Test conditions 

Vss(V) voo(v) Min Typ Max 

RL=2k!l I CL=15pF 
-5 5 18 

RL=10k!l I -5 5 15 I Test circuit 2 
12 RL =100k!l -5 5 

0 5 4 
RL=300!l 

0 10 10 
CL=15pF Test circuit 3 

0 15 12 

0 5 100 

0 10 40 

RL=10k!l 0 15 30 

CL=50pF Test circuit 4 0 5 100 

0 10 40 

0 15 30 

0 5 140 

0 10 60 

RL=10k!l 0 15 50 

CL=50pF Test ci rcuit 5 0 5 140 

0 10 60 

0 15 50 

RL=10k!l 

1,=lkHz Test circUit 2 
-5 5 0.3 

RL=lk!l Test circuit 6 -5 5 600 

R,=l k!l 0 5 80 

RL=10k!l 0 10 150 

CL =15pF Test circuit 7 0 15 210 

Control input 5 

Switch input/output 4 

2 Maximum transfer frequency (fmax (1/0)) 

Sine-wave distortion 

~5Vp_p 

~ ,---- voo 

I N/OUT o--++--t--IC 

RL=10k!l 

Imax (1/0) is taken as Ihal Irequency I, al which, using a 
sine-wave inpul of 2. 5Vp_p, 20 IOg'0(VolV,)=-3dB 

• MITSUBISHI 
"" ELECTRIC 

Unit 

MHz 

MHz 

ns 

ns 

ns 

ns 

% 

kHz 

mV 

pF 
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3 Maximum control frequency (fmax(C1N)) 

Voo 

")1----(>-_--...,----0 OUT liN 

CONTROL IN 

Vss 

TIMING DIAGRAM 

20ns 20n8 

OUTIIN 

Imax (C'N) is taken as that Irequency I, at which the output 
amplitude (Va) is 1/2 that at 1 kHz. 

4 "L-H" and "H-L" output propagation time 
(IN/OUT-OUT/I N) 

Voo 

INIOUT o---t--¢---t--iC ~--o--~_--oOUT/IN 

TIMING DIAGRAM 

20ns 

INIOUT 

OUTIIN 

MITSUBISHI CMOS LOGIC 

M4016BP 

QUADRUPLE BILATERAL SWITCH 

5 "L-H" and "H-L" output propagation time 
(CONTROL IN-OUT/IN) 

Voo 

OUTIIN 

2 

CONTROL IN 0--+-<>-...., 

8A=1.8.=2 

TIMING DIAGRAM 

OUTIIN 

6 Feedthrough 

-L0o LD5VF-'-' " 
~, , 

88 2 

I N/OUT D---<:>----<f--IIC ")I----<~~-t--{)OUT liN 

AC 
voltmeter 

The leedthrough is taken as that Irequency I, at which. using 
a sine-wave input 01 2. 5Vp•p • 20 loglO(VolV,)=-50dB. 

7 Crosstalk 

20ns 20ns 

90%l1{1 
J,0%'l 

CONTROLo-_+-~_~ 
IN 

R, 

~--O--_-..--{)OUT liN 
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MITSUBISHI CMOS LOGIC 

M40S1BP 
M40S1BFP 

a-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

DESCRIPTION 
The M4051 BP is a semiconductor integrated circuit consist
ing of a multiplexer/demultiplexer which uses a 3-bit digital 
input to perform selection of eight analog switches. 

FEATURES 
• Low ON resistance: 500typ. (Voo=15V) 
• High OFF resistance: 109 00r greater (typ) 
• Small differences iin ON. resistance between each 

switch in the package: 100 typo (Voo = 7.5V, Vss =-
7.5V) 

• Linearized transfer characteristics: 0.07% distortion 
(typ) 

• Signals with amplitude greater than the logic level am
plitude of the control inputs may be switched. 

• Provided with an inhibit input 

APPLICATION 
General purpose, for use in industrial and consumer digital 
eguipment. 

FUNCTIONAL DESCRIPTION 
When a 3-bit binary input signal is applied to the control in
puts (A, B, and C), the channel number corresponding to 
the binary value input (Xo through X7 ) is set at low impe
dance with respect to the (COMMON). All other channels 
remain at high impedance. 
In this operation, if the (INHIBIT) input is held high, all 
channels (Xo through X7 ) will be put in the high-impedance 
state, regardless of the state of the other inputs. 

It is possible to switch an analog signal of amplitude Voo-
VEE If this is greater than the logic level span Voo-Vss for 
inputs (A, B, and C). 

Voo 

CONTROL 
INPUTS 

Vss 

PIN CONFIGURATION (TOP VIEW) 

CHANNEL I x.
INPUTS/OUTPUTS 1 X,-

co~~?,~ COMMON-

CHANNEL I X7 -

INPUTS/OUTPUTS 1 X5 -

INHI~IT INPUT INHIBIT .... 

Vss 

Outline 

FUNCTION TABLE (Notel) 

InhibIt Control 

Voo 

16P4 
16P2N 

CHANNEL 
INPUTS/OUTPUTS 

CONTROL INPUTS 

Channel INPUT/OUTPUT to COMMON switch selection 
input inputs 

INHIBIT C B A Xo X, X, Xo X. X5 X. X7 

L L L L ON OFF OFF OFF OFF OFF OFF OFF 

L L L H OFF ON OFF OFF OFF OFF OFF OFF 

L L H L OFF OFF ON OFF OFF OFF OFF OFF 

L L H H OFF OFF OFF ON OFF OFF OFF OFF 

L H L L OFF OFF OFF OFF ON OFF OFF OFF 

L H L H OFF OFF OFF OFF OFF ON OFF OFF 

L H H L OFF OFF OFF OFF OFF OFF ON OFF 

L H H H OFF OFF OFF OFF OFF OFF OFF ON 

H X X X OFF OFF OFF OFF OFF OFF OFF OFF 

Note 1 X : Irrelevant 
ON: Low impedance between Xn and COMMON (n=0-7) 
OFF: High impedance between Xn and COMMON (n=0-7) 

Xo 

X, 

X2 

X3 CHANNEL 
INPUTS/ 
OUTPUTS 

X5 

COMMON 

* : OUT/IN~IN/OUT 
C 'N 

• MITSUBISHI 
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MITSUBISHI CMOS LOGIC 

M40S1BP 
M40S1BFP 

I-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

ABSOLUTE MAXIMUM RATINGS (Ta=-40-+85·C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Voo-Vss -0.5-20 

VOO-VEE 
Supply Yoltage 

-0.5-20 

V, Input Yoltage 
Control and inhibit inputs Vss-O, 5-Voo+0. 5 

Channel and common inputs VEE-O. 5-Voo+0. 5 

V,o Input-to-output Yoltage ±0.5 

I, Input current Control and inhibit Inputs ±10 

10 Output current Switch-off ±10 

Vo Output yoltage Channel and common outputs VEE-O, 5-Voo+0. 5 

Topr Operating temperature range -40-+85 

Tstg Storage temperature range -65-+150 

RECOMMENDED OPERATNG CONDITING CONDITIONS (Ta=-40-+85·C, unless otherwise noted) 

Limits 
Symbol Parameter 

Min Typ Max 

Voo-Vss 3 18 

VOO-VEE 
Supply Yoltage 

3 18 

V, 
I Control and inhibit inputs Vss Voo 

Input voltage I Channel and common Inputs VEE Voo 

Vo Output Yoltage VEE Voo 

ELECTRICAL CHARACTERISTICS (Vss=OV) 

Symbol Parameter Test conditions 

VEE(V) 

0 

V'H 
"H" Input Yoltage 

Input-to-outpul current=10#A 0 
(A, B, C, INHIBIT) 

0 

0 

V'L 
"L" input current 

Input-to-output current=10#A 0 
(A, B, C, INHIBIT) 

0 

V,=5V 0 

V,=2.5V 0 

V,=0.25V 0 

V,=10V 0 

V,=5V 0 

V,=0.25V 0 

V,-15V 0 

RON ON resistance V,=7.5V 0 

V,=0.25V 0 

V,=5V -5 

V,=±0.25V -5 

V,=-5V -5 

V,=7.5V -7_5 

V,=±O.25V -7.5 

Test circuit 1 V,=-7.5V -7.5 

ON resistance variations -2.5 

LlRoN between sw'tches of the -5 

same pckage -7.5 

Vllo=10V, Vofl=OV 0 
Input-to-output 

V'IO=OV, Vofl=10V 0 
IOFF off·state leakage current 

(Xo-X7-COMMON) 
V,1o=18V, VOfl=OV 0 

VIIO=OV. Vofl=18V 0 

0 

100 QUIescent supply current V,=VOD, Vss 0 

0 

I'H 
"H" mput corrent V,H=18V 0 A C INH 

I'L 
"L" mput current "';'c:-"ji-i'i V'L=OV 0 

7-8 

-40"<: 

VDO(V) Min Max 

5 3.5 

10 7.0 

15 11. 0 

5 1.5 

10 3.0 

15 4.0 

5 500 

5 850 

5 500 

10 210 

10 210 

10 210 

15 140 

15 140 

15 140 

5 210 

5 210 

5 210 

7.5 140 

7.5 140 

7.5 140 

2.5 

5 

7.5 

10 

10 

18 250 

18 -250 

5 20 

10 40 

15 80 

18 0.3 

18 -0_3 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

V 

Limits 

25"<: 85·C 

Min Typ Max Min Max 

3,5 3.5 

7,0 7.0 

11.0 11. 0 

1.5 1.5 

3.0 3.0 

4.0 4.0 

600 800 

950 1300 

600 800 

250 300 

250 300 

250 300 

160 200 

160 200 

160 200 

250 300 

250 300 

250 300 

160 200 

160 200 

160 200 

30 

15 

10 

125 

-125 

250 1000 

-250 -1000 

20 150 

40 300 

80 600 

0.3 1.0 

-0.3 -1.0 

Unit 

V 

V 

V 

V 

mA 

mA 

V 
·C 

t 

Unit 

V 

V 

(1 

(1 

nA 

f"A 

f"A 

f"A 



MITSUBISHI CMOS LOGIC 

M4051BP 
M4051BFP 

a-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

SWITCHING CHARACTERISTCS (Ta=25"C, Vss=OV) 

Symbol 
Limits 

Parameter Tset conditions 
VEE(V) VDD(V) 

Unit 
Min Typ Max 

'max(lIo) Maximum transfer frequency 
RL=10kO 

-5 5 25 MHz 
CL=15pF Test Circuit 2 

0 5 1000 

0 10 500 

tpLH 0 15 400 ns 

-5 5 700 

"L-H" and "H-L" output propagation time RL=10kO ~7.5 7.5 500 

(A, B, C-Xo-X" COMMON) CL=50pF Test circuit 3 0 5 1000 

0 10 500 

tpHL 0 15 400 ns 

-5 5 700 

-7.5 7.5 500 

0 5 1400 

0 10 700 

tpLH 0 15 500 ns 

-5 5 900 

"L-H" and "H-L" output propation time R L=10kO -7.5 7.5 500 

(INHIBIT-Xo-X" COMMON) CL=50pF Tset circuit 4 0 5 1400 

0 10 700 

tpHL 0 15 500 ns 

-5 5 900 

-7.5 7.5 500 

0 5 45 

tpLH 0 10 30 ns 

"L-H" and "H-L" output propagation time RL=10kO 0 15 20 

(Xo-X,/COMMON-COMMON/Xo-X,) CL=50pF Test circuit 5 0 5 45 

tpHL 0 10 30 ns 

0 15 20 

- Sine~wave distortion 
R L=10kO 

-5 5 0.1 % 
1,=1 kHz Test circuit 2 

- Feedthroudh (switch Dff) RL=lkO Test circuit 6 -5 5 500 kHz 

R,=lkO 0 5 200 
Crosstalk - RL =10kO 0 10 300 mV 
(A, B, C, INHIBIT-Xo-X" COMMON) 

CL=15pF Test circuit 7 0 15 400 

C I 
Control and inhibit inputs 7,5 

Input capacitance 
Channel and common inputs 10 

pF 

TEST CIRCUITS (Vss=OV, capacitance CL includes stray wi rig capacitance and probe input capacitance) 

1 ON resistance (RON) 2 Maximum transfer freguency (fmax(I/O) ) 
Sine-wave distortion 

VDD 
eg[5VP,P 

A VI 

A B 1/1, 

B 

C 

Vss VEE 

RoN=10X (V,-Vo ) (kill 
Vo 

V, 

Refer to the function table lor conditions 01 control inputs A, 
B, and C. 

C VI 

AC voltmeter 

Vss VEE 

Imax (1/0) is taken as that Irequency f, at which, using a 
sine-wave input 01 25Vp,p, 20 loglO(Vo/V,)=-3dB. Reier to 
the function table lor conditions 01 control inputs A, B, and C. 

• MITSUBISHI 
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MITSUBISHI CMOS LOGIC 

M4051BP 
M40S1BFP 

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

3 "L-H" and "H-L" output propagation time 
(A, B, C-Xa-X7' COMMON) 

Voo 

A 
XO-X7 

S. COMMON 
B 

C 

S. 
COMMON 
XO-X7 

Vss 

TIMNG DIAGRAM 

S.=l, S.=2 S.=2, S.=l 

A,B,C 

Refer to the function table for conditions of control inputs A, B, and C 

4 "L-H" and "H-L" output propagation time 
(INHIBIT-Xo-X7' COMMON) 

A 

B 

C 

INHIBIT 

Voo 

TIMNG DIAGRAM 

S.=l, S.=2 

INHIBIT 

S.=2, S.=l 

INHIBIT 

5 "L-W and "H-L" output propagation time 
(Xo-X7/COM MON-COMMON/Xo-X7) 

A A 
B B 

C C 

INH 

Vss VEE 

TIMNG DIAGRAM 
20ns 20ns 

/90% "\ 90% 

50% 50% 

10% \ 10% 

J 
50% 

,,0% 

tpLH tpHL 

Refer to the function table for conditions of control inputs A, B, and C 

6 Feedthrough 

A 

~
5VP'P 

V, 

l/f, 

B B 
C C 

V, 

INH 

Vss 

The leedthrough IS taken as that freguency f, at which, using 
a sine-wave input of 2.5Vp •p , 20 log,o(VolV,)=-50dB. Refer 
to the function table for conditions of control inputs A, B, and 
C. 

7 Crosstalk 
20ns 20ns 

90y'x% Voo A, B, C, INHIBIT 

10% 

Ao-~A----~~----~ 

B B 
C C 

INHIBIT l!'!::!N,!:!H..,.._J--i----" 
R, 

Refer to the function table for conditions of control inputs A, B, and C. Refer to the function table for conditions of control inputs A, B, and C. 
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MITSUBISHI CMOS LOGIC 

M4052BP 
M4052BFP 

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

DESCRIPTION 
The M4052BP is a semiconductor integrated circuit consist
ing of two multiplexer/demultiplexers which use 2-bit digit
al inputs to perform selection of four analog switches. 

FEATURES 
• Low ON resistance: 500typ. (Voo=15V) 
• High OFF resistance: 109 0 or greater (typ) 
• Small differences in ON resistance between each 

switch in the package: 100typ. (Voo =7.5V, Vss =-
7.5V) 

• Linearized transfer characteristics: 0.07% distortion 
(typ) 

• Signals with amplitude greater than the logic level am
plitude of the control inputs may be switched. 

• Provided with an inhibit input 

APPLICATION 
General purpose, for use in industrial and consumer digital 
eguipment. 

FUNCTIONAL DESCRIPTION 
When a 2-bit binary input signal is applied to the control in
puts (A and B), the channel number corresponding to the 
binary value input (Xo through X3 ) is set at low impedance 
with respect to the corresponding (X-COMMON). All other 
channels remain at high impedance. 
In this operation, if the (INHIBIT) input is held high, all 
channels (Xo thrqugh X3 ) will be put in the high-impedance 
state, regardless of the state of the other inputs. 
It is possible to switch an analog signal of amplitude Voo-
VEE if this is greater than the logic level span Voo-Vss for 
inputs (A and B) 

LOGIC 

CONTROL 
INPUTS 

Vss 

PIN COFIGRATION (TOP VIEW) 

CHANNEL 12xo ..... 
INPUTSI 

OUTPUTS 2X, ..... 

COMMON 2X- ..... 
OUT/IN COMMON 

CHANNEL12Xl ..... 
INPUTSI 

OUTPUTS 2X, ..... 

INHIBIT INPUT INHIBIT-+ 

VEE 

vss 

VDD 

15 ..... 1X,! CHANNEL 
INPUTSI 

14 ..... 1 x, OUTPUTS 

13 ..... btMMON g3~/~ON 

12 ..... 1Xo I CHANNEL 
INPUTSI 

11 ..... 1 X3 OUTPUTS 

! CONTROL INPUT 

Outline 16P4 
16P2N 

FUNCTION TABLE (Notel) 

Inhibit Control Channel INPUT/OUTPUT to COMMON 

Input inputs SWitch selection 

INHIBIT B A Xo X, X, X3 

L L L ON OFF OFF OFF 

L L H OFF ON OFF OFF 

L H L OFF OFF ON OFF 

L H H OFF OFF OFF ON 

H X X OFF OFF OFF OFF 

Note 1 X : Irrelevant 
ON : Low impedance between Xn and X-COMMON (n=0-3) 
OFF: High impedance between Xn and X-COMMON (n=0-3) 

1X-COMMON 

1Xo 

1X, 

1X, 

CHANNEL 
INPUTS/ 
OUTPUTS 

'-------1-1 3 2X-COMMON 

~ : OUT/IN~IN/OUT 
CINA£f 

• MITSUBISHI 
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MITSUBISHI CMOS LOGIC 

M40S2BP 
M40S2BFP 

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

ABSOLUTE MAXIMUM RATINGS (Ta=-40-+85'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Voo-Vss -0.5-20 

VOO-VEE 
S~PpIY voltage 

-0.5-20 

Control and Inhibit inputs Vss-O. 5-Voo+0. 5 
V, Input voltage 

Channel and common inputs Vee-O. 5-Voo+0. 5 

V,o Input-to-output voltage +0.5 

I, Input current Control and inhibit inputs ±10 

10 Output current Switch-off ±10 

Vo Output voltage Channel and common outputs Vee-O. 5-Voo+0. 5 

Topr Operating temperature range -40-+85 

Tstg Storage temperature range -65-+150 

RECOMMENDED OPERATNG CONDITING CONDITIONS (Ta=-40-+85'C, unless otherwise noted) 

Limits 
Symbol Parameter 

Min Typ Max 

Voo-Vss 3 18 

VOO-VEE 
Supply voltage 

3 18 

V, 
I Control and inhibit inputs Vss Voo 

Input voltage j Channel and common inputs VeE Voo 

Vo Output voltage Vee Voo 

ELECTRICAL CHARACTERISTICS (Vss=OV) 

Symbol Parameter 

V,,! 
"H" input voltage 

(A, B, INHIBIT) 

V'L 
"L" input current 

(A, B, INHIBIT) 

RON ON resistance 

Test circuit 1 

ON resistance variations 

LlRoN between sWltches of the 

same pckage 

Input-to-output 

'OFF off~state leakage current 

(x.,-X3-X-COMMON) 

100 Quiescent supply current 

I'H 
"H" Input current (A B 'NH)" 

I'L "L" ~PI~;urrent 

7-12 

Test conditions 

VEEry) 

0 

Input·to-oulput current= IOpA 0 

0 

0 

Input-to-output current=lOpA 0 

0 

V,-5V 0 

V,=2.5V 0 

V,=O.25V 0 

V,=10V 0 

V,=5V 0 

V,=O.25V 0 

V,=15V 0 
V,=7.5V 0 

V,=O.25V 0 

V,-5V -5 

V,=±O.25V -5 

V,=-5V -5 

V,=7.5V -7.5 

V,=±O.25V -7.5 

V,=-7.5V -7.5 

-2.5 

-5 

-7.5 

Vllo=IOV, VOIl-OV 0 

VIIO=OV, VolI=IOV 0 

Vllo=18V, VOIl=OV 0 

V'IO=OV, Vol ,=18V 0 

0 

V1=VOD. Vss 0 

0 

V'H=18V 0 

'V'L=OV 0 

-40'C 

VDD(V) Min Max 

5 3.5 

10 7.0 

15 11. 0 

5 1.5 

10 3.0 

15 4.0 

5 500 

5 850 

5 500 

10 210 

10 210 

10 210 

15 140 

15 140 

15 140 

5 210 

5 210 -

5 210 

7.5 140 

7.5 140 

7_5 140 

2.5 

5 

7.5 

10 

10 

18 250 

18 -250 

5 20 

10 40 

15 80 

18 0.3 

18 -0.3 

• MITSUBISHI 
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Unit 

V 

V 

V 

V 

Limits 

25'C 85'C 

Min Typ Max Min Max 

3.5 3.5 

7.0 7.0 

11.0 11. 0 

1.5 1.5 

3.0 3.0 

4,0 4.0 

600 800 

950 1300 

600 800 

250 300 

250 300 

250 300 

160 200 

160 200 

160 200 

250 300 

250 300 

250 300 

160 200 

160 200 

160 200 

30 

15 

10 

125 

-125 

250 1000 
-- -250 -1000 

20 150 

40 300 

80 600 

0.3 1.0 

-0.3 ) -1.0 

Unit 

V 

V 

V 

V 

V 

rnA 

rnA 

V 

"C 
"C 

Unit 

V 

V 

0 

0 

nA 

J-IA 

J-IA 

J-IA 



MITSUBISHI CMOS LOGIC 

M40S2BP 
M40S2BFP 

DUAL 4.CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

SWITCHING CHARACTERISTCS (Ta=2S·C, Vss=OV) 

Symbol Parameter Tset conditions 
VEE(V) VDD(V) 

Limits 

Min Typ Max 

fmax(l/o) Maximum transfer frequency 
RL=10kO 

-5 5 25 
CL=15pF Test circuit 2 

0 5 1000 

0 10 500 

tpLH 0 15 400 

-5 5 700 

"L-H" and "H-L" output propagation time RL=10kO -7.5 7.5 500 

(A, B-Xc-X" X-COMMON) CL=50pF Test circuit 3 0 5 1000 

0 10 500 

tpHL 0 15 400 

-5 5 700 

-7.5 7.5 500 

0 5 1400 

0 10 700 

tpLH 0 15 500 

-5 5 900 

"L-H" and "H-L·' output propation time RL=10kO -7.5 7.5 500 

(INHIBIT-Xo-X" X-COMMON) CL=SOpF Tset circuit 4 0 5 1400 

0 10 700 

tpHL 0 15 500 

-5 5 900 

-7.5 7.5 500 

0 5 45 

tpLH 0 10 30 

"L-H" and "H-L'· output propagation time RL=10kO 0 15 20 

(Xo-X,/X-COMMON'X-COMMON/Xo-X,) CL=50pF Test CircUIt 5 0 5 45 

tpHL 0 10 30 

0 15 20 

- Sine-wave distortion 
RL=10kO 

-5 5 0.1 
f,=lkHz Test circuit 2 

- Feedthroudh (switch off) RL=lkO Test circuit 6 -5 5 500 

R,=lkO 0 5 200 
Crosstalk - RL=10kO 0 10 300 
(A, B,INHIBIT-Xc-X" X-COMMON) 

CL=15pF Test circuit 7 0 15 400 

Control and inhibit inp'uts 7.5 
C, Input capacitance 

Channel and common inputs 10 

TEST CIRCUITS (Vss=OV, capacitance CL includes stray wirig capacitance and probe input capacitance) 

1 ON resistance (RON) 2 Maximum transfer frequency (fmax (110)) 
Sine-wave distortion 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

% 

kHz 

mV 

pF 

A c>--n-....L--,. __ ----, 
A c>--.fA"...J-, __ ---. 8 

V, ~svp.P 

l/f, 

V, B 

Vss VEE RL=10kO 

RoN=10X (V,-Vo) [kO) 
Vo 

v, AC voltmeter 

Vss VEE 

Refer to the function table for conditions of control inputs A and 8 

fmax (I/O) is taken as that frequency f, at WhiCh, using a 
sine-wave input of 2.SVp. p , 20 loglO(Vo/V,)=-3d8 Refer to 
the function table for conditions of control inputs A and 8. 
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MITSUBISHI CMOS LOGIC 

M4052BP 
M4052BFP 

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

3 "L-H" and "H-L" output propagation time 
(A, B-Xo-X" COMMON) 

Voo 

AO-~A~----t-----, 
B B 

INH 

Vss VEE 

TIMNG DIAGRAM 
SA=l, S~=2 

A.B 

X-COMMON 
XO-X3 

A,B 

X-COMMON 
XO-X3 

S. 

XO-X3 
X-COMMON 

X-COMMON 
",,-X3 

Refer to the function table for conditions of control inputs A 
and B. 

4 "L-H" and "H-L" output propagation time 
(INHIBIT-Xo-X3, X-COMMON) 

A 

B 

INHIBIT 

XO-X3 
SA X-COMMON 

5 "L-H" and "H-L" output propagation time 
(Xo-X3/X-COMMON-X-COMMON/Xo-X3) 

A 

B 

Vss 

TIMNG DIAGRAM 
20ns 

XO-X3 
X-COMMON 

X-COMMON 
XO-X3 

VEE 

XO-X3 
X-COMMON 

X-COMMON '--.----.---0 Xo- X3 

20ns 

1. 90% 

'" 
90% 

50% 50% 

10% \ 10% 

/ 
50% ~O% 

-
tpLH tpHL 

Refer to the function table for conditions of control inputs A 
and B. 

Feedthrough LS..:::l5Vp_p 

GMl A A 

B B 
V, 

INH 

Vss 

The leedthrough is taken as that Ireguency I, at which, using 
a sine-wave input of 2, 5Vp _p , 20 log,,(VolV,)=-50dB. Ref~r 

S. X-COMMON to the function table for conditions of control inputs A and B. 

XO-X3 ~~-------------------------------------------------------------------f 

VEE 

TlMNG DIAGRAM 

INHIBIT 

X-COMMON 
XO-X3 

S,=2, S.=l 

INHIBIT 

X-COMMON 
XO-X3 

Refer to the funcllon table for conditions of control Inputs A 
and B 

7 Crosstalk 

A 

B B 

Voo 

20ns 20ns 

A, B, INHIBIT 90~ 
..Y;O% '\.. 

INHI BIT l!1~N:!;H~ ___ J---t----' 

VEE 

R, 

Refer to the function table for condillons of control inp~ A 
and B 
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MITSUBISHI CMOS LOGIC 

M4053BP 
M4053BFP 

TRIPLE 2·CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

DESCRIPTION 
The M4053BP is a semiconductor integrated circuit consit
ing of three multiplexer/demultiplexers which use 1-bit 
digital inputs to perform selection of two analog switches. 

FEATURES 
• Low ON resistance: 500typ. (Voo=15V) 
• High OFF resistance: 109 0 or greater (typ) 
• Small differences in ON resistance between each 

switch in the package: 100 typo (Voo = 7.5V, Vss = -
7.5V) 

• Linearized transfer characteristics: 0.07% distortion 
(typ) 

• Signals with amplitude greater than the logic level am
plitude of the control inputs may be switched. 

• Provided with an inhibit input 

APPLICATION 
Ceneral purpose, for use in industrial and consumer digital 
eguipment. 

FUNCTIONAL DESCRIPTION 
When a 1-bit binary input signal is applied to the control in
puts (A), the channel numbers corresponding to the binary 
value input (Xo, Xl) are set to low impedance with respect 
to the corresponding (X-COMMON). All other channels re-

ain at high impedance. 
In this operation, if the (INHIBIT) input is held high, all 
channels (Xo, Xl) will be put in the high-impedance state, 
regardless of the state of the other inputs. 
It is possible to switch an analog signal of amplitude Voo-
VEE if this is greater than the logic level span Voo-Vss for 
inputs (A). 

LOGIC DIAGRAM Voo 

CONTROL INPUTS 

INHIBIT INPUT 6 H-DC>-<>-<:I>-+-~ 

*.~ OUT/IN IN/OUT 

C'N Vss 

PIN COFIGRATION (TOP VIEW) 

2X,-

INPUTS/~~~~~~~ 2Xo-

3X,-

CO~U~~~ COMM~XN -
INPUTS/~~~~~ 3Xo-

INHIBIT INPUT INHIBIT ..... 

VEE 

Vss 

Outline 

Voo 

15 -6~MMON fCOMMON 
14 1X- OUT/IN 

-COMMON 

13 -1X,[ CHANNEL 
12 - 1 Xo r INPUTS/OUTPUTS 

16P4 
16P2N 

CONTROL 
INPUTS 

FUNCTION TABLE (Notel) 

Inhibit Control Channel INPUT/OUTPUT to COM-

Input inputs MON switch selection 

INHIBIT A Xo X, 

L L ON OFF 
L H OFF ON 
H X FF OFF 

Note 1 x : Irrelevant 
ON : Low impedance between Xn and X-COMMON (n=O, 1) 
OFF: High impedance between Xn and X-COMMON (n=O, 1) 

VEE 

1X-COMMON 

1Xo 

1X, 

3Xo 

3X, 

0HANNEL 
INPUTS/ 
OUTPUTS 

L-----+I 4 3X-COMMON 

2X-COMMON 

• MITSUBISHI 
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MITSUBISHI CMOS LOGIC 

M40S3BP 
M40S3BFP 

TRIPLE 2·CHA,NNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

ABSOLUTE MAXIMUM RATINGS (Ta=-40-+85"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee-Vss 
Supply voltage 

-0.5-20 

Vee-Vee -0.5-20 

V, Input voltage 
Control and Inhibit Inputs Vss-O. 5-Vee+0. 5 

Channel and common Inputs Vee-O. 5-Vee+0. 5 

V ,O Input·to-output voltage ±0.5 

I, Input current Control and inhibit Inputs ±10 

10 Output current SWltch·off ±10 

Vo Output voltage Channel and common outputs Vee-O. 5-Vee+0. 5 

Topr Operating temperature range -40-+85 

Tstg Storage temperature range -65-+150 

RECOMMENDED OPERATNG CONDITING CONDITIONS (Ta=-40-+85"C, unless otherwise noted) 

Umlls 
Symbol Parameter 

Min Typ Max 

Vee-Vss 3 18 

Vee-Vee 
Supply voltage 

3 18 

V, 
I Control and Inhibit Inpuls Vss Vee 

Input voHage I Channel and common inputs Vee Vee 

Vo Output voltage Vee Vee 

ELECTRICAL CHARACTERISTICS (Vss=OV) 

Symbol Parameter Test conditions 

V •• (V) 

0 

V ,H 
°H" Input voltage 

Input·to-out""t cunsnt=IOpA 0 
(A, B, C, INHIBtT) 

0 

"L" Input current 
0 

V'l (A, B, C, INHIBIT) 
Inpul·to-cutput cuorent=IOpA 0 

0 

V,=5V 0 

V,=2.5V 0 

V,=O.25V 0 

V,=IOV 0 

V,=5V 0 

V,=O.25V 0 

V,=15V 0 

RON ON resistance V,=7.5V 0 

V,=O.25V 0 
V,-SV - -5 

V,=±O.25V -5 

V,=-5V -5 

V,=7.5V -7.5 

V,=ttO.25V -7.5 

Test circuit 1 V,=-7.5V -7.5 

ON resistance V8roabons -2.5 

ARoN belween swltche. "'the -5 

same pckage -7.5 

VOIo=IOV, VOIl=OV 0 
tnput41Hl11tput 

VOIo-OV, VOII=IOV 0 
10FF ott-state leakage current 

VOIo=IBV, VOIl=OV 0 
(Xo-X,-X·COMMON) 

VOIO=OV. VOII=IBV 0 

0 

lee Quiescent supply cu"ent VI=VDD. ~ss 0 

0 

I'H (~. ,':.iH'i' corren. V'H=18V, 0 

I'l ';~. :~~{ current V'l=OV 0 

7-16 

-40'C 

VDD(V) Min Max 

5 3.5 

10 7.0 

15 11.0 

5 1.5 

10 3.0 

15 4.0 

5 500 

5 850 
5 500 

10 210 

10 210 

10 210 

15 140 

15 140 

15 140 

5 210 

5 210 

5 210 

7.5 140 

7.5 140 

7.5 140 

2.5 

5 

7.5 

10 

10 

18 250 

18 -250 

5 20 

10 40 

15 80 

18 0.3 

18 -0.3 

• MITSUBISHI 
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Unit 

V 
V 

V 

V 

Limits 

2S'C 85'C 

Min Typ Max Min Max 

3.5 3.5 

7.0 7.0 

11.0 11.0 

1.5 1.5 

3.0 3.0 

4.0 4.0 

600 800 

950 1300 

600 800 

250 300 

250 300 

250 300 

160 200 

160 200 

160 200 
250 300 

250 300 

250 300 

160 200 

160 200 
160 200 

30 

15 

10 

125 

-125 

250 1000 

-250 -1000 

20 150 

40 300 

80 600 

0.3 1.0 

-0.3 -1.0 

Unit 

V 

V 

V 

V 

mA 
mA 
V 

"C 

"C 

Unit 

V 

V 

0 

0 

nA 

"A 

"A 
"A 



MITSUBISHI CMOS LOGIC 

M40S3BP 
M40S3BFP 

TRIPLE 2·CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

SWITCHING CHARACTERISTCS (Ta=25'C. Vss=OV) 

Limits 
Symbol Parameter Tset conditions 

VEE(V) VOO(V) Min Typ Max 

fmax(I/O) Maximum transfer frequency 
RL=10kO 

CL=15pF Test circuit 2 
-5 5 25 

a 5 1000 

a 10 500 

tpLH a 15 400 

-5 5 700 

"L-H" and "H-L" output propagation time RL=10kO -7.5 7.5 500 

(A-Xo. X" X-COMMON) CL=50pF Test circuit 3 a 5 1000 

a 10 500 

tpHL a 15 400 

-5 5 700 

-7.5 7.5 500 

a 5 1400 

0 10 700 

tpLH a 15 500 

-5 5 900 

"L-H" and "H-L" output propatlon time RL=10kO -7.5 7.5 500 

(INHIBIT-X,. X,. X-COMMON) CL=50pF Tset circuit 4 0 5 1400 

0 10 700 

tpHL a 15 500 

-5 5 900 

-7.5 7.5 500 

0 5 45 . 

tpLH a 10 30 

"L-H" and "H-L" output propagation time RL=10kO a 15 20 

(Xo. X,/X-COMMON-X-COMMON/X,. X,) CL=50pF Test circuitS a 5 45 

t pHL 0 10 30 

a 15 20 

- Sine-wave distortion 
RL=10kO 

-5 5 0.1 
f,=lkHz Test oi rcult 2 

- Feedthroudh (switch off) RL=lkO Test circuit 6 -5 5 500 

R,=lkO a 5 200 
Crosstalk - RL=10kO a 10 300 
(A. INHIBIT-X,. X,. X-COMMON) 

CL=15pF Test Circuit 7 0 15 400 

C, 
Control and inhibit Inputs 7.5 

Input capacitance 
Channel and common Inputs 10 

TEST CfRCUITS (Vss=OV. capacitance CL includes stray wiri9 capacitance and probe input capacitance) 

1 ON resistance (RoN) 

V OD 

1A~{1~A~--~-----' 
2A 2A 
3A 3A 

INH 

Vss Vee 

v, 

2 Maximum transfer frequency (fmax (110)) 
Sine-wave distortion 

Vss Vee 

-Refer to the function table for conditions of control Input A. 

fmax (1/0) IS taken as that frequency f, at which. uSln9 a 
sine-wave input of 2 5Vp~p. 20 109,,(VolV,)=-3dB Refer to 
the function table for conditions of control Input A 

• MITSUBISHI 
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Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

% 

kHz 

mV 

pF 
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MITSUBISHI CMOS LOGIC 

M40S3BP 
M40S3BFP 

TRIPLE 2.CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

3 "L-H" and "H-L" output propagation time 
(A-Xo, x" X-COMMON) 

VDD 

Vss VEE 

TIMNG DIAGRAM 
8,=1,8.=2 

A 

X-COMMON 
XO, X, 

Xo, X, 
X-COMMON 

X-COMMON 
XO, X, 

8,=2,8.=1 

Refer to the function table for conditions of control input A, 

4 "L-H" and "H-L" output propagation time 

(INHIBIT-Xo, X" X-COMMON) 

VDD 

1Ao-~1A;-~-'------' 
2A 2A 

3A 3A 

INHIBIT INH 

VEE 

TIMNG DIAGRAM 

8,=1,8.=2 

INHIBIT 

X-COMMON 
XO, X, 

INHIBIT 

X-COMMON 
XO, X, 

Xo, X, 
X-COMMON 

X-COMMON 
XO, X, 

Refer to the function table for conditions of control input A. 

5 "L-H" and "H-L" output propagation time 
(Xo, X,/X-COMMON-X-COMMON/Xo, X,) 

1A 

2A 

3A 
Xo, X, 
X-COMMON 

~~_J---t~=~-....-oX-COMMON 
xo, X, 

Vss 

TIMNG DIAGRAM 
20ns 

Xo, X, 
X-COMMON 

X-COMMON 
XO, X, 

VEE 

i 9O% 
50% 

10% 

I 
50% 

tplH 

20ns 

" 
90% 

1\ 
50% 

10% 

~O% 

tpHL 

Refer to the function table for conditions of control input A. 

6 Feedthrough LS:l5Vp.p 
1A 

2A 

3A 

~ 
V, 

The feedthrough is taken as that treguency f, at which, using 
a sine-wave input of 2,5Vp • p , 20 logjQ(Va lV,)=-50dB. Refer 
to the function table for conditions of control input A. 

7 Crosstalk 
20ns 20ns 

A, INHIBIT 90~ 
11O%'t. 

1Ao-~~~~----~ 

2A 

3A 

INHIBIT Va 

VEE 

Refer to the function table for conditions of control input A. 

R, 
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DESCRIPTION 
The M4066BP is a semiconductor integrated circuit consist
ing of four independent bilateral analog switches. 

FEATURES 
• Low ON resistance: 50.otyp. (Voo=15V) 

• High OFF resistance: 109 .0 or greater (typ) 
• Small differences in ON resistance between each 

switch in the package: 10.0 typo (Voo=15V) 

• Linearized transfer characteristics: 0.07% distortion 
(typ) 

• Wide operating voltage range: Voo=3-18V 
• Wide operating temperature range: T a= -40-+85°C 

APPLICATION 
General purpose, for use in Industrial and consumer digital 
equipment. 

FUNCTIONAL DESCRIPTION 
The control input (C IN ) can be used to change the input-to
output Impedance (IN/OUT-OUT/IN) of the switches. 
When (CIN ) is made high, the input-to-output switch impe

dance is low and when set to low, this impedance is high. 
While this device is compatible with the M4016BP, the low
er ON resistance and better transfer characteristics allow a 
larger input voltage range 

~ 
C'N 

Input/output and output/input resistance (Voo=10V, 15V) 

H 0.5-3X10'O 

L >10'0 (typ) 

MITSUBISHI CMOS LOGIC 

M4066BP 
M4066BFP 

QUADRUPLE BILATERAL SWITCH 

PIN CONFIGURATION (TOP VIEW) 

6~~~J~ lIN/OUT-

OUTPUTSI jl0UT/IN

INPUTS 20UT/IN-

ol~.f~uT~ 2IN/OUT:,"" 

CONTROL j 
INPUTS 

Vss 

Voo 

I CONTROL 
r INPUTS 

11 - 41N/OUT ~tfi'pTGT 

10 - 40UTlIN I OUTPUTSI 

9 - 30UT liN r INPUTS 

8 .... 3IN/OUT IfJT~1fT ---.-----'-
Outline 14P4 

14P2N 

CIRCUIT SCHEMATIC (EACH SWITCH) 

INPUT/OUTPUT 
IN/OUT 

INPUT 
CONTROL IN 

CONTROLt 
Vss 

LOGIC DIAGRAM (EACH SWITCH) 

INPUTI 
OUTPUT' 
IN/OUT o------j----K 

CONTROL 
INPUT 
CONTROL 0----1 

IN 

OUTPUT/ 
INPUT 

OUT/IN 

OUTPUT/ 
INPUT 
OUT/IN 

• MITSUBISHI 
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MITSUBISHI CMOS LOGIC 

M4066BP 
M4066BFP 

QUADRUPLE BILATERAL SWITCH 

ABSOLUTE MAXIMUM RATINGS (Ta=-40-+8S"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Voo Supply voltage Vss-0.5-Vss+20 

V, Input voltage Vss-O. 5-Voo+0. 5 

V'O Input-te-output voltage ±0.5 

I, Input current Control inputs ±10 

10 Output current Switch-off ±10 

Topr Operating temperature range -40-+85 

Tstg Storage temperature range -65-+150 

RECOMMENDED OPERATING CONDITIONS (Ta=-40-+8S"C, Vss=OV, unless otherwise noted) 

Symbol Parameter 

Voo Supply voltage 

V, Input voltage 

ELECTRICAL CHARACTERISTICS 

Symbol Parameter Test conditions 

V'H "H" IOput voltage (C'N) Input·to·oulpul aurrenl=IO"A 

V'L "L" input aurrent (C'N) Jnput·to-output current= lO,uA 

V,-5V 

V,=2.5V 

V,=O.25V 

V,=10V 

V,=5V 

V,=O.25V 

V,=15V 

RON ON resistance V,=7.5V 

V,=O.25V 

V,-5V 

V,=±O.25V 

V,=-5V 

V,=7.5V 

V,=±O.25V 

Test circuit 1 V,=-7.5V 

ON resistance variations 

LlRoN between sWitches of the 

same package 

Vllo-l0V. V01,-ov 

IOFF 
Input/output off-state Vl/o=QV, Vo/1=10V 

leakage current Vllo=18V, VOIl=OV 

V"O=OV. VolI =18V 

100 QUiescent supply current V,(C'N)=VOO, Vss 
i 

I'H "H" ,nput currenl (C'N) V,-18V 

I'L "L" inpul current (C'N) Vil-OV 

7-20 

limits 

Min I Typ I Max 

3 I I 18 

a I I Voo 

-40t 

Vss(V) Veo(V) Min Max 

0 5 3.5 

0 10 7.0 

0 15 11. 0 

0 S 1.5 

a 10 2.0 

0 15 2.5 

0 5 500 

a 5 850 

a 5 500 

0 10 210 

a 10 210 

0 10 210 

a 15 140 

a 15 140 

0 15 140 

-5 5 210 

-5 5 210 

-5 5 210 

-7.5 7.5 140 

-7.5 7.5 140 

-7.5 7.5 140 

-2.5 2.5 

-5 5 

-7.5 7.5 

a 10 

0 10 

0 18 250 

a 18 -250 

0 5 1 

0 10 2 

0 15 4 

0 18 0.3 _. 

O' 18 -0.3 

• MITSUBISHI 
;"ELECTRIC 

Unit 

V 

v 

Limits 

25'C 85"C 

Min Typ Max Min Max 

3.5 3.5 

7.0 7.0 

11.0 11. 0 

1.5 1.5 

2.0 2. a 
2.5 2.5 

600 800 

950 1300 

600 800 

250 300 

250 300 

250 300 

160 200 

160 200 

160 200 

250 300 

250 300 

250 300 

160 200 

160 200 

160 200 

30 

15 

10 

125 

-125 

250 1000 

-250 -1000 

1 7.5 

2 15 

4 30 

~+-~-- 0.3 1.0 
~-

-0.3 -1.0 

Unit 

V 

V 

V 

rnA 

rnA 

"C 

"C 

Unit 

V 

V 

fl 

fl 

nA 

/-lA 

/-lA 

/-lA 



MITSUBISHI CMOS LOGIC 

M4066BP 
M4066BFP 

QUADRUPLE BILATERAL SWITCH 

SWITCHING CHARACTERISTICS (Ta=25'C) 

Symbol Parameter 

Imax(I/O) Maximum transfer frequency 

fmax(C'N) Maximum control Irequency 

tpLH 

"L-H" and "H-L" output propagation t,me 

(IN/OUT-OUTIIN) 

tpHL 

tpLH 

"L-H" and "H-L" output propagation time 

(CONTROL IN-OUlIIN) 

tpHL 

- Sine·wave distortion 

- Feedthrough (switch off) 

Crosstalk -
(CONTROL IN-OUTIIN) 

C, Input capacitance 

TEST CIRCUITS 

1 ON resistance (RON) 

Voo 

V,O---~-6------~~ 

Vss 

Limits 
Test conditions 

voo(V) Vss(V) Min Typ Max 

RL=10kO 
-5 5 25 

CL-15pF Test circuit 2 

0 5 6 
RL=3000 

0 10 18 
CL=1SpF Test circuit 3 

0 15 22 

0 5 45 

0 10 30 

RL=10kO 0 15 20 

CL=SOpF Test circuit4 0 5 45 

0 10 30 

0 15 20 

0 5 200 

0 10 70 

RL=10kO 0 15 60 

CL=SOpF Test circuit 5 0 5 200 

0 10 70 

0 15 60 

RL=10kO 

1,=1kHz Test circuit 2 
-5 5 0.07 

RL=1kO Test Circuit 6 -5 5 500 

R,=1kO 0 5 200 

RL=10kO 0 10 300 

CL=1SpF Test circUit 7 0 15 400 

Control input 7.5 

Switch input/output 10 

2 Maximum transfer frequency (fmax (1/0)) 

Sine-wave distortion 

RL=10kO 

~5Vp_p 

~ ,--- Voo 

IN/OUT o--+-~---I-~ 

Imax (I/O) is taken as that Irequency I, at which. using a 
sine-wave input 01 2. SVp _p , 20 log,o(VolV,)=-3dB 

• MITSUBISHI 
"ELECTRIC 

Unit 

MHz 

MHz 

ns 

ns 

ns 

ns 

% 

kHz 

mV 

pF 
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3 Maximum control frequency (fmax(C1N)) 

CONTROL IN 

TIMING DIAGRAM 
20ns 

Voo 

~4-"----""--0 OUTIIN 

Vss 

20ns 

OUTIIN ~~lVo 

Imax (C'N) is taken as that Irequency I, at which the output 
amplitude (Vo) is 1/2 that at 1 kHz 

4 "L-H" and "H-L" output propagation time 
(IN/OUT-OUT/IN) 

INIOUT o--+--¢---t---K A-<>--~_-O OUT liN 

TIMING DIAGRAM 20ns 20ns 

1:,90% \ 90% 

50% 50% 
1I 10% 1\ 10% 

INIOUT 

OUTIIN I~O% \,,0% 

tpLH tpHL 

MITSUBISHI CMOS LOGIC 

M4066BP 
M4066BFP 

QUADRUPLE BILATERAL SWITCH 

5 "L-H" and "H-L" output propagation time 
(CONTROL IN-OUT/IN) 

Voo 

OUTIIN 

S. 

CONTROL IN 0--+--<>1 

S,=2, S.=l 

TIMING DIAGRAM 

OUTIIN 

6 Feedthrough 

-L0o LS:l5~ __ - -, 
~' , 

INIOUT O---<>----f---iC >--<>-_-...... -oOUT/IN 

AC 
voltmeter 

The leedthrough is taken as that Irequency I, at which, using 
a sine-wave input 012, 5Vp _p , 20 109,,(Vo/V,)=-50dB. 

7 Crosstalk 

20ns 20ns 

90%11{l 

Y,0%\l 

CONTROL o---j--<:>-----i 
IN 

L-¢-.-"",-o OUTIIN 

R, 

7-22 • MITSUBISHI 
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MITSUBISHI LINEAR ICs 

MS1320P 

ANALOG SWITCH 

DESCRIPTION 
The M51320P is a semiconductor integrated circuit contain
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. One of 
the audio switches has two inputs and the other, three. The 
video switch has two inputs. Each switch can be indepen
dently controlled. In addition, the video switch contains an 
amplifier with a gain of about 6.7dB. 

PIN CONFIGURATION (TOP VIEW) 

SOUND (1) ..-I '-J' 0-. 

FEATURES 
• Video and stereo sound switches in one package 

OUTPUT 

Vee 

VIDEO INPUT 2 

VIDEO CONRTOL 
INPUT 

VIDEO INPUT 1 

SOUND (1) 
CONTROL INPUT 

GND 
SOUND (2) • Wide frequency range (video switch) ........... DC-10MHz 

• High separation (video) 
OUTPUT L ___ -' 

.................................. Crosstalk 55dB(typ.) @5MHz 

APPLICATION 
Video equipment. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 5-14V 

16-pin molded plastic DIP 

BLOCK DIAGRAM 

, 

SOUND (1) INPUT 

~ 
123 

SOUND (2) INPUT 

~ 
1 2 

V'IDEO INPUT 

~ 
1 2 

-----, 
I 
I 
I 
I 

L_ 
SOUND (1) SOUND (1) SOUND (2) SOUND (2) VIDEO VIDEO 
OUTPUT CONTROL OUTPUT CONTROL OUTPUT CONTROL 

INPUT INPUT INPUT 

• MITSUBISHI 
~ELECTRIC 

11 DECOUPLING 
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MITSUBISHI LINEAR IC. 

M51320P 

ANALOG SWITCH 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C,Vee=12V, unless otherwise noted) 

Symbol Parameter Condit,ons Ratings 

Vee Supply voltage 14 

Sound 6 
V's Input signal voltage 

Video 6 

V,e Input control voltage Vee 

Pd Power dissipation 1.25 

Ke Thermal derating 12.5 

Topr Operating temperature range -20-+75 

Tst!l' Storage temperature range -40-+125 

ELECTRICAL CHARACTERISTICS (Ta=25"C~ Vee=12V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

Icc Circuit current 40 

V'De Input bias voltage 3.8 4.2 

V,deo 5.0 5.6 
VoDe Output bias voltage 

Sound 3.0 3.6 

VDP Output DC oIlset voltage 15 

V1CH Sound (1) (Pin ® 3-state input) 7.0 B.O 

VIOL Control-pin threshold voltage Sound (1) (Pin ® 3-state input) 3.0 4.0 

V,e Sound (2) and video (Pins @,@) 1.7 2.1 

Video,l=lMHz 5.7 6.7 
Gv Voltage gain 

Sound, f=lkHz -0.5 -0.1 

THD Total harmonic distortion Sound, l=lkHz, Vo=lVrms 0.02 

VN Output noise voltage 
Sound, Ra=600Q, BW=15kHz 3 

Video, Rg= 75 Q , BW= 1 OM Hz 0.5 

CT Crosstalk 
Sound, l=lkHz 65 BO 

Video, 1=5MHz 45 55 

SWITCH MODE 
SOUND (1) CONTROL INPUT 

~-~-~ 
, I I 

1 ' , 
}-------:-q. 

1 SOUND (1) OUTPUT 

7-24 

SOUND (2) INPUT { : SOUND (2) OUTPUT 

{ 
1 5 

V:DEO INPUT 2 I , 
I 
I _ I 

L_~_--.J 
VIDEO CONTROL SOUND (2) CONTROL 

INPUT INPUT 

VIDEO OUTPUT 

• MITSUBISHI 
.... ELECTRIC 

::::~ No. S, 
Control inpu 

Vee 1 

OPEN 2 

GND 3 

* Connect to Vee or GND 

Unit 

V 

V 

V 

W 

mW/"C 

"C 

"C 

Unit 
Max 

48 mA 

4.6 V 

6.2 
V 

4.2 

100 mV 

9.0 

5.0 V 

2.5 

7.7 
dB 

0.2 % 
50 I'Vrms 

1.0 mVrms 

dB 

S2 S3 

1 1 

* * 
2 2 



MITSUBISHI LINEAR ICs 

MS1320P 

ANALOG SWITCH 

TYPICAL CHARACTERISTICS (Ta=25t, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) 
2.0 

! 
1.6 

'tI 
D. 

Z 1.2 0 

~ 
~ 0.8 

i5 
a: 
w 0.4 
~ 
~ 

---
" "-"- .. ..... 

... .... .... o 
o 25 50 75 100 125 

AMBIENT TEMPERATURE T a (t) 

VOLTAGE GAIN VS. FREQUENCY (SOUND) 

'iii 
~ 
> 

(!l 

Z 
< 
(!l 

W 
(!l 
0( 

~ 
0 
> 

5 
Vee=12V 
C'N=l,..F 

0 

"""" 

-5 
100 3 5 7 lk 3 5710k 3 57100k 

FREQUENCY f (Hz) 

TOTAL HARMONIC DISTORTION VS. 

~ 1.0 
7 
5 
3 

FREQUENCY (SOUND) 

C 
J: 
I-

z 
o 
~ O'j 
~ 5 
i5 3 

C.l 
Z 0.01 
o 7 
::! 5 
~ 3 
J: 

;;J, 0.001 

Va-1Vrms 

~ 100 3 57 lk 

Vee 9V 

veelj2~ 

3 57 10k 3 57 lOOk 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
80r---~----~----'---~ 

< 
E 

60 
0 
0 
> 
I-
Z 
W a: a: 
~ 
C.l 
l-
S 
u a: 
(3 

0 
5 7.5 10 12.5 14 15 

SUPPLY VOLTAGE Vee (V) 

TOTAL HARMONIC DISTORTION VS. 

~ 1.0 
C 7 
J: 5 
I- 3 

Z 

1 o O. 
~ 7 

~ ; 
i5 
u 

1 Z 0.0 
o 7 
::! 5 
~ 3 
J: 

;;J, 0.00 1 

OUTPUT VOLTAGE (SOUND) 

Ii' 
, ...... r-. V I-1kHz 

b 0.01 3 57 0.1 3 571.0 3 5710 

I-

10 

8 

w' 6 

~ 
o 
> 
u 
C 
I
~ 
D. 
I-
~ 
o 

4 

2 

o 

OUTPUT VOLTAGE Va (Vrms) 

OUTPUT DC VOLTAGE VS. 
INPUT DC VOTAGE (SOUND) 

/ 
/ 

V 

~ 
V 

o 2 4 6 8 10 

FREQUENCY f (Hz) INPUT DC VOLTAGE V'N De (V) 

• MITSUBISHI 
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CROSSTALK VS. FREQUENCY (SOUND) 
100 

90 

al 
~ 
f- 80 
() 

I<: 
oJ 70 < 
f-
rJ) 
rJ) 

0 60 [[ 
() 

(@-@) 

'\. , , '<, 
(@-@or)' , 
@-@ " 1\ 
Pin numbers , 

arelforl~OIU~D\ll\ 
50 

1 k 3 5710k 3 57100k 3 571 M 

FREQUENCY , (Hz) 

MITSUBISHI LINEAR IC. 

MS1320P 

ANALOG SWITCH 

OUTPUT NOISE VOLTAGE VS. 
SIGNAL SOURCE RESISTANCE (SOUND) 

U; 100 

~ ~ 
'l 3 

-t 
w 
C!l 

~ 
o 
> 

10 
7 
5 
3 

w 1 
rJ) 7 
(5 5 

~ 3 
::J 
D.. 
f- 0.1 5 100 

'/ 

3 57 1k 3 5710k 3 57100k 

SIGNAL SOURCE RESISTANCE Rg (Q) 

OUTPUT DC VOLTAGE VS. 
VOLTAGE GAIN VS. FREQUENCY (VIDEO) INPUT DC VOLTAGE (VIDEO) 

al 
~ 
> 

C!l 

z 
< 
C!l 
w 
C!l 
< 
f-
oJ 
0 
> 

al 
~ 
f-
() 

I<: 
oJ 
< 
Iii 
rJ) 

0 
[[ 
() 

10 

, 
5 r\ 

\ 
\ 

o 
lOOk 3571M 3 5710M 357100M 

FREQUENCY , (Hz) 

15 

~ 
g 12 

~ 
w 

~ 
o 
> 
() 
c 

9 

6 

5 3 
D.. 
f
::J 
o 0 

, Vcc=12V 

/- Vcc=Jv 

~ 
'I' 

:::::::; ~ 
o 2 4 6 8 10 

INPUT DC VOLTAGE V'NDC (V) 

TOTAL HARMONIC DISTORTION VS. 
CROSSTALK VS. FREQUENCY (VIDEO) 

90 

80 
I ... (@-@) 

70 

60 
r'<~ 

I' 
50 

, 
40 

~ - 10 
C 
J: 
f-

z 
o 
~ 
o 

'f
rJ) 

Ci 
() 

7 
5 
3 

1 
7 
5 
3 

Z 0.1 
o 7 
::i! 5 
[[ 

3 < 
J: 
oJ 

OUTPUT VOLTAGE (VIDEO) 

I ~ 
IL 
'10kHz 

I ..... 

I I i i I III 
10k 3 57100k 3571M 35710M 

~ 0.01 
o 0.01 3 57 0.1 3 5 7 1 3 5710 

FREQUENCY , (Hz) 
f-

• MITSUBISHI 
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APPLICATION EXAMPLE 

5, 

+ 
SOUND (1) OUTPUT 1" 

V'D.O ,NPUT { , 

+ 
100" 

75 

+ 1 
100 " 

75 

+ 
SOUND (2) OUTPUT 1" 

PRECAUTIONS FOR USE 
When the video output is sent through a 750 output and 
the supply voltage of 12V is used, and external transis
tor buffer such as the one shown in the above diagram 
should be- connected to maintain a balance with the 
power dissipation of the package. 

Should 9V be the sole supply voltage, a direct drive 
arrangement can be used as in the diagram at right by 
connecting resistor RE between the output pin and 
ground. 

Since an emitter-follower output .is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 

MITSUBISHI LINEAR IC. 

M51320P 

ANALOG SWITCH 

Vec 

+ 
10" r· 1

" 

+ 

10" 3 } 

I--+---+-+-e---+-----o: SOUND (1) INPUT 

10 " 

2SC1211 

~'VV'\r-~ \-0 VIDEO OUTPUT 

+ 
10" 

+ I-+--+----I:;t--------Q: } SOUND ")oNPU' 

+ 
10 " 10.1" 

10" 

Units Resistance: 0 
Capacitance: F 
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DESCRIPTION 
The M51321 P is a semiconductor integrated circuit contain
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. Each 
switch has three inputs and can be undependently control
led. In addition, the video switch contains an amplifier with a 
gain of about 6.7dS. 

FEATURES 
• Video and stereo sound switches in one package 
• Wide frequency range (video switch) ........... DC-10MHz 
• High separation (video)'" Crosstalk 55dS(typ.) (@5MHz) 

APPLICATION 
Video equipment. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 5-14V 

BLOCK DIAGRAM 

SOUND (1) INPUTS 

~ 
1 2 3 

SOUND (2) INPUTS 

~ 
1 3 

MITSUBISHI LINEAR IC. 

M51321P 

ANALOG SWITCH 

PIN CONFIGURATION (TOP VIEW) 

SOUND (1) 
OUTPUT 

Vee 

VIDEO INPUT 1 

NC 

VIDEO INPUT 2 

NC 

VIDEO INPUT 3 

GND 

SOUND (2) 
OUTPUT 

15 CONTROL INPUT 

NC : NO CONNECTION 

18-pin molded plastic DIP 

VIDEO INPUTS 

~ 
2 3 

------, 

I 
I 
I 
I 
I 
I 
I 
I 

.-4--~ 

DECOUPLING 

SOUND (1) OUTPUT SOUND (2) OUTPUT VIDEO OUTPUT CONTROL INPUT 

7-28 
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MITSUBISHI LINEAR IC. 

MS1321P 

ANALOG SWITCH 

. ABSOLUTE MAXIMUM RATINGS (Ta=25"C,Vee=12V, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 14 

Sound 6 
V's Input signal voltage 

Video 6 

V,e I nput control voltage Vee 

Pd Power dissipation 1. 25 

KO Thermal derating 12.5 

Topr Operating temperature range -20-+75 

Tstg Storage temperature range -40-+125 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vee=12V, unless otherwise noted) 

Symbol Parameter 

Ice Circuit current 

VI DC Input bias voltage 

VoDe Output bias voltage 

VoP Output DC offset voltage 

V1CH 

V,ee 
Control-pin threshold voltage 

Gv Voltage gain 

THO Total harmonic distortion 

VN Output noise voltage 

CT Crosstalk 

SWITCH MODE 

SOUND (2) 'NPUT { : 

V'DEO 'NPUT j 

CONTROL INPUT 

Test conditions 
Min 

3.B 

Video 5.0 

Sound 3.0 

7.0 

3.0 

Video, 1=1 MHz 5.7 

Sound, 1=1 kHz -0.5 

Sound, I-1kHz, Vo=lVrms 

Sound, Rg=600Q,BW=15kHz 

Video, Rg=75Q, BW=10MHz 

Sound, 1=1 kHz 65 

Video, 1=5MHz 45 

1 SOUND (1) OUTPUT 

9 SOUND (2) OUTPUT 

14 VIDEO OUTPUT 

• MITSUBISHI 
.... ELECTRIC 

~ No. 
Control Inpu 

Vee 

OPEN 

GND 

L,mits 

Typ 

39 

4.2 

5.6 

3.6 

15 

8.0 

4.0 

6.7 

-0.1 

0.02 

3 

0.5 

BO 

55 

S, 

1 

2 

3 

Umt 

V 

V 

V 

W 

mW/"C 

"C 

"C 

Unit 
Max 

4B mA 

4.6 V 

6.2 

4.2 
V 

100 mV 

9.0 V 

5.0 V 

7.7 
dB 

0.2 % 
50 f'Vrms 

1.0 mVrms 

dB 

s" So 

1 1 

2 2 

3 3 
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MITSUBISHI LINEAR ICs 

M51321P 

ANALOG SWITCH 

TYPICAL CHARACTERISTICS (Ta=25"G, unless otherwise noted) 

7-30 

THERMAL DERATING (MAXIMUM RATING) 
2.0 

~ 
1.6 

"0 
~ 

Z -0 
f= 
< 
~ 

Cii en 
0 
c: 
w 
;:: 
0 
~ 

1.2 

0.8 

0.4 

o 
o 

'" "-....... 
~, 

" , , , 
25 50 75 100 125 

AMBIENT'TEMPERATURE Ta ("G) 

VOLTAGE GAIN VS. FREQUENCY (SOUND) 

5 
Vee=12V 

00 
C,N =l,uF 

"0 

> 
(!J 

Z 
< 0 
(!J 

w i""'" 
(!J 

< 
I-
.J 
0 
> 

-5 
1 00 3 5 7 1 k 3 5 71 Ok 3 5 71 OOk 

FREQUENCY t (Hz) 

TOTAL HARMONIC DISTORTION VS. 
FREQUENCY (SOUND) 

Cl 1. 0 
J: 7 
I- 5 

Vo=lVrms 

z 
o 
f= 

3 

c: 0.1 
o 7 
ti; 5 
o 3 

z o 0.01 
~ 7 
c: 5 
~ 3 
.J 

--

< 50. 001 
I- 100 

Veei=r'f 

Vee 12V 

I I 
3 571k 3 5710k 3 57100k 

FREQUENCY t (Hz) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
80 

'< 
E 

o 
.2 

I-

~ 40~--~~---1--~~--~-i 
c: 
c: 
:J 
o 
5 20~~--~---1----~--~-i 
o 
c: 
[) 

OL-----~--~----~--~~ 
5 7.5 10 12.5 14 15 

SUPPLY VOLTAGE Vee (V) 

TOTAL HARMONIC DISTORTION VS. 
~ OUTPUT VOLTAGE (SOUND) 
Cl 1.0 
J: 7 
I- 5 

z 
o 

3 

~ 0.1 
o 7 
ti; 5 

o 
~ 
z 
o 
~ 
c: 
< 
J: 
.J 

3 

0.01 
7 
5 

3 

l/t=lkHZ 
..... 

g 0.001 
I- O. 01 3 5 7 O. 1 3 5 7 1. 0 3 5 71 0 

g 
o 

> 
w 
(!) 

~ 
.J 
o 
> 
o 
Cl 
I
:J 
~ 
I
:J 
o 

10 

8 

6 

2 

o 

OUTPUT VOLTAGE Vo (Vrms) 

OUTPUT DC VOLTAGE VS. 
INPUT DC VOLTAGE (SOUND) 

/ 

/ 
V 

~ 
/ 

o 2 4 6 8 10 

INPUTDCVOLTAGE V,NDe (V) 

• MITSUBISHI 
..... ELECTRIC 



m-
"0 

I-
() 

:><: 
..J 
<I: 
l-
I/) 
I/) 

0 a: 
() 

m-
~ 
> 

Cl 

z 
< 
Cl 
w 
Cl 
<I: 
I-
..J 
0 
> 

m-
"0 

I-
() 

:><: 
..J 
<I: 

tii 
I/) 

0 a: 
() 

CROSSTALK VS. FREQUENCY (SOUND) 
100 

90 

80 

70 

60 

50 
1k 

@-@ 
~ , 

V 

\ '\~ 
( @-@)" 
. @-@ '\. 1\, 

Pin ~umbers are \ 
(0\ ~OUND 8 )1 

3 5 7 10k 3 5 7100k 3 5 71 M 

FREQUENCY f (Hz) 

VOLTAGE GAIN VS. FREQUENCY (VIDEO) 
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Vcc=12V 
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"1\ 
I\. 
\ 
\ 
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lOOk 3571M 35710M 357100M 

FREQUENCY f (Hz) 

CROSSTALK VS. FREQUENCY (VIDEO) 
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MITSUBISHI LINEAR ICs 

M51321P 

ANALOG SWITCH 

OUTPUT NOISE VOLTAGE VS. 
SIGNAL SOURCE RESISTANCE (SOUND) 
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w 
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I
:) 
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OUTPUT DC VOLTAGE VS. 
INPUT DC VOLTAGE (VIDEO) 

Vcc=12V 

ff vcc=~v 
j V 

IJ/ =-.... 
o 2 4 6 8 10 

INPUT DC VOLTAGE Y'N DC (V) 

TOTAL HARMONIC DISTORTION VS. 

Cl 
J: 
I-

z 
o 
i= a: 
o 
tii 
o 
S:1 

10 
7 
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3 

1 
7 
5 
3 

z 0.1 
o 7 
~ 5 
<I: 
J: 

3 

..J 

~ 0.01 

OUTPUT VOLTAGE (VIDEO) 

ri--
I 
I I ; I 

1/ 
---+ ~f 10kHz 

"'- l1TIt 1 I Ii 
o O. 01 3 5 7 O. 1 3 5 7 1 3 5710 
I-

FREQUENCY f (Hz) OUTPUT VOLTAGE Vo (Vrms) 

• MITSUBISHI 
""ELECTRIC 7-31 



MITSUBISHI LINEAR IC. 

MS1321P 

ANALOG SWITCH 

APPLICATION EXAMPLE 

Vee 

S, + 
20 10,u Io.l,u 
31 

SOUND (1) OUTPUT 

75 

2SC1211 

VIDEO INPUT 2 0--+-+---..-13----+---1 75 

75 
~'VVIr-~ 1-0 VIDEO OUTPUT 

75 

3O--+-+-~~~--1_--_; 

75 
t-+--+---fj--------Q: } ,aUND ", 'NeuT 

SOUND (2) OUTPUT 

PRECAUTIONS FOR USE 
When the video output is sent throuth a 75 Q output and 
the supply voltage of 12V is used, and external transis
tor buffer such as the one shown in the above diagram 
should be connected to maintain a balance with the 
power dissipation of the package. 

Should 9V be the sole supply voltage, a direct drive 
arrangement can be used as in the diagram at right by 
connecting resistor RE between the output pin and 
ground. 

Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 

7-32 
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75 

Units Resistance: 0 
Capacitance :F 

~ 



MITSUBISHI LINEAR ICs 

M51326P 

ANALOG SWITCH 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 

So.UND (1) 
o.UTPUT 

Vee 

VIDEO. INPUT 2 

The M51326P is a semiconductor integrated circuit contain
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. One of 
the audio switches has two inputs and the other, three. The 
video switch has two inputs. Each switch can be indepen
dently controlled. VIDEO. Co.NTRo.L So.UND (2) 

INPUT 13 Co.NTRo.L INPUT 

FEATURES VIDEO. INPUT 1 12 VIDEO. o.UTPUT 

• Video and stereo sound switches in one package 
So.lJND (1) 

Co.NTRo.L INPUT 11 DECo.UPLING 

• Wide frequency range (video switch) ........... DC-10MHz 
• High separation (video) 

.................................. Crosstalk 55dB(typ.) @5MHz 

APPLICATION 
Video equipment. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 5-14V 

BLOCK DIAGRAM 
So.UND (1) INPUTS 
~ 
1 2 3 

So.UND (2) INPUTS 
~ 
1 2 

---- --, 
I 
I 

GND 10 1 } So.UND (2) 
SOUND (2) 9 2 INPUTS 

o.UTPUT --. ___ -T-

16-pin molded plastic DIP 

VIDEO. INPUTS 
~ 
1 2 

----I 

I 
I 

I 
I 
I 
I 

11 DECo.UPLING 

I 
I 
I 
IGv=cOdB 
I 
I 

--0>--

I ' 

i ~GND 
_~_J 

So.UND (1) So.UND (1) So.UND (2) So.UND (2) VIDEO. VIDEO. 
o.UTPUT Co.NTRo.L o.UTPUT Co.NTRo.L o.UTPUT Co.NTRo.L 

INPUT INPUT INPUT 
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MITSUBISHI LINEAR IC. 

M51326P 

ANALOG SWITCH 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, Vee=12V, unless otherwIse noted) 

Symbol Parameter ConditIons Ratings 

Vee Supply voltage 14 

V's Input signal voltage 6 

V'c Input control voltage Vee 

Pd Power dissipation 1. 25 

KU Thermal derating 12.5 

Topr Operating temperature range -20-+75 

Tstg Storage temperature range -40-+125 

ELECTRICAL CHARACTERISTICS (Ta=25·C, Vce=12V, unless otherwise noted) 

limIts 
Symbol Parameter Test condItions 

Min Typ 

Icc Circuit current 28 

Vice Input bias voltage 3.8 4.2 

VoDe Output bias voltage 3.0 3.6 

VOP Output DC offset voltage 15 

V'CH Sound (1) (pin @ 3-state input) 7.0 8.0 

VIOL Control-pin threshold voltage Sound (1) (pIn @ 3-state onput) 3.0 4.0 

V'c Sound (2) and video (pins ®,@) 1.7 2.1 

Gv Voltage gain l=lkHz -0.5 -0.1 

THD Total harmonic distortion Sound,l=lkHz,Vo=lVrms 0.02 

Sound, Rg=600Q, BW=15kHz 3 
VN Output noise voltage 

Video, Rg=75Q, BW=10MHz 0.5 

Sound, 1=1 kHz 65 80 
CT Crosstalk 

Video, 1=5MHz 45 55 

SWITCH MODE 
SOUND (1) 

CONTROL INPUT 

r-----------~6r----------, 

1 SOUND (2) OUTPUT 

SOUND (2) INPUT { ~ 8 SOUND (2) OUTPUT 

VIDEO INPUT{ ~ 12 VIDEO ~ No. S, 
Control inpu 

7-34 

L-.--{4 

VIDEO 
CONTROL 

INPUT 

13}------------' 

SOUND (2) 
CONTROL 
INPUT 

OUTPUT 

• MITSUBISHI 
"'ELECTRIC 

Vee 1 

OPEN 2 

GND 3 

* Connect to Vee or GND 

Unit 

V 

V 

V 

W 

mW/"C 

·C 

"C 

Unot 
Max 

36 mA 

4.6 V 

4.2 V 

100 mV 

9.0 V 

5.0 V 

2.5 V 

dB 

0.2 % 
50 ,uVrms 

1.0 mVrms 

dB 

S. S3 

1 1 

* * 
2 2 



MITSUBISHI LINEAR ICs 

MS1326P 

ANALOG SWITCH 

TYPICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) 

2.0 

~ 
'0 1.6 

Q. 

z 
0 1.2 
i= « 
Q. 

iii 0.8 (/) 

15 

----
" " ........ 

II: " W 
0.4 ~ 

0 
Q. 

, , 
" a 

a 25 50 75 100 125 

AMBIENT TEMPERATURE Ta CC) 

VOLTAGE GAIN VS. FREQUENCY (SOUND) 

Vee=12V 

Iil 
C ,N=lI'F 

~ 
> 

CJ 

z « a 
CJ 
w ",. 
CJ « 
f-
oJ 
0 
> 

-5 
100 3 5 7 1 k 3 5710k 3 57100k 

z 
o 

1.0 
7 
5 
3 

i= 0.1 
II: 7 
o 5 
til 3 
15 
u 
Z 0.01 
o 7 
:2 5 
II: « 3 
J: 
oJ 

FREQUENCY f (Hz) 

TOTAL HARMONIC DISTORTION 
VS. FREQUENCY (SOUND) 

Vo-1Vrms 

Vee 9V 

Vee-12V 

~0.001 
o 100 3 5 7 1 k 3 5 7 10k 3 5 7100k 
f-

FREQUENCY f (Hz) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

80 I 
I 

:( 
E 

60 
(J 

I 
I 
I 

.E I 
f-
Z 

40 w 

I 
I 

II: 
II: 
::l 
U 
!:: 20 
::l 
U 
II: 
() 

V ~ ...... I 

V ~ : 
I 
I a 

5 10 12.5 14 15 7.5 

SUPPLY VOLTAGE Vee (Vrms) 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (SOUND) 

o 
J: 
f-

z 
o 

1.0 
7 
5 
3 

1 ~ O. 
o 7 
til 5 
is 3 

U 
1 Z 0.0 

o 7 
~ 5 
« 3 
J: 
oJ 

1 

f 

........ ~ ~ 
f=lkHz 

~O.OO 
o O. 01 3 5 7 O. 1 3 5 7 1. a 3 5 710 
f-

(J 
o 
o 

> 
w 
CJ « 
~ 
o 
> 
u o 
f
::l 
Q. 
f
::l 
o 

OUTPUT VOLTAGE Vo (Vrms) 

OUTPUT DC VOLTAGE VS. 
INPUT DC VOLTAGE (SOUND) 

10 

8 

6 

/ 

/ 
V 

4 

2 

~ a 
a 

V 

2 4 6 8 

INPUT DC VOLTAGE V'NDe (V) 

10 
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f-
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~ 
oJ 

~ 
(f) 
(f) 

0 a: 
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m 
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w 
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~ 
oJ 
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> 
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~ 
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CROSSTALK VS. FREQUENCY (SOUND) 
100 

90 

80 

70 

60 

50 
lk 

~ ~ (@-@) , 
'<" 

@-@or)1\ 
@-@ '" 1\" 

Pin numbers are 

I'jr rOU7d l (n II "1\ 
3 5710k 3 57100k 3571M 

FREQUENCY I (Hz) 

VOLTAGE GAIN VS. FREQUENCY (VIDEO) 

5 

0 

, 

-5 
lOOk 3 571M 35710M 35il00M 

FREQUENCY I (Hz) 

CROSSTALK VS. FREQUENCY (VIDEO) 

90 

80 

70 

60 

I\. (~-®) 

r'<" 

50 
I'i, 

40 
10k 3 57iOOk 3 571M 3 5710M 

FREQUENCY I (Hz) 

MITSUBISHI LINEAR IC. 

M51326P 

ANALOG SWITCH 

OUTPUT NOISE VOLTAGE VS 
SIGNAL SOURCE RESISTANCE (SOUND) 

., 100 

~ 7 
::s. 5 

w 

'~ 
~ 
w 
(f) 

(5 
Z 
f
:J 
Q. 

3 

10 
7 
5 
3 

1 
7 
5 
3 

S 0.1 

-

o 100 

, 
.... 

3 571k 3 5710k 3 57100k 

SIGNAL SOURCE RESISTANCE Rg (Q) 

TOTAL HARMONIC DISTORTION VS. 

C 
1: 
f-

z 
o 
~ 
~ 
15 
(,) 

10 
7 
5 
3 

1 
7 
5 

3 

Z 0.1 
o 7 
~ 5 
a: « 
1: 
oJ 

3 

~ 0.01 
E? 0.01 

OUTPUT VOLTAGE (VIDEO) 

I 
l"- I 10kHz-

r ILL 

I II 
3 570.1 3 57 1 3 5710 

OUTPUT VOLTAGE Vo (Vrms) 
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APPLICATION EXAMPLE 

13 

SOUND (1 ) OUTPUT 

V'OEO '"eUT { 'o--+-+ ...... _75-£::jf-_+-_--1 

75 

SOUND (2) OUTPUT 

PRECAUTIONS FOR USE 
Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 

21 

MITSUBISHI LINEAR IC. 

M51326P 

ANALOG SWITCH 

Vee 

Sz 
+ 

1O" rO. 1" 

+ 
1O" 

: } SOUNO '" INPUT 

+ 
1 

1 0" 

I--e--+---------<> VIDEO OUTPUT 

1" 

+ 
1 } SOUND (2) 

INPUT 
~+-~-~~-------()2 

10" 

+ 

+ 
10" Io.1" 

10" 
Units Resistance. Q 

Capacitance. F 
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DESCRIPTION 
The M51327P is a semiconductor integrated circuit contain
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. Each 
switch has three inputs and can be independently con
trolled. 

FEATURES 
• Video and stereo sound switches in one package 
• Wide frequency range (video switch) ........... DC-10MHz 
• High separation (video) ...... Crosstalk 55dB( typ.) @5MHz 

APPLICATION 
Video equipment. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 5-14V 

BLOCK DIAGRAM 

SOUND (1) INPUTS 

~ 
1 2 3 

SOUND (1) OUTPUT 

SOUND (2) INPUTS 
,...---A------. 
1 2 3 

SOUND (2) OUTPUT 

MITSUBISHI LINEAR Ie. 

M51327P 

ANALOG SWITCH 

PIN CONFIGURATION (TOP VIEW) 

'SOUND (1) 
OUTPUT 

Vee 

VIDEO INPUT 1 

NC 

VIDEO INPUT 2 

NC 

VIDEO INPUT 3 

GND 

SOUND (2) 

15 CONTROL INPUT 

OUTPUT L ______ ~ 

NC NO CONNECTION 

18-pin molded plastic DIP 

VIDEO INPUTS 
,..-------A----
1 2 3 

3 5 

VIDEO CONTROL 
OUTPUT INPUT 

13 DECOUPLING 

7-38 
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MITSUBISHI LINEAR .Cs 

M51327P 

ANALOG SWITCH 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, Vee=12V, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 14 

V's Input signal voltage 6 

V,e Input control voltage Vee 

Pd Power dissipation 1. 25 

KU Thermal derating 12.5 

Topr Operating temperature range -20-+75 

Tstg Storage temperature range -40-+125 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vee=12V, unless otherwise noted) 

Symbol Parameter 

Ice Circuit current 

VIDe Input bias voltage 

VoDe Output bias voltage 

VoP Output DC offset voltage 

V1CH 

VIC L 
Control-pin threshold voltage 

Gv Voltage gam 

THD Total harmonic distortion 

VN Output noise voltage 

CT Crosstalk 

SWITCH MODE 

VIDEO INPUT 2 

3 

CONTROL INPUT 

T est conditions 
Min 

3.8 

3.0 

7.0 

3.0 

Sound, 1=1 kHz -0.5 

Sound, 1=1 kHz, Vo=l Vrms 

Sound, Rg=600Q, BW=15kHz 

Video, Rg=75Q, BW=10MHz 

Sound, 1=1 kHz 65 

Video, 1=5MHz 45 

Gv""OdB 

~----{1 SOUND (1) OUTPUT 

~--,9 SOUND (2) OUTPUT 

14 VIDEO OUTPUT 

• MITSUBISHI 
~ELECTRIC 

~ No. 
Control inpu 

Vee 

OPEN 

GND 

Limits 

Typ 

28 

4.2 

3.6 

15 

8.0 

4.0 

-0.1 

0.02 

3 

0.5 

80 

55 

S, 

1 

2 

3 

Unit 

V 

V 

V 

W 

mW/"C 

"C 

·C 

Unit 
Max 

36 mA 

4.6 V 

4.2 V 

100 mV 

9.0 V 
5.0 V 

dB 

0.2 % 
50 pVrms 

1.0 mVrms 

dB 

S2 S3 

1 1 

2 2 

3 3 

7-39 



ANALOG SWITCH 

TYPICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

7-40 

THERMAL DERATING (MAXIMUM RATING) 
2. 0 

6 

z o 1.2 
i= 
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~ o. 
is 
a: 
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~ 0.4 
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0.. 
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'" r--.... " , , 
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> 
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U 

1 ~ 0.0 
:2; 7 
a: 5 

~ 3 
..J 
~O. 00 1 

Vcc=12V i 
C'N=l f' F 

I 

I I 

'" I 
I 

II I I 
1 00 3 5 7 1 k 3 5 71 Ok 3 5 7 lOOk 

FREQUENCY f (Hz) 

TOTAL HARMONIC DISTORTION 
VS. FREQUENCY (SOUND) 

Vo=lVrms J 

I 
I 

~c~ 6v 

Vcc- 12V 

-+- + 
-~ -

I i 

o 100 3 5 7 1 k 3 5 71 Ok 3 5 7 lOOk 
I-

FREQUENCY f (Hz) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

< 
E 

0 
..9 

I-
Z 
w 
a: 
a: 
::J 
U 
!::: 
::J 
U 
a: 
(3 

~ 
Cl 
:I: 
I-

z 
0 
i= 
a: 
0 
I-
(/) 

is 
g 
:I: 
0 
:2; 
a: 
<l: 
:I: 
..J 

80 : 
I 

60 I 
I 
I 

40 

20 

~ 

~ 
~ 

..,.. I 
V f-"""" I 

I 

l 0 5 10 12.5 14 15 7.5 

1.0 
7 
5 
3 

0.1 
7 
5 

3 

0.01 
7 
5 

3 

SUPPLY VOLTAGE V~c (V) 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (SOUND) 

......... i-'~ 
/f=lkHz 

~ 0.001 
o O. 01 3 5 7 O. 1 3 5 71.0 3 5 7 10 
I-

o 
o 
o 

> 
w 
(!J 

~ 
o 
> 
u 
Cl 
I
::J 
0.. 
I
::J 
o 

OUTPUT VOLTAGE Vo (Vrms) 

OUTPUT DC VOLTAGE VS. 
INPUT DC VOLTAGE (SOUND) 

10r---,----,----,----r--~ 

8j---i--

6 - -~--~- - --- ~ 

INPUT DC VOLTAGE V'NDC (V) 
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:.:: 
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;;: 
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CROSSTALK VS. FREQUENCY (SOUND) 
100 

90 II 
(@-@) 

80 

70 

r'\ ~ / , 
'\, 

60 

(@-@or f\ i\ @-@ \. 
Pin numbers are ,~ 
for ~OUND (1) 

3 5 710k 3 57100k 3 571 M 

FREQUENCY f (Hz) 

VOLTAGE GAIN VS. FREQUENCY (VIDEO) 
5 

0 

r--

-5 
lOOk 3571M 35710M 357100M 

FREQUENCY f (Hz) 

CROSSTALK VS. FREQUENCY (VIDEO) 
90 

80 

70 

60 

( @-Cl) ) 
"'iii i' I 

I>f\" 
(@-®or) 

®-Cl) ~ 

50 
i'1\ 

40 
10k 3 5 7100~ 3 571M 3 5710M 

FREQUENCY f (Hz) 

MITSUBISHI LINEAR IC. 

M51327P 

ANALOG SWITCH 

OUTPUT NOISE VOLTAGE VS. SIGNAL 
SOURCE RESISTANCE (SOUND) 

-;;; 
E 100 
> 7 
'I. 5 

w 

~ 
~ 
w 
(/) 

6 
z ... 
:::I a. ... 

3 

10 
7 
5 
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1 
7 
5 
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",'" -~ 

:::I 0.1 
o 100 3 57 1k 3, 5710k 3 57100k 

SIGNAL SOURCE RESISTANCE Rg (Q) 

~ 
10 

Q 7 
J: 5 ... 

3 
Z a 
t= 1 
II: 7 a 5 ... 
(/) 

3 is 
0 
Z 0.1 
0 7 ::; 5 
II: « 
J: 

3 

..J 

~ 0.01 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (VIDEO) 

1 
II 
f 10kHz 

I II 
a O. 01 3 5 7 O. 1 3 5 7 1 3 5 710 ... 

OUTPUT VOLTAGE Vo (Vrms) 
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APPLICATION EXAMPLE 

SOUND (1) OUTPUT 

VIDEO INPUT 2 

3 

SOUND (2) OUTPUT 

PRECAUTIONS FOR USE 
Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 

31 

3: 
!:!! 

~ 
" 

1 01' 

7-42 
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101' 

101' 

101' 

11' 

10 I' 

101' 

101' 

Io.1,u 

MITS~BISHI LINEAR IC. 

MS1327P 

ANALOG SWITCH 

- Vee 

+ 
101' 10.1,u 

: }OOUND (II 
INPUT 

1 

VIDEO OUTPUT 

3 
2 } SOUND ''l 

INPUT 

Units Resistance: Q 
Capacitance: F 



MITSUBISHI LINEAR IC. 

MS1329P 

ANALOG SWITCH 

DESCRIPTION 
The M51329P is a semiconductor integrated circuit contain
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. Each 
switch has three inputs and can be independently controlled 
in each of the audio and the video sections. In addition. the 
video switch contains an amplifier with a gain of about 
6.7dB. 

PIN CONFIGURATION (TOP VIEW) 

SOUND (1 ) --1- '--" "1-8 3} 
OUTPUT 

Vee 17 2 SOUND (1) 
INPUTS 

VIDEO INPUT 1 16 1 
CONTROL INPUT 15 CONTROL INPUT 

(VIDEO) (SOUND) 

FEATURES 
• Video and stereo sound switches in one package 
• Wide frequency range (video switch) ........... DC-10MHz 
• High separation (video) 

.................................. Crosstalk 55dB(typ.) @5MHz 

APPLICATION 
Video equipment. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 5-14V 

BLOCK DIAGRAM 
~OUND P) INPUTS SOUND (2) INPUTS . 

1 2 1 

I 

CONTROLINPUTt5 ----- -----------
(SOUND) S, S. 

DECOUPLING 13 
(SOUND) 

vee~ 
I 

~-

2 3 

SOUND (1) bUTPUT SOUND (2) OUTPUT 

VIDEO INPUT 2 14 VIDEO OUTPUT 
DECOUPLING 13 DECOURLING 

(VIDEO) (SOUND) 

VIDEO INPUT 3 12 3} 
GND 2 SOUND (2) 

INPUTS 
SOUND (2) 1 

OUTPUT-, ______ ~ 

18-pin molded plastic DIP 

VIDEO INPUTS 

:tt-l 
- - - - - - - -lCONTROL INPUT 

VIDEO OUTPUT 

(VIDEO) 

6 DECOUPLING 
(VIDEO) 
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MITSUBISHI LINEAR lea 

M51329P 

ANALOG SWITCH 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, Vee=12V, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voliage 

Sound 
V's Input signal voltage 

Video 

V'c Input control voltage 

Pd Power dissipation 

KII Thermal derating 

Topr Operating temperature range 

Tstg Storage temperature range 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vee=12V, unless otherwise noted) 

Symbol Parameter Test conditions 

Icc Circuit current 

VI DC Input bias voltage 

Video 
VaDe Output bias voltage 

Sound 

VOP Output DC offset ,Voltage 

VIC H 

VIC L 
Control-pon threshold voltage 

Video, 1=1 MHz 
Gv Voltage gain 

Sound, 1=lkHz 

Sound, 1=lkHz 
R, Input resistance 

Video, 1=5MHz 

C , Input capacitance Video, 1=5MHz 

THD Total harmonic distortion Sound, 1=1 kHz, Vo =1 Vrms 

Video, Rg=75Q,BW=10MHz 
V N Output noose voltage 

Sound, Rg=600Q, BW=15kHz 

CT Crosstalk 
Sound, 1=1 kHz 

Video, 1=5MHz 

SWITCH MODE 
CONTROL 

INPUT DECOUPUNG 
(SOUND) (SOUND) Vee 

1---0/----@------0--- 1 

l '~ 1 i ! 

SOUND (1) INPUT 17 I 

18 

SOUND (1) OUTPUT 

r----i 9 SOUND (2) OUTPUT 

Ratings 

14 

6 

6 

Vee 

1. 25 

12.5 

-20-+75 

-40-+125 

limits 

Min Typ Max 

44 56 

3.8 4.2 4.6 

5.0 5.6 6.2 

3.0 3.6 4.2 

15 100 

7.0 8.0 9.0 

3.0 4.0 5.0 

5.7 6. 7 7.7 

-0.5 -0.1 

22 

11 

4 

0.02 0.2 

0.5 1.0 

3 50 

65 80 

45 55 

{ 

3 1 

VIDEO INPUT E' i . VIDEO 
OUTPUT 

---, -___ SWitch 

~~. 
Sound 

7-44 

7 3 I Gv~&7dB 
I I 

--cb---0---0--~ 
CONTROL DECOUPUNG GND 

(~b~~) (VIDEO) 
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Control Input S, I S2 

Vee 1 

OPEN 2 

GND 3 

Unit 

V 

V 

V 

W 

mWFC 

'C 
'c 

Unit 

mA 

V 

V 

mV 

V 

V 

dB 

kQ 

pF 

% 

mVrms 

pVrms 

dB 

Video 

S3 

1 

2 

3 



MITSUBISHI LINEAR ICs 

M51329P 

ANALOG SWITCH 

TYPICAL CHARACTERISTICS (Ta =25'C, unles~ otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) 
2.0 

~ 
1.6 

" (l. 

z 1.2 0 
f= 
< 
(l. 

iii 0.8 
If) 

is 

-

" " " ..... II: 
w 0.4 
S: 
0 
(l. 

"-..... 

~ ..... 
..... 
" a a 25 50 75 100 125 

AMBIENT TEMPERATURE T a ("C) 

VOLTAGE GAIN VS .. FREQUENCY (SOUND) 

III 
"0 

> 
<!l 

z 
<C 
<!l 
w 
<!l 
< 
f-
...J 
0 
> 

~ 

Cl 
J: 
f-

5 

a 

-5 

1.0 
7 
5 
3 

z 
o 
~ 0.; 
o 5 
t? 3 
is 
g 
z 0.01 
o 7 
::i: 5 
~ 3 
J: 

<t O. 001 

vJJ 1ll 
I I II 

C'N=l" F 

": 

100 3 571k 3 5 7 10k 3 5 7 lOOk 

FREQUENCY f (Hz) 

TOTAL HARMONIC DISTORTION 
VS. FREQUENCY (SOUND) 

Vo lVrms 

Vee 9V 

Vee=12V 

b 100 3 5 7 1 k 3 5 7 10k 3 5 7 lOOk 
f-

FREQUENCY f (Hz) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

-;{ 
E 

·1 
1 
1 

() 60r---~~--~----~--~~ 

.2 

f
Z 
W 
II: 
II: 
:J 
(,) 

f
:5 
(,) 
II: 

13 

0~5----~7.~5----~10~--~1~2.~5~1~4~15 

~ 

Cl 
J: 
f-

z 

1.0 
7 
5 
3 

g 0.1 
II: 7 
o 5 
t? 
is 
g 

3 

z 0.01 
o 7 
::i: 5 
~ 3 
J: 

<t O. 001 

SUPPLY VOLTAGE Vee (V) 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (SOUND) 

f=lkHz 

/ 

I' 

" 

b 0.01 3 5 70.1 3571.0 35710 
f-

> 
() 
o 
o 

> 
w 
(!) 

~ 
o 
> 
(,) 
Cl 
f
:J 
(l. 
f
:J 
o 

OUTPUT VOLTAGE Vo (Vrms) 

OUTPUT DC VOLTAGE VS. 
INPUT DC VOLTAGE (SOUND) 

10 

8 

6 

/ 
/ 

V 
4 

2 

~ 
V 

o a 2 4 6 8 

INPUT DC VOLTAGE V'N De (V) 

10 
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a; 
"0 

f-
() 

:.: 
..J 
<: 
f-
r/) 
r/) 

0 a: 
() 

a; 
"0 

> 
(!J 

Z 
;;: 
(!J 

w 
(!J 
<: 
f-
..J 
0 
> 

a; 
"0 

f-
() 

:.: 
..J 
<: 
f-
r/) 
C/J 
0 
a: 
() 
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CROSSTALK VS. FREQUENCY (SOUND) 
100 

90 

80 

70 

60 

50 
1k 

f'\. r.. ( ®;@) 

~~ '<" 
(®-@ 01) @-@ \. \ 

III 
\ 

3 5 7 10k 3 5 7100k 3 57 1 M 

FREQUENCY I" (Hz) 

VOLTAGE GAIN VS. FRE.QUENCY (VIDEO) 

10 

vcU11J 
r.. 

" 5 

\ 
~ 

a 
lOOk 3 571M 35 710M 357100M 

FREQUENCY 1 (Hz) 

CROSSTALK VS. FREQUENCY (VIDEO) 
90 

80 
(' (d)':"CD ) 

70 

60 

~r-. .I 
(d)-® 0 r~ ~~ ®-CD 

~\ 
50 !'Ii 

40 
10k 3 5 7 lOOk 3 57 1 M 3 5 710M 

FREQUENCY 1 (Hz) 

MITSUBISHI LINEAR ICs 

M51329P 

ANALOG SWITCH 

OUTPUT NOISE VOLTAGE VS. 
SIGNAL SOURCE RESISTANCE (SOUND) 

co 100 
E 7 
"- 5 

w 
(!J 

~ 
~ 
w 
C/J 

i:3 
z 
f
~ 
0.. 
f-

3 

10 
7 
5 
3 

1 
7 
5 
3 

~ 

~ 0.1 
o 100 3 5 7 1 K 3 5 7 10k 3 5 7 lOOk 

~GNALSOURCERE~STANCE Rg (Q) 

o 
o 

.J 
w 
(!J 

~ 
o 
> 
() 
Cl 
f
~ 
0.. 
f
~ 
o 

~ 

Cl 
l: 
f-

Z 
0 
~ 
a: 
0 
f-
r/) 

is 

15 

12 

9 

6 

3 

o 

10 
7 
5 
3 

1 
7 
5 

3 

S:1 Z 0.1 
o 7 
::; 5 
~ 3 
l: 

:i O. 01 

OUTPUT DC VOLTAGE VS. 
INPUT DC VOLTAGE (VIDEO) 

VCCi12V 

ir Vcc =19V 

jV 
::::::; tr 
a 2 4 6 8 10 

INPUT DC VOLTAGE V'N DC (V) 

TOTAL HARMONIC DISTORTION 
VS. OUTPUT VOLTAGE (VIDEO) 

I 

110kHz 

:"-. - II II 
b 0.01 3 5 7 O. 1 3 57 1 3 5710 
f-

OUTPUT VOLTAGE Va (Vrms) 

.• MITSUBISHI 
"'-ELECTRIC 



APPLICATION EXAMPLE 

Vec 

+ 10" 0.1 " 

I 

20 

SOUND (1) INPUT 

TV 10-1_0,,~_+ ________ ~ 

VTR 2 10" + 

VD 3 0--'--0--. 

TV 

2 

VTR 

150 

SOUND (1) OUTPUT VIDEO INPUT 

PRECAUTIONS FOR USE 
Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 

• MITSUBISHI 
"ELECTRIC 

MITSUBISHI LINEAR ICs 

M51329P 

ANALOG SWITCH 

S" S2; 1 :TV 
2·VTR 
3·VD 

75 SOUND (1) OUTPUT 

VD 

SOUND (2) INPUT 

+ 10" 3 VD 

+ 10" 2 VTR 

10" 1 TV 

1" 

SOUND (2) OUTPUT 

Units Resistance: Q 

Capacitance· F 
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DESCRIPTION 
The M51330P is a semiconductor integrated circuit contain
ing an analog switch designed for use in a video system. It 
contains two audio switches and one video switch. Each 
switch has three inputs and can be independently controlled 
in each of the audio and the video sections. 

FEATURES 
• Video and stereo sound switches in one package 
• Wide frequency range (video switch) ........... DC-10MHz 
• High separation (video) 

· .. ············:···· .. ············Crosstalk 55dB(typ.) @5MHz 

APPLICATION 
Video equipment. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ....................................... 5-14V 

BLOCK DIAGRAM 

MITSUBISHI LINEAR IC. 

M51330P 

ANALOG SWITCH 

PIN CONFIGURATION (TOP VIEW) 

SOUND (1) --' -~ ""-
OUTPUT 

vee 

VIDEO INPUT 1 
CONTROL INPUT 

(VIDEO) 
VIDEO INPUT 2 

DECOUPLING 
(VIDEO) 

VIDEO INPUT 3 

GND 
SOUND (2) 

OUTPUT --" ___ .r-

18-pin molded plastic DIP 

SOUND (1) INPUTS 
~ 

SOUND (2) INPUTS VIDEO INPUTS , 
1 2 3 1 2 3 

, 

CONTROL INPUTt5 _______________ _ 
(SOUND) S, S2 

DECOUPLING 13 
(SOUND) 

voo~ 
, 
~-

SOUND (1) OUTPUT 

7-48 

SOUND (2) OUTPUT 
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- - - - - - - -1CONTROL' INPUT 

(VIDEO) 

6 DECOUPLING 
(VIDEO) 

VIDEO OUTPUT 



MITSUBISHI LINEAR IC. 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, Vcc=12V, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

V's Input signal voltage 
Sound 

Video 

VIC Input control voltage 

Pd Power dissipation 

K/1 Thermal derating 

Topr Operating temperature range 

Tsta Storage temperature range 

ELECTRICAL CHALACTERISTICS (Ta=25'C,Vcc=12V, unless otherwise noted) 

Symbol Parameter Test conditions 

Icc Circuit current 

VI DC Input bias voltage 

Voce Output bias voltage 

VoP Output DC offset voltage 

V1CH 

VIC L 
Control-pin threshold voltage 

Video, f=1 MHz 
Gv Voltage gain 

Sound, f=lkHz 

Sound, f=lkHz 
R, Input resistance 

Video, f=5MHz 

C, Input capacitance Video, f=5MHz 

THO Total harmonic distortion Sound, 1=1 kHz, Vo =1 Vrms 

Video, Rg=750, BW=10MHz 
VN Output noise voltage 

Sound, Rg=6000, BW=15kHz 

CT Crosstalk 
Sound, f=lkHz 

Video, 1=5MHz 

SWITCH MODE CONTROL 
INPUT DECOUPLING 

(SOUND) (SOUND) Vcc 

I-~--@----®---I 

SOUND (1) INPUT{:: : : ' 

18 I 
I 
I 
I 

SOUND (1) OUTPUT 

>----{ 9 SOUND (2) OUTPUT 

M51330P 

ANALOG SWITCH 

Ratings Unit 

14 V 

6 

6 
V 

Vcc V 

1.25 W 

12.5 mW/"C 

-20-+75 "C 

-40-+125 "C 

Limits 
Unit 

Min Typ Max 

36 48 mA 

3.8 4.2 4.6 V 

3.0 3.6 4.2 V 

15 100 mV 

7.0 8.0 9.0 V 

3.0 4.0 5.0 V 

-0.5 -0.1 

-0.5 -0.1 
dB 

22 

11 
kO 

4 pF 

0.02 0.2 % 
0.5 1.0 mVrms 

3 50 "Vrms 

65 80 
dB 

45 55 

VIDEO INPUT IE: : . 1 7 3 Gv~OdB 
VIDEO 
OUTPUT ~ No. 

Control Input 

Sound Video 

S, I S:z S3 

, 

--4---@----G)---.J 
CONTROL DECOUPLING GND 

INPUT (VIDEO) 
(VIDEO) 
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Vcc 1 1 

OPEN 2 2 

GND 3 3 
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MITSUBISHI LINEAR IC. 

MS1330P 

ANALOG SWITCH 

TYPICAL CHARACTERISTICS (Ta=25°C, unless' otherwise noted) 

7-50 

THERMAL DERATING (MAXIMUM RATING) 
2.0 

! 
'0 1.6 

Q. 

Z -0 1.2 
i= « 
Q. 

iii 0.8 en 
15 
a: 

'" ~ ....... 
" w 

~ 0.4 
0 
Q. 

, 
1', 

" 
25 50 75 100 125 

AMBIENT TEMPERATURE Ta (t) 

VOLTAGE GAIN VSo FREQUENCY (SOUND) 

Iii 
3 
> 

Cl 

Z 
;{ 
Cl 
w 
Cl « 
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0 
> 

'* Cl 
J: 
I-

5 
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-5 

1.0 
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5 
3 

z 
o 
~ o.~ 

~ ; 
15 
o 
Z 0.01 
o 7 
~ 5 
~ 3 
J: 

<i!0.001 

vJJ lll 
I I II 

C,N=l "F 

~ 

100 3571k 35710k 357100k 

FREQUENCY f (Hz) 

TOTAL HARMONIC DISTORTION 
VSo FREQUENCY (SOUND) 

Vo lVrms 

Vee 9V 

Vee=12V 

b 100 3 5 71 k 3 57 10k 3 57 lOOk 
I-

FREQUENCY f (Hz) 

'< 
E 

0 
.2 

I-
Z 
w 
a: 
a: 
:::I 
0 
l-
S 
0 a: 
6 

~ 
Cl 
J: 
I-

Z 
0 
i= a: 
0 
t;; 
15 
0 
Z 
0 
~ 
a: « 
J: 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
80 

I 
I 

60 
I 
I 
I 

40 

20 
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V~ I 

V 
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~ I 

I 

o 
5 705 10 

! 
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1.0 
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5 
3 

0.1 
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5 
3 

0.01 
7 
5 
3 

SUPPLY VOLTAGE Vee (V) 

TOTAL HARMONIC DISTORTION 
VSo OUTPUT VOLTAGE (SOUND) 

f=lk Hz 

7 

"-
"- " 

..J 
~0.001 
~ 0.01 357001 3571.0 3 5710 

g 
oj 

W 

~ 
g 
o 
Cl 
I
:::I 
Q. 
I
:::I 
o 

10 

8 

6 

4 

2 

OUTPUT VOLTAGE VO (Vrms) 

OUTPUT DC VOLTAGE VSo 
INPUT DC VOLTAGE (SOUND) 

/ 
V 

/ 
V 

.-/ o o 2 4 6 B 

INPUT DC VOLTAGE V ,N De (V) 

10 
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m 
"0 

f-
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:>£ 
...J « 
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(!) 
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f-
...J 
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m 
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ex: 
() 

CROSSTALK VS. FREQUENCY (SOUND) 
100 

90 

80 

70 

60 

50 
lk 

r"\. " ( @,@) 

~ ~~ 
(@-@or)' 

@-@ r\ 1\ 

II 
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3 5 7 10k 3 5 7 lOOk 3 5 7 1 M 

FREQUENCY f (Hz) 

VOLTAGE GAIN VS. FREQUENCY (VIDEO) 
5 
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~ 
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FREQUENCY f (Hz) 

CROSSTALK VS. FREQUENCY (VIDEO) 
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80 
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40 
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FREQUENCY f (Hz) 

MITSUBISHI LINEAR ICs 

MS1330P 

ANALOG SWITCH 

OUTPUT NOISE VOLTAGE VS. 
SIGNAL SOURCE RESISTANCE (SOUND) 

§ 100 
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SIGNAL SOURCE RESISTANCE Rg (Q) 
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o 
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f 10kHz 
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APPLICATION EXAMPLE 

Vee 

+ 10" O. 1 I' 

I SOUND (1) INPUT 

10" + 
TV 1 

10 /, + 
VTR 2 

lOp + 
VD 3 

20 

1 
s, 

20 

SOUND (1) OUTPUT 

PRECAUTIONS FOR USE 
Since an emitter-follower output is used in the video 
and sound outputs, when the external wiring is long or a 
capacitive load is connected, a resistor with a value of 
several tens of ohms should be connected at a position 
near the output pin. 

TV , 

SOUND (1) OUTPUT 

2 

VTR 
y 

VIDEO INPUTS 

7-52 
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MITSUBISHI LINEAR ICs 

M51330P 

ANALOG SWITCH 

S" S2. 1. TV 
2:VTR 
3:VD 

3 

VD 

SOUND (2) INPUT 

+~3VD 

..---+-jA 2 VTR 

+ 10" 1 TV 

11' 

SOUND (2) OUTPUT 

Units Resistance: Q 

Capacitance : F 



DESCRIPTION 
The M51551 P,FP is a semiconductor integrated circuit con
taining two electronic switches, each with two inputs and a 
single output. 
Channel input is simultaneously selectable for supply DC 
voltage to the control pin. The device also contains an out
put circuit designed for use in driving an LED or other in
dicator to display which channel is operating. 
M51551 FP is housed in a 14-pin plastic flat package, while 
the housing for M51551 P is housed in a 14-pin molded 
plastic dual in-line (DIL) package. 

FEATURES 
• Dual channel 2-input 1-output analogue signal switch. 
• Mode switched for supply DC voltage. 
• Built-in output circuit for use in driving a mode indicator. 
• Bipolar construction assures low distortion 

........................................ 0.006% (typ)(Vi=1.0Vrms) 

• Operation possible with either dual or single polarity 
power supplies. (Control pin operates by switching be
tween GND and supply.) 

APPLICATION 
Audio selector, stereo radio cassette tape recorders, car
stereos. 

RECOMMENDED OPERATING CONDITIONS 
Dual polarity power supplies: 

Supply voltage range································±6-±10V 
Rated supply voltage'" ...................................... ±8V 

Single polarity power supplies: 
Supply voltage range······································6-20V 
Rated supply voltage .. ··········· .. ··························· 15V 

BLOCK DIAGRAM 

I 

MITSUBISHI LINEAR ICs 

M51551P,FP 

ANALOG SWITCH 

PIN CONFIGURATION (TOP VIEW) 

CH-A OUTPUT 

LED INDICATOR 1 2 

VEE(GND) 

GND 

Vee 

LED INDICATOR 2 

CH-B OUTPUT 

14 CH-A INPUT 1 

13 CH-A INPUT 2 

12 MODE SELECT CONTROL 

10 GND(FILTER) 

9 CH-B INPUT 2 

CH-B INPUT 1 

ITEMS IN PARENTHESES APLICABLE TO 
SINGLE POLARITY POWER SUPPLY. 

14-pin molded plastic DIP 

• 14-pin molded plastic FLAT 

, k----------114 CH-A INPUT 1 

CH-A OUTPUT 

VEE 

LED 
INDICATOR-1 

LED 
INDICATOR-2 

GND 

Vee 

CONTROL 

CH-B OUTPUT 7 }+---4 

, 
~-----

10 

9 

• MITSUBISHI 
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CH-A INPUT2 

MODE SELECT CONTROL 

GND 

GND *2 

CH-B INPUT2 *1. *2 PIN DESCRIPTION 

PIN 3 PIN 10 

DUAL POLARITY 
VEE GND POWER SUPPLY 

CH-B I NP'UT 1 
SINGLE POLARITY 

POWER SUPPLY GND FILTER 
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MITSUBISHI LINEAR ICs 

MS1SS1P,FP 

ANALOG SWITCH 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vcc Supply voltage QUIescent, between pins 5 and 3. 24 V 

Icc Circuit current Except pins 2 and 6 30 mA 

Ic =,@ LED drive current Pin 2, Pin 6 40 mA 

Pd Power dissipation 620 mW 

K. Thermal derating Ta",25"C 6.2 mW/"C 

Topr Operating temperature -20-+75 "C 

Tstg Storage temperature -40-+125 "C 

ELECTRICAL CI:IARACTERISTICS (Ta=25"C, Vee=15V, Vi=1.5Vrms, l=lkHz, unless otherwise noted) 

Symbol Parameter Test conditions 

Icc Circuit current I Except pins 2 and 6 

VCNTL1 Select control voltage 1 Control voltage when Input 1 IS selected 

VCNTL_2 Select control voltage 2 Control voltage when input 2 IS selected. 

RI Input resistance Vi=l. 5Vrms, 1=1 kHz, Ro=47kO 

Gv Voltage gain V,=1.5Vrms,I=lkHz 

Vo(max) Maximum output voltage The output voltage at THD-l % 

THO Total harmoniC distortion Vo-l.0Vrms 

No Output nOise level BPF(20Hz-20kHz), connect Pin 1 to GND 

C.T. Crosstalk The "tlo of "gnallaakage between Input 1 and input 2, 1=1 kHz 

C.L. Channel leakage The ratio 01 Signal leakage between CH·A and CH·S, l=lkHz 

C.B. Channel balance Output level ratio between CH-A and CH-B 

TEST CIRCUIT (Using single polarity power supply) 

INPUT1q-~~~-4-r~~;t __ 4-__________________ -, 
v, 

INPUT2n---~~~-h~~!t==1==~~ __________ -. 

V2 

AC 
VOLTMETER cr-----------' 

+ 

5.1k 

Min 

2.0 

30 

-1 

4,0 

52 

77 
-0.5 

LED-l 

Limits 
Unit 

Typ Max 

12 16 mA 

V 

0.7 V 

47 kO 

0 1 dB 

4.5 Vrms 

0.006 0.017 % 
5.5 10 .uVrms 

58 dB 

83 dB 

0 0.5 dB 

Vee 

560 

CONTROL 
VOLTAGE 

AC 

t--------------------~t=========~~i:_t--~OVOLTMETER 
THD METER 

5.1k 

Note: When a dual polarity power supply is used, pin 3 IS 

the VEE pin (Ground pin 3 lor signal polarity supply) 
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Resistance: n 
Capacitance: F 



MITSUBISHI LINEAR ICs 

M51551P,FP 

ANALOG SWITCH 

TEST METHODS 
Switch conditioos 

Symbol Test method 
S, S2 S. S. S5_1 S5_2 S. 

Icc ON OFF ON 1/2 Read ammeter with Vcc-15V. 

VCNTL1 ON ON ON 3 Measure the voltage applied to pin 12 at the point the signal applied to input 1 appears at output. 

VCNTL2 ON ON ON 3 Measure the voltage applied to pm 12 al Ihe point the Signal applied to mput 2 appears al oulput. 

1/2 
CHA CHA R- V,XRo At V,=1. 5Vrms, Ro=47kO 

Ri ON ON OFF 
CHB CHB I-V,-V2 measure V2 relative to input 1 and input 2. 

Gv ON ON ON 1/2 
CHA 

CHB 

CHA CHA Vo 
V,=l. 5Vrms, Vo=voltage output Gv=20 log v;-(dB) 

CHB CHB 

Vo<max) ON ON ON 1/2 
CHA CHA CHA 

Measure output voltage for THD=I% at output. 
CHB CHB CHB 

THO ON ON ON 1/2 
CHA CHA CHA 

Measure output distortion for V2=1. OVrms 
CHB CHB CHB 

No ON ON ON 1/2 
CHA 

Input terminal AC ground, BPF 20Hz-20kHz CHB 
C.T. ON ON ON 1::2 

CHA 

~ ~ CHB 
(Vo(S.-1) ) 

C.T.=20 log Vo(S4-2) (dB) 

C.L. ON ON ON 1 CHA CHA 9H(" 
CHB 

(Vo(CHA) ) 
C.L.=20 log Vo(CHB) (dB) 

C.B. ON ON ON 1 
CHA 

CHB 

CHA CHA (Vo(CHA) ) (dB) C.B.=2D log Vo(CHB) 
CHB CHB 

TYPICAL CHARACTERISTICS (Ta=25"C, Vcc=15V, unless otherwise noted) 
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QUIESCENT CIRCUIT CURRENT 
VS SUPPLY VOLTAGE 

./' 

./' 
,;' 

V 
/' 

/ (SINGLE POLARITY SUPPLY) 
Except pin 2 and 6 current. 

J 

6 10 14 18 22 

SUPPLY VOLTAGE Vcc(V) 
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10 

0.1 

MAXIMUM OUTPUT VOLTAGE 
VS SUPPLY VOLTAGE 

1.---' ..... .,., .,., 
./ 

/ 

(SINGLE POLARITY-
SUPPLY) t--r-
THD=3% t--r-
r=ljHZ I 

6 10 14 18 22 

SUPPLY VOLTAGE Vcc(V) 

TOTAL HARMONIC DISTORTION VS 
OUTPUT VOLTAGE (Vcc=15V) 

(Single polarity supply) 
~ 10_ 
- 7 

, 
I- Vcc~15V 

5 t= 1=1 kHz 
Cl 
J: 
f-

3 I- FILTERS: 400Hz H.P,F 
z 
o 
f= lO_ 
a: 

~ o 
u 
Z o 10_ 
::; 
a: 
<: 

2 
7 
5 

3 

3 
7 
5 

J: 
..J 

3 

~ 
4 

300kHz L.P.F. V 
,/ 

~ 10_ 
0.01 357 0.1 357 3 5 7 10 

10 

a:-
UJ 
;;: 
0 

OUTPUT VOLTAGE Vo(Vrms) 

FREQUENCY RESPONSE 
(Single polarity supply) 

t== Vo=l. 5Vrms 
I-- Vcc=24V 
I-- NO FILTER 

1 

z 
o 

0.1 ~ 
a. x 
"> 

Gv 
1 

Cl 

z « 
Cl 
UJ 
Cl 
<C 
f-
..J 
0 
> 

7 
5 

3 

O. 1 
7 
5 

3 

1 0.0 
100 

THD 

3 5 7 1 k 3 5 7 10k 

FREQUENCY I(Hz) 

'" 

7 
5 

3 

o 
t; 
o 
u 
Z 

0.01 ~ 
a: 
<C 
J:, 
..J 

~ 
0.01 ~ 

3 5 7 lOOk 

~ 10_ , 
0 
J: 
f-

Z 
0 
f= 
a: 
0 
f-en 

10_ 0 2 
u 7 
Z 
0 
::; 
a: 
<C 3 
J: 
..J 

~ 
0 10_ f- 3 

MITSUBISHI LINEAR ICs 

MS1SS1P,FP 

ANALOG SWITCH 

TOTAL HARMONIC DISTORTION 
VS SUPPLY VOLTAGE 

(SI~GLk P6LAAITY 
SUPPLY) -

Vo =1.0Vrms -
l=lkHz ,-

"'-
r--... 

c--., 
....... r---. 

10 14 18 22 26 

SUPPLY VOLTAGE Vcc(V) 

TOTAL HARMONIC DISTORTION VS 
OUTPUT VOLTAGE (Vcc=24V) 

(Single polarity supply) 
~ 10-
o 

, 
7 Vcc=24V 
5 J: 

f-

z 
o 
~ 10_ 

~ 
o 
u 
Z 
o 10_ 
::; 
a: 
<: 
J: 
..J 

~ 
~ 10_ 

l=lkHz 
3 FILTERS' 400Hz H.P F 

300kHz L.P.F, 

2 
7 
5 

3 

3 
7 
5 

3 

4 
O. 01 3 5 7 O. 1 3 5 7 3 5 7 10 

OUTPUT VOLTAGE Vo(Vrms) 

TOTAL HARMONIC DISTORTION VS 
LOAD RESISTANCE (Single polarity supply) 

~ 1 0-, r-""-T""Mr-r""--'-'"T"'T'T""T'-'-""""'T"'IrT""n o v~c~k4J I I lilt 

i:: f=E$$~Vo=1.5VrmS _f 
z ~+t+H-+-;..:FIFL T.:,:E=rRfS'f: 400Hz H.P,F, 0, 30kHz L.P.F. 
~ 10-2~,+t+H-+-++t+-t+--++t+H 

~ ~~re~~~~~~~~~~ o 3~ 
U 
Z 
o 
::; 
a: 
<: 
J: 
..J 

1 0-3~-+-t+H-+-++t+t+--++t+H 

0: ~ 1 0-4~...I--!-,-~-!-:-"""~~:-f;,::-"-+~'h' 
100 3 5 7 lk 3 57 10k 3 5 7 lOOk 

LOAD RESISTANCE RL(n) 
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OUTPUT NOISE LEVEL VS INPUT 
RESISTANCE (Single polarity supply) 

100 
7 t- Vec 24V 
5~ RL S.lka 
3 

1 

10 , 
7 
5 No 

3 

1 

5 

O. 1 
100 3 5 7 lk 3 5 7 10k 3 5 7 lOOk 

INPUT RESISTANCE Rg(a) 

TEMPERATURE CHARACTERISTICS 
(Single polarity supply) 

~ 10_ 

0' 
1 

5 
Vcc=lSV 

_ I=lkHz J: 
I-

Z 
o 
~ 10_ 

~ o 
o 
Z o 10_ 
~ 

~ 
J: 
...J 

3 

2 

3 
7 
5 
3 

FILTERS' 400Hz H.P.F 
30kHz L.P.F 

'I 
VA'! 

Ta-7S'C 

Ta 25'C 

}T-I 2~'C1 

I I ~ 10_. 
0.013570.13571 3 5 7 10 

OUTPUT VOLTAGE Vo(Vrms) 

APPLICATION EXAMPLES 
(Dual polarity power supply) 

OUTPUT 
CH-A 

Vcc 

VEE 

(-) 
OUTPUT 

CH-B 

MITSUBISHI LINEAR ICs 

MS1SS1P,FP 

ANALOG SWITCH 

TOTAL HARMONIC DISTORTION VS 
AMBIENT TEMPERATURE (Single polarity supply) 

0.016 

0.012 

o§ 
z~ g I- 0.008 
a: z 
~Q 
:;;! Ii: 0.004 
1-0 

~!ii 
o 

o 

-0.004 

I 1 Vo=1.5Vrms 
FILT~RS : 400Hz H.P.T 

I 30rZ L.P.F 

to- =~eci15Vt 
I I 

F= F Vce 24V 

-20 o 20 40 60 80 

AMBIENT TEMPERATURE Ta('C) 

(Single polarity power supply) Unit Resistance: a 
Capacitance : F 

OUTPUT 
CH-B 
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LEVEL INDICATOR 
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III~ r-_ 
111-1 nfl' -Ie: ::am 
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QUICK REFERENCE TABLE OF LEVEL INDICATOR 

Function 

Type No. Max No Display Display 
01 LEOs 

format threshold 
Output format Ref voltage 

dnven 

Dot display, 
Open collector 

Externally set 
M51901P 12 Linear ~ 1 or 2 LEOs 5.0-7.5V 

Bar display, 
Open collector 

Internal 
M51903L 5 Linear -@j-wr-o linear LEOs 1. 25V 

Dot display, 
Open collector 

M51910P 9 Lmear ~ 
Externally set 

only 1 LEOs 0-3.5V 

- Acoustic Open collector 

M51906P 6 threshold 
Internal 

Bar display 
~ 1.25V 

(dB) 

Acoustic 
Constant current Internal cascade connection 

1.25V M51907P 8 Bar display threshold @6®b (dB) ( [!~~I~~:~~~luded ) 
Constant current Internal cascade connection 

1.25V M51909P 8 Bar display Linear @6®6 (~':~I~~:~~:luded ) 

Acoustic 
Constant current 
cascade connection Internal 

M51911 L 6 Bar display threshold @;r;@6 (dB) 1.25V 

Constant current 
cascade connection Internal 

M51912L 6 Bar display linear @j6®b 1.25V 
- -

" 
, 

8-pln SIP 10-pin SIP 

Maximum ratings 

Detection Features Supply Allowable power 

amplifier vOl~?e Load current coosumpboo 
(mW) 

.23 operation modes - 10.2~16.5 30mAmax 650 
• Blanking mode included 

• Wide supply voltage range 
- • Bnghtness of uppermost LED vanes 4-18 15mAmax 450 

linearly with the Input voltage 

• BUilt-in timer 
- .2 LED-drive modes, so 2 in- 8-18 20mAmax 1400 

puts can be displayed 

.Wide supply voltage range 
Internal • Detection amp built-in 4-15 1500 
(~~:~r~~:IY ) Cut-off frequency········ 500kHz typ 30mAmax 

Offset voltage·· ··········2mV typ 

Internal .Wide supply voltage range 
4-15 25mAmax 1600 

(~~~~::IY) • Output cascade connection re-
duces power consumption by half 

Internal • Detection amp built-in 
4-15 25mAmax 1600 ( ~::~r~::IY ) • Abundant applications Circuits 

13mAtyp Internal • Wide supply voltage range 
4-15 internally 1100 

(rt~;.) • Few external attachments required decided 
• Output cascade connection re-

Internal duces power consumpllon by half 13mAtyp 

(~t~~) 
4-15 internally 1100 

• Detection amp built-in decided 
- - - - _. - _. -

,. rtfP 
14-pin DIP 16-pin DIP 22-pin DIP 

Package 
outline 

16-pin DIP 

8-pin SIP 

22-pin DIP 

14-pin DIP 

16-pin DIP 

lO-pin SIP 

-Z 
CI 
1'1'1 
>< 
III 
-< .., 
c: 
z 
n ... -o z 
o .., 
r-
1'1'1 

<a: 1'1'1-
r-= -e: 
Z! 
ClUt 
-! 

~i 
~E 
:1-
Ut~ 



MITSUBISHI LINEAR ICs 

MS1901P 

12-POINT/23-MODE LED DRIVER 

DESCRIPTION 
The M51901 P is a semiconductor integrated circuit consist

ing of a driver circuit capable of driving 12 LEOs in 23 

modes. 

PIN CONFIGURATION (TOP VIEW) 

When a DC voltage is applied to the input pin the LED 

driving outputs are activated either 1 or 2 at a time to 

provide 23 LED drive modes i,n accordance with the applied 

voltage level. In addition, a blanking function is available 

when the reference voltage is made a low level. 

The M51901 P consisg of 12 differential amplifiers and 

the associated ladder circuit as well as a blanking circuit. 

FEATURES 
• 12 LEOs. may be driven in accordance with the level of a 

DC voltage applied to the input, using a built-in A-O 

conversion capability. 

• 23 operating modes are provided 

• Built-in blanking function 

.• The reference voltage level may be freely selected 

APPLICATION 
23-mode drivers for 12 LE Ds, simplified A-D converters 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ............................. 10.2-16.5V 

Rated supply voltage ...................................... 13.2V 

Reference voltage range· ............................ 5.0-7.5V 

Input voltage range ..................................... 0-:--9.2V 

OUTPUT 7 1 

OUTPUT 8 2 

OUTPUT 9 3 

OUTPUT 10 4 

OUTPUT 11 5 

OUTPUT 12 6 

REFERENCE SUPPLY 7 

Outline 16P4 

16-pin molded plastic DIP 

BLOCK DIAGRAM 
OUTPUT 3 OUTPUT 4 OUTPUT 5 OUTPUT 6 

OUTPUT 7 OUTPUT 8 OUTPUT 9 OUTPUT 10 OUTPUT 11 OUTPUT 12 

• MITSUBISHI 
;"'ELECTRIC 

7 REFERENCE SUPPLY 
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MITSUBISHI LINEAR ICs 

MS1901P 

12-POINT/23-MODE LED DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25\:. unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

Vcc Supply voltage 18 V 

10 Output current 30 rnA 

Pd Power diSSipation 650 mW 

Ke Derating Ta~25°C 6 5 mW/"C 

Topg Operating temperature -20- +75 °C 

Tstg Storage temperature -40- + 125 °C 

ELECTRICAL CHARACTERISTICS (T a=25\:. Vcc=±13.2V. VREF=7.20V. unless otherwise noted) 

Symbol Parameter Test conditions 

Icc Circuit current VIN=OV. outputs open 

II Input current VIN=9.2V 

Vo Output voltage (PinS (D-@l) RL=620 Q 

VBL Blanking voltage VIN=9.2V.· 10=100!-'A 

leIl Pin CD output current VIN=OV 

V® Output 2 on-state central Input voltage 10~lmA 

V@ Output 3 on-state central Input voltage 10~lmA 

V® Output 4 on-state central Input voltage 10~lmA 

V® Output 5 on-state central Input voltage lo~lmA 

V® Output 6 on-state central Input voltage lo~lmA 

VeIl Output 7 on-state central Input voltage lo~lmA 

V® Output 8 on-state central Input voltage lo~lmA 

V® Output 9 on-state central Input voltage lo~lmA 

V@ Output 10 on-state central Input voltage lo~lmA 

V® Output 11 on-state central Input voltage lo~lmA 

TYPICAL CHARACTERISTICS (Ta =25°C. unless otherwISe noted) 

1000 

!; 

-5 800 

'0 
a. 
z 600 
0 
>= « 
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iii 400 U'> 

i5 
a: 
w 
~ 200 0 
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THERMAL DERATING 
(MAXIMUM RATING) 
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"" "-" " " " 
" 
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" " 

AMBIENT TEMPERATURE Ta (oC) 

" 
125 

• MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

2 5 mA 

100 !-'A 

4 2 5.5 6 8 V 

0 8 V 

15 !-'A 

1 99 V 

2.51 V 

3.03 V 

3 55 V 

4 07 V 

4 59 V 

5 11 V 

5 63 V 

6 15 V 

6 67 V 



MITSUBISHI LINEAR les 

MS1901P 

12-POINT/23-MODE LED DRIVER 

APPLICATION EXAMPLES 

(1) Z3·MODE DRIVER FOR 12 LEDS 
620Q 

r---~--~~--~--~----'---~---4~--~--~~--'---~-V~--~-oVCC 

OUTPUT 1 (10.2 -16 5V) 

M51901P 

(2) 22·LED DRIVER (USING CASCADE CONNECTION) 

VCc(15V) 

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 

REFERENCE 
SUPPLY 

VREF 
(7 20V) 

MZ307 

MZ304 

2kQ 
R3 

Note As IS chosen such that the lower dnve level limit for LED #12 IS Just 0 24V 

higher than higher dnve level limit for LED #10 

• MITSUBISHI 
"'ELECTRIC 
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MITSUBISHI LINEAR ICs 

M51903L 

LED LINEAR LEVEL INDICATOR 

DESCRIPTION 
The M51903L is a semiconductor integrated circuit consist
ing of a circuit designed for use in level meters. It is cap
able of driving 5 LEOs to create a bar-type display. In 
accordance with the input level, the uppermost LED bright
ness varies to form a linear indicator, making this device 
ideal for use in signal meters and VU meters. A low-voltage 
reference power supply is built in, so that the only external 
components required are 'LEOs, resistors and capacitors. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Bar-type display of input level using 5 LEDs 

• The uppermost LED brightness varies linearly with 

respect to the input level resulting in a high-resolution 

display with no radiation. 

• By changing the external resistance values, the LED 
brightness can be adjusted ·············· .. ···lo=15mA(max.) 

• Operates over a wide range of supply voltages 
............................................................ Vcc =4-18V 

• Built-in reference supply 
• High input impedance ................... IIN=100nA (typ.) 

APPLICATION 
Signal meters, VU meters, tuning meters, and other general 

display applications 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range .................................... 4-18V 

Rated supply voltage .................................. · ...... · 10V 

BLOCK DIAGRAM 

8-6 

INPUT VOLTAGE 
DIFFERENTIAL 
DETECTOR, 

INPUT VOLTAGE 
DIFFERENTIAL 
DETECTOR 

INPUT VOLTAGE 
DI FFERENTIAL 
DETECTOR 

INPUT VOLTAGE 
DIFFERENTIAL L' DETECTOR 

._--------
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"ELECTRIC 

...J .., 
co ... 
.... 
:E 

Outline BP5 
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MITSUBISHI LINEAR ICs 

MS1903L 

LED LINEAR LEVEL INDICATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratongs 

Vee Supply \lol1age 18 

VIN Input voltage 6 

BVo Output breakdown voltage 18 

10 Output current 15 (per Pin) 

With the M51903L soldered to a printed Circuit board 
PdF Power diSSipation (copper-dad area 4 5 x 55cm, thickness 351-/., board 550 

thickness 20mm) 

KBF Derating Ta",25'C 5.5 

Topg Operating temperature -20-+75 

Tstg Storage temperature -40- + 125 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=±10V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

Vee Supply voltage range 4 10 

VINF Ful1scale Input voltage 1320 

Vstep Step voltage 210 

liN Input current VIN=OV (Note I) 0.1 

Icc Circuit current VIN=OV 5 

VIT~ Output 1 LED drive voltage 170 230 

VIT(:t Output 2 LED drive voltage 
RL = 1. 5kQ 

380 450 

VlT(l) Output 3 LED drive voltage IL=100"A 580 660 

VITCD Output 4 LED dnve voltage USIng red GaAI As LEOs 780 860 

V1T(2) Output 5 LED drive voltage 980 1070 

Note 1 Current flowmg from pm @ IS taken as positive current 

TYPICAL CHARACTERISTICS (T a = 25 'C. Vee = 10V unless otherwISe noted) 

(For the following typical characteristics. RL In the application example (11 IS 1 5k.n and red GaAIAs LEOs are used for measurements) 
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,5 
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THERMAL DERATING 
(MAXIMUM RATING) 

(1) Device alone 
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-(2) --:.:;.: 

~ -l!l 
........ 
~, 

.... ~ 
:-. 

>-z 
w 
a: 4 a: 
:::> 
u 
>-:; 
u 

2 a: 
U 

.... , 
o o 

-... o o 25 50 75 100 
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CIRCUIT CURRENT VS 
SUPPLY VOLTAGE 

VIN-OrnV 

----,. ~ 
I 

10 15 

INPUT VOLTAGE (V) 

Unit 

V 

V 

V 

rnA 

rnW 

mW/ 'C 

'C 

'C 

Unit 
Max 

18 V 

mV 

rnV 

1.0 "A 

8 rnA 

300 rnV 

530 rnV 

730 rnV 

940 rnV 

1180 rnV 

20 
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MITSUIISHI LINEAR IC. 

MS1903L 

LED LINEAR LEVEL INDICATOR 

INPUT CURRENT VS 
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MITSUBISHI LINEAR ICs 

MS1903L 

LED LINEAR LEVEL INDICATOR 

PIN@OUTPUT CURRENT VS 
INPUT VOLTAGE TEMPERATURE 
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APPLICATION. EXAMPLES 

MZ303 
I NPUT O---~~-+---l4h 

R, 
30kQ 
VR 

Rz 
12kQ 

INPUT 

R3 
24kQ 

R4 
12kQ 

MITSUBISHI LINEAR ICs 

MS1903L 

LED LINEAR LEVEL INDICATOR 

(1) M51903L used alone 

M51903L 

Note 1 The value of RL IS chosen to SUit the LED deVices 10 be used The maximum 

LED current!= (Vee-LED forward voltage drop-l Ol/Rl ~ 15mA 

(2) M51903L used in cascade connection 
0) Circuit for a maximum input voltage of 7V 

Vee 
M51903L 5 M51903L 

10Q 

+ 
10,uF 

Note 1 ReSistance R I IS selected so that the turn-on voltage for LED #6 IS approximately 630mV higher than that of LED # 5 

(3) Circuit for a maximum input voltage of 2.3V 

#1#2#3#4#5 #6#7#8#9#10 

10Q 
INPUT O---j--~--( M51903L 4 M51903L 5r-~~~---~---ovee 

8-10 

/
I 
\ 
'-

Rz 
5.1kQ 

, 
\ 
I 2SC2291 

" 

+ 
10,uF 

Note 1 ReSistance Rl selected so that the turn-on voltage for LED -#fj IS apPloxlmately 210mV higher than that of LED #5 

• MITSUBISHI 
.... ELECTRIC 



MITSUBISHI LINEAR ICs 

M51910P 

a·POINT /2.INPUT LED DRIVER 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The M51910P is an IC capable of driving a LED input level 
display according to the LED display mode. It can also be 
used as a comparator because it can issue a control signal TrM~I~g~~J~~~~ 
after comparing input values. The M51910P has a built-in OUTPU~~W;~g~ 
timer for control use. NOISE FILTER 

There are two input pins for the display. One input is for CONTROL OUTPUT 4 
.• . GND 

the continuous display mode, and the other IS for the on-off REGULATED 5 

display mode, so that two inputs can be displayed on the POWER g~r~0i-
same LED. Vee 

INPUT 2 

22 ~1'tJ~~6~~~!NTS 
21 DISPLAY OUTPUT 8 

20 DISPLAY OUTPUT 8 

19 DISPLAY OUTPUT 7 

18 DISPLAY OUTPUT 6 

17 DISPLAY OUTPUT 5 

16 DISPLAY OUTPUT 4 

15 DISPLAY OUTPUT 3 

FEATURES INPUT 1 9 14 DISPLAY OUTPUT 2 

• Drives two display modes, displaying two inputs 
REFERE~t~T~ 10 13 DISPLAY OUTPUT 1 

• Reference voltage can be freely selected ·········O.5~3.5V REFERE~~~T~ _1,1 _____ .r1-2 ~1~-i>6~~~~.k~TS 
• Built-in regulated power supply 

........................................... Vs=4.8V, lomax=10mA 
• Built-in timer ................................ setting range is 5min. ~ ____________________ ...J 

APPLICATION 
Control equipment level indicator, thermometer for tempera
ture adjustment devices. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 8~18V 
Rated supply voltage .......................................... '12V 

22-pin molded plastic DIP 

BLOCK DIAGRAM DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY 
OUTPUT 8 OUTPUT 7 OUTPUT 6 OUTPUT 5 OUTPUT 4 OUTPUT 3 OUTPUT 2 OUTPUT 1 . 

3 2 

GND UPPER INPUT INPUT ON-OFF CLOCK 3-MIN. TIMER NOISE CONT- CONTROL LOWER 
REFE- 1 2 ~'l'S~E PULSE TIME TIME CONS- FILTER ROl OUTPUT REFERENCE 
RENCE C N TANT CONSTANTS TANTS OUTPUT SWITCH 

• MITSUBISHI 
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MITSUBISHI LINEAR Ie. 

M51910P 

a·POINT 12·INPUT LED DRIVER 

ABSOLUTE MAXIMUM RATINGS CTa=2~"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

lodls Display output current 

BVodls Display output dielectric strength 

I® Pm ® mput current 

BV® Pin ® dielectric strength 

I@ Pm ® output current 

Pd Power dissipation 

KU Thermal deratmg 

Topr Operating temperature 

Tstg Storage temperature 

* The peak current may be as hIgh as 40mA when the clock frequency is over 30Hz. 

ELECTRICAL CHALACTERISTICS CTa=25"C, Vcc=12V, unless otherwise noted) 

Symbol Parameter 

Icc Clrcuir current 

Vs Regulated power voltage 

I®on PIn ® output current 

kroon PIn ® output current 

l<Il)on Pm ®I output current 

IUton Pm @ output current 

V®on2 Pm ® threshold voltage output 2 

V@on3 PIn ® threshold voltage output 3 

V®on4 PIn ® threshold voltage output 4 

V@ons PIn ® threshold voltage output 5 

V@)ons Pm ® threshold voltage output 6 

V®on7 PIn ® threshold voltage output 7 

V®onB Pin ® threshold voltage output 8 

V®on9 Pin ® threshold voltage output 9 

V®on2 Pm @ threshold voltage output 2 

VWon3 Pin @ threshold voltage output 3 

V(O)On4 Pm @ threshold voltage output 4 

Vooons Pm @ threshold voltage output 5 

V(9)On6 PIn @ threshold voltage output 6 

V(9)On7 Pin @ thre$hold voltage output 7 

VOOonB Pin @ threshold voltage output 8 

V(9)Ong PIn @ threshold voltage output 9 

V®TH PIn ® dIsplay output hysterisis 

V~JTH Pin @ dIsplay output hysterisls 

t:.V® PIn ® output i to i+ 1 step voltage 

t:.V(§j PIn @ output i to i+ 1 step voltage 

t:.V(fjX!j) 
Threshold voltage dIfference for same 

output between pm ® and pin @ 

FCL Oscillator frequency 

FONOF On-off OSCIllator frequency 

VCTH Error detector threshold voltage 

t:.CT Error detector hysterlsis 

T TImer operatIng tIme 

8-12 

Test conditions 

Pin (j) input current 

PIn ® vOltage 

V<lJ>=2.2V 

V<Il)=2.8V 

Pin ® voltage Increases from low level and 

all outpus go ON. 

VQn=2.2V 

V<Il)=2.8V 

Pm @ voltage Increases from low level and 

all outputs go ON 

DIfference between mput levels when output 

is ON and OFF 

Difference between Input levels when 

neighbOring outputs are ON 

1/2 pm @ oscIllator frequency 

1/2 pin ® oscillator frequency 

V ®=2, 500V and V @ changes 

Pin ® inversion voltage and hysterlsls 

1. 5M 0 resistance attached to pIn CD 
1000 F capacity connected to pm CD 

.' MITSUBISHI 
"'ELECTRIC 
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Ratings Unit 

18 V 

"30 mA 

18 V 

50 mA 

30 V 

-10 mA 

1400 mW 

1.4 mW/"C 

-20-+75 "C 

-40-+125 "C 

Limits 
Unit 

Min Typ Max 

10 20 mA 

4.0 4.8 5.4. V 

1.7 10 pA 

1.7 10 pA 

1.7 10 pA 

2.7 15 pA 

2.180 2.22 2.250 V 

2.265 2.30 2.335 V 

2.345 2.38 2.415 V 

2.425 2.46 2.495 V 

2.505 2.54 .2.575 V 

2.585 2.62 2.655 V 

2.670 2.70 2.740 V 

2.750 2.79 2.820 V 

2.180 2.22 2.250 V 

2.265 2.38 2.335 V 

2.345 2.38 2.415 V 

2.425 :;!.46 2.495 V 

2.505 2.54 2.575 V 

2.585 2.62 2.655 V 

2.670 2.70 2.740 V 

2.750 2.79 2.820 V 

3 5 7 mV 

70 82 95 mV 

-12 0 12 mV 

90 Hz 

2 Hz 

2.490 2.505 2.520 V 

5 15 25 mV 

200 sec 



MITSUBISHI LINEAR ICs 

M51910P 

a-POINT /2-INPUT LED DRIVER 

TYPICAL CHARACTERISTICS (Ta=25·C, unless otherwise noted) 

~ 
"0 
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1.2 
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"" ~ 
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.. 
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.... 
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() 
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~ 
FCL 

4.0 
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2.0 

1.0 

o 
-40 --20 0 20 40 60 

o 
SO 100 

'" 

AMBIENT TEMPERATURE T a ('C) 

REGULATF-D VOLTAGE VS. 
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w 
(!) 
« 
~ o 5 .0 t---t~;;j;;=*""","",""'+--r----l 
> 
Cl 
W 

~ 
oJ 
:J 

2.5·1--+--+--+---+--1---_+___--1 

(!) 
W 
a: 

OL-~--~--~-J---L--~-.J 
-40 -20 0 20 40 60 SO 100 
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w 
(!) 
« 
~ 2.7 

o 
> 
Cl 
oJ o 2.5 
:I: 
en 
W 
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2 1 

AMBIENT TEMPERATURE T a ('C) 

DISPLAY THRESHOLD VOLTAGE 
VS. AMBIENT TEMPERATURE 

119 

IIS_ 

117 

116 

'115 

114 

113-

112 

en 
o -40 -20 0 20 40 60 SO 100 

AMBIENT TEMPERATURE T a ('C) AMBIENT TEMPERATURE T a (,C) 

N 
:I: 

~ o z 
o u. 

>
() 
Z 
W 
:J 
o 
W 
a: 
u. 
u. 
u. 
o 
I 

Z 
o 

• MITSUBISHI 
.,.. ELECTRIC 8-13 



TEST CIRCUIT AND TYPICAL APPLICATION 

240k Q 

150k Q 

8-14 
• MITSUBISHI 

"'ELECtRIC 

MITSUBISHI LINEAR les 

MS1910P 

a-POINT /2-INPUT LED DRIVER 

VOO=12V 



MITSUBISHI LINEAR ICs 

MS1906P 

6-STEP BAR TYPE LED LEVEL INDICATOR 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The M51906P is a semiconductor integrated circuit de
signed for LED level meters. It functions as a bar-type dis
play for inputs of up to 6 LEOs. With its built-in advanced 
half-wave rectification operational amplifier, it accepts direct 
input of either AC or DC signals. 

A logarithmic scale of 3,0, -3, -7, -12, and -18dB dis
play levels is provided, making the M51906P ideal for VU 
meters applications. 

FEATURES 
• Advanced half-wave rectification OP amp built in 

Cut-off frequency ................ · .. · .............. 500kHz(typ.) 
Offset voltage .. · .... · .... · .... · ...... · .................. ·2mV(typ.) 

• High output drive current ............................. 30mA(max) 
• Wide supply voltage range ............ · .................. 4V-15V 

• Small circuit current when in no-signal condition 
........................................................... 0.9mA( typ.) , 

• Open-collector-type output, so power dissipation is low 
and low-voltage operation is possible 

• Input amp gain is varied by external resistance 
• Shifting the LED turn-on voltage is easy with the 

reference voltage setting pin 

APPLICATION 
Signal meters, VU meters, and tuning meters. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ............ · ........................ ·4-15V 

NON INV INPUT 

INV INPUT 

AMP OUTPUT 

BIAS REF VOTAGE 
REF VOLTAGE 

SETTING 
GND 

Vee 

OUTPUT 5 

---.. __ ---1'-

Rated power supply .............................. · .... ·9V±10% 14-pin molded plastic DIP 

BLOCK DIAGRAM 

REF VOLTAGE 
SETTING 

NON INV INPUT 1 

INV INPUT 2 

Vee 

AMP OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT GND GND 
1 2 3 4 5 6 

• MITSUBISHI 
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MITSUBISHI LINEAR ICs 

M51906P 

6-STEP BAR TYPE LED LEVEL INDICATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

BVo Output voltage 

10 Output current 

Y'N Input voltage Input terminal to GNO 

IV(j)-v@1 Input differential voltage Pin CD to pin ~ 

V~ Pin @ voltage Pin@toGNO 

I® Pin ® input current 

Ie" Pin @ output current 

Pd Power dissipation 

KO Thermal derating Ta2:25'C 

Topr Operating temperature 

Tstg Storage temperature 

V@ Pin @ voltage Pin@toGNO 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vee=9V, unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

leel Circuit current 

ICC2 CirCUit current 

V ,O Input amp offset 

lis Input amp bias current 

Vref Reference voltage 

I~ Pin @ output current 

VSAT Output saturation voltage 

Vthl Output 1 threshold voltage 

Vth2 Output 2 threshold voltage 

Vth3 Output 3 threshold voltage 

Vth4 Output 4 threshold voltage 

Vth5 Output 5 threshold voltage 

Vths Output 6 threshold voltage 

10L Output leak current 

8-16 

Test conditions 

V(j)-V~=OV(when all LEOs are off) 

V(j)-V~=2V(when all LEOs are on) 

Input voltage V(j)=2V 

Input voltage V(j)=2V 

Pin ® voltage 

V~=OV 

Ismk=30mA 

Amp gain=l 

Pin @ voltage IS taken as reference 

VOUT=VCC 

• MITSUBISHI 
"'ELECTRIC 

Ratings Unit 

16 V 

16 V 

30 mA 

-3-Vee-O,8 V 

5 V 

4 V 

1.5 mA 

-1 mA 

1500 mW 

12 mW/'C 

-20-+75 'c 
-40-+125 'c 

6 V 

Limits 
Unit 

Min Typ Max 

4.0 15.0 V 

0.9 2 mA 

10 20 mA 

2 10 mV 

50 250 nA 

1. 15 1. 35 1. 55 V 

-600 -400 -260 pA 

0,3 1 V 

91 114 144 mV 

-20 -18 -16 dB 

181 228 287 mV 

-14 -12 -10 dB 

341 405 481 mV 

-8.5 -7 -5.5 dB 

572 641 720 mV 

-4 -3 -2 dB 

807 906 1017 mV 

-1 0 +1 dB 

1141 1280 1436 mV 

+2 +3 +4 dB 

1 pA 



MITSUBISHI LINEAR IC. 

M51906P 

a"STEP BAR TYPE LED LEVEL INDICATOR 

TYPICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

THERMAL DERATING (MAXIMUM RATING) 
2000 

~ 1500 

z 
o 
~ 1000 
B. 

~ 
C 
a: 500 w 

~ 
B. 

"< 100 
c: 

~ 80 
I-
Z 
W 
a: 
a: 
:l 
U 

~ 
iii 
B. 

~ 
I
:l 
B. 
~ 

60 

40 

20 

~ 

" ....... 

25 50 75 100 125 

AMBIENT TEMPERATURE T a ("C) 

INPUT AMP BIAS CURRENT 
VS. SUPPLY VOLTAGE 

.. r--r---

5 10 15 

SUPPLY VOLTAGE Vee (V) 

20 

OUTPUT THRESHOLD VOLTAGE 
VS. SUPPLY VOLTAGE 

1.6 

$ 
1.4 

w 

~ 1.2 

o 1.0 
> 
9 O.B 
o 
~ 0.6 
w 
~ 0.4 
I-

~ 0.2 
B. 
I- 0 5 0 5 

Vth6 

Vth5 

Vth4 

Vth3 

Vth2 

Vthl 

10 15 20 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
14~----.----,----~-----, 

"< .12 
E 

~ 10 
~ 

r 

I- 8 
z 
w 
a: 6 a: 
:l 
U 
I- 4 
:5 
u 2 a: 
0 
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z « 
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1.4 
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o 1.0 
> 
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~ 0.6 
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OUTPUT THRESHOLD VOLTAGE 
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Vee=9V 

B. 
I-

5 .Q40 -20 0 20 40 60 BO 100 

SUPPLY VOLTAGE Vee (V) AMBIENT TEMPERATURE Ta ee) 
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APPLICATION EXAMPLES 

(1)AC INPUT 

10kO 
R, 

~l ~2 ~3 ~4 ~5 ~6 

Mli1906P 

RL Resi::;tance determining 
LED current (4700 typ ) 

OPERATION 

Vcc=9V 

The AC signal applied through the coupling capacitor 
Cc is rectified and amplified mainly at reference Pin ®. 
and then output at Pin @. The voltage at Pin @ is com
pared with the reference voltage at Pin @ (internal re
ference voltage 1.2BV divided on a logarithmic scale). 
and the LED is driven according to the comparator 
output. 

Note,. Amp gain 
Re+Rt 

Re 
(Re+Rt-30kQ) 

The peak value is output at Pin @. so a DC voltage of 
approximately 1.4 times the rms value is output. 

Note 2. Select the value of CF according to the recov
ery time. 

Recovery time: CFX(Re+Rt) 
Attack time: CFX430Q 

Note 3. LED current 
VCC-VFLEO-VSAT 

RL 
VFLEO: LED forward voltage drop 
VSAT: IC output saturation voltage 

Note 4. Pin ® voltage is approximately 1.35V at normal 
temperature (25°C). the temperature coefficient is 
-4mV/oC. 

MITSUBISHI LINEAR ICs 

M51906P 

6·STEP BAR TYPE LED LEVEL INDICATOR 

(2) DC INPUT 

Vcc=9V 

~l ~2 #3 ~4 ~5 ~6 

M51906P 

'"'"T"" R, ~---f---_....J 
I 

VBIAs=l. 2-3. 5V 

Note 5. If less then 6 LEOs are used. leave the unused 
output terminals open. 

Note 6. When using DC input. leave Pin ® open and 
connect the external reference voltage of 1.2-3.5V to 
Pin@ 

CAUTION 
1. If the power supply connection positive and negative 

terminals are reversed. the M51906P will lose a lot of 
current and this can cause serious damage to the 
device. 

2. The output is an open collector. so load resistances 
must be connected in series with the LEOs. 

8-18 
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MITSUBISHI LINEAR ICs 

M51907P 

8-STEP BAR TYPE LED LEVEL INDICATOR 

DESCRIPTION 
The M51907P is a semiconductor integrated circuit de
signed for LED level meters. It drives a bar-type input-level 
display for up to 8 LEOs. With its built-in advanced half
wave rectification operational amplifier, the M51907P 
accepts direct input of either AC or DC signals. 

PIN CONFIGURATION (TOP VIEW) 

A logarithmic scale of 5, 2, 0, - 2, - 5, - 8, - 13, and 
-18dB display levels is provided, making the M51907P 
ideal for signal meter applications. 

FEATURES 
• Advanced half-wave rectification OP amp built in 

Cut-off frequency····························· .. · .. 200kHz(typ.) 
Offset voltage ............................................ 2mV( typ.) 

• Output current can be adjusted with a single resistor 
............................................................... 2~25mA 

• Wide supply voltage range ·································4~15V 

• LEOs are grouped in two's by cascade connection, so 
when all LEOs are driven in parallel, the current required 
is reduced by half 

• Parallel shifting of the LED turn-on voltage is easy with 
the lower ref in pin 

• Advanced half-wave OP amp gain is varied by external 
resistance 

• Reference voltage terminal for full-scale coordination, 
making it easy to use the M51907P and the companion 
M51909P in cascade connection to drive more than 8 
LEOs. 

APPLICATION 

NONINVINPUT 

INV INPUT 

AMP OUTPUT 

GND 

OUTPUT 8 

OUTPUT 7 

OUTPUT 6 

OUTPUT 5 

Signal meters, VU meters, and tuni~g meters. 16-pin molded plastic DIP 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 4~15V 

Rated power supply ····································9V±10% 

Vee BLOCK DIAGRAM 

r--'--' ----'~ 

I 

LOWER FER. IN 

NONINVINPUT 1 

INV INPUT 2 

AMP OUTPUT 1 OUTPUT 3 OUTPUT 5 OUTPUT 7 
OUTPUT OUTPUT 2 OUTPUT 4 OUTPUT 6 OUTPUT 8 

• MITSUBISHI 
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MITSUBISHI LINEAR IC. 

MS1907P 

a-STEP BAR TYPE LED LEVEL INDICATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage 16 

BVo Output voltage 16 

10 Output current 25 

Y'N Input voltage Input pin to GND -3~Vcc 

IVCD-V~I Input differential voltage Pin CD to pin ~ 5 

V@ Pin @ voltage PIn@to GND Vcc 

I@ Pin @ Input current 500 

leD Pin @ output current Static value -1 

Pd Power dissipation 1600 

Ko Thermal derating T aL25'C 12.8 

Topr Operating temperature -20~+75 

Tstl:! Storage temperature -40~+125 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=9V, unless otherwise noted) Rad: Pin@ adlustable resistor 

Symbol 

Vcc 

ICCl 

ICC2 

V ,O 

liB 

Y'N 

Vref 

V@ 

I@ 

Vthl 

Vth2 

Vth3 

Vth4 

Vth5 

Vth6 

Vth7 

Vths 

10L 

10 

10' 

VSAT 

8-20 

Parameter 

Supply voltage 

Circuit current 

CircUit current 

Input offset voltage 

Input bias current 

Input voltage range 

Reference voltage 

Pin @ set voltage range 

Pin @ output current 

Output 1 threshold voltage 

Output 2 threshold voltage 

Output 3 threshold voltage 

Output 4 threshold vOltage 

Output 5 threshold voltage 

Output 6 threshold voltage 

Output 7 threshold voltage 

Output 8 threshold voltage 

Output I eak current 

Output current 

Output current 

Output saturation voltage 

Test conditions 

VQ)=OV( when all LEOs are off) 

Rad=2.8kQ 

VQ)=2V(when all LEOs are on) 

Rad=2.8kQ 

Input voltage VQ)=lV 

Input voltage VQ)=OV 

Rad=6.4kQ 

Amp galn=l 

Pin @ voltage IS taken as reference 

Rad=6.4kQ 

Rad=2.8kQ 

Rad=2.8kQ 

10=12.5mA 

• MITSUBISHI 
~ELECTRIC 

Limits 

Min Typ Max 

4.0 15.0 

5.0 8.0 

7.0 11. 2 

2 10 

-300 -50 

0 Vcc-2 

1. 125 1. 250 1.375 

-0.2 Vcc-3. 5 

-2000 -50 

70 89 111 

-20 -18 -16 

125 157 198 

-15 -13 -11 

235 280 333 

-9.5 -8 -6.5 

352 395 443 

-6 -5 -4 

498 558 627 

-3 -2 -1 

627 703 789 

-1 0 +1 

789 885 993 

+1 +2 +3 

1114 1250 1403 

+4 +5 +6 

1 

9.6 12 14.4 

20 25 30 

500 

Unit 

V 

V 

mA 

V 

V 

V 

pA 

mA 

mW 

mW/"C 

'c 
'c 

Unit 

V 

mA 

mA 

mV 

nA 

V 

V 

V 

nA 

mVoc 

dB 

mVoc 

dB 

mVoc 

dB 

mVoc 

dB 

mVoc 

dB 

mVoc 

dB 

mVoc 

dB 

mVoc 

dB 

pA 

mA 

mA 

mV 



MITSUBISHI LINEAR IC. 

MS1907P 

a-STEP BAR TYPE LED LEVEL INDICATOR 

TYPICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 
ALLOWABLE MAX OUTPUT CURRENT 

THERMAL DERATING (MAXIMUM RATING) ~ VS. OUTPUT TERMINAL MAX VOLTAGE 
2500 30 

~ 
E 

2000 

" a. 

z 1500 
0 
f= « a. 
iii 1000 

""--

" ~ (/) 

is 
0: 
w 500 
3: 
0 
a. 

25 50 75 100 125 

AMBIENT TEMPERATURE T a ("C) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 

'< 
E 

U 
.2 
(j 

.2 

I
Z 
w 
0: 
o:~ 
::> 
() 
-l-

S 
U 
0: 
(3 

10 

8 

6 

4 

2 

I- 1. 6 
:::l 

~ 1.4 
::> 
o 1.2 
1: 
U 
~ 1.0 

"-o 0.8 
w 
~ 0.6 

!:i o 0.4 
> 
9 0.2 
o 

, ICC2 

I 
Iccl 

5 10 15 20 

SUPPLY VOLTAGE Vee (V) 

THRESHOLD VOLTAGE OF EACH 
OUTPUT VS. SUPPLY VOLTAGE 

VthB 

Vth7 

Vth6 

Vth5 

Vth4-

Vth3 
Vth2-
Vth, 

~ 00 5 10 15 20 
0: 
1: 
I- SUPPLY VOLTAGE Vee (V) 

.2 

I-
aJ 25 
0: 
0: 
::> 
U 20 
I-
::> 
a. 
I-
:::l 15 
o 
~ 
~ 10 
w 
-l 
CD « 
3: o 
-l 
-l 

5 
o 

\ , 
\ 

\ 

"'I 

-WHEN MAX OPERATING 
TEMP IS Ib"C 

---WHEN MAX OPE1ATING n::"jp IS6j"C 
I----

4 8 12 16 20 

« OUTPUT TERMINAL MAX VOLTAGE Va (V) 
(Max voltage applied to LEOs) 

INPUT BIAS CURRENT VS. SUPPLY VOLTAGE 
100r-----r-----r-----~----, 

'< c 

~ 80 

I-
Z 
w 60 
0: 
0: 
::> 
U 40 
(/) 

« 
iii 
I- 20 ::> 
a. 
~ 

00 5 10 15 20 

SUPPLY VOLTAGE Vee (V) 

'> THftESHOLD VOLTAGE OF EACH 
:; OUTPUT VS. OPERATING TEMPERATURE 
> 
I
::> 

1.6 

~ 1.4 
::> 
o 1. 2 
1: 

~ 1.0 
w 
~ 0.8 
w 
(!l 
« 

0.6 

!:i o 0.4 
> 
o 0.2 
-l 

Vee=9V 

VthB 

Vth7 

Vth6 

Vth5 

Vth4 
Vth3 
Vthz 
Vth, o 

1: 
(/) 
W 
0: 

~40 -20 0 20 40 60 80 100 

1: 
I- OPERATING TEMPERATURE Ta ("C) 

'. MITSUBISHI i'& ELECTRIC 8-21 



<' 
E 

.2 

I-z 
w 
!r 
!r 
::J 
() 

I-
::J 
0.. 
I-
::J 
0 

<' 
E 

.2 

I-
Z w 
!r 
!r 
::J 
() 

I-
::J 
0.. 
I-
::J 
0 

"> 
~ 
> 
w 
C!J 
~ 
...J 
0 
> 
u.. 
w 
II: 

8-22 

OUTPUT CURRENT VS. 
PIN @ ADJUSTABLE RESISTOR 

25 

20 
\ I 

15 

10 

5 

r\ 

\ 
~ "- -

00 4 B 12 16 20 

PIN @ ADJUSTABLE RESISTOR Rad (kO) 

30 

25 

20 

15 

10 

5 

1.5 

1.4 

1.3 

1.2 

1.1 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE (1) 

RadJ2.BkO 

I 
V" 

3.5kO 

r 4.BkO 

r 
J 7.BkO 

/ 15.2kO 

II' 
O. 2 O. 4 O. 6 O. B 1. 0 

OUTPUT VOLTAGE Va (V) 

REF VOLTAGE VS. PIN @ 
ADJUSTABLE RESISTOR 

".. io-""" 

5 10 15 20 25 

PIN Ql) ADJUSTABLE RESISTOR Rad (kO) 

MITSUBISHI LINEAR IC. 

MS1907P 

a.STEP BAR TYPE LED LEVEL INDICATOR 

CD 
~ 
> 

<C 

Z 
:( 
C!J 
w 
C!J 

~ 
0 
> 

<' 
E 

.2 

I-
Z 
w 
II: 
II: 
::J 
() 

I-
::J 
0.. 
I-
::J 
0 

"> 
~ 
> 
w 
C!J 
~ 
...J 
0 
> 
u.. 
w 
II: 

HALF-WAVE RECTIFIER OP AMP 
VOLTAGE GAIN VS.INPUT FREQUENCY 

25 

20 

15 I-

10 I--

5 

30 

25 

20 

15 

10 

5 

, 

Vee V 
V,N=100mVrms 
Re=10kO 
Rf=90kO 

lk 10k lOOk 1M 10M 

INPUT FREQUENCY F'N (Hz) 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE (2) 

RadJ2.BkO -
4.BkO 

15.2kQ 

5 10 15 

OUTPUT VOLTAGE Va (V) 

20 

REF VOLTAGE VS. SUPPLY VOLTAGE 
1.5 

1.4 

1.3 
Rad=6.4kO 

1.2 2.BkO f----

1.1 

4 B 12 16 20 

SUPPLY VOLTAGE Vee (V) 

• MITSUBISHI 
..... ELECTRIC 



MITSUBISHI LINEAR IC. 

MS1907P 

a·STEP BAR TYPE LED LEVEL INDICATOR 

APPLICATION EXAMPLES 

(1) AC INPUT (2) DC INPUT 

Rad: Resistance determining LED current 

(See OUTPUT CURRENT VS. PIN @ ADJUSTABLE RESISTANCE graph) 

OPERATION 
The AC signal applied through the coupling capacitor 
Cc is rectified and amplified mainly by the GND voltage 
and output at Pin ®. The voltage at Pin ® is compared 
with the reference voltage at Pin @ (internal reference 
voltage 1.25V divided on a logarithmic scale), and the 
resultant comparator output drives the LEOs. 
Note 1. Amp gain 

Rs+Rj 
Rs 

The peak value is output at Pin ®. so when this is a 
sine wave. a DC voltage of approximately 1.4 times 
the rms value is output. 

Note 2. Select the value of CF according to the recov
ery time. 

Recovery time: CFX (Rs+Rj) 
Attack time: CFX460Q 

Note 3. LED current 
Pin @ adjustable resistor determines the LED current. 
(See the OUTPUT CURRENT VS. PIN @ ADJUST
ABLE RESISTOR graph) 

Note 4. When less than 8 LEOs are used, proceed as 
follows. 

1. When :j:j: 1 LED is not used: 

2. When :j:j: 2 LED is not used: 

3. When :j:j: 1 and :j:j: 2 LEDs are not used: 

Pins@and@ 
open 

M51907p 

4. When any of LEDs :j:j: 3 to :j:j: 8 are not used: 
When an even-numbered LED is not used, follow the 
procedure given for LED :j:j: 2, and when an odd-num
bered LED is not used, follow that for LED :j:j: 3. 
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(3) Cascade connection 
It is easy to create a 16-step indicator by using two 
M51907Ps, but the drive threshold value (dB) is Irregu
lar, so there is a tendency to unnatural deviation is the 
drive threshold value at the connection. The following 

MITSUBISHI LINEAR ICs 

M51907P 

8-STEP BAR TYPE LED LEVEL INDICAl'OR 

example illustrates how this problem is avoided. Fifteen 
LEOs can be driven using this configuration with the 
M51907P and the M51909P. 

~"-----1r----1----1----'----:-T--r--"---"---"-O vee : 

Note 1. To equalize the brightness levels of the M51907P and the M51909P, select R'ad and R2ad· so that Rad=R'ad+R2ad. 

Note 2. When values for R,ad and R2ad are selected so that R,ad:R2ad=1 :2. 53, the threshold values are as follows. 

(4) Fixed reference bias DC input 

O· I . . X Rs+Rt ISP ay IS given by the formula Y'N ~-VBIAS Display is given by the formula (V'N-VB'AS) X Rs~Rt 

8-24 
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(5) Different color LEOs (when different drive currents 
are desired for the LEOs) 

Select Pin @ adjustable resistor for connection to the 
LED that requires the maximum drive current. Then con
nect resistors in parallel to the remaining LEOs with re
duced current. 

For example, to reduce the current for LEOs # 6, # 7, 
and # 8, use the following arrangement. 

The currents flowing through each of the LEOs in the 
above circuit configuration are given by the following 
formulas. 
For LEOs #1-#5 

V@ 
ILEDA-60X-R

ad 
For LED #6 

For LED #7 

For LED #8 

V@, Pin @ voltage, is 1.25V and VF6, VF7, and VFB are 
the forward voltage drops for LEOs # 6, # 7, and # 8 re
spectively. 

The M51907P is designed so that the temper
ature-dependency of the voltage at Pin @ is very low. 
The LED forward voltage drop, only -2 to -2.5mV/'C, 
also has a relatively low temperature dependence. 
These design features make it possible to accurately 
set the current flowing through each LED. 

MITSUBISHI LINEAR lea 

M51907P 

a-STEP BAR TYPE LED LEVEL INDICATOR 

(6) All LEOs light at minimum-voltage input signal, 
and the LEOs are extinguished as the input voltage 
increases 

Display follows the formula: 

1.25(V)XRad2 X( +..BL)_ x..BL-
R +R 1 R VIN R VSIAS adl ad2 S S 

Note LED drive voltage is determined by Radl+Rad2 

(7) High supplV voltage produces high output currents 
The relation between the allowable output current and 
the maximum voltage at the output terminal is deter
mined by the thermal derating curve. (See the ALLOW
ABLE OUTPUT CURRENT VS. OUTPUT TERMINAL 
MAXIMUM VOLTAGE graph) 

Therefore, if the user wants a high supply voltage to 
produce high output currents, the following circuit con
figuration can be used, but the output terminal voltage 
must be low 

A realistic design involves taking the required output 
current (LED current· ILED ) as the allowable maximum 
output current, and then determining the corresponding 
output terminal maximum voltage Vo max from the 
ALLOWABLE OUTPUT CURRENT VS. OUTPUT TER
MINAL MAX VOLTAGE graph. Then if the maximum 
value for the supply voltage is Vee max, the value of Rd 
has to be determined to satisfy the relation 4'ILED' No> 
Vce max-Yo max· 
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MITSUBISHI LINEAR IC. 

M51907P 

8-STEP BAR TYPE LED LEVEL INDICATOR 

(8) Adjusting LED brightness with respect to the 
surrounding light 

The LED current is determined by Rad+Rcds. 

8-26 
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MITSUBISHI LINEAR IC. 

MS1909P 

a·STEP BAR TYPE LED LEVEL INDICATOR 

DESCRIPTION 
The M51909P is a semiconductor integrated circuit de
signed for LED level meters. It drives a bar-type input-level 
display for up to 8 LEOs. With its built-in advanced half
wave rectification operational amplifier, the M51909P 
accepts direct input of either AC or DC signals. 

PIN CONFIGURATION (TOP VIEW) 

A linear scale of display levels is provided, making the 
M51909P especially suitable for signal meter applications. 

FEATURES 
• Advanced half-wave rectification OP amp built in 

Cut-off frequency""""""""""""""""" 200kHz(typ.) 
Offset voltage ............................................ 2mV( typ.) 

• Output current can be adjusted with a single resistor 
............................................................... 2-25mA 

• Wide supply voltage range '''''''''''''''''''''''''''''''''4-15V 
• LEOs are grouped in two's by cascade connection, so 

when all LEOs are driven in parallel, the current required 
is reduced by half 

• Parallel shifting of the LED turn-on voltage is easy with 
the lower ref in pin 

• Advanced half-wave OP amp gain is varied by external. 
resistance 

• Reference voltage terminal for full-scale coordination, 
making it easy to use the M51907P and the M51909P in 
cascade connection to drive more than 8 LEOs 

APPLICATION 

NON INV INPUT 

INV INPUT 

AMP OUTPUT 

GND 

OUTPUT 8 

OUTPUT 7 

OUTPUT 6 

OUTPUT 5 

Signal meters, VU meters, and tuning meters. 
16-pin molded plastic DIP 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 4-15V 

Rated power supply ""''''''''''''''''''''''''''''''''9V±10% 

BLOCK DIAGRAM 

LOWER REF IN 

NON INV INPUT 

INV INPUT 2 

HALF-WAVE 
RECTIFICATION 

lOP AMP I 
L--0-

AMP OUTPUT 1 OUTPUT 3 
OUTPUT OUTPUT 2 OUTPUT 4 

• MITSUBISHI 
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Vee 
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~GND 
JGND 
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MITSUBISHI LINEAR ICa 

MS1909P 

8-STEP BAR TYPE LED LEVEL INDICATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 16 

BVo Output voltage 16 

10 Output current 25 

Y'N Input voltage Input pin to GNO -3-Vee 

IVCD-V~I Input differential voltage Pin CD to pin (g) 5 

V@ Pin @ voltage PIn@toGNO Vee 

I@ Pin @ Input current -500 

I® Pin @ output current Static value -1 

Pd Power dissipation 1600 

Ke Thermal derating T a2:25°C 12.8 

Topr Operating temperature -20-+75 

Tstg Storage temperature -40-+125 

ELECTRICAL CHARACTERISTICS (Ta=25°C, Vee=9V, unless otherwise noted) Rad PIn@ adJustabJe resistor 

Symbol 

Vee 

feel 

ICC2 

V ,O 

liB 

Y'N 

Vrel 

V@ 

I@ 

Vthl 

Vth2 

Vth3 

Vth4 

Vth5 

Vth6 

Vth7 

VthB 

10L 

10 

10 ' 

VSAT 

8-28 

Parameter 

Supply voltage 

CircUIt current 

Circuit current 

Input offset voltage 

Input bias current 

Input voltage range 

Reference voltage 

Pin @ set voltage 

Pin @ output current 

Output 1 threshold voltage 

Output 2 threshold voltage 

Output 3 threshold voltage 

Output 4 threshold voltage 

Output 5 threshold voltage 

Output 6 threshold voltage 

Output 7 threshold vollage 

Output 8 threshold voltage 

Output leak current 

Output current 

Output current 

Output saturation voltage 

Test conditions 

VC])=OV(when all LEOs are off) 

Rad=2.8kO 

V0)=2V(when all LEOs are on) 

Rad=2.8kO 

Input voltage V(j)=l V 

Input voltage Vrn=OV 

Rad=6.4kO 

Amp galn=l 

Pin @ voltage IS taken 

Rad=6.4kO 

Rad=2.8kO 

Rad=2.8kO 

10=12.5mA 

• MITSUBISH. I 
;"ELECTRIC 

Limits 

Min Typ Max 

4.0 15.0 

5.0 8.0 

7.0 11. 2 

2 10 

-300 -50 

0 Vcc-2 

1. 125 1. 250 1.375 

-0.2 Vcc-3.5 

-2000 -50 

136 156 177 

276 313 349 

417 469 521 

558 625 693 

698 781 864 

839 938 1036 

979 1094 1208 

1120 1250 1380 

1 

9.6 12 14.4 

20 25 30 

500 

Unit 

V 

V 

mA 

V 

V 

V 

pA 

mA 

mW 

mWFC 

·C 

°C 

Unit 

V 

mA 

mA 

mV 

nA 

V 

V 

V 

nA 

mV 

mV 

mV 

mV 

mV 

mV 

mV 

mV 

pA 

mA 

mA 

mV 



MITSUBISHI LINEAR IC. 

MS1909P 

a·STEP BAR TYPE LED LEVEL INDICATOR 

TYPICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 
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a·STEP BAR TYPE LED LEVEL INDICATOR 
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MITSUBISHI LINEAR IC. 

MS1909P 

a.STEP BAR TYPE LED LEVEL INDICATOR 

. APPLICATION EXAMPLES 

(1) Ap INPUT (2) DC INPUT 
Vee Vee 

M51909P 

Rad: Resistance determining LED current 

(See OUTPUT CURRENT VS. PIN @ ADJUSTABLE RESISTOR graph) 

OPERATION 
The AC signal applied through the coupling capacitor 
Cc is rectified and amplified mainly with the GNO vol
tage and output at Pin @. The voltage at Pin @ com
pared with the reference voltage' at Pin @ (internal re-

. ference voltage 1.25V divided on a logarithmic scale), 
and the resultant comparator outpuf drives the LEOs. 

Note 1. Amp gain 
Rs+Rf 

Rs 
The peak value is output at Pin @, so when this is a 
sine wave, a DC voltage of approximately 1.4 times. 
the rms value is output. 

Note 2. Select the value of CF according to the recovery 
time. 

Recovery time: CFX(Rs+Rf) 
Attack time: CFX4600 

Note 3. LED current 
Pin @ adjustable resistor determines the LED current: 
(See the OUTPUT CURRENT VS. PIN @ ADJUST
ABLE RESISTOR graph) 

Note 4. When less than 8 LEOs are used, proceed as 
follows. 

1. Wheh # 1 LED is not used: 

Pin@ 
open 

M51909P 

Vee 

2. When # 2 LED is not used: 

M51909P 

3. When # 1 and # 2 LEDs are not used: 

Pin ® and@ 
open 

M51909P 

4. When any of LEDs #3 to #8 are not used: 

Vee 

Vee 

When an even-numbered LED is not used, follow the 
procedure given for LED # 2, and when an odd-num
bered LED is not used, follow that for LED # 3. 

Vee 

M51909P 
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(3) Cascade connection 

(4) 32-step drive circuit 

Note 1. Use a resistor with R greater than lOOk Q. 

Note 2. The circuit above works best when Vee 

is greater than 6V. 

Note 3. ~dJust the LED drive current by adjusting Rad 

Note 4. Select C F for the desired recovery time. 

Time constants~CF(Rf+10k) 
, 

(5) Fixed reference bias DC input 

#3 Vee 

#4 

M51909P 

Rs 

Display is given by the formula 

MITSUBISHI LINEAR IC. 

MS1909P 

a-STEP BAR TYPE LED LEVEL INDICATOR 

Vee 

Note 5. C, and C2 stop oscillation. 

The recovery time must be extended so that 

the following relation holds between charge 

resistors RLl and RL2 for C, and C2. 

Display is given by the formula 

Vee 

8-32 
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(6) All LEOs light at minimum~voltage input signal. and 
the LEOs are extinguished as the input voltage in
creases 

Vee 

M51909P 

DC 

V,N 

Display follows the formula: 

1.25(V)XRad2 X( +~)- X~-
R +R 1 R V,N R VBIAS adl ad2 S S 

Note LED drive voltage IS determined by Radl+Rad2 

(7) Different color LEOs (when different drive currents 
are desired for the LEOs) 

Select Pin @ adjustable resistor for connection to the 
LED that requires the maximum drive current. Then con
nect resistors in parallel to the remaining LEOs using 
reduced current. 

For example, to reduce the current for LEOs # 6, # 7, 
and # 8, use the following arrangement. 

Vee 

AC IN 

10pF~--~--~~--~--~~---L--~ 

+ Ce 

M51909P 

The currents flowing through each of the LEOs in the 
above circuit configuration are given by the following 
formulas. 
For LEOs #1-#5 

ILEDA-60X~RV 
ad 

MITSUBISHI LINEAR IC. 

M51909P 

8-STEP BAR TYPE LED LEVEL INDICATOR 

For LED #6 
~ VF6 VF6 

ILEDB-60X R --R =ILEDA--R 
ad 6 6 

For LED #7 
~ VF7 _ YF7 

ILEDc-60X R --R -ILEDA--R ad 7 7 

For LED #8 
~ VF8 _ VF8 

ILEDe-60X R --R--ILEDA--R 
ad 8 8 

V@, Pin @ voltage, is 1.25V and VF6, VF7, and VF8 are 
the forward voltage drips for LEOs # 6, # 7, and # 8 re
spectively. 

The M51907P is designed so that the temper
ature-dependency of the voltage at Pin @ is very low. 
The LED forward voltage drop, only - 2 to - 2.5mV Fe, 
also has a relatively low temperature dependence. 
These design features make it possible to accurately 
set the current flowing through each LED. 

(8) High supply voltage produces high output currents 
The relation between the allowable output current and 
the maximum voltage at the output terminal is deter
mined by the thermal derating curve. (See the ALLOW
ABLE OUTPUT CURRENT VS. OUTPUT TERMINAL 
MAXIMUM VOLTAGE graph) 

Therefore, if the user wants a high supply voltage to 
produce high output currents, the following circuit c.on
figuration can be used, but the output terminal voltage 
must be low. 

DC IN 
0-

A realistic design involves taking the required output 
current (LED current: ILED ) as the allowable maximum 
output current, and then determining the corresponding 
output terminal maximum voltage Va max from the 
ALLOWABLE OUTPUT CURRENT VS. OUTPUT TER
MINAL MAX VOLTAGE graph. Then if the maximum 
value for the supply voltage is Vee max, the value of Rd 
has to be determined to satisfy the relation 4-I LED - Rd > 
Vce max-Va max· 

• MITSUBISHI 
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(9) Thermometer 
This application example makes use of the Sj diode's 
temperature sensing characteristics. A thermistor can 
be used in exactly the same way. Also, a CdS can be 
used to create a lux meter. 

Temperature 
sensing Sj '--_________ ---...J 

dIode 

Note 1. The values of VR and RI connected to Pin @ 

determine the LED brightness 

Vee 

If Vf is the temperature sensing diode forward voltage 

drop then the followIng relation holds 

ILED-60X( RV® + V®R- Vf ) 
VA 1 

Note 2. The VR setting determines the range of temperature 

desired on the display. 

Note 3. The values of Rs and Rf determilJe how many degrees 

rise In temperature constItutes one display step The 

diode has a temperature coeffIcIent of approximately 

-2mVrC To advance display one step In one 

direction requires around 156mV For example. if one 

step IS to be set at 1°C. then Rf/Rs=C78. 

MITSUBISHI LINEAR IC. 

MS1909P 

a-STEP BAR TYPE LED LEVEL INDICATOR 

(10) Adjusting, LED brightness with respect to the sur
rounding light 

IN 
M51909P 

The LED current is determined by Rad+Rcds. 

8-34 
• MITSUBISHI 

;"ELECTRIC 



MITSUBISHI LINEAR IC. 

M51911L 

6-STEP BAR TYPE LED LEVEL INDICATOR 

DESCRIPTION 
The M51911 L is a semiconductor integrated circuit de
signed for LED level meters: It drives a bar-type input-level 
display for up to 6 LEOs. With its built-in advanced half
wave rectification operational amplifier, the M51911 L 
accepts direct input of either AC or DC signals. Output is 
provided for the LEOs grouped in two's by cascade connec
tion, drastically reducting power consumption. 

The logarithmic scale of 3, 0 - 3, -7, -12, and -18dB 
display levels makes this device ideal for VU meter applica
tions. 

FEATURES 
• Advanced half-wave rectification OP amp built in 

Cut-off frequency···· ...................... : ....... 200kHz( typ.) 
Offset voltage ............................................ 2mV( typ.) 

• Output current is determined by internal circuits, reducing 
the number of attachments ···························13mA(typ.) 

• The internal reference voltage threshold value for the 
supply voltage is only slightly affected by temperature 

............................................................ 1.25V( typ.) 

• Wide supply voltage range ................................. 4-15V 

• Advanced half-wave OP amp gain is set internally 
................ ·············································17dB( typ.) 

APPLICATION 
Signal meters, VU meters, and tuning meters, and other 
general display applications. 

REMONNECDED OPERATING CONDITIONS 
Supply voltage range ······································4-15V 
Rated power supply ····································9V±10% 

BLOCK DIAGRAM 

AMP INPUT 9 

PIN CONFIGURATION (~OP VIEW) 

AMP INPUT 

8 AMP OUTPUT 

OUTPUT 4 

OUTPUT 3 

OUTPUT 2 

OUTPUT 1 

10-pin molded plastic SIP 

. 5 

OUTPUT 5 
o TP T4 OUTPUT 6 

• MITSUBISHI 
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MITSUBISHI LINEAR IC. 

M51911L 

6·STEP BAR TYPE LED LEVEL INDICATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 16 

BVo Output voltage 16 

Y'N Input voltage Pin@-GND -2-V ee 

I® Pin @ output current -1 

V® Pin @ output voltage Pin@-GND 6 

Pd Power dissipation 1100 

KO Thermal derating TaL25"C 8,8 

Topr Operating temperature -20-+75 

TstQ Storage temperature '-40-+125 

ELECTRICAL CHARACTERISTICS (T a=25"C, Vee=9V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

Vee Supply voltage 4.0 15.0 

leel Circuit current V®=OV (when all LEOs are off) 3.5 5.6 

ICC2 Circuit current V®=200mV (when all LEOs are on) 4.0 6.4 

lIB Input bias current V®=OV -500 -150 

Av Input amp gain 17 

6.3 11. 2 16.8 
Vthl Output 1 threshold voltage 

-23 -18 -14.5 

16.8 22.5 28.3 
Vth2 Output 2 threshold voltage 

-14.5 -12 -10 

33.7 40 47.6 
Vth3 Output 3 threshold voltage 

Amp gain=17dB -8.5 -7 -5.5 

PIn@-GND 56.6 63.5 71.3 
Vth4 Output 4 threshold voltage 

-4 -3 -2 

79.9 89.7 100.6 
Vths Output 5 threshold voltage 

-1 0 +1 

112.9 126.6 142.2 
Vth6 Output 6 threshold voltage. 

+2 +3 +4 

10 Output current 8 13 20 

10L Output leak current Output voltage=Vee 1 

R® Pin @ adjustable resistor V®=0.3V 9 14 19 

TYPICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

8-36 

THERMAL DERATING (MAXIMUM RATING) CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
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Unit 

V 

V 

V 

mA 

V 

mW 

mWFC 

"C 

"C 

Unit 

V 

mA 

mA 

nA 

dB 

mVrms 

dB 

mVrms 

dB 

mVrms 

dB 

mVrms 

dB 

mVrms 

dB 

mVrms 

dB 

mA 

pA 

kQ 



t
:J 
Q. 
t
:J 
o 
1: 
(,) 

Lli 

Iii' 
'C 

J. 
Z 
< 
(!) 

w 
(!) 
« 
~ 
0 
> 

LLU> 
o E 
w> 
(!) E 
«~ 

~ £; 
0> 
> 
o 
.J 
o 
1: 
en 
W 
a: 
1: 
t-

HALF·WAVE RECTIFIER OPAMP 
VOLTAGE GAIN VS. INPUT FREQUENCY 

25 

~~~i~~tUJ 
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15 

10 

5 

0 
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120 

90 

60 
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INPUT FREQUENCY F'N (Hz) 

THRESHOLD VOLTAGE OF EACH 
OUTPUT VS. SUPPLY VOLTAGE 

I 
I 

Vlhs 

I 
Vths, -

I 
Vlh4 

I 
Vlh3 

Vlh2 
Vlhl 

o 4 8 12 16 20 

SUPPLY VOLTAGE Vee tV) 

APPLICATION EXAMPLES 
(1) AC INPUT 

Vee 

M51911L 

MITSUBISHI LINEAR IC. 

MS1911L 

6-STEP BAR TYPE LED LEVEL INDICATOR 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

t
:J 
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1: 
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25 
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THRESHOLD VOLTAGE OF EACH 
OUTPUT VS. AMBIENT TEMPERATURE 

150 
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(2) DC INPUT 

DC IN 

M51911L 

Vee 

• MITSUBISHI 
..... ELECTRIC 8-37 



(3) Less than six LEOs are required 

1. When LED # 1 is not used: 

Pm CD open 

M51911L 

2. When LED # 2 is not used: 

Short 
pins CD and ® 

M51911L 

3. When :1* 1 and :1* 2 LEOs are not used: 

Pins CD and ® 
open 

8-38 

I 

M51911L 

Vee 

Vee 

Vee 

MITSUBISHI LINEAR IC. 

M51911L 

6~STEP BAR TYPE LED LEVEL INDICATOR 

4. When any of LEOs # 3 to # 6 are not used: 
When an even-numbered LED is not used, follow the 
procedure given for LED # 2, and when an odd-num
bered LED is not used, follow that for LED #3. 

Vee 

PRECAUTIONS 
1. Output current determined by internal circuit .... 13mA 
2. Amp gain is set by internal resistor .................. 17dB 
3. Recovery time: CFX14kQ 
4. Attack time: CFX430Q 
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MITSUBISHI LINEAR ICa 

MS1912L 

&.STEP BAR TYPE LED LEVEL INDICATOR 

DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The M51912L is a semiconductor integrated circuit de
signed for LED level meters. It drives a bar-type input-level 
display for up to 6 LEOs. With its built-in advanced half
wave rectification operational amplifier, the M51912L 
accepts direct input of either AC or DC signals. Output is 
provided for the LEOs grouped in two's by cascade connec
tion, drastically reducing power consumption. 

The M51912L provides linear-scale display levels, just 
right for signal meter applications. 

FEATURES 
• Advanced half-wave rectification OP amp built in 

Cut-off frequency .................................. 200kHz.(typ.) 
Offset voltage ............................................ 2mV(typ.) 

• Output current is set internally, reducing the number of 
attachments ...... ·· ........ ·· .... ·· ...... · .. · .......... · .. ·13mA(typ.) 

• The internal reference voltage threshold value for the 
supply voltage is only slightly affected by temperature 

................ · .. · ........ ·· .. ···· .......... ·· .. ··· .. · .. ··1.25V(typ.) 
• Wide supply voltage range ................................ ·4-15V 
• Advanced half-wave OP amp gain is set by internal 

resistor ...................................................... '17 d B( typ.) 

APPLICATION 
Signal meters, VU meters, and tuning meters, and other 
general display applications. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ...................................... 4-15V 
Rated power supply .................................... 9V±10% 

BLOCK DIAGRAM 

AMP INPUT 

8 AMP OUTPUT 

...I 
N 
:;; OUTPUT 6 

in OUTPUT 5 :E 
OUTPUT 4 

OUTPUT 3 

OUTPUT 2 

1 OUTPUT 1 

10-pin molded plastic SIP 

Vee 

-~ 

~GND 
AMP OUTPUT 1 OUTPUT 3 OUTPUT 5 

OUTPUT OUTPUT 2 OUTPUT 4 OUTPUT 6 

• MITSUBISHI 
..... ELECTRIC 8-39 



MITSUBISHI LINEAR ICs 

M51912L 

6·STEP BAR TYPE LED LEVEL INDICATOR 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 16 

BVo Output voltage 16 

V ,N Input voltage Pin@-GNO -2-Vee 

I® Pin ® output current -1 

V® Pin ® output voltage Pin®-GNO 6 

Pd Power dissipation 1100 

KO Thermal derating Ta,225"C 8.8 

Topr Operating temperature -20-+75 

Tstg Storage temperature -40-+125 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vee=9V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

Vee Supply voltage 4.0 15.0 

ICCl Circuit current V®=OV (when all LEOs are off) 3.5 5.6 

ICC2 Circuit current V®=200mV (when all LEOs are on) 4. a 6.4 

liB Input bias current V®=OV -500 -150 

Av Input amp gain 17 

Vthl Output 1 threshold voltage 22 29 36 

Vth2 Output 2 threshold voltage 49 59 69 

Vth3 Output 3 threshold voltage Amp gain=17dB 75 89 *103 

Vth4 Output 4 threshold voltage Pin@-GNO *102 119 *136 

Vths Output 5 threshold voltage *128 149 *170 

Vth6 Output 6 threshold voltage *153 179 205 

10 Output current 8 13 20 

10L Output leak current Output voltage=Vee 1 

R® Pin ® adjustable resistor 9 14 19 

*: Over-wrap for the IC package is not provided. 

TYPICAL CHARACTERISTICS (Ta=25"C, unless otherwise noted) 

8-40 

"0 
C. 

z 
o 
i= 
~ 
iii 
U) 

is 
a: 
w 
;: 
o c. 
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HALF-WAVE RECTIFIER OP AMP 
VOLTAGE GAIN VS. INPUT FREQUENCY 
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APPLICATION EXAMPLES 
(1) AC INPUT 

Vee 

ACIN + 

M51912L 

MITSUBISHI LINEAR IC. 

M51912L 

.·STEP BAR TYPE LED LEVEL INDICATOR 

... 
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OUTPUT CURRENT VS. OUTPUT VOLTAGE 
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(2) DC INPUT 

DCIN 

M51912L 

Vee 
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(3) Less than six LEOs are required 

1. When LED # 1 is not used: 

2. When LED # 2 is not used: 

3. When # 1 and # 2 LEDs are not used: 

Pins CD and (2) 
open 

8-42 

M51912L 

Vee 

Vee 

Vee 

MITSUBISHI LINEAR IC. 

MS1912L 

6-STEP BAR TYPE LED LEVEL INDICATOR 

4. When any of LEDs # 3 to # 6 are not used: 
When an even-numbered LED is not used, follow the 
procedure given for LED # 2, and when an odd-num
bered LED is not used, follow that for LED # 3. 

Vee 

PRECAUTIONS 
1. Output current is determined by internal circuit 

...................................................... ········13mA 

2. Amp gain is set by internal resistor ................. '17dB 
3. Recovery time: CFX14kO 
4. Attack time: CFX4300 
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MITSUBISHI GENERAL-PURPOSE INTEGRATED CIRCUITS 

INDEX BY FUNCTION OF TRANSISTOR ARRAYS 

QUICK REFERENCE TABLE OF TRANSISTOR ARRAY SERIES 

Input! output Haof Output current(mA) Wrthstand ,oltage(V) Output type 

No. type elr· Type No. 500 Less Oarl- l"" CD Remarks 
CUlts 

1.5A 
-300 

than 80 50 40 20 
saturation Input Output 150 ,"~on 

M54512L 0 0 0 
M54532L 0 0 0 0 

4 
M54594P* 0 • • • Sprague ULN2065B 

M54595P* 0 • • • Sprague ULN2067B 

5 
M54516P,521P 0 0 0 
M54529AP,529P 0 0 0 
M54533P, 534P, 539P, 578P 0 0 0 0 

6 M54527P 0 0 0 0 

-" 
M54571P 0 0 0 0 

G) 

" M54514AP, 515P, 577P, 577FP 50 0 0 > ·iii 

1 11 1: M54537P, 535P, 536P 0 0 
Output withstand voltage 

'" '!r: ~ M54517P,519P 0 0 0 
Up to Vee for the 

: ::I 7 535P, 536P U M54528P 0 0 
M54523P,524P, 525P, 526P, 0 0 0 0 Sprague U LN2000A senes 

M54530P,531P 0 0 0 0 
M54513P 0 0 0 
M54538P 0 0 0 
M54522P 0 0 0 0 

8 M54585P* • • • • Sprague U LN2803A 

M54584P* • • 8-unlt version of the 537P 

M54590P,591 P, 592P, 593P** • • • • Sprague ULN2823A, 2821 A 

ULN2822A,2824A 

G) M54562P,563P 0 0 0 0 Sprague ULN2981A,2982A 

2 "H" ~ 8 M54564P 0 0 0 Changed from DC to R of the 562P ::I 
0 

M54597P,598P* (fJ • • • • Sprague ULN2983A,2984A 

M54567P 0 0 0 0 Toshiba TD62308AP 

4 M54596P* • • • • Toshiba TD62308BP 

M54661P • • • • Tokyo Sanyo LB1205 
-" 

3 "L" " M54576P,576FP 50 0 0 en 7 
M54566P 0 0 0 Toshiba TD62305AP 

M54565P 0 0 0 
8 

M54583P* 0 0 0 8-unlt version of the 566P 

4 M54568L 30 0 0 
M54560P,561P 0 0 0 0 

CD 7 
0 0 0 

"L" ~ M54580P 
4 ::I 

0 0 0 M54581P 0 0 Sprague UDN2580A 
(fJ 

8 M54586P* • • • Changed from CD to R of the 581 P 

M54660P* • • • • Sprague UDN2580A-l 

*: New products, **: Under development, 0: Current product, .: New and under-development product 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54512L 

4-UNIT SOmA TRANSISTOR ARRAY' 

DESCRIPTION 
The M54512L, 4-chanrtel sink driver, consists of four NPN 
transistors, and designed for use in medium-current switch
ing applications. 

PIN CONFIGURATION (TOP VIEW) 

- c. OUTPUT 

INPUT 

FEATURES OUTPUT 

• Output breakdown voltage to 20V 
• 50mA output sink current capability 

...J 
N SUB 
iii 

• Wide operating temperature range (T a =-20~+ 75°C) ~ 
- B. INPUT In 

~ 

APPLICATION 
OUTPUT 

LED or incandescent display driver E 

OUTPUT 

FUNCTION 
The M54512L is comprised of four NPN transistors with a 
10kO series input resistor, connected to form dual 2-parallel 
output drivers. All emitters of transistors are connected 
together to pin 2. The substrate is connected to pin 5 and 
pin 5 must be tied to the most negative point in the external 
circuit. The drivers are capable of sinking 50mA and will 
withstand 20V in the OFF state. 

Outline 8P5 

CIRCUIT SCHEMATIC 

8-pin molded plastic SIP 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C, unless otherwise noted) 

Symbol Parameter ConditIOns 

VCEO Output sustaining voltage Transistor OFF 

Veeo Emitter-base sustaining voltage 

Ie Collector current Transistor ON 

V, Input voltage 

Pd Power dissipation Ta =75'C 

T"I!I" Operating ambient temperature range 

Tsta Storage temperature range 

RECOMMENDED OPERATING CONDITIONS iTa=25'C, unless otherwise noted) 

Symbol Parameter 

Ve Output voltage 

Ie Collector current per channel 

V ,H "H" Input voltage I Ie =30mA 

V'L "L" Input voltage I 

limits 

Min Typ 

0 
0 

11 
0 

• MITSUBISHI 
"-ELECTRIC 

Unit 
Max 

18 V 

20 rnA 

18 V 

0,2 V 

Ratings 

-0.5~+20 

4 

50 
20 

500 
-10~+75 

-55-+125 

SUB 

I 
Unit: n 

Unit 

V 

V 

rnA 

V 

rnW 

'c 
'c 
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MITSUBISHI BIPOLAR DIGITAL les 

M54512L 

4-UNIT SOmA TRANSISTOR ARRAY 

ELECTRICAL CHARACTERISTICS (Ta=25'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

lo(ieak) Output leakage current VeE =20V 20 
Ile=10mA 0,02 0,1 

VCE(sat) Output saturation voltage 10= 2mA 
Ilc=20mA 0,04 0,2 

BVEBO Emitter-base sustaining voltage IEOO=150",A 4 
V, Input voltage 1.=2mA 4 11 18 

hFE DC forward current gam VeE = 6 V, Ie =20mA, T a=25'C 60 150 

TYPICAL CHARACTERISTICS 
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OUTPUT CURRENT 
CHARACTERISTICS 
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VCE~4V I I I 
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OUTPUT CHARACTERISTICS 
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• MITSUBISHI 
.... ELECTRIC . 

Unit 

IJA 
V 

V 

V 

V 
-



MITSUBISHI BIPOLAR DIGITAL ICs 

M54532P 

4-UNIT 1.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54532P, 4-channel sink driver, consists of 8 NPN tran
sistors connected .to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 50V 
• High output sink current to 1. 5A 
• Integral diodes for transient suppression 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
Relay and printer driver, Display driver 

FUNCTION 
The M54532P is comprised of eight NPN darlington driver 
pairs with 3400 series input resistors. Each output has a 
diode for inductive load transient suppression and the 
cathodes of the diodes are connected to pin 8 . The outputs 
are capable of sinking 1.5A and will withstand 50V in the 
OFF state. 

COMMON 

OUTPUT 

INPUT 

INPUT 

OUTPUT 

COMMON 

NC 

OUTPUT 

OND OND 

OND OND 

INPUT 

-+ 63 OUTPUT 

COM NC 

Outline 16P4 

NC : NO CONNECTION 

CIRCUIT SCHEMATIC 

340 
INPUT 

16-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 

V CEO 

Ie 

V, 

IF(D) 

VRID) 

Pd 
T oDr 

Tsta 

Parameter 

Output sustaining voltage 

Collector current 

Input voltage 

Clamp diode forward current 

Clamp diode reverse voltage 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

Ta-25'C 

• MITSUBISHI 
i'& ELECTRIC 

5.5k 

~COM 
) , , OUTPUT 

I , , , , , 

t-.ii , , , , , .: , , , , , , , 
3k 

, , , , 
GND 

Unit: n 

Ratings Unit 

0.5-+50 V 

1.5 A 

10 V 

1.5 A 

1. 25 A 

50 V 

1. 92 W 

20 +75 'c 
55 +125 'C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54532P 

4-UNIT I.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vo Output voltage a 50 V 

Percent duty cycle a 1. 25 A 
Collector current less than 4% 

Ic 
per channel Percent duty oyole 

les. than 18% 
a 700 mA 

V ,H "H" Input vOltage Ic=I.25A 3 6 V 

V ,L "L" Input voltage 10IIeakl=50)<A a 0.4 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions 
Typ' Min Max 

V(BRCEO Output sustaining voltage ICEo=100)<A 50 

VCE(Satl Output saturation voltage 1,=2mA 
Ilc=l.25A 1.3 2.2 

Ilc=700mA 1.1 1.7 

.1 , Input current V,=3V 5 8,5 

V F Clamp diode forward voltage IF=1.25A 1.6 2.3 
V R Clamp diode reverse voltage 1.=100)<A 50 

hFE DC forward current gain VcE=4V, Ic=lA, Ta=25'C 800 7000 

* : A typical value Is at T a=25'C 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

OUTPUT CURRENT 
CHARACTERISTICS 

9-6 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54532P 

4·UNIT 1.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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o. 5 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54516P 

5-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54516P, 5-channel sink driver, consists of 10 NPN tran
sistors connected to form five ~igh current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Output sustaining voltage to 25 V 
• High output sink current to 500mA 
• PMOS Compatible input 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MaS/BIPOLAR 
logics. 

FUNCTION 
The M54516P is comprised of five NPN darlington driver 
pairs with 20kO series input resistors. All emitter and the 
substrate are connected together to pin 7. The output are 
capable of sinking 500mA and will withstand 25V in the OFF 
state. 

14-pin molded plastic DIP 

NC 

IN2-

INPUTS IN3_ 

IN4-

INS_ 

GND 

Outline 

CIRCUIT SCHEMATIC 

20k 
INPUT 

20k 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+7S"C, unless otherwise noted) 

Symbol 

VCEO 

Ie 

V, 

Pd 

Topr 

Tsto 

9-8 

Parameter 

Output sustaining voltage 

Collector current 

Input voltage 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

T a';'25'C 

• MITSUBISHI 
;.,.. ELECTRIC 

NC 

OUTPUTS 

NC 

14P4 

NC : NO CONNECTION 

OUTPUT 

~ : 
I 
I 

t 
I 
I 

2k I 
I 
I 
I 
I 
I 
I 

GND 

Unit: !l. 

Ratings Unit 

-0.S-+25 V 

500 rnA 

25 V 

1. 47 W 

-20-+75 ·c 
-55-+125 ·c 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54516P 

S·UNIT SOOmA DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75t, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Va Output voltage 0 25 V 

Percent duty cycle 
0 400 

Collector current less than 10% 
rnA Ic 

per channel Percent duty cycle 
0 200 

less than 55% 

Ic=400mA 8 20 
V'H "H" Input voltage V 

Ic=200mA 5 20 

V'L "L" Input voltage 10(1eakl=501'A 0 0.5 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 

V(BR)CEO Output sustaining voltage 

VCE(Satl Output saturation voltage 

I, Input current 

hFE DC forward current gain 

* : A typical value Is at T a=25'C. 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

Test conditions 

ICEo=IOOI'A 

V,=8V, Ic=400mA 

V,=5V, Ic=200mA 

V,=I7V 

VcE=4V, Ic=400mA, T a=25'<: 

Limits 

Min Typ Max 

25 

1.15 2.2 

0.95 1.4 

0.8 1.8 

1000 4000 

POWER DISSIPATION 
OUTPUT CURRENT 

CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL les 

M54516P 

S-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL les 

M54521P 

S.UNIT SOOmA DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54521 P, 5-channel sink driver, consists of 10 NPN tran
sistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
:. Output sustaining voltage to 30V 

• High output sink current to 500mA 
• Wide operating temperature range (Ta = -20-+ 75'C) 

APPLICATION 
Relay and printer drivers, LED or incandescent display 

digit driver, Interfacing for standard MaS/BIPOLAR 
logics 

FUNCTION 
The M54521 P is comprised of five NPN darlington dnver 
pairs. All emitters and the substrate are connected together 

to pin 7 . The output are capable of sinking 500mA and will 
withstand 30V in the OFF state. 

NC 

IN1 

INPUTS IN3 

IN4 

IN5 

GND 

NC 

~01 

~02 

OUTPUTS 

~ 04 

NC 

Outline 14P4 

NC : NO CONNECTION 

CIRCUIT SCHEMATIC 

INPUT 
I 
I 
I 

i 
I 

GND 

14-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C. unless otherwise noted) 

Symbol 

VCEO 

Ie 

Pd 

Topr 

Tsto 

Parameter 

Output sustaining voltage 

Collector current 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

Ta=25'C 

• MITSUBISHI 
"" ELECTRIC 

~ 
OUTPUT 

I 
I 
I 

~ 
I 

7k 

GND 

Unit: n 

Ratings Unit 

-0.5-+30 V 

500 mA 

1.47 W 

-20-+75 'C 

-55-+125 'c 
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MITSUBISHI BIPOLAR DIGITAL les 

M54521P 

5-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vo Output voltage 0 30 V 

Percent duty cycle 
0 400 

Collector current less thari 10% 
Ic 

per channel 
rnA 

Percent duty cycle 
0 200 

less than 55% 

Ic=200mA 1 5 
"H "H" Input current rnA 

Ic=400mA 2 5 

"L "L" Input current 0 J.l.A 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C. unless otherwise noted) 

Limits 
Symbol Parameter Test condItions 

Typ' Min Max 

V(BR)CEO Output sustaIning voltage ICEo=100,uA 30 

V,=2mA. Ic=400mA 1.0 2.4 
VCE(sat) Output saturation voltage 

V,=lmA.lc=200mA 0.8 1.6 

V, Input voltage 1,=lmA 0.6 1. 35 1.7 

* : A typical value is at T a=25'C. 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

OUTPUT CURRENT 
CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL les 

M54521P 

S·UNIT 500mA DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL les 

M54529AP 

S·UNIT 320mA TRANSISTOR ARRAY WITH STROBE 

DESCRIPTION 
The M54529AP, 5-channel sink driver, consists of 10 NPN 
transistors connected to form high' current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Output sustaining voltage to 20V 
• High output sink current to 320mA 
• CMOS compatible input with strobe control 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 

logics 

FUNCTION 

STROBE INPUT STB --+ 1 vee 

INPUTS OUTPUTS 

GND NC 

Outline 14P4 

The M54529AP uses a predriver stage. Each input has a 
diode and 30kO resistor in series to have a wide input volt
age range from - 25V to +20V. All input can be controlled 
simultaneously by a strobe input at pin 1. The power supply 
of the predrivers is connected to pin 14. All emitters and the 
substrate are connected together to pin 7 . The outputs are 
capable of sinking 320mA and will withstand 20V in the OFF 

state. 

NC : NO CONNECTION 

FUNCTIONAL TABLE 
IN STS OUT 

L L H 

H L H 

L H H 

H H L 

CIRCUIT SCHEMATIC 

30k 
INPUT o---Wv---~"""+-1-l 

STROBE STBo--..-*--1 
INPUT I 

I 

~ 

380 

OUT 
PUT 

l------------~-~-__ ...... "'GND 

Unit: 11 

14-pln molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 

Vee 

VCEO 

Ie 

V, 

V1(STB) 

Pd 

Toor 

Tsta 

9-14 

Parameter 

Supply voltage 

Output sustaining voltage 

Collector current 

Input voltage 

Strobe Input voltage 

Power diSSipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

Ta- 25 'C 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

10 V 

-0.5-+20 V 

320 rnA 

-20-+20 V 

20 V 

1. 47 W 
-20 +75 'C 

-55-+125 'C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54529AP 

S·UNIT 320mA TRANSISTOR ARRAY WITH STROBE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75·C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 3 5 8 V 

Vo Output voltage 0 20 V 

Percent duty cycle 
0 300 rnA 

Collector current less than 33%. Vcc=6. 5V 
Ie 

per channel Percent duty cycle 
0 150 rnA 

less than 80%. Vcc=6. 5V 

Ic=150mA 3.5 15 
V IH "H" Input voltage V 

Ic=300mA 5 15 

V IL "L" Input voltage lo(leakl=50I'A 0 1 V 

V1H(STB) "W Input voltage (strobe input) 2.4 15 V 

VI STB "L" Input voltage (strobe input) 0 0.2 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75·C. unless otherwise noted) 

Symbol 
, Limits 

Parameter Test conditions 
Min Typ Max 

V(BR)CEO Output sustaining voltage 
Vcc=8V, ,V,=8V. VI(STBI=O. 2V 

icEo=1001'A 
20 

VCE(sat) Output saturation voltage V1(STB)=2.4V 
I Vcc=6.5V. V,=5V, Ic=250mA 0.35 0.85 

r Vcc=3V, VI=3.5V, Ic=150mA 0.2 0.6 

II Input current Vcc=5V. V,=3. 5V. V'(STBI=2. 4V 20 120 

IR Input leakage current Vcc=8V. V,=-20V -20 

II(STB) Strobe input current 
Vcc=5V. V,=5V all input 

-0.8 -1.5 
V'(ST81=0.2V 

IR(STB) Strobe input leakage current Vcc=8V. V,=OV. V'(STBI=2OV 10 

Ice Supply current 
Vcc=8V. VI=5V all IOput 

VI(STBI=2.4V 
95 170 

hFE DC forward current gam VcE=4V, Vcc=6. 5V, lc=300mA. T a=25'C 1000 18000 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 
OUTPUT CURRENT 

CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL les 

M54529AP 

S-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL les 

M54529P 

S-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 

DESCRIPTION 
The M54529P, 5-channel sink driver, consists of 10 NPN tran
sistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Output sustaining voltage to 20V 
• High output sink current to 320mA 
• PMOS Compatible input with strobe control 
• Wide operating temperature range (Ta=-20-+75°C) 

APPLICATION 
Relay and printer driver, LED and incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

STROBE INPUT STB-+ 1 Vee 

INPUTS OUTPUTS 

GND NC 

Outline 14P4 
The M54529P uses a predriver stage. Each input has a diode 
and 20kO resistor in series to have a wide input voltage 
range from -25V to +20V. All input can be controlled simul
taneously by a strobe input at pin 1 . The power supply of the 
pre drivers is connected to pin 14. All emitters and the sub
strate are connected together to pin 7 . The outputs are ca
pable of sinking 320mA and will withstand 20V in the OFF 
state. 

NC : NO CONNECTION 

FUNCTIONAL. TABLE 
IN STB OUT 

L L H 

H L H 

L H H 

H H L 

CIRCUIT SCHEMATIC 

20k 
I N PUT <>----'V\I'v---+-.... t-.--I 

STROBESTB <>--~t4----' 
INPUT 

* 

380 

I 
I 
I 

~~ 

OUTPUT 

L - - - - - - - - - - - -+---+---+--+-<Oo G N D 

Unit: n 

14-pln molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75·C, unless otherwise noted) 

Symbol 

Vee 
VCEO 

Ie 

V, 

VI (STB) 

Pd 
ToQr 

Tsta 

Parameter 

Supply vollage 

Output sustaining voltage 

Collector current 

Input voltage 

Strobe input voltage 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

TranSistor OFF 

Transistor ON 

T a=25"(; 

• MITSUBISHI 
..... ELECTRIC 

Ratings Unit 

10 V 

-0.5-+20 V 

320 mA 
-25-+20 V 

20 V 

1. 47 W 

-20-+75 t 
-55-+125 ·C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4529P 

S-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75"C, unless otherwise noted) 

limits 
Symbol Parameter Unit 

M,n Typ Max 

Vcc Supply voltage 3 8 V 

Vo Output voltage a 20 V 

Percent duty cycle a 300 
Collector current less than 33%, Vcc=6. 5V 

Ic 
per channel 

rnA 
Percent duty cycle 

less than 80%, Vcc=6, 5V 
0 150 

V'H "H" Input voltage 
Ic=300mA 7 15 

Ic=150mA 
V 

6 15 

V'L "L" Input voltage IOlleak)=50"A 0 1 V 

V1H(STB) "H" Input voltage (strobe Input) 2.4 15 V 

VILSTB "L" Input voltage (strobe input) a 0.2 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 
Limits 

Parameter Test conditrons 
Typ* Min Max 

V(BR)CEO Output sustaining voltage 
Vcc=8V, V,=7V, V'ISTB)=O. 2V 

20 
icEo=100"A 

VCE(sat) Output saturation vortage 
V,=7V I Vcc=6.5V, Ic=250mA 0.5 0.85 

V'ISTB)=2.4V I Vcc=3V, Ic=120mA 0.3 0.5 

I, Input current Vcc=8V, V,=18V, V'ISTB)=2. 4V 0.9 1.8 

IA Input leakage current Vcc=8V, V,=-25V 0 -20 

II(STB) Strobe Input current 
Vcc=8V, V,=7V all input 

V'(STB)=0.2V 
-4 

IRSTB) Strobe input leakage current Vcc=8V, V,=DV, V'(STB)=20V 0 10 

Icc Supply current 
Vcc=8V, V,=7V all input 

V'(STB)=2.4V 
95 170 

hFE DC forward current gam VCE=4V, Vcc=6. 5V, Ic=300mA, T a=25'C 1000 3000 

* : All typ,cal values are at Ta=25'C. 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 

OUTPUT CURRENT 

CHARACTERISTICS 
2. a 

5 

~ 
~ a 

""'-

5 

a 
25 50 75 

AMBIENT TEMPERATURE TaCC) 

9-18 

500 

-;;: 
a E 

40 "}i 
f--f-

Z 
w 
a: 30 a I---
a: 
:::> 
a 
a: 
0 20 a 
f-
a 
w 
-1 
-1 
0 10 a 
a 

100 
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a 

1.1. 
Vee =6.5V 
VeE =4V 

t----...:.'Ta~75'C 
+---Ta~25'C 

---- Ta =-20OC 

I , 
j 7 , 
j I I 

I 

Ii II I . I 

INPUT. VOLTAGE V,(V) 

Umt 

V 

V 

rnA 
/1A 

rnA 

/1A 

rnA 

-



'< 
E 
::ll 
I-
Z 
w 
a: 
a: 
::l 
U 
a: 
0 
I-
U 
w 
...J 
...J 
0 
U 

w 
~ 

.r::; 

z 
<C 
(!) 

I-
Z 
w 
a: 
a: 
::l 
U 
U 
0 

MITSUBISHI BIPOLAR DIGITAL ICs 

MS4529P 

5-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

400 

300 

200 
eThe current Is 

100 

shown by the r-- value per output 
• Repetitive J 

Frequency 
f-- .. 10Hz 

• The number In o Is the number 
I--- of outputs COndUCtln, 

• ~:,~~~!CeoUSIYI 
, 1 o 

o 20 40 

I" 

'" 

60 80 

DUTY CYCLE (%) 

I]H~ 

......... ® 

......... ® 

100 

DC CURRENT GAIN 

CHARACTERISTICS 
1000 0 

7 

5 

3 

100 0 

7 

5 

3 
/ ,-

~~ 
100 

10 

, 

L/ V/ 
, ~' 

Vee 6.5V 

VeE 4V -,-

/ 
---Ta~75"'C 

Ta=25'C 
, ---- Ta~-20"'C 

II 
5 7 100 5 7 1000 

COLLECTOR CURRENT le(mA) 

'< 
E 

::ll 
I-z 
w 
a: 
a: 
::l 
U 
a: 
0 
I-
U 
W 
...J 
...J 
0 
0 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

40 0 

30 0 "- '\. " 

'" "" 
"'""-r-", 

"" 
........ 

I'-- r----
0 20 

• The current IS "r----- ..... r----
shown by the r-- value per output 

® 

eRepetltlve 1 '"'-.... Frequency 
0'- .. 10Hz 

• ~1s ~~~~~~~~r 
10 

_ of outputs conducting 
simultaneously. r 

eTa=75't -J 
o 
o 20 40 60 80 100 

DUTY CYCLE (%) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54533P 

6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

DESCRIPTION 
The M54533P, 6-channel sink driver, consists of 12 NPN tran
sistors to form high current gain driver pairs. 

FEATURES 
• Output breakdown voltage to 20V 
• High output sink current to 320mA 
• Integral diode for transient suppression 

PIN CONFIGURATION (TOP VIEW) 

STROBE 
INPUT 

Vee 

• Strobe control input INPUTS OUTPUTS 

• Wide input voltage range from -25V to +20V IN4-+ 

• Wide operating temperature range (Ta =-20-+75°C) INS-+ 

APPLICATION IN6-+ 

Relay and printer driver, LED or incandescent display 
digit driver GND 9 -COM COMMON 

FUNCTION 
The M54533P uses a predriver stage. Each input has a diode 
a:nd 20kO resistor in series to allow a negative voltage input. 
All input can be controlled simultaneously by a strobe input 
at pin 1. 

Outline 16P4 

CIRCUIT SCHEMATIC 
Vee 

COM 

20k 
The power supply of the predrivers is connected to pin 16. 
All emitters and the substrate are connected together to pin 
8 . Each output has an integral diode for inductive load tran
sient suppression and the cathodes of the diodes are con
nected to pin 9 . 

I N PUT <>-'W'r...., ..... +--T-I ~.---;-v OUTPUT 

The outputs are capable of sinking 320mA and will withstand 
20V in the OFF state. 

FUNCTIONAL TABLE 
fN STS OUT 
L L H 

H L H 

L H H 

H H L 

--~--

'----....... - ........... --'-<> GND 
STB 

STROBE INPUT 

16-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

VCEO Output sustaining voltage 

Ie Collector current 

V, Input voltage 

V1(STB) Strobe Input voltage 

VR(O) Clamp diode reverse voltage 

IF(o) Clamp diode-forward current 

Pd Power diSSipation 

Topr Operating ambient temperature range 

Tsta Storage temperature range 

9-20 

Conditions 

Transistor OFF 

Transistor ON 

Ta=2S'C 

• MITSUBISHI 
.... ELECTRIC 

Ratings 

10 
0.5-+20 

320 
25-+20 

20 
20 

320 
1. 47 

-20-+75 
55 +125 

Unit: () 

Unit 

V 

V 

mA 

V 

V 

V 

mA 

W 
°C 

°C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54533P 

6.UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 
Limits 

Parameter Unit 
Min Typ Max 

Vee Supply voltage 3 8 V 

Vo Output voltage 0 20 V 

Percent duty cycle 
0 300 

Collector current less than 25%, Vcc=6. 5V 
Ic 

per channel Percent duty cycle 
mA 

less than 65%, Vcc=6. 5V 
0 150 

V'H "H'· Input voltage 
Ic=300mA 7 18 

Ic=150mA 
V 

5 18 

V'L "L" Input voltage 10(Ieak)=5OI<A 0 1 V 

V1H{STB) '·H·' Input voltage (strobe Input) 2.4 18 V 
V, STB '·L" Input voltage (strobe input) 0 0.2 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 

V{BR)CEO Output sustaining voltage 

VcElsat) Output saturation voltage 

I, Input current 

l,j Inpu! leakage current 

II STB) Strobe input current 

IRISTB) Strobe Input leakage current 

V FID) Clamp diode forward voltage 

V RID) Clamp diode reverse voltage 

Icc Supply current 

hFE DC forward current gain 

Test conditions 

Vcc=8V, V,=18V, V'(STB)=O. 2V 

ICEo=100I<A 

V,-7V L Vcc=6. 5V, Ic=250mA 

V'ISTB)=2.4V I Vcc=3V, Ic=120mA 

Vcc=8V, V,=18V, V~STB)=2. 4V 

Vcc=8V, V,=-25V 

Vcc=8V, V,=18V (all,nput), VIISTB)=O. 2V 

Vcc=8V. V,=OV, V'(STB(=20V 

IFID)=320mA 

IR(D)=l00I<A 

Vcc=8V, V,=7V (all input) 

V'(STB)=2.4V 

VCE=4V, Vcc=6. 5V, Ic=300mA, T a=25"C 

• MITSUBISHI 
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Limits 

Min Typ 

20 

0.5 

0.3 

0.8 

-4 

1.4 

20 40 

120 

1000 3000 

Un,t 
Max 

V 

0.85 

0.5 
V 

1.8 mA 
-20 J.1A 

mA 
20 J.1A 

2.4 V 

V 

200 mA 

-
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54533P 

6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE OUTPUT CURRENT 

CHARACTERISTICS 

9-22 

2.0 

a: 
UJ 

3: 

1i: ~ 1.5 

UJ3: 
(!)-

~~ 
~ ~ 1.0 
0..>= 
UJ« 
...Jo.. 

~Ui 
3:~ o Cl 0.5 
...J 
...J « 

POWER DISSIPATION 

~ 
i'... 1---. 

.......... 

25 50 75 100 

AMBIENT TEMPERATURE Ta('C) 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 

"< 
E 
1i 
f-
Z 
UJ 
a: 
a: 
:;) 

a 
a: 
0 
f-
a 
UJ 
...J 
...J 
0 
() 

z 
« 
(!) 

400 

300 

200 

100 

o 

10000 

7 

!z 1000 
UJ 7 a: 
a: 
:;) 

a 
a 
Cl 

5 

, 

"' "' 
(jj-@ 

~ 
........... 

........... 
.......... @J 

........... 
......... 

t-.... 
@ 

@ 
• The current IS 

shown by the r- value per output 
• RepetItive I 

r- ~r~:ncy 
• The number In o is the number 

simultaneously . 
r- 0/ oulpulS eondue""l 

• Ta~25'C1 " 

o 20 40 60 80 100 

DUTY CYCLE (%) 

DC CURRENT GAIN 
CHARACTERISTICS 

/' 

/ 1", 

V, , 
Vee 6.5V 

V, (STe, 2.4~t , VeE -4V 

/. , ---.:.... T~ ~75'C 

'-'L " 
Ta ~25"C 

---- Ta ~-20"c 
~~ 

100 
10 5 7 100 

I i I'll 
5 71000 

COLLECTOR CURRENT Ic(mA) 

"< 
E 
1i 
f-
Z 
UJ 
a: 
a: 
:;) 

a 
a: 
0 
f-a 
UJ 
...J 
...J 
0 
a 

"< 
E 
1i 
f-
Z 
UJ 
a: 
a: 
:;) 

a 
a: 
0 
f-
() 
UJ 
...J 
...J 
0 
() 

500 

400 
. .1 J 1 1 1 J 
'-Vcc =6.5V, Vr(STS) =2,4V 

VOE =4V 

300 
-- Ta -75"C 

I I - f-'-- T a ~25"C i 
--- - T a ~-20"c i I 

I 

200 i I . I . I 

: I 
I 
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: J I 

INPUT VOLTAGE V,(V) 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
400 

300 " "' ....... 

\ "-'" 200 

100 

"-""~ • The current IS 
....... 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54534P 
/ 

6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

DESCRIPTION 
The M54534P, 6-channel sink driver, consists of 12 NPN tran
sistors connected to form high current gain driver pairs. 

FEATURES 
• Output breakdown voltage to 20V 
• High output sink current to 320mA 
• Integral diodes for transient suppression 

PIN CONFIGURATION (TOP VIEW) 

STROBE 
INPUT 

Vee 

• Strobe control input INPUTS OUTPUTS 

• Wide input voltage range from -25V to +20V IN4 --+ 

• Wide operating temperature range (Ta =-20-+75'C) 
IN5--+ 

APPLICATIONS INS --+ 

Relay and printer driver, LED or incandescent display 
digit driver GNO 9 --+COM COMMON 

FUNCTION 
The M54534P uses a predriver stage. Each input has a diode 
and 1. 6kO resistor in series to allow a negative voltage in
put. All input can be controlled simultaneously by a strobe 
input at pin 1 . 

Outline 16P4 

CIRCUIT SCHEMATIC 
Vee 

COM 
The power supply of the predrivers is connected to pin 16. 
Each output has an integral diode for inductive load transient 
suppression and the cathodes of the diodes are connected 
to pin 9 . All emitters and the substrate are connected 
together to pin 8 . 

l.Sk 
IN PUT ~Wv----..~f---t-l ____ ..--.--u 0 UTPUT 

The outputs are capable of sinking 320mA and will withstand 
20V in the 0 FF state. 

FUNCTIONAL TABLE 
IN STB OUT 

L L H 

H L H 

L H H 

H H L 

- ~- '--__ .+-_--+--+----+-0 G NO 
STB 

STROBE INPUT 

16-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

VCEO Output sustaining voltage 

Ie Collector current 

V, Input voltage 

V1(STB) Strobe Input voltage 

VR(D) Clamp diode reverse voltage 

IF(D) Clamp diode forward current 

Pd Power dissipation 

Topr Operating ambient temperature range 

Tsto Storage temperature range 

Conditions 

TranSistor OFF 

Transistor ON 

Ta=25'C 

• MITSUBISHI 
;"ELECTRIC 

Ratings 

10 

-0.5-+20 

320 
-25~+20 

20 

20 

320 

1. 47 

-20~+75 

-55~+125 

Unit: n 

Unit 

V 

V 

rnA 

V 

V 

V 

rnA 

W 

'c 
'C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54534P 

6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

c-Yee Supply voltage 3 8 V 

Vo Output voltage 0 20 V 
Percent duty cycle 

0 300 
Collector current less than 25%, V cc=6. 5V 

Ie 
per channel Percent duty cycle 

mA 

less than 65%, Vcc=6. 5V 
0 150 

--
V'H "H" Input voltage Ic=300mA 3.2 18 V 

V'L "L" Input voltage IO(ieak)=50,uA 0 0.7 V 

V1H{STB) "H" Input voltage (strobe ,nput) 2.4 18 V 

VILSTB "L" Input voltage (strobe ,nput) 0 0.2 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 

V(BR)CEO Output sustammg voltage 
-. 

VCE(sat) Output saturatlOn voltage 

I, Input current 

IR Input leakage current 

II(STS) Strobe Input current 

IR(STB) Strobe Input leakage current 

VF{D) Clamp diode forward voltage 

VR(D) Clamp diode reverse voltage 

Icc Supply current 

hFE DC forward current gam 

* : All tYPical values are at T a=25'C. 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 
2.0 

a: 
UJ 
;;: 
O~ 1.5 
n.;;: 
UJ -Cl l:J 
«n. 
"z 
~ Q 1.0 
n.~ 

~. 

UJn. 

ffiV; 
«!!! 
;;: 0 0.5 
o 
..J 
..J 
« 

o o 

.. ------

~ 
"'- ........... 

25 50 75 100 

AMBIENT TEMPERATURE Ta('C) 

Limits 
Test conditions 

Typ* Min Max 

Vcc=8V, V,=3. 2V, V"STB'=O. 2V 
20 

ICEQ=100/,A 

V,=3V I V cc=6. 5V, Ic=250mA 0.5 0.85 

V1(STB)=2.4V I Vcc=3V, Ic=120mA 0.3 0.5 

Vcc=8V, V,=3. 2V, V'(STB,=2, 4V 1.4 

Vcc-8V, V,=-25V -20 

V cc=8V, V,=3. 2V (all input), V'(STB'=O. 2V , -7.9 

Vcc=8V, V,=OV, V'(STB,=20V 20 

1'(D(=320mA 1.4 2.4 

IR(D,=100/,A 20 40 

Vcc=8V, V,=3. 2V (all input) 

V'(STB,=2.4V 
120 200 

Vc,=4V, Vcc=6. 5V, Ic=300mA, T a-25'C 1000 3000 

OUTPUT CURRENT 
CHARACTERISTICS 

"< 
E 

"2 
f
Z 
UJ 
CC 
CC 
:;:J 
(,) 

CC 
o 
f
(,) 
UJ 
..J 
..J 
o 
(,) 

Vee =6.5V, VI (STB)=2.4V 
Vce.=4V 
_, •• 1- Tal=75"C 

300 --Ta~25'C -+HH-+-+-------l 
--- - T a =-20·C I 

200I---+-+-+-+HH--t-+------i 

i 100 f---+--+-+--+HH--+--+---l 

INPUT VOLTAGE V,(V) 
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Unit 

V 

V 

mA 

J.tA 

mA 

J.tA 

V 

V 

mA 

-
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MITSUBISHI BIPOLAR DIGITAL les 

M54534P 

6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
400 

300 I'\.. 

200 
• The current IS 

shown by the r-- value per output. 
• Repetitive I 

Frequency 

r-- • ~~O~~mber in 
100 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54539P 

6.UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54539P, 6-channel sink driver, consists of 12 N PN tran
sistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Output breakdown voltage to 20V 
• High output sink current to 700mA 
• Integral diodes for transient suppression 
• Wide operating temperature range (Ta=-20-+75'C) 

APPLICATIONS 
Relay and solenoid driver, LED or incandescent display 
driver, Thermal head driver 

INPUTS 

NC Vee 

-01 

-- 02 

-- 03 
OUTPUTS 

-- 04 

IN 6 -- 7 -06 

GND 9 ... COM COMMON 

FUNCTION 
The M54539P uses a predriver stage with 2k n series input 
resistor. The power supply of the predrivers is connected to 
pin 16. Each output has an integral diode for inductive load 
transient suppression and the cathodes of the diodes are 
connected to pin 9 . All emitters and the substrate are con
nected together to pin 8 . The outputs are capable of sink
ing 700mA and will withstand 20V in the OFF state. 

Outline 16P4 NC: NO CONNECTION 

CIRCUIT SCHEMATIC 
Vee 

2k 
INPUT O-WV'-H 

20k 2 k 

COM 

~~-r'" OUTPUT 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C. unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 10 

VCEO Output sustaining voltage 
, 

Transistor OFF -0.5-+20 

Ie Collector current Transistor ON 700 

V, Input voltage 10 

V R Clamp diode reverse voltage 20 

Pulse width";35ms, Percent duty eyele,,;5% 700 
IF .Clamp diode forward current 

350 

Pd Power dissipation Ta=25"C 1. 47 

Topr Operating ambient temperature range -20-+75 

Tsto Storage temperature range -55-+125 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C. unless otherwise noted) 

Limits 
Symbol Parameter Umt 

Min Typ Max 

Vee Supply voltage 3 5 7 V 

Vo Output voltage 0 20 V 

The Ihree outputs conducling 
0 700 

Collector current 
simultaneously 
Percent duty cycle less than 20% 

Ie rnA 
per channel The three outputs conducting 

0 200 simultaneously 
Percent duty cycle less than 90% 

V ,H "H" Input voltage le=450mA 3 6 V 

V'L "L" Input voltage 10 (leak) =501lA 0 0.3 V 

Unit: n 

Unit 

V 

V 

rnA 

V 

V 

rnA 

rnA 

W 

'c 
'c 

16-pin molded plastic DIP 
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MITSUBISHI BIPOLAK UIUIIIU •• ,",5 

M54539P 

6.UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE 

ELECTRICAL CHARACTERISTICS (Ta=-20-+7S"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V(BR)CEO Output sustaining voltage Vee-7V,leEo-100"A 20 

vee- 5V Ile-450mA 0.46 0.8 
VCE(Satl Output saturation voltage 

V,=3V Ile-200mA 0.2 0.45 

I, Input current Vee-7V, V, 3,2V 0.75 1.4 

V R Clamp diode reverse voltage IR-100"A 20 

V F Clamp diode forward voltage IF-350mA 1.5 2.7 

Icc Supply current Vee=7V, V,-3. 2V (all input) 190 300 

hFE DC forward current gam VeE-4V, Vee-6V, le-300mA, T a-25"C 3000 8000 

TYPICAL CHARACTERISTICS 

2.0 

a: 
w 
~ 
0_1. 
"-~ 

5 

w~ 
(!)"C 
«"
>O::z 
~ QI.O 
"-!;;: 
w"-
~u; 
«~ 
~ °0.5 
g 
...I « 

o o 

ALLOWABLE AVERAGE POWER 

DISSIPATION 

~ 
~ 

......... 

25 50 75 100 

AMBIENT TEMPERATURE TaCC) 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 

:;( 
E 

80 0 

::Ii 60 0 
f
Z 
w 
a: 
a: 
:::l 
a 
a: 
o 
fa 

40 0 

~ 20 0 
'...I 
o a 

"\ ""'-
CD 

""-

'" 
r---.. 

........ 

'" • The current IS 
shown by the 
value per output 

• Repetitive r 
Frequency 
~10Hz 

• The number In o is the number 
of outputs conouctmg 
simultaneously, 

·1·~~"C I 
20 40 60 80 100 

DUTY CYCLE (%) 

:;( 
E 

80 0 

::Ii 60 
f

0 
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w 
a: 
a: 
6 40 0 

a: 
o 
b 
~ 20 0 
...I 
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OUTPUT CURRENT 

CHARACTERISTICS 
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I 
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I 
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I 
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0,5 1.0 1 5 2,0 2 5 

INPUT VOLTAGE V,(V) 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 

:;( 
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f
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Unit 

V 

V 

rnA 

V 

V 

rnA 
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MITSUIISHI IIPOLAR DIGITAL ICs 

M54539P 

6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE 

10 . 
7 

DC CURRENT GAIN 

CHARACTERISTICS 

5~~CC 6V 
VeE =4V 

3 r------ Ta ~75'C 
--Ta~25'C r--____ Ta ~-20'C 

, 
a] 10 . ,V'~ 
a:: 
a:: 
:::J 
U 

U 
C 

7 

5 

3 

, 
10 

10 

'/ 

V, , , 

l/V , 
5 7 100 5 71000 

COLLECTOR CURRENT lc(mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54578P 

6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

DESCRIPTION 
The M54578P, 6-channel sink driver, consists of 12 NPN tran
sistors connected to form high current gain driver pairs. 

FEATURES 
• 20V breakdown 
• High output sink current to 700mA 
• PMOS Compatible 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATIONS 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

PIN CONFIGURATION (TOP VIEW) 

Vee 

- 01 

INPUTS 
OUT 
PUTS 

FUNCTION GND COM COMMON 
The M54578P uses a predriver stage. Each input has a diode 
and 2 kO resistor in series to allow a negative voltage input. 
All input can be controlled simultaneously by a strobe input 
at pin 1 . The power supply of the predrivers is connected to 
pin 16. Each output has an integral diode for inductive load 
transient suppression and the cathodes of the diodes are 
connected to pin 9 . All emitters and the substrate are con
nected together to pin 8 . The outputs are capable of sinking 
700mA and will withstand 20V in the OFF state. 

Outline 16P4 

CIRCUIT SCHEMATIC 

IN 
PUT 

2k 

STB 0--.-1<11--' 

vee 

200 

20k 

COM 

OUTPUT 

2k 
I '--"W>r-4-"M,....+-....... >-O GJliD L __________________ ~ 

16-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75"<:, unless otherwise noted) 

Symbol 

Vee 

VCEO 

Ie 

V, 

V1(STB 

VR(O) 

IF(ol 

Pd 
Tap, 

Tsta 

Parameter 

Supply voltage 

Output sustaining voltage 

Collector current 

Input voltage 

Strobo Input voltage 

Clamp diode reverse voltage 

Clamp diode forward current 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

TranSistor ON 

Pulse wldth:>3Sms, Duty cycle:> S % 

Ta=2S'C 

• MITSUBISHI 
;"ELECTRIC 

Unit: n 

Ratings Unit 

10 V 

-0.5-+20 V 

700 rnA 

-25-+20 V 

20 V 

20 V 

700 

350 
rnA 
• 

1.47 W 
-2Q-+75 'C 
-55-+125 'C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54578P 

6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C. unless otherwise noted) 

Limits 
Symbol Parameter 

Min 
Unit 

Typ Max 

Vee Supply voltage 3 5 8 V 

Va Output voltage 0 20 V 

The three outputs conducting 
0 700 

Collector current r:~~~'i.'I;I~YCIO I.ss than 2{)% 
rnA Ie 

per channel Th. throo cu!puts ocnducbng 

rJ:~~~~~~~I. 10" than 00% 
0 200 

V1H(STB) "H" Input voltage (strobe Input) 2.4 Vee V 

V1L(STB "L" Input voltage (strobe Input) 0 0.2 V 

Ic=450mA. Vcc=5V 3.5 Vee 
V ,H "H" Input voltage V 

Ic=700mA. Vcc=6V 5 Vee 

V ,L "L" Input voltage 100Ieak)=50.uA 0 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C. unless otherwise noted) 

Symbol Parameter 

V(BR)CEO Output sustaining voltage 

VCE(sat) Collector-emitter saturation voltage 

I, Input current 

IR Input leakage current 

II(STB) Strobe Input current 

IR{STB) Strobe input leakage current 

V FO Clamp diode forward current 

VR(O) Clamp diode reverse voltage 

Icc Supply current 

hFE DC forward current gain 

9-30 

Test conditions 

Vcc=7V. V'(STo)=O.4V 

V,=3.5V.lcEo=100.uA 

Vcc=5V I tc=450mA 

V,=3.5V [lc=200mA 

Vcc=7V, V,=3. $V 

V'ISTo)=2.4V 

Vcc=7V, VR=-25V 

Vcc=7V, V'(STO)=O. 4V 

V,=3.5V (all input) 

Vcc=7V. V,=OV. V\5TB,=20V 

IF(D)=600mA 

IR(O)= 1 OO.uA 

Vcc=8V. V'(STB)-2. 4V 

V,=3. 5V (all Input) 

Vcc=5V 

VCE=4V. Ic=450mA, T a=25'C 

• MITSUBISH. 
;"ELECTRIC 

Limits 
Unot 

Min Typ Max 

20 V 

0.5 0.8 
0.23 0.45 

V 

0.6 1.4 rnA 

-20 ,.,A 

-7.2 -10.7 rnA 

20 ,.,A 
1.6 5 V 

20 V 

220 320 rnA 

2000 10000 -



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4578P 

a-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE OUTPUT CURRENT 

CHARACTERISTICS 

:;( 
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• The current 18 
shown by the <l 400 

-
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.. ,0Hz 
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er25~ r 
a 
a 20 40 60 80 lOa 

DUTY CYCLE (%) 

DC CURRENT GAIN 

CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54527P 

6-UNIT 150mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54527P, 6-channel sink driver, consists of 12 NPN tran
sistors connected to form high current gain driver pairs, 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 40V 
• Output sink current to 150mA 

• PMOS compatible input 
• Integral diode for transient suppression 

• Wide input voltage range from -40V to +40V 
• Wide operating temperature range (Ta =-20-+75"C) 

APPLICATIONS 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

IN1-

IN2-

INPUTS OUTPUTS 

IN5-

IN6_ 

GND -,COM COMMON 

Outline 14P4 

The M54527P is comprised of six darlington driver pairs, 
Each input has a diode and 20k n resistor in series to allow 
a negative voltage input. Between pin 8 and each output, 
there are Integral diodes for inductive load transient sup
pression, All emitters and the substrate are connected 
together to pin 7 ' The outputs are capable of sinking 150mA 
and will withstand 40V in the OFF state, 

CIRCUIT SCHEMATIC 

14-pin molded plastic DIP 

20k 
INPUT o-~---'VV>r-----t-l 

COM 

~-------1~-7~OUTPUT 

, , 

20k ** 2k , , 

Unit: n 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

VCEO Output sustaining voltage TranSistor OFF -0.5~+40 
-

Ie Collector current TranSistor ON 150 

V, Input voltage -40~+40 

IF(D) Clamp diode forward current 150 

VA(D) Clamp diode reverse voltage 40 

Pd Power dissipation Ta=25'C 1. 47 

Topr Operatmg ambient temperature range -20~+75 
-

Tsta Storage temperature range - -55~+125 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75"C, unless otherwise noted) 

Symbol Parameter 

Va Output voltage 

Collector current Percent duty cycle 
Ie 

per channel less than 50% 

V ,H "H" Input voltage Ic=150mA 

V'L "L" Input voltage IOlleakl';"SO,uA 

9-32 

Limits 

Min Typ 

0 

0 

7 

0 

• . MITSUBISHI 
.... ELECTRIC 

Unrt 
Max 

40 V 

150 rnA 

35 V 

1 V 

Unit 

V 

rnA 

V 

rnA 

V 

W 

"c 
"c 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54527P 

6·UNIT lS0mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

TYp* Min Max 

V(BR)CEO Output sustaining voltage ICEO=100~A 40 

VeE(sab Output saturation voltage 
V,=7V,lc=150mA 1.4 1.7 

V,=7V,lc=100mA 1.2 1.4 

V,=18V 0.9 1.8 
I, Input current 

V,=35V 1.9 5 

IR Input leakage current V,=-35V -20 

VF(D) Clamp diode forward voltage IFIDI=150mA 1. 15 1.6 

IRIDl Clamp diode leakage current VRIDl=40V lOa 

hFE DC forward current gam VCE=4V, Ic=150mA, T a=25'C 800 2500 

* : All typical values are at T a=25'e. 

TYPICAL CHARACTERISTICS 
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AS A FUNCTION OF DUTY CYCLE 
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Unit 

V 

V 

mA 

/-<A 

V 

/-<A 

-
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54571P 

6.UNIT 350mA TRANSISTOR ARRAY AND MOTOR DRIVER 

DESCRIPTION , 
The M54571 P, 6-channel sink driver and voltl;lge regulator, is 
designed for use with a small printer, 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
'. High output sustaining voltage to 40V 

• High output sink current to 350mA 
• Voltage regulator with a control circuit 
• Wide operating temperature range (Ta=-20-+75'C) 

, APPLICATION 
Small calculator printer driver 

FUNCTION 

INPUTS 

Vs 

NC 

GND 

VB 

Vp 

COM 

OUTPUTS 

Outline 20P4 NC: NO CONNECTION 

The M54571 P is designed for driving a small serial printer' 
made by CITIZEN and EPSON, and consists of 6 relay driv
ers and 1.2A motor driver. Each driver has 4.3kO series in
put resistor and output transient suppression diode. The 
driver outputs are capable of sinking 350mA and will with
stand 43V in the OFF state. The output of the motor driver at 
pin 18 can drive I. 2A. ' 

CIRCUIT SCHEMATIC 

20-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75"C, unless otherwise noted) 

Symbol 

Voo 
VOEO 

101 

102 

103 

104 

107 

V, 

V'(IOF) 

VR(IOF) 

, VR(O) 

I FlO) 
Pd 

Top, 

Tsto 

9-34 

Parameter 

Supply voltage 

Output sustaining voltage 

Collector current 

Input voltage 

Input reverse voltage 

Clamp diode reverse voltage 

Clamp diode forward current 

Power dissipation 

Operating ambient t7mperature range 

Storage temperature range 

Conditions 

T" 

T" 

T" 
Spike current 2A max 

T" Pulse width" 5 ms, Duty cycle:>; 5 % 

T r7 (Per channel) 

INI-IN6 

Ta =25't 

• MITSUBISHI 
.... ELECTRIC 

01 06 
--------- Vp 

IN1 IN6 

Unit: n 

Ratings Unot 

40 V 

-0.5-+40 V 

100 nA 

~OO rnA 

100 rnA 

, 1200 rnA 

350 nA 

40 V 

40 V 

-45 V 

40 V 

350 rnA 

1.79 W 
-20-+75 "C 

-55-+125 "C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54571P 

6·UNIT 350mA TRANSISTOR ARRAY AND MOTOR DRIVER 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

LimIts 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 8 40 V 

V p Supply voltage 4 18 V 

Vs Reference voltage 10 V 

Ie Collector current 
61-06 5 250 

mA 
01-06 0 100 

V 1(IDF) 
Input voltage 9 

-35 

17 
V 

V, IN1-IN6 9 17 V 

Vo Output voltage 61-06 0 40 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 

VSR(CEO) Output sustaining voltage 

, 
VeE(Sat) Collector emitter saturation voltage 

I, 

Il(IOF) Input current 

II(Va) 

IR(IDF) Input leakage current 

VF(D) Clamp diode forward voltage 

Ivp Supply current 

hFE 1 DC forward current gain 

hFE 2 DC forward current gain 

hFE 3 DC forward current gain 

Test conditions 

ICEO =1 OO"A, Vp =5V, (01-07) 

d~ 
Vp =6. 5V, V, =3V, Ic =250'!'A 

Vp =3V, V, =2.4V, Ic =120mA 

T" I. =lmA, Ie =10mA, Vp =OV 

T" V'('D', =10V, Ivs =100mA 

Tes VI(V" =3V, Iv.;: =30mA, VI(ID~ =OV 

Ivs =50mA, Ivp =0. 3V, V'('D', =OV 
Tr. 

Ivs =BOmA, Ivp =1 A, V'('D', =OV 

Vp =6V, V, =10V, (IN1-IN6) 

V'('OF) =10V 

V1(VSj =3V, VI(IOF) =OV 

VR(IO', =-35V 

1'(01 =250mA 

Vp =17V, V, =10V (all Input) 

Vp =5V, V, =10V (all input) 

Tr. Ie =50mA. VeE =4V, T a =25'C 

T,. Ie =1 A, VeE =4V, T a= 25"C 

01-07 Vp =6. 5V, Ie =350mA, VeE =4V, T a =25"C 

• MITSUBISHI 
"-ELECTRIC 

limits 
Unit 

Min Typ Max 

40 V 

0.8 

0.5 

0.5 

0.5 V 

0.4 

0.45 

1.2 

3.5 mA 
6.5 mA 

26 mA 
-20 /-lA 
2.4 V 

240 

60 
mA 

100 -
80 -

1000 -

9-35 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4571P 

6-UNIT 3SOmA TRANSISTOR ARRAY AND MOTOR DRIVER 

TYPICAL CHARACTERISTICS 
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TYPICAL APPLICATION 
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INPUT CHARACTERISTICS 

Vp 1=6V 
, 

INI-ING V, 
---- To ~75'C ~I" c--'-- To ~25-C ' . 
----10 ~-20'C ,Vy 

0-
~. 

[#' 

V 
lI" 

o V 
o 10 12 14 16 

INPUT VOLTAGE V,(V) 

MAGNET RELAY DRIVER OUTPUT 

SATURATION CHARACTERISTICS 
500 

400 

rrt~3V Vp=6SV 

----t. ~~5"C 
--To~25"C // /' 

300 

----To ~-20'C / 
./ 

/V., , 
200 

/V/ 

~ 
100 

,l.-
~W 

lL 
o 2 0.4 0.6 0.8 1.0 

OUTPUT SATURATION VOLTAGE VCE(sat)(V) 

~ VB VZ1 Z. 

EPSON Printer 15-40V 18V -

CITIZEN Printer 3-9V 6V connect between 
the Vp and the COM 
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MITSUBISHI BIPOLAR DIGITAL les 

M54514AP 

7-UNIT SOmA TRANSISTOR ARRAY 

DESCRIPTION 
The M54514AP, 7-channel sink drivers, consists of 7 NPN 
transistors with 2. 8k n series input resistors. 

FEATURES 
• Output breakdown voltage to 20V 
• 50mA output sink current capability 
• Low output saturation voltage 

PIN CONFIGURATION (TOP VIEW) 

- 01 

- 02 

- 03 

• Wide operating temperature range (Ta =-20-+75'C) INPUTS - 04 OUTPUTS 

APPLICATION .- 05 

LED or incandescent display digit driver 

FUNCTION 

Outline 16P4 

The M54514AP is comprised of seven NPN drivers. Each in
put has a voltage divider by 2. 8k nand 10k n resistors. All 
emitters and the substrate are connected together to pin 8. 
The open collector outputs are capable of sinking 50mA and 
will withstand 20V 'in the OFF state. 

NC : NO CONNECTION 

CIRCUIT SCHEMATIC 

OUTPUT 

2.8k 
INPUT o---"\.!V'v---.~ 

10k 

16-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta =-20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

VCEO Output sustaining vollage Transistor OFF -0.5-+20 

Ie Collector current Transistor ON 50 
V, Input voltage 10 

Pd Power dissipation Ta=25'C 1.47 

Topr Operating ambient temperature range -20-+75 

Tsto Storage temperature range -55-+125 

RECOMMENDED OPERATIONAL CONDITIONS (Ta =-20-+75'C, unless otherwise noted) , 

Symbol Parameter 

Va Output volla9 e 

Ie Collector current 

V'H "H" Input voltage Ilc=50mA 

V'L "L" Input vollage I 

Limits 

Min Typ 

0 
0 

2.4 

0 

• MITSUBISHI 
.... ELECTRIC 

Unit 
Max 

20 V 

20 mA 

8 V 

0.2 V 

Unit: n 

Unit 

V 

mA 

V 

W 

'c 
'c 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54514AP 

7-UNIT SOmA TRANSISTOR ARRAY 

ELECTRICAL CHARACTERISTICS (Ta =-20-+75t, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

lo(leak) Output leakage current Vo=20V 20 

Ilc=20mA 0.04 0.17 
VCE(sat) Output saturation vortage V,=2.4V 

Ilc=40mA 0.08 0.23 

I, Input current V,=2.4V 0.7 1.1 

hFe DC forward current gain VCE=4V, Ic=40mA, T a=25"(; 80 200 

TYPICAL CHARACTERISTICS 

50 

"< 
E 40 
'}i 
f-
Z 
UJ 30 a: 
a: 
:::> 
a 
a: 20 
0 
f-a 
UJ 
...J 
...J 10 
0 a 

1000 

w 
~ 

J:: 

Z « 
(!) 

f-
Z 
UJ 

100 
a: 
a: 
:::> 
a 
a 
0 

10 

9-38 

OUTPUT CURRENT 

CHARACTERISTICS 

II I 

f-f-L=L 
I :/ I 

I 

! 
f----..:.. Ta'=75'C , 

--Ta=25'C 1/ / I c----- Ta =-20'C 
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/ / 
/ V" 

o o 5 1.0 1.5 2 0 

INPUT VOLTAGE V,(V) 

DC CURRENT GAIN 
CHARACTERISTICS 

~~cE~4y 
_ .. -- Ta =75'C 

r---__ T a =25'C ..--r------- Ta =-20'C 

~ V 
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" 

, 

,. 
, ,. 

, 
1/ / 

V:;,. 
" 

5 7 10 5 7 100 

COLLECTOR CURRENT Ic(mA) 
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E 40 
'}i 
f-
Z 
UJ 
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a: 
:::> 
a 
a: 20 
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f-a 
UJ 
...J 

10 ...J 
0 a 
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OUTPUT CHARACTERISTICS 
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~. --- - T a =-20'C 
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I 
o 0.05 0.10 0.15 0.20 

OUTPUT SATURATION 

VOLTAGE VCE(satl(V) 
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!J.A 

V 

mA 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54515P 

7-UNIT 16mA TRANSISTOR ARRAY 

DESCRIPTION 
The M545l5P, transistor array, consists of seven NPN tran
sistors and is connected in a common-emitter configuration. 

FEATURES 
• Output breakdown voltage to l7V 
• l6mA output sink current capability 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
LED or incandescent display driver 

FUNCTION 
The M545l5P is comprised of seven NPN transistors. All 

emitters and the substrate are connected together to pin 8. 
The outputs are capable of sinking l6mA and will withstand 

l7V in the OFF state. 

PIN CONFIGURATION (TOP VIEW) 

INPUT IN1 -+ 1 

OUTPUT 01 +- 2 

INPUT IN2-+ 3 

OUTPUT 02 +- 4 

INPUT IN3-+ 

OUTPUT 03 +- 11 -+ 05 OUTPUT 

NC 

GND OUTPUT 

Outline 16P4 

NC : NO CONNECTION 

CIRCUIT SCHEMATIC 

INPUT O-----l~ t 
16-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta =-20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions Ratmgs 

VCEO Output sustaining voltage Transistor OFF -0.5-+17 

V, Input voltage 1.2 

Ie Collector current Transistor ON 16 

Topr Operating ambient temperature range -20-+75 

Tsto Storage temperature range -55-+125 

RECOMMENDED OPERATIONAL CONDITIONS (T a =-20-+75'C, unless otherwise noted) 

Symbol Parameter 

Vo Output voltage 

Ie Collector current per channel 

Limits 

Min I Typ I Max 

0 I I 
0 I I 

• MITSUBISHI 
"ELECTRIC. 

17 

16 

Unit 

V 

rnA 

Unit: n 

Unit 

V 

V 

rnA 

'c 
'c 
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MITSUBISHI BIPOLAR DIGITAL les 

M54515P 

7·UNIT 16mA TRANSISTOR ARRAY 

ELECTRICAL' CHARACTERISTICS (Ta =-20-+75t, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V(BR)<"EO Output sustaining voltage IOH=100,uA 17 

VCE(sat) Output saturation voltage IOL=16mA,I.=0.SmA 0.14 0.5 

VBElsat) Sase-emitter saturation voltage 10L =16mA, 1.=0. SmA 0.64 1.2 

hFE DC forward current gam VCE=SV, Ic=16mA, Ta=2St 32 50 

10 leak Output leakage current Vo=l7V, V,=0.2V 700 

TYPICAL CHARACTERISTICS 

9-40 

'< 
E 
'2 
I
Z 
W 
a: 
a: 
:::J 
o 
a: 
o 
I-

&l 
...J 
...J 
o 
o 

OUTPUT CURRENT 

CHARACTERISTICS 

12f--+-+--4--+--f-++i -+-++-4 
VOE =4V 

f--- ---- Ta'=75t -+-+H-+-+--I 
--T.=25·C 
---- T.,:::==--",20",t'---+--+H-++--t 

I 
/ 

°O~~-O~2--~-0·4~Q-~0~6--~-OJ8 

INPUT VOLTAGE V,(V) 

w 
~ 

.<: 

Z 
« 
(!J 

I
Z 
W 
a: 
a: 
:::J 
o 
o c 

DC CURRENT GAIN 

CHARACTERISTICS 

1000~3~~~~1~3~~§BI :!=--+ Vo,. ,4V, f----- Ta =75t: H+----t--I--I-i++I-H 
3 f---- T a =25t: H+----t--I--I-i++I-H 

---- Ta =-20t: 

100~m!. 
" 

,," 

5 7 10 5 7 100 

COLLECT CURRENT Ic(mA) 
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MIl'SUBISHI BIPOLAR DIGITAL les 

M54577P,FP 

7-UNIT 30mA TRANSISTOR ARRAY 

DESCRIPTION 
The M54577P, FP, 7-channel sink driver, consists of 14 NPN 

transistors connected to form high current gain driver pairs, 

FEATURES 
• Output breakdown voltage to 30V 

• Output sink current to 30mA 

PIN CONFIGURATION (TOP VIEW) 

• PMOS, CMOS Compatible input INPUTS OUTPUTS 

• Low output saturation voltage 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
LED or incandescent display digit driver 

FUNCTION Outline 16P2 (M54577FP) 

Outline 16P4 (M54577P) The M54577P, FP uses a predriver stage with a diode and 
23kO resistor in series to the input. The power supply of the 
predrivers is connected to pin 9 . The outputs are capable of 
sinking 30mA and will withstand 30V in the OFF state. 'The 

M54577FP features a small flat mold package. 

CIRCUIT SCHEMATIC 
Vee 

23k 
OUTPUT I N PUT o-...... Wv----,.--\ 

lOOk 

16-pin molded plastic DIP 16-pin molded plastic FLAT 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 13 
VCEO Output sustaining voltage TranSistor OFF -0.5-+30 
Ie Collector current TranSistor ON 30 
V, Input voltage -20-+30 

Topr Operating ambient temperature range ,-20-+75 
Tstg Storage temperature range -55-+125 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

Ie Collector current per channel 

V ,H "H" Input voltage Ile=20mA 

V'L "L" Input voltage 

limits 

Min Typ 

4.5 5 
0 10 
3 
0 

• MITSUBISHI 
"'ELECTRIC 

Unit 
Max 

13 V 

20 rnA 

Vee V 

1 V 

Unit: :n 

Unit 

V 

V 

rnA 

V 

'C 

'c 
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MITSUBISHI BIPOLAR DIGITALICs 

M54577P,FP 

7-UNIT 30mA TRANSISTOR ARRAY 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

" 
Limits 

Symbol Parameter Test conditions 
Min Typ Max 

lodeak) Output leak current VeE =30 V 100 

Vee=4.5V, V, =3V,le =IOmA 0.25 
VeE (sat) Output saturation voltage 

Vee =6 V, V, =3 V, Ie =20 rnA 0.35 

I, Input current Vee =4. 5 V, V, =3 V 30 90 

Vee =4. 5 V, V, =3 V 0.4 0,9 
Icc ~~"P~~yC~~~~m ~~~gC~a~~~ Vee =13 V. V, =3 V 1.3 2.3 

hFe DC forward current gain VeE =4 V, Vee =4.5 V, Ie =20 rnA, T a =25"C 500 1200 

TYPICAL CHARACTERISTICS 

40 

"< 
E 
'Ji 30 
I-
Z 
w 
a: 
a: 
:::J 20 
() 

a: 
0 
I-
() 
w 10 ..J 
..J 
0 
() 
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OUTPUT CURRENT 

CHARACTERISTICS 

I 

I 
Vee =4 5Y i 
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---- Ta ~-iot ! 
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z « 
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DC CURRENT GAIN 
CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54537P 

7-UNIT 350mA TRANSISTOR ARRAY 

DESCRIPTION 
The M54537P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Output breakdown voltage to 20V 
• High output sink current to 250mA 
• PMOS Compatible input 
• Low output saturation voltage 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 
The M54537P uses a predriver stage with 2kO series input 
resistor. The power supply of the predrivers is connected to 
pin 9 . All emitters and the substrate are connected together 
to pin 8 . The outputs are capable of sinking 250mA and will 
withstand 20V in the OFF state. 

INPUTS 

CIRCUIT 

INPUT 

GND 

Outline 16p4 

SCHEMATIC 

2k 

h. I'" 
h. 

20k 2k 

--+ 0 4 OUTPUTS 

--+ 05 

Vee 

380 
'Vee , , , , , -

, , OUTPUT 
I , 
I , 
I I • + , 
I I 

1 1 GND 

Unit: 0 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-25-+75t, unless otherwise noted) 

Llm,ts 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 3 8 V 

Vo Output voltage 0 20 V 

Vcc=6.5V 

Percent duty cycle 0 250 

Collector current less than 40% 
Ie 

Vcc-6. 5V 
mA 

per channel 

Percent duty cycle 0 150 

less than 65% 

V'H "H" Input voltage Ic=250mA 3 6 V 

V'L "L" Input voltage 10 tleakJ=50l'A 0 0.3 V 

ABSOLUTE MAXIMUM RATINGS (Ta=-25-+75t, unless otherwise noted) 

Symbol 

Vee 

V CEO 

Ie 

V, 

Pd 

Toor 

Tsta 

Parameter 

Supply voltage 

Output sustaining voltage 

Collector current 

Input voltage 

Power dlsslpat,on 

Operating ambient temperature range 

Storage temperature range 

Cond,tions 

Transistor OFF 

Transistor ON 

Ta=25'C 

• MITSUBISHI 
.... ELECTRIC-

16-pln molded plastic DIP 

Ratings Unit 

10 V 

-0.5-+20 V 

350 mA 
10 V 

1.47 W 

-20-+75 t 

-55-+125 t 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54537P 

7-UNIT 350mA TRANSISTOR ARRAY 

ELECTRICAL CHARACTERISTICS (Ta=-25-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V (BR)CEO Output susta,ning voltage Vcc=BV, lcEo=100,uA 20 

I Vcc=6.Sv, Ic=2S0mA 0.28 0.5 
VeE (Satl Output saturation voltage V,=3V I Vcc=3V, Ic=IS0mA 0.17 0.35 

Vcc=8V, V,=3. 2V 0.7 1.5 
I, Input current 

7.3 Vcc=8V, V,=10V 3.8 

Icc Supply current Vcc=BV, V,=3. 2V 130 190 

hFE DC forward current gain VCE=4V, Vcc=6. SV, Ic=2S0mA, T a=2S'C 1000 7000 

TYPICAL CHARACTERISTICS 

<-
E 
l' 
I-
Z 
w 
a: 
a: 
::J 
() 

a: 
0 
I-
() 
w 
...J 
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0 
() 
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2.0 

o o 

ALLOWABLE AVERAGE 

~ 
"'-

" 

25 50 75 100 

AMBIENT TEMPERATURE T a("C) 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
400 

300 

200 r-- • The current IS 
shown by the 

100 

r-- value per output 
• Repetitive I Frequency 
~lOHz 

r-- • The number In o IS the number 
of outputs conducting 
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o 
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20 40 60 
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OUTPUT CURRENT 

CHARACTERISTICS 
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30 
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DC CURRENT GAIN 

CHARACTERISTICS 
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7-UNIT 3SOmA TRANSISTOR ARRAY 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54535P 

7-UNIT lS0mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

DESCRIPTION 
The M54535P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Output sink current to 150mA 
• Strobe input control 
• PMOS Compatible input 
• Wide operating temperature range (Ta =-20-+75°C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 
The M54535P uses a predriver stage. Each input has a diode 
and 20kO resistor in series to allow a negative voltage input. 
All inputs can be controlled simultaneously by a strobe input 
at pin 18. Each output has an integral diode for inductive 
load transient suppression. 

The cathodes of the diodes and the power supply of the 
predrivers are connected to pin 10. All emitters and the sub
strate are connected together to pin 9 . 

The outputs are capable of sinking 150mA and will withstand 
lOV in the OFF state. 

FUNCTIONAL TABLE 
IN STB OUT 

L L H 

H L L 

L H H 

H H H 

INPUTS 

Outline 

CIRCUIT SCHEMATIC 
INPUT OUTPUT INPUT 

INl 01 IN7 

20k 

30k 

18P4 

OUTPUT 
07 

STROBE 
INPUT 

OUTPUTS 

1 k 
j-'/W-~STB 

STROBE INPUT 

Unit: n 

18-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Supply voltage 

Vo Quiput voltage 

Ie Collector current 

V, Input voltage 

V1(STB) Strobe Input voltage 

V A1D1 Clamp diode reverse voltage 

IF(D) Clamp diode forward current 

Pd Power dissipation 

Toor Operating ambient temperature range 

Tsta Storage temperature range 

9-46 

(Ta=-20-+75°C, unless otherwise noted) 

Conditions 

Transistor OFF 

Transistor ON 

Ta=25°C 

• MITSUBISHI 
..... ELECTRIC 

Ratings 

10 

-0.5-Vee 

150 

-25-+20 

20 

10 

150 

1. 47 

-20-+75 

-55-+125 

Umt 

V 

V 

mA 

V 

V 

V 

mA 

W 
°C 

°C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54535P 

7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75°C, unless otherwise noted) 

Symbol 
Limits 

Parameter Unit 
Min Typ Max 

Vee Supply voltage 3 8 V 

Vo Output voltage Vcc=10V a 10 V 

Collector current Percent duty cycle 
Ie 

less than 65% 
0 150 rnA 

per channel 

V'H "H" Input voltage Ic=100mA 7 18 V 

V'L "L" Input voltage 0 0.8 V 

VLH(STB) "H" Input voltage (strobe input) 
V,=12V 1.3 6 

V,=20V 2.4 6 
V 

VILSTB "L" tnput vottage (strobe ,nput) 0 0.2 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 

" -

VCE(sat) Output saturation voltage 

to(teak) Output leak current 

I, Input current 

IR Input leakage current 

II(STS) Strobe mput current 

VF(D) Clamp diode forward voltage 

VR(D) Clamp diode reverse voltage 

lee Supply current 

hFE DC forward current gam 

* : The tYPical value is at T a=25'C 

Test conditions 

V1(STB)=O.2V 

Vcc=6V, t,=300I'A, Ic=100mA 

Vcc=3V 

V,=7V tc=100mA 

V1(STB)=O.2V Vcc=8V 

Ic=150mA 

Vcc=8V, V,=O. 8V, Vo=8V 

V'(STB)=O.2V 

Vcc=8V, V,=12V 

V'(STB)=O, 2V 

Vcc=8V, V,=-25V 

V,=12V, V'(STB)=2. 4V 

tFID)=150mA 

tR(D)= lOOI'A 

Vcc=8V, V,=12V all IOput 

V'ISTB)=O.2V 

VCE=4V, Vcc=6V, Ic=150mA, T a=25'C 

• MITSUBISHI 
"-ELECTRIC 

limits 

Min Typ· 

0.1 

0.1 

0.16 

0.5 

0.6 

1.1 

10 

120 

700 2500 

Unit 
Max 

0.3 

0.3 V 

0.5 

50 !-'A 

1 rnA 

-20 !-"A 
3 rnA 

2.1 V 

V 

200 rnA 

-
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54535P 

7.UNIT lSOmA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

TYPICAL CHARACTERISTICS 

9-48 

ALLOWABLE AVERAGE 

POWER DISSIPATION 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54536P 

7-UNIT lSOmA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

DESCRIPTION 
The M54536P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Output sink current to 150mA 
• Strobe input control 
• TTL Compatible input 
• Wide operating temperature range (Ta=-20-+75°C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 
The M54536P uses a predriver stage. Each input has a diode 
and 20kO resistor in series to allow a negative voltage input. 
All inputs can be controlled simultaneously by a strobe input 
at pin 18. Each output has an integral diode for inductive 
load transient suppression. 

INPUTS 

CIRCUIT SCHEMATIC 
INPUT OUTPUT INPUT 

IN 1 01 IN7 
Q 

OUTPUT 
07 

STROBE 
INPUT 

OUTPUTS 

The cathodes of the diodes and the power supply of the 
predrivers are connected to pin 10. All emitters and the sub-

,--T+-----+-~--,--t__----~ Vee 

strate are connected together to pin 9 . 2. 3k 

The outputs are capable of sinking 150mA and will withstand 
10V in the OFF state. 

30k 

FUNCTION TABLE 
IN STB OUT 

L L H r---
H L L 

L H H 

H H H 

1 k 
j-".~--o STB 

STROBE INPUT 

Unit: n 

18-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-25-+75'C, unless otherwise noted) 

Symbol 

Vee 

Vo 

Ie 

V, 

VI(STB) 

VR(D) 

IF(o) 

Pd 

Toor 

TstQ 

Parameter 

Supply voltage 

Output voltage 

Collector current 

Input voltage 

Strobe input voltage 

Clamp diode reverse voltage 

Clamp diode forward current 

Power diSSipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

T a=25'C 

• MITSUBISHI 
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Ratings Unit 

10 V 

-0.5-V ee V 

150 mA 
-25-+10 V 

20 V 

10 V 

150 mA 
1.47 W 

-20-+75 'c 
-55-+125 'c 

9-49 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54536P 

7-UNIT lSOmA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-25-+75·C, unless otherwise noted) 

Symbol Parameter Test conditions 

Vcc Supply voltage 

Vo Output voltage Vcc=10V 

Collector current 
Percent duty cycle less than 65% Ic 

per channel 

V'H "H" Input voltage Ic=100mA 

V'L "L" Input voltage 

V1H(STB) "H" Input voltage (strobe Input) 
V,=3.5V 

V,=lOV 

V, STB "L" Input voltage (strobe input) 

ELECTRICAL CHARACTERISTICS (Ta=-25-+75'C, unless otherwise noted) 

Symbol Parameter 

VCE(sat) Output saturation voltage 

lo(leak) Output leak current 

I, Input current 

IR Input leakage current 

II(STB) Strobe input current 

VF(D) Clamp diode forward voltage 

VR(D) Clamp diode reverse voltage 

Icc Supply current 

hFE DC forward current gain 

* : A typical value is at T a=25'C. 

9-50 

Test conditions 

V'ISTBI=O.2V 

Vcc=6V, 1,=300,uA, Ic=100mA 

Vcc=3V 

V,=3.2V Ic=100mA 

V1(STB)=O.2V Vcc=8V 

Ic=150mA 

Vcc=8V, V,=O. 8V, Vo=8V 

V'ISTBI=O.2V 

Vcc=8V, V,=3. 5V 

V'ISTBI=O.2V 

Vcc=8V, V,=-25V 

V,=3.5V, V'ISTBI=2.4V 

IF(0)=150mA 

IR(01=100,uA 

Vcc=8V, V,=3. 5V (all input) 

V1(STB)=O.2V 

VcE=4V, Vcc=6V, Ic=150mA, Ta=25'C 

• MITSUBISHI 
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limits 

Min Typ 

3 

0 

0 

3.2 

0 

1.3 

2.4 

0 

LImits 

Min Typ' 

0.1 

0.1 

0.16 

0.6 

0.9 

1.1 

10 

120 

700 3000 

Unit 
Max 

8 V 

10 V 

150 mA 

6 V 

0.8 V 

6 
V 

6 

0.2 V 

Unit 
Max 

0.3 

0.3 V 

0.5 

5.0 jJ.A 

1.2 mA 

-20 jJ.A 

3 mA 

2.1 V 

V 

200 rnA 

-



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4536P 

7.UNIT lSOmA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 

TYPICAL CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL les 

M54517P 

7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54517P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form seven high current gain driver 
pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Output sustaining voltage to 25V 
• High output sink current to 400mA 
• PMOS Compatible input 
• Wide operating temperature range (Ta =-20-+75°C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 
The M54517P is comprised of seven NPN darlington driver 
pairs with 20kO series input resistors. All emitters and the 
substrate are connected to pin 8. The output are capable of 
sinking 400mA and will withstand 25V in the OFF state. 

16-pln molded plastic DIP 

INPUTS 

CIRCUIT 

INPUT 

OUTPUTS 

Outline 16P4 

NC : NO CONNECTION 

SCHEMATIC 

OUTPUT 
20k 

.~ 
I 
I 
I 

t 
I 
I 

20k I 
2k I 

I 
I 
I 
I 
I 

GND 

Unit: 0 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75t:, unless otherwise noted) 

Symbol 

VCEO 

Ie 

VI 

Pd 

Toor 

Tsta 

9-52 

Parameter 

Output sustaining voltage 

Collector current 

Input voltage 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

Ta=25t 

• MITSUBISHI 
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Ratings Unit 

0.5-+25 V 

400 rnA 

25 V 

1.47 W 

20-+75 "C 
55-+125 "C 



MITSUBISHI BIPOLAR DIGITAL les 

M54517P 

7.UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Va Output voltage 0 25 V 

Percent duty cycle 
0 400 

Collector current less than 8 % 
10 rnA 

per channel Percent duty cycle 
0 200 

less than 40% 

Ic=400mA 8 20 
V ,H "H" Input voltage V 

Ic=100mA 5 20 

V ,L "L" Input voltage 10(leakl-50"A 0 0.5 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Typ· Min Max 

V(BR)CEO" Output sustaining voltage ICEO=100"A 25 

V,=8V. Ic=400mA 1. 15 2,2 
VOE(sat) Output saturation voltage 

0.95 1.4 V,=5V. Ic=200mA 

I, Input current V,=17V 0.8 1.8 

hFE DC forward current gain VeE=4V. le=400mA. T a=25'C 1000 4500 

* : A typical value Is at T a=25"C. 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 
OUTPUT CURRENT 

CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54517P 

7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
500 

400 

300 

200 r-

I--
100 f--

r-
o 
o 

1 

~\: I""" ......... 
,~ 

'\ t-( "" " r--.. 
"'-~ ['... r-..... I'--r-. -~ 

• The current IS i'-= r:::- r:::: r- I® r--t-- shown by the 
value per output t- c.::::~ t- • RepetItive 
Frequency 
~10Hz ,1 

f-- .The number In o IS the number 
of outputs conducting 

t- sImultaneously 
_T a=25'C -, 

20 40 60 80 100 

DUTY CYCLE (%) 

DC CURRENT GAIN 
CHARACTERISTICS 

V,," 
1 00 1<.'_...L--L--L...L.l...lll.L_..L-...L...L~.l..l.lJ 

10 5 , 100 5 '1000 

COLLECTOR CURRENT Ic(mA) 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
50 0 

~ 1i 400 

t
Z 
~ 300 
a:: 
:::J 
() 

0: 

~ 
() 
W 
..J 
..J 
o 
() 

200 

100 

o 
o 

(\.\'~ "I'-.. 
1 

\\ r\.' "- I'--. 
~ " i'-... ["-... "-

......... 
-® 

eThe curren~s~ ~ ;::--"" r- -"" shown by the -......: f:::::: ;: r-;:: -kli value per output. 
• RepetitIve 

Frequency r-::=1Ji ~10Hz 
• The number I o IS the number 

of outputs conductmg • ~:~~~·ceous:y. j 

20 40 60 80 100 

DUTY CYCLE (%) 

• MITSUBISHI 
..... ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54519P 

7-UNIT 40001A DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54519P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form seven high current gain driver 
pairs. 

FEATURES 
• High output sustaining voltage to 40V 
• High output sink current to 400mA 
• PMOS Compatible input 
• Wide operating temperature range (Ta=-20-+75"C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

PIN CONFIGURATION (TOP VIEW) 

INPUTS 

Outline 16p4 The M54519p· is comprised of seven NPN darlington driver 
pairs with 20kO series input resistors. 

NC : NO CONNECTION 
All emitters and the !!ubstrate are connected together to pin 
8. The output are capable of sinking 400mA and will with
stand 40V in the OFF state. 

16-pln molded plastic DIP 

CIRCUIT 

INPUT n. 

SCHEMATIC 

20k 

20k 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75t, unless otherwise noted) 

Symbol 

VCEO 

Ie 

V, 

Pd 

Toor 

Tsta 

Parameter 

Output sustaining voltage 

Collector current 

Input voltage 

Power diSSipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

TranSistor OFF 

Transistor ON 

Ta=25'C 

• MITSUBISHI 
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OUTPUT 

~ T 
I 
I 

i 
I 
I 

2. I 
I 
I 
I 
I 
I 
I 

GND 

Unit: n 

Ratings Unit 

-0.5-+40 V 

400 mA 

40 V 

1.47 W 

-20-+75 t 
-55-+125 t 

9-55 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54519P 

7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vo Output voltage a 40 V 

Percent duty cycle a 400 
Collector current less than 8%' 

Ic rnA 
per channel Percent duty cycle a 200 

less than 30% 

Ic=400mA 8 30 
V ,H "H" Input voltage V 

Ic=lOOmA 5 30 

V'L "L" Input voltage IOileakl=sO"A 0 0.5 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ' Max 

V(BR)CEO Output sustaming voltage lcEo=lOO"A 40 
V,=8V, Ic=400mA 1.2 2.4 

VCE(sat) Output saturation voltage 
V,=SV, Ic=200mA 0.9 1.6 

I, Input current V,=llV 0.3 0.8 1.8 

hFE DC forward current gam VCE=4V, Ic=400mA, T a=2S'C 1000 6000 

* : A typical value IS at T a=2S'C. 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIL 

OUTPUT CURRENT 
CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL les 

M54519P 

7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54528P 

7-UNIT lSOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54528P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form high current gain driver pairs, 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 40V 
• Output sink current to 150mA 
• Efficient I/O pin layout 
• PMOS compatible input 
• Integral diodes for transient suppression 
• Wide input voltage range from -40V to +40V 
• Wide operating temperature range (Ta =-20-+75"C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

INPUTS OUTPUTS 

GND 9 --> COM COMMON 

Outline 16P4 

FUNCTION CIRCUIT SCHEMATIC 

20k 

COM 

r------+--_+<:> OUTPUT 

The M54528P is comprised of seven darlington driver pairs, 
Each input has a diode and 20k n resistor in series to allow 
a negative voltage input. Between pin 9 and each output, 
there are integral diodes for inductive load transient sup
pression, All emitters and the substrate are connected 
together to pin 8 , The outputs are capable of sinking 150mA 
and will withstand 40V in the OFF state, 

INPUT o-.r--Wv-~--1 

20k 
2k 

~ 
L---~-~~_+oGND 

Unit: {J 

16-pin molded plastiC DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings Unit 

VCEO Output sustaining voltage Transistor OFF -0,5'-+40 V 

Ie Collector current Transistor ON 150 mA 

-40 V 
V, Input voltage 

40 V 

IF Clamp diode forward current 150 mA 

V R Clamp diode reverse voltage 40 V 

Pd Power dissipation Ta=2S'C 1. 47 W 

Toor Operating ambient temperature range -20-+75 "c 
Tsta Storage temperature range -55-+125 'c 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 

Vo Output voltage 

Collector current Percent duty cycle 
Ie 

per channel less than 40% 

V'H "H" Input voltage Ic=150mA 

V'L "L" Input voltage 10(Ieakl=50,uA 

9-58 

limits 

Min Typ Max 

0 40 

0 150 

7 35 

0 1 
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V 

mA 

V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54528P 

7-UNIT 150mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75t, unless otherwise noted) 

Limits 
Symbol Parameter Test conditIOns 

Typ' Min Max 

V<i3RlcEO Output sustammg voltage iceo=lOOp¥\ 40 

V,=7V,lc=150mA 1.4 1.7 
VCE(Satl Output saturation voltage 

1.2 1.4 V,=7V, Ic=IOOmA 

V,=ISV 0.9 1.8 
I, Input current 

V,=35V 1.9 5 

IR Input leakage current V,=-35V -20 

VF(D) Clamp diode forward voltage IF(o,= 150mA 1. 15 1.6 

~R(DI Clamp diode leakage current VRID,=40V 100 

hFE DC forward current gam Vc,=4V, Ic=150mA, Ta=25'C 800 2500 

* : All typical values are at T a=25'C 

TYPICAL CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL IC. 

M54523P 

7.UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54523P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form seven high current gain driver 
pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 50V 
• High output sink current to 500mA 
• Integral diodes for transient suppression 
• PMOS Compatible input 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics. 

FUNCTION 
The M54523P is comprised of seven NPN darlington driver 
pairs' with 2. 7k n series input resistors. Between pin 9 and 
each output, there are integral diodes for inductive load 
transient suppression. All emitters and the substrate are 
connected together to pin 8. The outputs are capable of 
sinking 500mA and will withstand 50V in the OFF state. 

16-pln molded plastic DIP 

INPUTS 

CIRCUIT 

INPUT 

OUTPUTS 

GND 9 -+ COM COMMON 

Outline 16P4 

SCHEMATIC 

COM 
I 
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I I I I I 
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I ii I 

* 
I I 

5k I I 
I I I I I I I 
I I 

I I I 3k I 
I L ___________________ J GND 

Unit: n 

ABSOLUTE MAXIMUM RATINGS (Ta=-2O-+75"(:, unless otherwise noted) 

Symbol Parameter 

VeEO Output sustaining voltage 

Ie Collector current 

V, Input voltage 

IF Clamp diode forward current 

V R Clamp diode reverse voltage 

Pd Power dissipation 

T oDr OperatIng ambient temperature range 

Tata Storage temperature range 

9-60 

Conditions 

Transistor OFF 

Transistor ON 

Ta=25'C 

• MITSUBISHI 
..... ELECTRIC 

Ratings 

-0.5-+50 
500 
30 
500 
50 

1. 47 
-20-+75 
-55-+125 

Unit 
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V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54523P 

7-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (T.=-20-+75'C, unless otherwise noted) 

limits 
Un,t' Symbol Parameter 

Min Typ Max 

Vo Output voltage 0 50 V 

Percent duty cycle 
0 400 

Collector current less than 8% 
Ic rnA 

per channel Percent duty cycle 
0 200 

less than 30% 

Ic=400mA 3.85 25 V 
V'H "H" Input voltage 

Ic=IOOmA 3.4 25 V 

V'L "L" Input voltage 0 0.5 V 

ELECTRICAL CHARACTERISTICS (T.=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Typ' M,n Max 

'o<leak) Output leakage current Vc,=50V 100 
V,=3.85V, Ic=400mA 1.3 2.4 

VCElsat) Output saturation voltage 
V,=3.85V, Ic=200mA 0.95 1.6 
V,=3.85V 0.95 1.8 

I, Input current 
V,=25V 9 18 

VF Clamp diode forward voltage 1,-400mA 1.5 2.4 

IR Clamp diode leakage voltage V,=50V 100 

hFE DC forward current gain Vc,=4V. Ic=350mA, T a=25'C 1000 2500 

* : All typic.' values are at T a=25'C 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 

OUTPUT CURRENT 

CHARACTERISTICS 

a: 
w 

2.0 

3: o 
e.. 'i 1.5 
w~ 
<!l "0 

~; 
00 
rt ~ 1.0 
we.. 
ffiCi5 
..:!!! 
3:0 o 0.5 
...J 
...J 
..: 

~ 
~ 

.......... 

25 50 75 

AMBIENT TEMPERATURE T.("C) 

500 

"< 
E 400 
'2 
f-
Z 
w 

300 a: 
a: 
::::> 
0 
a: 200 0 
f-
0 
W 
...J 
...J 100 0 
0 

100 

• MITSUBISHI 
"'ELECTRIC 

! I 
I 

! I 
I I 

I I VeE =4V 

---Ta=75"C -
I I --Ta=25"C I 

i ---- Ta =-20'C~ 

I 

: 

I 

11J} 

INPUT VOLTAGE V,(V) 

Unit 

f.J.A 

V 

rnA 

V 

f.J.A 

-

9-61 



'< 
E 

'.2 
.... z 
w 
a: 
a: 
::J 
() 

a: 
0 .... 
() 
W 
..J 
..J 
0 
() 

'< c: 

.... 
Z 
w 
a: 
a: 
::J 
() 

.... 
::J 
a.. 
~ 

9-62 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54523P 

7-UNIT SOOmA DARLINGTON TRANSIS:rOR ARRAY WITH CLAMP DIODE 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54524P 

7-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54524P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 50V 

• High output sink current to 500mA 
• Integral diodes for transient suppression 

• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
Relay and printer drivers, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

INPUTS 

IN1 

IN2 

IN3 

IN4 OUTPUTS 

INS 

IN6 

IN7 

GND 9 --> COM COMMON 

Outline 16P4 

The M54524P is comprised of seven NPN darlington driver 
pairs. Between pin 9 and each output, there are integral 

diodes for inductive load transient suppression. All emitters 
and the substrate are connected together to pin 8. The out
puts are capable of sinking 500mA and will withstand 50V in 
the OFF state. CIRCUIT SCHEMATIC 
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I 
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* I 
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I 
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r-----Jl_-.,---O COM 
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___ --t-~ OUTPUT 
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it 
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: I 
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16-pln molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'e, unless otherwise noted) 

Symbol 

VCEO 

Ie 

IF 

V R 

Pd 

Toor 

TstQ 

Parameter 

Output sustaining voltage 

Collector current 

Clamp diode forward current 

Clamp diode reverse voltage 

Power diSSipation 

Operating ambien"~ temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

Ta=2S'C 

• MITSUBISHI 
;"ELECTRIC 

Unit: n 

Ratings Unit 

-0.5-+50 V 

500 rnA 

500 rnA 

50 V 

1. 47 W 

-20-+75 'e 

-55-+125 "C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

"M54524P 

7-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Limits Symbol Parameter Unit 
Min Typ Max 

Vo Output voltage 0 50 V 
Percent duty cycle 

0 400 
Collector current less than 8% 

Ic 
per channel rnA 

Percent duty cycle 
0 200 

less than 30% 

I'H "H" Input current Ic=400mA 1 20 rnA 
I'L "L" Input current 0 20 /-lA 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Typ' Min Max 

lodeak) Output leakage current VeE -50V 100 

1,-lmA,lc-400mA 1,3 2,4 
VCE(sat) Output saturation voltage 

1,=lmA,lc=200mA 0.95 1.6 

V, Input voltage 1,=lmA 1, 35 1,7 

V F Clamp diode forward voltage 1,=400mA 1,5 2.4 

IR Clamp diode leakage current VR=50V 100 

hF • DC forward current gain VCE-4V, Ic-350mA, T a-25'C 1000 2500 

* : All typical values are at T a=25'<: 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATlbN 

OUTPUT CURRENT 
CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54524P 

7·UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ALLOWABLE COLLECTOR CURRENT 
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, >: MITSUBISHI BIPOLAR DIGITAL ICs 

M54525P 

7-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54525P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 50V 
• High output sink current to 500mA 
• Integral diodes for transient suppression 
• 24V PMOS compatible input 
• Wide operating temperature range (Ta =-20-+75"C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 
The M54525P is comprised of seven NPN darlington driver 
pairs. Each input has a Zener diode and 10. 5k 0 resistor in 
series to limit the input current. Between pin 9 and each out
put, there are integral diodes for inductive load transient 
suppression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 500mA 
and will withstand 50V in the OFF state. 

16-pin molded plastic DIP 

INPUTS 

CIRCUIT 
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SCHEMATIC 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75"C, unless otherwise noted) 

Symbol Parameter 

VCEO Output sustaining voltage 

Ie Collector current 

V, Input voltage 

IF Clamp diode forward current 

VR Clamp diode reverse voltage 

Pd Power dissipation 

Toor Operating ambient temperature range 

Tstll Storage temperature range 

9-66 

Conditions 

Transistor OFF 

Transistor ON 

Ta~25"C 

•. MITSUBISHI 
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Ratings 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54525P 

7.UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (T.=-20-+75"C, unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vo Output voltage 0 50 V 

Percent duty cycle a 400 
Collector current less than 8% 

Ic mA 
per channel Percent duty cycle 

0 200 
less than 30% 

V ,H "H" Input voltage Ic=400mA 17 ' 25 V 

V'L "L" Input voltage a 6 V 

ELECTRICAL CHARACTERISTICS (T.=-20-+75"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Typ· Min Max 

111=OmA 100 
lo(leak) Input leakage current VcE=50V I V,=6V 500 

V,=17V,lc=400mA 1.3 2.4 
VCE(sa!) Output saturation voltage 

V,= 17V, Ic=200mA 0.95 1.6 

V,=l7V 0.85 1.8 
I, Input current 

V,=25V 1.6 3.2 

V F Clamp diode forward voltage 1,=400mA 1.5 2.4 

IA Clamp diode leakage current VR=50V 100 

hFE DC forward current gain VCE=4V, Ic=350mA, T a=25'C 1000 2500 

* : All typical values are at T a=25'C, 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

OUTPUT CURRENT 
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MITSUBISHI BIPOLAR DIGITAL IC. 

M54525P 

7-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 

400 CD 
\\.\ "- i"-., b 

300 
i"\ :--.. "'- ........... ...... fl' 

" ~ I'-..... ........... -I--.....bl 

200 

100 

• The current Is 
......... ~ .:::: " --:""-(j) 

shown by the --r---.: ~ ::::$ value per output 
• Repetitive 

FreQUenCYj I 

(J) 
.. 10Hz 

• The number In o Is the number 
of outputs conductmg 
simultaneously i 

eT.-25"C I 

o 20 40 60 60 100 

DUTY CYCLE (%) 

INPUT CHARACTERISTICS 

2.0 , 
'/ 

1 5 ---- T.~75"C / ~I r--'-- --Ta=25"(; 

'/'i ---- T. ~-2O"(; 

1 0 
,~/ 

I V J~ 
V/ 
I 

0 .. 5 ~ 
/ 

0 l/ , 
10 15 20 25 

INPUT VOLTAGE V,(V) 

"< 
E 

1> 
I-
Z 
w 
II: 
II: 
;:j 
U 
II: 
0 
I-
U 
W 
...J 
...J 
0 
U 

~ 
~ 

Z 
;;: 
(!) 

I-
Z w 
II: 
II: 
;:j 
U 
U 
C 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 

400 

\\' \ I" CD 

300 
'~ ~ "'- ........ 

b.... 
\ ,'\ ['., ....... r-.... 

........ 

" 
200 

100 

'" ~ r-..... r-.... ...... " -• ~::nub;W,! "-~ t::::: ::- :::--t--..~ value per jPut 
• Repetitive ....... :-- t-Ii! 

Frequency 
.,10Hz 

• The number In o I, ttle number 
of outputs conducting 
simultaneously. I eT~=75"C 

o 20 40 60 80 100 

DUTY CYCLE (%) 

DC CURRENT GAIN 
CHARACTERISTICS 

10000 

1000 

~VcE-4V 

---- T. =75"(; 
1--- T. =25"(; /' 
1----- T. =-20"(; /V 

//.' 

. 
.' .. ' , 

// V, , 
100 

10 5 7 100 

" ,/ 
, 

5 71000 

COLLECTOR CURRENT lC<mA) 

• MITSUBISHI 
"ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54526P 

7-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54526P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 50V 
• High output sink current to 500mA 
• Integral diodes for transient suppression 
• PMOS compatible input 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

INPUTS OUTPUTS 

GND 9 --. COM COMMON 

FUNCTION 
The M54526P is comprised of seven darlington driver pairs 
with 10. 5kO series input resistors. Between pin 9 and each 
output, there are integral diodes for inductive load transient 
suppression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 500mA 
and will withstand 50V in the OFF state. 

16-pin molded plastic DIP 
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Outline 16P4 

SCHEMATIC 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75t. unless otherwise noted) 

Symbol Parameter 

VCEO Output sustaining voltage 

Ic Collector current 

V, Input voltage 

IF Clamp diode forward current 

VR Clamp diode reverse voltage 

Pd Power dissipation 

T OPI Operating ambient temperature range 

Tsto Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

Ta=25'C 

• MITSUBISHI 
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Ratings 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4526P 

7-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+7S'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Ve Oulput voltage 0 50 V 

Percent duty cycle 
0 400 

Collector current less than 8% 
Ie mA 

per channel Percent duty cycle 
0 200 

less than 30% 

V'H "H" Input voltage Ic=400mA B 10 25 V 

V'L "L" Input voltage 0 0.5 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+7S'C, unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions 
Typ· M,n Max 

IQlleak) Output leakage current Vc.=50V 100 

VeE(sat) Output saturation vollage 
V,=8V, Ic=400mA 1.3 2.4 

V,=8V, Ic=200mA 0.95 1.6 

I, Input current 
V,=10V 0.9 1.5 

V,=25V 2. B 4.1 

V F Clamp diode forward voltage IF=400mA 1.5 2.4 

IR Clamp diode leakage current VR=50V 100 

hFE DC forward current gain VCE=4V. Ic=350mA, T a=25'C 1000 2500 

* : All typical values are at T a=25'C, 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

OUTPUT CURRENT 
CHARACTERISTICS 
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MITSUBISHI .BIPOLAR DIGITAL ICs 

M54526P 

7-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ALLOWABLE COLLECTOR CURRENT 

AS A ·FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR'DIGITAL ICs 

M54530P 

7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54530P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form seven high current gain driver 
pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 40V 
• High output sink current to 400mA 
• Integral diodes for transient suppression 
• PMOS compatible input 
• Wide operating temperature range (Ta =-20-+75°C) 

APpLICATION 
Relay and printer driver, LED or incandescent display 
digit driver, Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

INPUTS OUTPUTS 

GND 9 --+ COM COMMON 

Outline 16P4 
The M54530P is comprised of seven NPN darlington driver 
pairs with 2Dk [2 series input resistors. Between pin 9 and 
each output, there are integral diodes for inductive load 
transient suppression. All emitters and the substrate are 
connected together to pin 8 . c The outputs are capable of 
sinking 400mA and will withstand 4DV in the OFF state. 

CIRCUIT SCHEMATIC 

20k 
INPUT o---.AJV\r---~--i 

16-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75°C, unless otherwise noted) 

Symbol 

VCEO 

Ie 

V, 

IF 

VR 

Pd 

Toor 

Tstn 

9-72 

Parameter 

Output sustaining volt~ge 

Collector current 

Input voltage 

Clamp diode forward current 

Clamp diode reverse voltage 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

Ta=25°C 

• MITSUBISHI 
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COM 

r--------+~-+<OUTPUT 

2k 

Ratings 

-50-+40 

400 

40 

400 

40 

1. 47 

-20-+75 

-55 +125 

i 
I 
I 
I 
I 
I 
I 
I , 

Unit: n 

Unit 
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mA 

V 

mA 

V 

W 

°C 

°C 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4530P 

7.UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vo Output voltage 0 40 V 

Percent duty cycle 
0 400 

Collector current less than 8% 
Ic rnA 

per channel Percent duty cycle 
0 200 

less than 30% 

V,H 
Ic=400mA 8 35 V 

"H" Input voltage 
Ic=200mA 5 35 V 

V ,L "L" Input voltage IOlleakl=50l'A 0 0.5 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 
limits 

Parameter Test conditions 
Typ' Min Max 

V BR)CEO Output sustaining voltage ICER= 1 001' A 40 

VCE(sat) 
v,-av, Ic-400mA 1.3 2.4 

Output saturation voltage 
V,=5V, Ic=200mA I 1.6 

I, 
V,=I7V 0.85 1.8 

Input current 
2.0 V,=35V 3.8 

V F Clamp diode forward voltage l~o)=400mA 1.5 2.4 

V R Clamp diode reverse voltage VR(O)=1 OOI'A 40 

hFE DC forward current gain VcE=4V, Ic=300mA, T a=25"<: 1000 3500 

* : All typical values are at T a=25"<:. 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 
OUTPUT CURRENT 

CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4530P 

7·UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54531P 

7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54531 P, 7-channel sink driver, consists of 14 NPN tran
sistors connected to form high current gain driver pairs. 

FEATURES 
• High output sustaining voltage to 40V 
• High output sink current to 400mA 
• Integral diodes for transient suppression 
• PMOS compatible input 
• Wide input voltage range from -40V to +40V 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
Relay and printer driver, LED and incandescent display 
digit driver, Interfacing for standard MaS/BIPOLAR 
logics 

FUNCTION 
The M54531 P is comprised of seven NPN darlington driver 
pairs. Each input has a diode and 20k n resistor in series to 
allow a negative voltage input. Between pin 9 and each out, 
there are integral diodes for inductive load transient sup
pression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of Sinking 400mA 
and will withstand 40V in the OFF state. 

16-pin molded plastiC DIP 

PIN CONFIGURATION (TOP VIEW) 

IN1--+ 

IN2--+ 

IN3--+ 

INPUTS OUTPUTS 

IN6--+ 

IN7 --+ 

GND 9 --+ COM COMMON 

Outline 16P4 

CIRCUIT SCHEMATIC 

COM 

20k 
~----+--..... , -Q OUTPUT 

INPUT o-1~--\Mr--_-j 
, , , 

20k 
2k 

i , 
I 
I 
I 

L-__ ..... _ .................. -Q GND 

Unit: n 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75"C, unless otherwise n~ted) 

Symbol 

V CEO 

Ie 

V, 

IF(D) 

VR(D) 

Pd 
Top, 

Tsta 

Parameter 

Output sustaining voltage 

Collector current 

Input voltage 

Clamp diode forward current 

Clamp diode reverse voltage 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

TranSistor OFF 

Transistor ON 

Ta=25"C 

• MITSUBISHI 
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Ratings Unit 

-0.5-+40 V 

400 mA 

-40-+40 V 

400 mA 

40 V 

1. 47 W 

-20-+75 "C 

-55-+125 "C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54531P 

7.UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vo Output voltage 0 40 V 

Percent duty cycle 
0 400 

Collector current less than 8% 
Ic mA 

per channel Percent duty cycle 
0 200 

less than 30% 

Ic=400mA 9 35 
V ,H "H" Input voltage V 

Ic=200mA 6 35 

V ,L "L" Input voltage 10(Ieaki=50"A 0 1 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75t, unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions 
Typ· Min Max 

V BR)CEO Output sustaining voltage ICEo=100"A 40 

VCE(sat) Output saturation voltage 
V,=9V, Ic=400mA 1.3 2.4 

V,=6V, Ic=200mA 1 1.6 

I, Input current 
V,=18V 0.85 1.8 

V,=35V 2.0 3.8 

IR Input leakage current V,=-35V -20 
VF(D) Clamp diode forward voltage IF1DI=400mA 1.5 2,4 

VR(D) Clamp diode reverse voltage IR{D,=l00"A 40 

hFE DC forward current gain VCE=4V, Ic=300mA, T a=25t 1000 3500 

* : All typical values are at T a=2St, 

TYPICAL CHARACTERISTICS 

ALLOWABLE' AVERAGE 

POWER DISSIPATION 
OUTPUT CURRENT 

CHARACTERISTICS 
2.0 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54531P 

7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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DESCRIPTION 
The M54513P, 8-channel sink drivers, consists of 8 NPN 
transistors with 2 kO series input resistors. 

FEATURES 
• High output sustaining voltage of 40V 
• 50mA output sink current capability 
• Wide operating temperature range (T a = -20-+ 75'C ) 

APPLICATION 
LED or incandescent display digit driver 

FUNCTION 
The M54513P is comprised of eight NPN drivers. Each input 
has a voltage divider by 2kO and 13. 6kO resistors. All emit
ters and the substrate are connected together to pin 9. The 
open collector outputs are capable of sinking 50mA and will 
withstand 40V in the OFF state. 

18-pin molded plastic DIP 

MITSUIISHI IIPOLAR DIGITAL ICs 

M54513P 

a-UNIT SOmA TRANSISTOR ARRAY 

PIN CONFIGURATION (TOP VIEW) 

INPUTS OUTPUTS 

Outline 18P4 NC: NO CONNECTION 

CIRCUIT SCHEMATIC 

~----,--oOUTPUT 
1 

INPUT ~O---4V1r----'-;1 *: 
13.6k 

~--~----~' ~~JGND 

2k 

Unit: 0 

ABSOLUTE MAXIMUM RATINGS (T. =-20-+75"(;, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

VCEO Output sustalnong voltage Transistor OFF -0.5-+40 
Ie Collector current Transistor ON 50 
V, Input voltage 10 
Toor Operating ambient temperature range -20-+75 
Tstll Storage temperature range -55-+125 

RECOMMENDED OPERATIONAL CONDITIONS (Ta =-20-+75"(;, unless otherwise noted) 

Symbol Parameter 

Vo Output voltage 

Ie Collector current per channel 

V ,H "H" Input voltage I Ie =20 mA 

V ,L "L" Input voltage I 

9-78 

Limits 

Min Typ 

0 
0 
2 
0 
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Unit 
Max 

40 V 

20 rnA 

8 V 

0.2 V 

Unit 

V 

rnA 

V 

"'C 
"'C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54513P 

a-UNIT SOmA TRANSISTOR ARRAY 

ELECTRICAL CHARACTERISTICS (Ta =-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

lo(leak) Output leakage current Vo =40V 50 
V, =2V, Ie =12mA 30 100 

VCE(sat) Output saturation voltage 
170 V,=2. SV, Ie =30mA 70 

I, Input current V, =2.SV 0.85 1.7 

hFE DC forward current gain VeE = 4 V, Ie =30mA, T a =25'(; 80 200 

TYPICAL CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54538P 

7-UNIT 3SOmA TRANSISTOR ARRAY AND MOTOR DRIVER 

DESCRIPTION 
The M54538P, 7-channel sink driver and a motor driver, is 
designed for use in a thermal printer. 

FEATURES 
• Output breakdown voltage to 20V 
• High output sink current to 350mA 

PIN CONFIGURATION (TOP VIEW) 

-+ 02 

-+03 

-+04 
• Wide operating temperature range (Ta =-20-+75°C) INPUTS OUTPUTS 

APPLICATION 
Thermal printer driver, LED or incandescent display driv
er, Interfacing for standard MOS/BIPOLAR logic 

FUNCTION 

GND 

-+ 06 

-+OM 

vee 
The M54538P is designed for use in a thermal printer, con
sisting 7 -channel thermal head driver and a D-C or stepper 
motor driver. Outline 18P4 * : MOTOR DRIVER 
The output of the motor driver has a diode for inductive load 
transient suppression. 
The outputs of the sink drivers are capaple of sinking 350mA 
and will withstand 20V in the OFF state. 

CIRCUIT SCHEMATIC 
01 07 

r-+------~__1I__--,.~..,__"'_O Vee 

18-pin molded plastic DIP 

R, 
2k 

INI 

R, 
270 

-t------------r R, 

IN7 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75"C, unless otherwise noted) 

Symbol 

Vee 

VCEO 

Ie 
V, 

IF 

Pd 

Toor 

TstQ 

9-80 

Parameter 

Supply voltage 

Output sustaining voltage 

Collector current 

Input voltage 

Clamp diode forward current 

Power diSSipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 
i 01 to 07 Outputs 

i OM Output 

Transistor ON 

Pulse wldth,,;35ms, Percent duty cycle,,;5% 

Ta=25"C 
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INM 

Unit: n 

Ratings Unit 

10 V 

-0.5-+20 

-0.5-Vee 
V 

350 rnA 

10 V 
700 
350 

rnA 

1. 47 W 

-20-+75 "C 

-55-+125 "C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54538P 

7-UNIT 3SOmA TRANSISTOR ARRAY AND MOTOR DRIVER 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 3 6 V 

Va Output voltage 0 20 V 

Percent duty cycle a 250 
Collector current less than 30%, Vcc=6V 

Ie 
per channel 

mA 
Percent duty cycle a 170 
less than 35%, Vcc=6V 

V'H "H" Input voltage 
Ic=250mA 3.2 6 
Ic-15OmA 2.4 

V 
6 

V'L "L" Input voltage 0 0,3 V 

ELECTRICAL CHARACTERISTICS (Ta=-20~+75'C, unless otherwise noted) 

Symbol Parameter 

laileak) Input leakage current 

VeE (sat) Output saturation voltage 

VOH(M) 
"H" Output voltage 

(motor driver) 

I, Input current 

VF(M) Clamp d,ode forward voltage 

Icc Supply current 

hFE DC forward current gain 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

Test conditions 
M,n 

Vcc=6V, V,=O. 4V, VCE=20V 

Vcc=3. 5V, V,=3V, Ic=250mA 

Vcc=3V, V,=2, 4V, Ic=150mA 

Vcc=6V,loH (M)=-250mA 2.4 

Vcc=6V, V,=3. 2V 

Vcc=6V, V,=10V 

I, (M)=350mA 

Vcc=6V, V,=3. 2V (all Input) 

Vcc=5V, VCE=4V, Ic=250mA, T a=25'C 1000 

OUTPUT CURRENT 

limits 

Typ 

0.23 

0.14 

0.8 

4.6 

1.6 

6000 

Max 

50 

0.6 

0.4 

1.5 

7.3 

3 

235 

POWER DISSIPATION , CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL les 

M54538P 

7.UNIT 3S0mA TRANSISTOR ARRAY AND MOTOR DRIVER 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL les 

M54522P 

8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54522P, 8-channel sink driver, consists of 16 NPN tran
sistors connected to form eight high current gain driver 
pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 40V 
• High output sink current to 400mA 
• Integral diodes for transient suppression 
• PMOS Compatible input 
• Wide operating temperature range (Ta =-20-+75"(;) 

APPLICATION 

IN1..... 1 1---1.::>0-,....-1 

INPUTS 
..... 05 

..... 06 

OUTPUTS 

Relay and printer driver, LED· or incandescent display 
digit driver, Interfacing between MOS/BIPOLAR logics 
and high power loads 

GND 10 COM COMMON 

FUNCTION Outline 18P4 
The M54522P is comprised of eight NPN darlington driver 
pairs with 20kO series input resistors. Each output has an in
tegral diode for inductive load transient suppression. The 
cathodes of the diodes are connected together to pin 10. All 
emitters and the substrate are connected to pin 9 . The out
put are capable of sinking 400mA and will withstand 40V in 
the OFF state. 

CIRCUIT SCHEMATIC 

20k 
INPUT 

18-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=~20-+75-c. unless otherwise noted) 

Symbol 

VCEO 

Ie 

V, 

IF 

V R 

Pd 
T oDr 

Tsm 

Parameter 

Output sustaining voltage 

Collector current 

Input voltage 

Clamp diode forward current 

Clamp diode reverse voltage 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

ConditIOns 

Transistor OFF 

Transistor ON 

Ta=25'C 

• MITSUBISHI 
.... ELECTRIC 

I 

D 
, 

f 
20k , 

I 
I 

: 

Ratings 

-0.5-+40 

400 

40 

400 

40 

1. 79 

-20-+75 

-55-+125 

OUTPUT 

i , , , , 
I 
I , , 

Unit: n 

Unit 

V 

rnA 

V 

rnA 

V 

W 

-c 

'e 
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MITSUBISHI BIPOLAR DIGITAL les 

M54522P 

8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75°e, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Va Output voltage 0 40 V 

Percent duty cycle 
0' 400 

Collector current less than 7% 
Ic rnA 

per channel Percent duty cycle 
0 200 

less than 30% 

~=400mA 8 30 
V'H "H" Input voltage V 

Ic=200mA 4 30 

V'L "L" Input voltage IOlieak,=50!,A 0 005 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75°e, unless otherwise noted) 

Symbol Parameter 

V(BR)CEO Output sustaining voltage 

VCE(sat) Output saturation voltage 

I, Input current 

V F Clamp d,ode forward voltage 

V R Clamp diode reverse voltage 

hFE DC forward current garn 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

Test conditions 

IcEo=100!'A 

V,=8V, Ic=400mA 

V,=4V, Ic=200mA 

V,=I7V 

1,=400mA 

1,=100!'A 

VCE=4V, Ic=300mA, T a=25°C 

Limits 

Min Typ Max 

40 

1.15 204 

0095 L6 

003 009 L8 

L5 204 

40 

1000 8000 

POWER DISSIPATION 
OUTPUT CURRENT 

CHARACTERISTICS 
0 
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AMBIENT TEMPERATURE TaCe) 
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MITSUBISHI BIPOLAR DIGITAL les 

M54522P 

8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54585P 

a-UNIT SOOmA TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54585P, 8-channel sink driver, consists of 16 NPN 
darlington transistors with internal clarnpdiodes connected 
to form high current gain driver pairs with low input current. 

FEATURES 
• High output sustaining voltage to 50V 

• High output sink current to 500mA 
• Built-in clamp diode 
• TTL, PMOS IC output for drive 
• Wide operating temperature range (Ta=-20-+75'C) 

APPLICATION 
Relay and small printer driver, LED or incandescent dis

play digit driver, Output for microcomputer and interface 
with high voltage system 

PIN CONFIGURATION (TOP VIEW) 

IN1-

IN2-

IN3-

IN4-
INPUTS OUTPUTS 

IN5-

IN6-

IN7-

INS --+ 

GND COM COMMON 

Outline 18P4 

FUNCTION 
The M54585P is composed of eight NPN darlington transis
tor pairs. A resistor of 2.7kO is connected between the 
base of input transistor and the input pin. 

CIRCUIT SCHEMATIC (EACH CIRCUIT) 

A clamp diode for inductive load transient suppression is 
connected for the output pin (collector) and COM pin (pin 
10). All emitters of the output transistors are connected to 
GND (pin 9). 

The outputs are capable of sinking 500mA and will with
stand 40V between collector and emitter. 

2.7k I 
IN v' 

INPUT 

1 j 7.2k , 
I 3k ' L ______ -----...J 

COM and GND are all common to 8 circuits. 

COM 

OUT 
I OUTPUT 
I 

• * I I 
GND 

The diodes shown by broken line are parasite diodes and 
must not be used. 

18-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20+75"C. unless otherwise noted) 

Symbol 

VCEO 

Ie 

V, 

IF 

V R 

P 

Topr 

Tstg 

9-86 

Parameteter 

Output sustammg voltage 

Collector current 

Input voltage 

Clamp diode forward voltage 

Clamp diode reverse current 

Power diSSipation 

Operatmg ambient temperature range 

Storage temperature range 

Conditions 

When the output is "H" 

Per channel current, when the output IS "L" 

Ta=2S'C 

• MITSUBISHI 
.... ELECTRIC 

Unit: fl 

Ratings Unit 

-0.5-+50 V 

500 mA 

-0.5-+30 V 

500 mA 

-0.5-+50 V 

1.79 W 

-20-+75 'c 
-55-+125 ·C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54585P 

a.UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75t, unless otherwise noted) 

Limits 
Symbol Parameter Unot 

Min Typ Max 

Vo Output voltage 0 50 V 

Percent duty cycle less 
0 400 

than 6% 
I, Collector current per channel rnA 

Percent duty cycle less 
0 200 

than 34% 

Ic=400mA 3.85 30 
V'H "H" Input voltage 

3.4 30 
V 

Ic=200mA 

V'L "L" Input voltage lolleak)-50,uA 0 0.6 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75t, unless otterwlse noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

lo<leak) Output leakage current VcE=50V 100 

V,-3.85V, Ic-4OOmA 1.3 2.4 
Vce<sat) Output saturat,on voltage 

V,=3.85V, Ic=200mA 1.0 1.6 

I, 
V,=3.85V 0.95 1.8 

Input current 
V,=25V 11 18 

V F Clamp d,ode forward voltage IF=400mA 1.5 2.4 

IR Clamp diode reverse voltage VR=50V 100 

hFe DC forward current transter ratio Vcc=4V, Ic=350mA, T a=25"C 1000 2500 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION OUTPUT CURRENT CHARACTERISTICS 

a: 
w 

2. a 
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MITSUBISHI BIPOLAR .DIGITAL ICs 

M54585P 

a-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

"< 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 ;-----,.---r-----,.---,-----, 

j 400t--TI",,"+-"",,,:I---+-~ ~ 
f
Z 
~ 300 r-----t--->O'~~:--"''''<;::P ...... :::_+--__=__j(j) 
0: 
~ ® u 
E 200 r-----t----+---=r-..;?""""''''''"-......d~ 
~ • The current lS shown @ 
....J by the value per output 
<5 100. Repetitive Frequency~lOHz---t_-_\ 
() • The number In 0 IS the number of outputs 

tl' 
.<:: 

Z 
;:;: 
(!l 

f-z 
w 
a: 
0: 
~ 
U 
U 
0 

conducting sImultaneously 

00' Ta~2~O~ 40 
60 80 100 

DUTY CYCLE (%) 

CURRENT GAIN CHARACTERISTICS 

10 4 

lO 
, 

~ 10' 
10 

,...-:V 
.' . 
V 

5 7 10' 

~ 

..0 ~ 
V 

VeE 4V 
•• - Ta=75'C 

--Ta=25'C 
_.- Ta=-20'C 

IIII 
5 7 10' 

COLLECTOR CURRENT Ic(mA) 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500.----.-----r----.----.----~ 

"< 
E "2 400 f-n-r-.-l..--....-+ ...... ~+--_+--__ CD 

f
Z 
W 
0: 
0: 
~ 
U 
0: 

~ 
U 
W 
..J 
..J 
o 
U 

• The current IS shown 
by the value per output 

100 • RepetItive Frequency~10Hz ----+---"""'1 
• The number In CJ IS the number of outputs 

conductIng simultaneously 
• T a~75°C 

0 0 20 40 60 

DUTY CYCLE (%) 

100 

• MITSUBISHI 
.... ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

DESCRIPTION 
The M54584P, 8-channel sink driver, consists of 16 NPN 
transistors connected to form high current gain driver pairs 
with low input current. 

FEATURES 
• High output sustaining voltage to 20V 
• High output sink current to 350mA 
• PMOS IC output for drive 
• Low output saturation voltage 

(VcE(Sat)=0.5Vat Ic=250mA) 
• Wide operating temperature range (Ta=-20-+75°C) 

APPLICATION 
Relay and thermal printer dot driver, LED or incandes
cent display digit driver, Interface for MOS-bipolar logic 
ICs 

FUNCTION 

M54584P 

8-UNIT 350m A TRANSISTOR ARRAY 

PIN CONFIGURATION (TOP VIEW) 

IN1-

INPUTS OUTPUTS 

IN7 --+ 

INS --+ 

GND COM COMMON 

Outline 18P4 

CIRCUIT SCHEMATIC (EACH CIRCUIT) 

400 
Vee 

I 
I 

2k 
~ I 

IN OUT 

The M54584P is composed of eight NPN transistors with 
the emitters of output transistors connected to G N 0 pin 
(pin 9). The collectors of NPN predriver transistors are 
connected to the V cc (pin 10) via a resistor of 400 n. The 
outputs are capable of sinking 350mA and will withstand 
20V between collector and emitter. 

INPUT I'> V-

~l 
: I OUTPUT I 

20k 
2k l l 

I I 

; I 

GND 

Vee and GND are all common to 8 circuits 
The diodes shown by broken Ime are parasite diodes and 
must not be used 

Unit: n 

18-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C. unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

V CEO Output sustammg voltage 

Ie Collector current 

V, Input voltage 

Pd Power dissipation 

Topr Operating ambient temperature range 

Tsqg Storage temperature range 

Conditions 

When the output IS "H" 

Per channel current, when the output IS "L" 

I Ta=25'C 

• MITSUBISHI 
"'ELECTRIC 

--

--~-----. 

Ratings Unit 

-0.5-10 V 

-0.5-+20 V 

350 mA 

-0.5-+10 V 

1. 79 W 
C---' 

-20-+75 'C 

-55-+125 'C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54584P 

8-UNIT 3S0mA TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'e, unless otherwise noted) 

Limits 
Symbol Parameter UnJI 

Min Typ Max 

Vee Supply voltage 3 5 8 V 

Vo Output voltage 0 20 V 

Percent duty cycle 
250 

Collector current less than 45%, Vcc=6. 5V 
Ie rnA 

per channel Percent duty cycle 
150 

less than 70%, Vcc=6. 5V 

V'H "H" Input voltage Ic.,250mA 3 Vee V 

V'L "L" Input voltage lolleak).,SO"A 0 0.4 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'e, unless otherwise noted) 

Symbol 
Limits 

Parameter Test conditions 
Min Typ Max 

lolleak) Output leakage voltage Vcc=8V, VCE=20V 100 

Vcc=6.5V, V,=3V. Ic=2S0mA 0.3 0.5 
VeE(sa!) Output saturawlon voltage 

Vcc=3V, V,=3V, lc=lSOmA 0.7 0.35 

Vcc=8V, V,=3V 0.7 1.5 
I, Input current 

Vcc=8V, V,=lOV 4.3 7.3 

Icc SupplJ current Call output ON) Vcc=8V, V,=3V 220 

hFE DC forward current transter ratio Vcc=6.5V, VcE=4V, Ic=250mA, T a=2S'C 1000 7000 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION OUTPUT CURRENT CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54584P 

a-UNIT 350mA TRANSISTOR ARRAY 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54562P 

a-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The MS4S62P, 8-channel source driver, is designed for use 
with + 6 to + 16V MOS logic systems. 

FEATURES 
• High Qutput sustaining voltage to SOV 
• High output source currElnt to SOOmA 

PIN CONFIGURATION (TOP VIEW) 

• Integral diode for transient suppression OUTPUTS 
• 6-16V CMOS compatible input 
• Wide operating temperature range (Ta =-20-+ 7S'C) 

APPLICATION 
Relay and printer driver, LED, incandescent or fluores
cent display driver, Interfacing for standard MOS/BIPO
LAR logics 

FUNCTION 
The driver of the MS4S62P is comprised of a NPN invertor 
and compound PNP/NPN/NPN output source driver, and the 
output is turned ON by an active high input level. Each out
put has an integral diode for inductive, load transient supp
ression. The outputs are capable of driving SOOmA and are 
rated for operation with output voltage up to 50V. 

Outline 18P4 

CIRCUIT SCHEMATIC 

20k 

I , 
r----1-----.-.. , <l Vs 

,: 
I 
I 
I 
I , 
I 
I 
I 

L.yotv--<~t..--1.......j--o OUTPUT 

I 
L----~~~------~4_0GND 

Unit: 0 

18-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta =-20-+75'C, unless otherwise noted) 

Symbol 

VCEO 

Vs 

V, 

10 

IF 

V R 

Pd 

Topr 

Tsto 

9-92 

Parameter 

Output sustaining voltage 

Supply voltage 

Input voltage 

Output current 

Clamp diode forward current 

Clamp diode reverse voltage 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Output is In "L" 

Per channel current at "H" output 

Ta=25'C 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

-0.5-+50 V 

50 V 

0-+30 V 

-500 mA 
-500 mA 

50 V 

1.79 W 

-20-+75 'C 

-55-+125 'C 



MITSUBISHI BIPOLAR DIGITAL IC, 

MS4562P 

a·UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta =-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Umt 

Min Typ Max 

Vs Supply voltage 0 50 V 

Output current 
Percent duty cycle 

0 -350 
less than 8% 

10 per channel mA 
Percent duty cycle 

0 -100 
less than 55% 

V ,H "H" Input voltage lo=-350mA 2,4 5 30 V 

V ,L "L" Input voltage 0 0.2 V 

ELECTRICAL CHARACTERISTICS (Ta =-20-+75'C, unless otherwise noted) 

Symbol Parameter 

Is (leak) Supply leak current 

VcE(satl Output saturation voltage 

I, Input current 

Is Supply current 

V F Clamp diode forward voltage 

V R Clamp diode reverse voltage 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

2.0 

'" ~ 

Limits 
Test conditions 

Min Typ Max 

Vs=50V, V,=O, 2V 100 

Vs=IOV, V,-4V, lo--350mA 1.6 2.4 

Vs=I OV, V,=4V, lo=-lOOmA 1.45 2.0 

V,=5V 0.48 0,75 

V,=25V 2.8 4.7 

Vs=50V, V,=5V 5.6 6.5 

IF=-350mA -1.2 -2.4 

IR-1OO!,A 

-500 

'< -400 
E 
Ji 
t-z -300 
UJ 
a: a: 
::::l 
0 -200 
t-
::::l 
D.. 
t-
::::l 
0 -100 

50 

OUTPUT CURRENT 
CHARACTERISTICS 

=i:sLoJ 
I 

i I 

Vs -:-Vo ~4V 
I 

---- Ta =75'C : I 
-Ta =25'C I 

---- Ta =-20'C , I 
I 
I 

I 
I 

I I 

I I 

I 

I 

25 50 75 100 0.2 0.4 0.6 O.B 1.0 

AMBIENT TEMPERATURE T aCC) 

• MITSUBISHI 
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INPUT VOLTAGE V,(V) 

Umt 

IJA 

V 

mA 

mA 

V 

V 
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MITSUBISHI BIPOLAR DIGITAL les 

M54562P 

8-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE OUTPUT CURRENT 

AS A FUNCTION OF DUTY CYCLE 
ALLOWABLE OUTPUT CURRENT 

AS A FUNCTION OF DUTY CYCLE 
-500 

-400 
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INPUT CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54563P 

8-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54563P, 8-channel source driver, is designed fbr use 

with + 6 to + 16V MaS logic systems. 

FEATURES 
• High output sustaining voltage to 50V 
• High output source current to 500mA 

PIN CONFIGURATION (TOP VIEW) 

• Integral diode for transient suppression 

• Wide operating temperature range (Ta=-20-+75°C) 
OUTPUTS INPUTS 

APPLICATION 
Relay and printer driver, LED, incandescent or fluores
cent display driver, Interfacing for standard MaS/BIPO
LAR logics 

FUNCTION 
The driver of the M54563P is comprised of a N PN invertor 
and compound PNP/NPN/NPN output source driver and the 
output is turned ON by an active high input level. Each out

put has an integral diode for inductive load transient sup
pression. The outputs are capable of driving 500mA and are 
rated for operating with output voltage up to 50V. 

Outline 18P4 

CIRCUIT SCHEMATIC 

20k 

3k 
IN PU T O-'--JoNv--_-1 

I 
I 

I 
I 
I 
I 
I 

i 
I 
I 
I 
I 

1> "-'vVv--< ....... ~~-o OUTPUT 

18-pin molded plastic DIP 

I 
I 
L----~~~----------~~GND 

ABSOLUTE MAXIMUM RATINGS (Ta =-20-+75'C, unless otherwise noted) 

Symbol Parameter 

VCEO Output sustaming voltage 

Vs Supply voltage 

V, Input voltage 

10 Output current 

IF Clamp diode forward current 

VA Clamp qlode reverse voltage 

Pd Power disSipation 

Top, Operating ambient temperature range 

Tsla Storage temperature range 

Conditions 

Transistor OFF 

Transistor OFF 

Ta = 25'C 

• MITSUBISHI 
..... ELECTRIC 

Ratings 

-0.5-+50 

50 
0-+10 
-500 

-500 

50 

1. 79 
-20-+75 
-55-+125 

Unit: 0 

Umt 

V 

V 

V 

rnA 

rnA 

V 

W 
'C 

'C 

9-95 



" 'J '<"1.' MITSUBISHI BIPOLAR DIGITAL ICs 

M54563P 

.8-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 
L,mlts 

Parameter Unit 
Min Typ Max 

Vs Supply voltage 0 50 V 

Output current 
Percent duty cycle 

0 -350 
less than 8% 

10 per channel mA 
Percent duty cycle a -100 

less than 55% 

V ,H "H" Input voltage lo--350mA 2.4 6 V 

V ,L "L" Input voltage a 0.2 V 

ELECTRICAL CHARACTERISTICS (T a =-20-+ 75'C, unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ Max 

Isdeak, Supply leakage current Vs= 50 V, V, = 0.2V 100 

VeE (sat, Output saturation voltage 
·Vs = 10V, V, = 2.4 V, 10= -350 mA 1.6 2.4 

Vs= 10V, V, = 2,4 V, 10 =-100 mA 1.45 2 

I, Input current 
V,-3V 0.6 1 

V,-lOY 2.9 5 

Is Supply current Vs =50 V, V, - 3 V 5.6 6.5 

V F Clamp diode forward voltage IF =-350 mA -1.2 -2.4 

V R Clamp diode reverse voltage I. =loo,uA 50 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATlqN 

OUTPUT CURRENT 
CHARACTERISTICS 

9-96 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54563P 

8-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54564P 

I-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54564P, 8-channel source driver, is designed for inter
facing between low power digital logic and a fluorescent 
display. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 50V 
• High output source current to 500mA 
• CMOS, TTL Compatible input 
• Internal pull-down resistors 
• Wide operating temperature range (T a = -20-+ 75'C ) 

APPLICATION 
Relay and printer driver, LED, incandescent or fluores
cent display driver, Interfacing for standard MOS/BIPO'
LAR logic 

FUNCTION 

INPUTS 

IN1 '01 

IN2 '02 

IN3 '03 

IN4 '04 
OUTPUTS 

IN5 '05 

IN6 -'06 

IN7 - '07 

INS 

GND Vs 

Outline 18P4 
The driver of the M54564P is comprised of a NPN invertor 
and compound PNPINPN/NPN output source driver and the 
output is turned, ON by an active high input level. Each out
put has 50k n pull-down resistor suitable for driving fluores
cent displays. The outputs are capable of driving 500mA and 
are rated foroperation with output voltage up to 50V. 

CIRCUIT SCHEMATIC 

8k 
INPUT o-..-";"Iv--.--....-l. 

I 
I + 20k 
I 

c--...... ----1r--_-_,-o Vs 

I 
I 
I 
I 

:t 

'-"-"./'v1.JV\~--+-<l OUT 
7 .2k 3k 50k : PUT 

GNDo-~-~~_+------_4----J 

18-pln molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta =-20-+75'C, unless otherwise noted) 

Symbol 

VCEO 

Vs 

V, 

10 

Pd 

Top, 

Tsta 

9-98 

Parameter 

Output sustaining voltage 

Supply voltage 

Input voltage 

Output current 

Power diSSipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Ta=25t 

• MITSUBISHI 
.... ELECTRIC 

Unit: 0 

Ratings Umt 

-0.5-+50 V 

50 V 

0-+30 V 

-500 rnA 

1. 79 W 

-20-+75 "C 
-55-+125 ·C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54564P 

a-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta =-20-+75'C, unless otherwise noted) 

Symbol Parameter 
limits 

Unit 
Min Typ Max 

Vs Supply voltage 0 50 V 

Output current 
Percent duty cycle 

0 -350 
less than 8% 

10 per channel mA 
Percent duty cycle 

0 -100 
less than 60% 

V ,H "H" Input voltage lo=-350mA 4 25 V 

V'L "L" Input voltage 0 0.2 V 

ELECTRICAL CHARACTERISTICS (Ta =-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

Isdeak) Supply leak current Vs=50V, V,=0.2V 100 

Vs=IOV i 'o=-350mA 1.6 2.4 
VeE!Sal) Output saturation voltage i 'o=-100mA V,=4V 1. 45 2 

V,=4V 0.4 0.7 
I, Input current 

V,=25V 2.9 4.7 

Is Supply current Vs=50V, V,=4V 5.6 6.5 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 

OUTPUT CURRENT 
CHARACTERISTICS 
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Vs =20V I 
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INPUT VOLTAGE V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54564P 

8-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE OUTPUT CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54567P 

4·UNIT 1.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54567P, 4-channel sink driver, consists of 4 PNP and 14 
N PN transistors to form high current gain driver pairs. 

FEATURES 
• High output sustaining voltage to 50V 
• High output current to 1. 5A 
• Integral diodes for transient suppression 
• NMOS Compatible input 
• Wide operating temperature range (Ta =-20-+75°C) 

APPLICATION 
Relay and printer driver, LED or incandescent display 
digit driver 

FUNCTION 
The M54567P is comprised of four PNP invertors with 8kO 
series input resistors and NPN darlington sink drivers. Each 
output has an integral diode for inductive load transient sup
pression and the anodes of the diode connected to pins 9 
and 16. The outputs are capable of sinking 1. 5A and will 
withstand 50V in the OFF state. 

PIN CONFIGURATION (TOP VIEW) 

Outline 16P4 

CIRCUIT SCHEMATIC 
r-~--------oVee 

22k 
COM 

IN P UT o..-""-"IIV'v-""" ___ -4~-t--<:) OUTPUT 

16-pln molded plastic DIP 

I 
I 

t 
Bk 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75t, unless otherwise noted) 

Symbol 

Vee 

VCEO 

V, 

Ie 

V R 

IF 

Pd 

Toor 

Tsta 

Parameter 

Supply voltage 

Output sustaining voltage 

Input voltage 

Collector current 

Clamp diode reverse voltage 

Clamp diode forward current 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

Pulse width,;;10ms, Repetitive cycle,;;10Hz 

Ta =25"<: 

• MITSUBISHI 
.... ELECTRIC 

Unit: n 

Ratmgs Unit 

10 V 

-0.5-+50 V 

30 V 

1.5 A 

50 V 

1.5 A 

1 A 

1.92 W 

-20-+75 °C 

-55-+125 °C 

9-101 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54567P 

4-UNIT 1.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75"C, unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4 5 6 V 

Vo Output voltage 0 40 V 

All units ON 

Percent duty cycle~ 4 % 
0 1. 25 

Collector current 
Ie A 

per channel All Units ON 

Percent duty cycle", 18% 
0 0.7 

V ,H "H" Input voltage 10 (leakl=50I'A Vee-0,5 Vee V 

V'L "L" Input voltage Ie =1.25A a Vee-3,5 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75"C, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Men Typ Max 

V(BR) CEO Output sustaining voltage leEo=IOOIlA 50 

Icc Supply current Vee =fj V" V, =O.5V 3. a 4.5 

Vee = 4 V lie =1,25A 1.6 2.2 
VeE (Sat) Output saturation voltage 

lie =0. 7A 1.1 1.7 V, =0.5V 

V, =Vee -3. 5V -0.3 -0.6 
I, I nput current 

-0.95 V, =Vcc-6V -0.58 

V R Clamp diode reverse voltage IR=1 001'A 50 

VF Clamp diode forward voltage IF=I,25A 1.6 2.3 

hFE DC forward current gam Vee =4V, VeE =4V" le=IA. Ta =25"(; 4000 30000 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 

OUTPUT CURRENT 
CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54567P 

4-UNIT 1.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54576P,FP 

7-UNIT 30mA TRANSISTOR ARRAY (INPUT "L" ACTIVE) 

DESCRIPTION 
The M54576P, FP, 7-channel sink driver, consists of 2a NPN 
transistors connected to form high current gain driver pairs. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 30V output breakdown 
• 30mA output sink current capability 
• CMOS compatible input 
• Low output saturation voltage 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
LED or incandescent display digit driver 

FUNCTION 
The M54576P, FP is comprised of seven NPN invertors with 
diodes and 23k n resistors in series to the input and non 
darlington NPN sink drivers. The output is turned ON by 
switching the input low. The outputs are capable of sinking 
30mA and will withstand 30V in the OFF state. The M54576FP 
features a small flat mold package. 

INPUTS 

Outline 16P2 (M54576FP) 

Outline 16P4 (M54576P) 

CIRCUIT SCHEMATIC 
Vee 

23k 
INPUT O--~-JVVI.--<>-I 

lOOk 

OUTPUTS 

OUTPUT 

L--~~---~-4~~GND 

Unit: n 

16-pin molded plastic DIP 16-pin molded plastic FLAT 

ABSOLUTE MAXIMUM RATINGS (T a=25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 13 

VCEO Output sustaining voltage Transistor OFF -0.5-+30 

Ie Collector current TranSistor ON 30 

V, Input voltage -20,13 

Pd Power dissipation Ta=25'C 1. 47/0, 56 

Topr Operating ambient temperature range -20-+75 

TSLQ Storage temperature range -55-+125 

RECOMMENDED OPERATIONAL CONDITIONS· (Ta=-20-+7S'C, unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

Ie Collector current per channel 

V ,H "H" Input voltage 

V'L "L" Input voltage Ile=20mA 

9-104 

Limits 

Min Typ Max 

4 5 13 

0 10 20 

3 Vee 

0 
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Unit 

V 

rnA 
V 

V 

Unit 

V 

V 

rnA 
V 

W 

'C 

'c 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54576P,FP 

7-UNIT 30mA TRANSISTOR ARRAY (INPUT "L" ACTIVE) 

ELECTRICAL CHARACTERISTICS (T.~-20-+75'C, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

~MIn Typ Max 

lodeak Output leakage current Vc,=30V, V,=3V, Vcc=6V lOa 

VCE(sat) Output saturation voltage 
Vcc=4. 5V, V,=lV, Ic=10mA 0.02 0.25 
Vcc=6V, V,=lV, Ic=20mA 0.35 O. 04 

I, Input current Vcc=4. 5V, V,=3V 30 60 90 

Icc Supply current 
Vcc=4. 5V, 111=1 V 6.3 
Vcc=13V, V,=lV 18 

hFE DC forward current gam Vc,=4V, Vcc=4. 5V, Ic=20mA, T .=25·C 500 1200 

TYPICAL CHARACTERISTICS 

"< 
E 
':2 
f-
Z 
W 
a: 
a: 
::J 
() 

a: 
0 
f-
() 
W 
...J 
...J 
0 
() 

OUTPUT CURRENT 
CHARACTERISTICS 

40 

tc =4 ISV 

-~cE=4~ J 
-~~- Ta =75"C 

30 

20 

10 

o 
o 

-- Ta =25°C 

---- Ta =-20°C 

, , 
I 
I 

I 
I 

I 
I 

! I 
I 

! I 

i I 

I 

i I 

I 

i I 

INPUT VOLTAGE V,(V) 

w 
~ 

.<: 

Z 
« 
(!) 

10000 

7 

5 

3 

!Z 1000 
w 
a: 
a: 
::J 
() 

() 
o 

7 

5 

3 

100 
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DC CURRENT GAIN 
CHARACTERISTICS 

_Vcc-45V 

VeE =4V 

---- T a =75t: / , 
'---- Ta =25'C 

// / ---- Ta =-20'C ,-

, 
.-

,,/" / ,/ 

5 7 10 5 7 100 

COLLECTOR CURRENT Ic(mA) 

Unit 

f.J.A 

V 

f.J.A 

mA 

-
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54566P 
7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

(INPUT "L" ACTIVE) 

DESCRIPTION 
The M54566P, 7-channel sink driver, consists of7 PNP and 14 
NPN transistors connected to form high current gain driver 
pairs. 

FEATURES 
• High output sustaining voltage to 50V 
• High output sink current to 400mA 

PIN CONFIGURATION (TOP VIEW) 

• "L" Active input OUTPUTS 

• Wide operating temperature range (T a = -20-+ 75'C) 

APPLICATION 
Relay and printer driver, Interfacing between standard 
MOS/BIPOLAR logics 

FUNCTION 
The M54566P is comprised of seven PNP invertors with 8 kO 
series input resistors and NPN darlington sink drivers. The 
output is turned ON by switching the input low. The outputs 
are capable of sinking 400mA and will withstand, 50V in the 
OFF state. 

INPUTS 

Outline 16P4 

CIRCUIT SCHEMATIC 

r --~-'--------."..--oVcc 

i 20k 
I 

INPUT ~1"'Wv-O--{ 
8k 

~-_-+--o OUTPUT 

16-pln molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 

Vee 

V eEo 

V, 

Ie 

Pd 

T QI1r 

Tsta 

9-106 

Parameter 

Supply Yoltage 

Output sustainrng Yoltage 

Input Yoltage 

Collector current 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor ON 

Ta =25"(; 

.• MITSUBISHI 
..... ELlCTRIC 

Ratings 

10 

I 
I 

~ 

-0.5-+50 
O-Vee 

400 
1.47 

-20-+75 
-55-+125 

Unit: n 

Unrt 

V 

V 

V 

mA 
W 
·C 

·C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54566P 

7·UNIT 400mA DARLINGTON TRANSISTOR ARRAY 
(INPUT "L" ACTIVE) 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+7S·C, unless otherwise noted) 

Symbol Parameter 
Limits 

Unit 
Min Typ Max 

Vcc Supply voltage 4 5 8 V 
Percent duty cycle 

0 350 
Collector current less than 10% 

Ic 
per channel 

rnA 
Percent duty cycle 

0 200 
less than 30% 

VIH "H" Input voltage 101Ieak)=50IlA Vee-a. 2 Vcc V 
VIL "L" Input voltage le=350mA 0 Vee-3 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75·C, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

V(BR)CEO Output sustaining voltage leEo =100;LA 50 

lie =350 mA 1.1 2.2 
VcE(Sal) Output saturation voltage 

II Input current 

Icc Supply current 

hFE DC forward current gam 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 

a: 
w 

2.0 

~~ 

~ ~1.5 
w ~ 
<!l E ..: ~ 

" "0 on. 
..: z 1.0 
n.O 
~i= 00;:: 
..:-
~ ~0.5 
...J Cl 
...J 
..: 

o o 

~ 
i'-.. I 

........... 

l 
25 50 75 100 

AMBIENT TEMPERATURE T aCC) 

VI = Vee -3V j Ie =200 mA 0.9 1.6 

VI = Vee -3. 5 V -0.38 -0.58 

Vee =5 V, VI = Vee -3. 5 V 1.4 3 

VeE =4 V, Vee =5 V, Ie =350 mA, T a =25·C 2000 10000 

< 
E 
'}i 
... 
z 
w 
a: 
a: 
:::> 
o 
a: 
o ... 
&l 
...J 
...J 
o 
o 

OUTPUT CURRENT 
CHARACTERISTICS 

400 r--r--,---rr---nr-""TT-r--r-.., 

f--- vLJ -1+--t1f---I+-+-+--l 
VqE =4y 

3001---- T a ~75t 1--It--j+--+-+--1 
t- Ta=25'C: 

---- Ta ~-20'Cif----It--f+--I--+--j 

I! 
200 I--+-+-ji----It--jj--I--+--j 

1001--+-+-1-~-~-1--+-~ 

INPUT VOLTAGE Vee-VI(V) 
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Unit 

V 

V 

rnA 

rnA 

-
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54566P 

7.UNIT 400mA DARLINGTON TRANSISTOR ARRAY 
(INPUT "L" ACTIVE) 

<' 
E 
'Ji 
f-
Z 
w 
II: 
II: 
:::J 
<.J 
II: 
0 
f-
<.J 
w 
...J 
...J 
0 
<.J 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 

400 

300 

200 

100 

~ I'\. I'... ""'" 
....... r----. CD 

0 

'\ ~ ~ ~ r----. ........ 
"'" ~ "'-.. ....... r----. -.. I1J 

_The current IS -........: :::::--r.:: -shown by the -value per output -...: ::::::: 
• ~~q~:~vCey I I 

;?:10Hz 

@ 

~, 

@ 
()) 

eThe number In o is the number 
of outputs conductmg 
simultaneously 

eTa=25'C I 
20 40 60 80 100 

DUTY CYCLE (%) 

DC CURRENT GAIN 

CHARACTERISTICS 

II:~~ 1000t~~~~!lt~~~1~1 Vee 4V _ 

VCT 41V 1= 
<.J I-7L<--,rr-+--H-+-f-tH----- Ta ~75C: 
<.J 3F-I"T,,-'-+--+-++f--H-W-- Ta ~25°C 
o ____ Ta ~-20°C 

COLLECTOR CURRENT IdmA) 

'< 
E 
'Ji 
f-
Z 
w 
II: 
II: 
:::J 
<.J 
II: 
0 
f-
<.J w 
...J 
...J 
0 
<.J 

ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 

400 '1 

~\" r"\. ........ 

300 ~ .'\" i'.. ""'-~ 
~ ~ r--.... "'-.. ....... '--. 

200 

100 

_The current iS~ t--.. ........ --.. 
~ -( 

shown by the j'--.:: ::::::: ;:: t-::: -C, value per output. 
• Repetitive , 
~f~incy I -;' 

• The number In o is the number 
of outputs conducting 
simultaneously 

era~75'C I I 
20 40 60 80 100 

DUTY CYCLE (%) 
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DESCRIPTION 
The M54565P. 8-channel sink driver. consists of 7 PNP and 7 
NPN transistors connected to form high current gain driver 
pairs. 

FEATURES 
• Output breakdown voltage to 20V 
• Output sink current to 50mA 
• Wide operating temperature range (Ta =-20-+75'C) 
• "L" Active Input 

APPLICATION 
LED or incandescent display driver. Interfacing for stan
dard MOS/BIPOLAR logics 

FUNCTION 
The M54565P is comprised of eight PNP-NPN non darlington 
sink drivers. It functions from 2 V of supply voltage and fea
tures low output saturation voltage. The output is turned ON 
by switching the input low. 

18-pin molded plastic DIP 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54565P 
a.UNIT SOmA TRANSISTOR ARRAY 

(INPUT "l" ACTIVE) 

PIN CONFIGURATION (TOP VIEW) 

OUTPUTS 

GND vee 

Outline 18P4 

CIRCUIT SCHEMATIC 
GND 

INPUT 
I 
I 
i lk OUTPUT 
I 
I 

SOk I 
I L ____ 

vee 
Unit: n 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75·C. unless otherwise noted) 

Symbol 

Vee 

VCEO 

Ie 

V, 

Toor 

Tsta 

Parameter 

Supply voltage 

Output sustaining voltage 

Collector current 

Input voltage 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

TranSistor ON 

• MITSUBISHI 
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Ratings Unit 

10 V 

-0.5-+20 V 

50 mA 

O-Vee V 

-20-+75 'C 

-55-+125 ·C 

9-109 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54565P 

B-UNIT SOmA TRANSISTOR ARRAY 
(INPUT "L" ACTIVE) 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vcc Supply voltage 2 6 V 

Vo Output voltage 0 20 V 

Ic Collector current 0 20 mA 

I'H "H" Input current -8 8 !/A 

I'L "L" Input current Ilo=40mA -200 -5000 !/A 

ELECTRICAL CHARACTERISTICS (Ta=-,20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions , 

Min Typ Max 

lodeak) Output leakage current Vee =6V, Va =20V 50 

Vee = 3 V lie =20mA 0,03 0.17 
VCE(sat) Output saturation voltage 

lie =40mA I, =-200"A 0.05 0.23 

V, Input voltage Vee = 2 V, I, =-200"A 1 1. 25 

Icc Supply current Vee= 3 V, I, =-200"A 2.3 4 

hFE DC forward current garn VeE =4V, Vee =3V, Ie =40mA, T a =25'C 800 2500 

TYPICAL CHARACTERISTICS 

'< 
E 
1i 
f-
Z 
w 
0: 
0: 
:::> 
a 
0: 
0 
f-
a 
w 
..J 
..J 
0 
a 
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50 

40 

30 

20 

10 

OUTPUT CURRENT 
CHARACTERISTiCS 

-L~L I I 
I 

_ VeE =4V ! I 

- .. ~- fa =75"C I 
--Ta=25'C 

I 
--- - T a =-20'C I , 

I 

I 
I 

i I 
I 

, 
I , 

I 

",,/ / I , 

10000 

w 
~ 

.t:: 

Z 
;;: 
(!) 

f- 1000 z 
w 
0: 
0: 
:::> 
a 
a 
0 

100 
0.5 0.6 o 7 o 8 0.9 1.0 

OUTPUT VOLTAGE Vee-V,(V) 
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DC CURRENT GAIN 
CHARACTERISTICS 

y 

.. / ~ / 

, Vee 3V 
, VCE=4V , , I , 

.' V, --- Ta =75'C 

V' 
Ta =25'C , 

---- Ta =-20'C 
/' I 1'1 I-if 

1 5 7 10 
.. 

5 7 100 

COLLECTOR CURRENT Ic(mA) 

Unit 

!/A 

V 

V 

mA 

-



MITSUBISHI BIPOLAR DIGITAL ICs 

M54583P 

a·UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54583P, 8-channel source driver, is composed of 16 
NPN and PNP current sink darlington transistors which form 
high current gain driver pairs at low input current. 

FEATURES 
• High output sustaining voltage to 50V 
• High output source current to 400mA 
• "L" active level input 
• Internal input diodes 
• Wide operating temperature range (Ta=-20-+75'C) 

APPLICATION 
Interfacing for micr-ocomputer and high voltage and high 
current driver system, Interfacing for standard MOSI 
BIPOLAR logics, Relay 

FUNCTION 
The driver of the M?4583P is composed of an input Circuit 
of the M54523P with additional PNP transistors and "L" ac
tive input. A resistor of 7k (l is connected between the input 
and the base of PNP transistors. The input diode IS in
tended to prevent the flow of current from the input to the 
Vcc. Without this diode, the current flows from "H" input to 
the Vcc and the "L" input circuit is activated, in such a case 
where one of the inputs of the 8 circuits is "H" and the 
others are "L" to save power consumption. The diode is in
serted to prevent such misoperation. 
The outputs are capable of driving 400mA and are rated for 
operation with output voltage up to 50V. 

PIN CONFIGURATION (TOP VIEW) 

IN! -+ 

IN2-+ 

IN3-+ 

IN4-+ 
INPUTS OUTPUTS 

INS-+ 

INS---

IN7 -+ 

INS-+ 

GND Vm 

Outline 18P4 

CIRCUIT SCHEMATIC (EACH CIRCUIT) 

.--...... --------c Vee 

I N o-14-_w.,.~-l -r---+ ...... -<lOUT 
OUTPUT INPUT I • I 

I 

I 7k , 
I 
I L--~~~~~GND 
L _______ ~k_J 

Vce and GND are common to the 8 pairs 
The diodes shown by broken hne are parasite diodes and 
must not be used This device is most suitable for a driver using NMOS Ie 

output, especially for the driver of current sink. Unit: n 

18-pln molded plastiC DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C. unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

VCEO Ounput sustaining vol18ge 

V, Input voltage 

Ie Collector current 

Pd Power dissipation 

Topr Operating ambIent temperature range 

Tstg Storage temperature range 

CondItIons 

Output IS In "H" 

Per channel current at "L" output 

Ta=25"C 

• MITSUBISHI 
"'ELECTRIC 

Rating~ 
-0.5-+10 
-0.5-+50 
-0.5-Vee 

400 
1.79 

-20-+75 
-55-+125 

Unot 

V 
V 
V 

mA 

W 
"C 
"C 
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MITSUBISHI ~IPOLAR DIGITAL ICs 

M54583P 

I-UNIT 400mA ~ARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATING CONDITONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 
Limits 

Unot 
Min Typ Max 

Vee Supply vonage 4 5 8 V 
Percent duty cycle less 

0 350 
than 10%, Vee=5V 

Ie l Collector current per channel 
~ercent duty cycle less 

rnA 

than 34%, Vee=5V 
0 200 

V ,H "H" Input voltage IO<ieak);li50"A Vee-0,7 Vee V 

V'L "L" Input voltage le;li350mA a Vee-3,6 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions 
Typ' Min Max 

lo<ieak) Output leakage current VeEo=50V 100 

VeE(sat) Output saturation voltage V,=Vec-3,6V 
Ile=350mA 1.1 2.2 

Ile=200mA 1.6 0.98 

I, Input current V,=Vce-3.6V -320 -600 

lee Supply current (an only Input) Vee=5V, v,=Vee-3. 6V 3 

hFE DC forward current gain VeE=4V, Vee=5V, le=350mA, T a=25'C 2000 

* : A typical value is at T a=25'C. 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION OUTPUT CURRENT CHARACTERISTICS 

9-112 

2.0 

o a 

~ 

"" 
25 50 75 

AMBIENT TEMPERATURE T a('C) 

400 

'< 
E 300 
':9 
.... z 
UJ 
a: 200 a: 
::> 
() 

.... 
::> a. 

100 .... 
::> 
0 

100 
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Vee=4V 
VcE=4V - == Ta=25'C -

Ta=-20'C = 
Ta=75'C = ==-

1.0 2.0 3.0 4.0 

INPUT VOLTAGE Vee-V,(V) 

Unit 

J-lA 

V 

J-lA 
mA 
-



MITSUBISHI BIPOLAR. DIGITAL ICs 

M54583P 

8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

SOO 

:;( 40 0 
E 

'1> 
!z 30 
UJ 
a: 
a: 

0 

6 20 O 
..... 
:::> 
0-
..... 

CD 
aJ \ 1\.\ l\. I'. ~ 
Q) 

@ 

@ 
@ 
(JJ 
® 

~ ~ t'-- ........ 
I'-. ......r--..r-... 

~ ~ ~ r--.. I ......... r----
....... 
~ ~ t:::-r--t-

r-- t:::::: • The current is shown 
~ f- by the value per output 

o Repetitive Frequency;;'; 10Hz 
:::> 10 o o 0 The number in 0 is the number of-t-

z 
« 
<!l' 

outputs coducting simultaneously. 

100 

o Vee=S. OV 
o Ta=2S'C J 

0 o 20 40 60 80 

DUTY CYCLE (%) 

DC CURRENT GAIN CHARACTERISTICS 

10000 

./ , 

!z 1000 
/'11 

UJ 
a: 
a: 
:::> 
u 

15 

10 

7 , 
Vee 4V 

/ VeE 4V 

v. " -- T a=7S'C 

~ T a=2S'C -- Ta=-20'C 

0 -I III 
10 5 7 100 , 7 1000 

COLLECTOR CURRENT IdmA) 

:;( 
E 

'1> 
..... z 
UJ 
a: 
a: 
:::> 
u 
..... 
:::> 
0-
..... 
:::> 
0 

ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

SOO 

400 
~~\ r\. t\. r-.... 

300 ~ ~ l\. r-.... )"-... 

" ~ t--.. l'-.., 
....... 

b-
200 .""'~~ ~ l"- I"-

• The curren 

8: ~ is shown by the::::::: t::--- t:-value per output 

10 
o Repetitive Frequency;;" 1 OH _ 

o 0 T~ OJl!)1ber in Q is th,,_nul!lP"~ Qf.-
ou puts conducting simultaneously. 

o Vee=S.OV 
0 0 Ta=7S'C 

20 40 60 80 

DUTY CYCLE (%) 
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MITSUBISHI BIPOLAR DIGITAL les 

M54568L 

4-UNIT 30mA PNP TRANSISTOR ARRAY 

DESCRIPTION 
The M54568L, general purpose transistor array, consists of 4 
PNP transistors connected in a com mom-emitter configura
tion. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 20V breakdown 
• 30mA output source current capability 
• Wide operating temperature range (Ta=-20~+75°C) 

APPLICATION 
LED or incandescent display driver 

FUNCTION 
The M54568L is comprised of 4 PNP transistors. ALL emitters 
are connected to pin 5 . Each transistor is capable of sWItch

ing 30mA and will withstand 20V in the OFF state. 

o 

...J 

ffi 
L.(') .... 
L.(') 

~ 

o 
Outline lOPS 

CIRCUIT SCHEMATIC 

Bl Cl B2 C2 vE GND C3 B3 C4 

10-pin molded plastic SIP , , 
L ______ ~_- ___ ----

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75"C, unless otherwise noted) 

Symbol Parameter 

VCBO Collector-base sustalnmg voltage 

V EBO Emltter-bas~ sustaining voltage 

V CEO Collector-emitter sustarnlng voltage 

Ie Collector current per transistor 

Is Base current per transistor 

Pd Power disSipation 

Toor Operatmg ambient temperature range 

TstQ Storage temperature range 

9-114 

ConditIOns 

Base voltage: ov 
8ase voltage: OV 

Emitter voltage: OV 

Ta =25"C 

• MITSUBISHI 
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Ratings 

-40 

-40 

-20 

-30 

-20 

1000 

-20-+75 
-55-+125 

B4 

Unit 

V 

V 

V 

mA 

mA 

mW 

t 
"C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54568L 

4-UNIT 30mA PNP TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C, unless otherwise 'noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Ic Collector current IIB=-3mA 0 -20 mA 

Ie Base current 0 -10 mA 

Ve Emitter current -0,3 20 V 

Ve Base voltage -0,3 Ve V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V(BR)CBO Collector-emitter sustaining voltage Ie =-10ILA, VB =0 V, VE : OPEN -40 

V(BR)EBO Emitter-base sustaining voltage IE =-10ILA, VB =0 V, Vc : OPEN -40 

V(BR)CEO Collector-emitter sustaining voltage Ie =-I OOILA, VE =0 V, VB : OPEN -20 

VCe(Satl Collector-emitter saturation voltage 
Ie =-20 rnA, IB =-3 rnA, VE =5 V -0,09 -0,3 

Ie =-2 rnA, I. =-0, 2 rnA, VE =5 V -0,02 -0,28 

hFe DC forward current gain 
VeE =-4 V Ile =-2mA 20 80 

Ile=-20mA Ta =25'C 15 60 

TYPICAL CHARACTERISTICS 

<' 
E 
Jl 
I-
Z 
UJ 
a: 
a: 
:::l 
0 
a: 
0 
I-
0 
UJ 
..J 
..J 
0 
0 

OUTPUT CHARACTERISTICS 
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~ 
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I
Z 
UJ 
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a: 
:::l 
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o 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54560P 

7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54560P, 7-channel source driver, consists of 7 PNP 
and 7 NPN transistors, connected to form high current gain 
driver with PNP action. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• High output sustaining voltage to 40V 
• Output source current to 150mA 
• Integral diode for transient suppression 
• Active "L" input 
• Wide operating temperature range (T a = -20-+ 75'C) 

APPLICATION 
Relay and printer driver, LED, incandescent or fluores
cent display driver, Interfacing for standard MOS/BIPO
LAR logiCS 

INPUTS 

IN1 

IN 2 

IN 3 

IN 4 OUTPUTS 

IN 6 

IN 7 --> 07 

Vs SUB 

Outline 16P4 

FUNCTION CIRCUIT SCHEMATIC 
The M54560P is comprised of seven PNP-NPN darlington 
source driver pairs with 20kO series input resistors. Each 
output has an integral diode for inductive load transient sup
pression. The anodes of the diodes and the substrate con
nected together to pin 9 . The outputs are capable of driving 
150mA and are rated for operation with output voltages of up 
to 40V. The output is turned ON by switching the input low. 

I--~--
I 
I 
I 
I 
I 20k 

INPUT 

16-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 

VCEO 

Vs 

V, 

10 

IF 

V R 

Pd 

Topr 

Tstg 

9-116 

Parameter 

Output sustaining voltage 

Supply voltage 

Input voltage 

Output current 

Clamp diode forward current 

Clamp diode reverse voltage 

Power dissipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Output Is in "L" 

Per channel current at "H"output 

Ta=25'C 

• MITSUBISHI 
.... ELECTRIC 

27k 

VS 
I 
I 
I 
I 
I 

r- * h.. I 
I 

7k I 
I 
I 
I OUTPUT , 

~SUB* 
Unit: n 

Ratings Unit 

-0.5-+40 V 

40 V 

0-+40 V 

-150 rnA 

-150 rnA 

40 V 

1. 47 W 
-20-+75 "C 
-55-+125 "C 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4560P 

7·UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+7S'C, unless olherwise noted) 

Llmlls 
Symbol Parameter Unol 

Min Typ Max 

Vs Supply vollage a 40 v 

Oulpul currenl 
Percenl duly cycle a -100 

less Ihan 90% 
10 per channel mA 

Percenl duly cycle a -50 
less Ihan 100% 

V ,H "H" Input vollage Vs-0.2 Vs+0.3 V 

ilo=-100mA 0 Vs-5 
V'c "L" Input vollage 

lo--50mA 
V a Vs-3.S 

ELECTRICAL CHARACTERISTICS (Ta=-20-+7S'C, unless otherwise noted) 

Symbol 
Limits 

Parameter Test condItions 
Min Typ Max 

Is(leak) Supply leakage currenl Vs=40V 100 

V,=Vs-5V,lo=-lOOmA 0.82 1.5 
VeE!sat) Output saturation voltage 

V,=Vs-3,5V,lo=-50mA 0.75 1.2 

I, Inpul vollage V,=Vs-B,5V -380 -670 

V F Clamp diode forward vollage 1,,;,,-lOOmA -1.1 -2.4 

VA Clamp diode reverse voltage IR=100!,A 40 

hFE DC forward current gain Vs-Vo=4V, 10=-100mA, Ta=25'C 500 2800 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 

POWER DISSIPATION 

OUTPUT CURRENT 
CHARACTERISTICS 
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V 
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V 

V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4560P 

7-UNIT lSOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE OUTPUT CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54561P 

7.UNIT 300mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54561 P, 7-channel source driver, consists of 7 PNP and 

14 NPN transistors connected to form high current gain driv
er with PNP action. 

FEATURES 
• High output sustaining voltage to 40V 

PIN CONFIGURATION (TOP VIEW) 

• High output source current to 300mA OUTPUTS 

• Integral diode for transient suppression 

• Active "L" input 
• Wide operating temperature range (Ta =-20-+75'C) 

APPLICATION 
Relay and printer driver, LED, incandescent or fluores
cent display driver, Active "L" input, Interfacing for stan
dard MOS/BIPOLAR logics 

FUNCTION 
The M54561 P functions like a PNP transistor and the com

pound PNP/NPN/NPN output provides high current gain. 
Each output has an integral diode for inductive load transient 

suppression and the anodes of the diodes and the substrate 
are connected together to pin 9 . 

The output are capable of driving 300mA and are rated for 
operation with output voltage up to 40V. 

The output is turned ON by switching the input low. 

INPUTS 

Outline 16P4 

CIRCUIT SCHEMATIC 

r - *--t--------~---'O vs 
I 

27k 

20k 
INPUT o--+----'VVv---------{ 

L-A,'V\r---+------>VV'v---+-----l-o 0 UTPUT 

16-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 

VCEO 

Vs 

V, 

10 

IF 

V R 

Pd 

Toor 

Tsta 

Parameter 

Output sustainmg voltage 

Supply voltage 
.~ 

Input voltage 

Output current 

Clamp diode forward current 

Clamp diode reverse voltage 

Power diSSipation 

Operatmg ambient temperature range 

Storage temperature range 

Conditions 

Output IS in "L" 

Per channel current at "H"output 

Ta -25'C 

• MITSUBISHI 
"ELECTRIC 

SUB 

Unit: n 

Ratings Unit 

-0.5-+40 V 

40 V 

0-+40 V 

-300 rnA 

-300 rnA 

40 V 

1.47 W 

20-+75 'C 

55-+125 'C 

9-119 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54561P 

7-UNIT 300mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta =-20-+75"C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vs Supply voltage 0 40 V 

Output current 
Percent duty cycle 

0 -250 
less than 15% 

10 per channel mA 
Percent duty cycle 

0 -100 
less than 50% 

V'H "H" Input voltage Vs-O,2 Vs+O, 3 V 

'VIL "L" Input voltage lo=-250mA 0 Vs-3 V 

ELECTRICAL CHARACTERISTICS (Ta =-20-+75"C, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

Is(leak) Supply leakage current Vs--40V 100 

VCE(satl Output saturation voltage 
V,-Vs-3V, 10--250mA 1.6 2,3 

V,-Vs-3V,lo--10OmA 1. 45 2.0 

I, Input current V,-Vs-3.5V -150 -250 

V F Clamp diode forward voltage 1,- 300mA -1.6 -2.4 

V R Clamp diode reverse voltage IR -I 001' A 40 

hFE DC forward current gain Vs Vo-4V,lo 300mA, Ta 25"C 1000 8000 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

OUTPUT CURRENT 
CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54561P 

7-UNIT 300mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE OUTPUT CURRENT 

AS A FUNCTIONAL OF DUTY CYCLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54580P 

7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The M54580P, 7-channel source driver, consists of 7 PNP 
and 7 NPN transistors connected to form high current gain 

driver with PNP action. 

FEATURES 
• High output sustaining voltage to 50V 

• High output source current to 150mA 

PIN CONFIGURATION (TOP VIEW) 

• Wide operating temperature range (T a = -20~+ 75'C) INPUTS OUTPUTS 

APPLICATION 
Relay and printer driver, LED, incandescent or fluores
cent display driver, Interfacing for standard MOS/BIPO

LAR logics 

FUNCTION 
The M54580P is comprised of seven PNP-NPN darlington 
source driver pairs with a diode and 7 kn resistor in series 
to the input. The output is turned ON by switching the input 
low. Each output has 50kn pull-down resistor suitable for 

driving fluorescent displays. The outputs are capable of driv
ing 100mA and are rated for operation with output voltage up 

to 50V. 

Outline 16P4 

CIRCUIT SCHEMATIC 

30k 
I 

INPUT o-_""---"IIAr--+---1 
: 7k * I 

:& 
I 
I 
I 

L--t-i---o OUTPUT 

16-pin molded plastic DIP 

I 50k 
I 
L----------------+-~_DGND 

Unit: n 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 

Vs 

VCEO 

V, 

10 

Pd 

Topr 

Tsta 

9-122 

Parameter 

Supply voltage 

Output sustaining voltage 

Input voltage 

Output current 

Power diSSipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Transistor OFF 

Transistor OFF 

Ta =251: 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

50 V 

-0.5 +50 V 

O-Vs V 

-150 rnA 

1. 47 W 

-20-+75 'C· 

55 +125 'c 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54580P 

7-UNIT lSOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75"C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vs Supply voltage 4 50 V 

All ootputs conducting simultaneously 
0 -100 

10 
Output current Percent du~ cycle less ttlan 85% 

mA 
per channel All outputs conducting Slmullane""ly 

0 -50 
Percent du~ cycteless than 100% 

V'H "H" tnput voltage 10{Ieak)=50;A Vs-O,4 Vs V 

V'L "L" Input voltage 10 =-IOOmA 0 Vs-3,2 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75"C, unless otherwise noted) 

Symbol Parameter 

V(BR)CEO Output sustaining voltage 

VCE(sat) Output saturation voltage 

I, Input current 

IR Input leakage current 

hFE DC forward current gam. 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

Test conditions 

leEo = IOO~A 

V, = Vs-3. 2V 
110 =-IOOmA 

110 =-50mA 

V, = Vs-3. 5V 

V, = Vs-6V 

V, =40V 

VeE =4V, Vs =10V, Ie =-100mA, Ta=25"C 

limits 

Min Typ Max 

50 

0.9 1.5 

0.8 1.2 

-0.3 -0,6 

-0.65 -0,95 

100 

800 3000 

POWER DISSIPATION 

OUTPUT CURRENT 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54580P 

7-UNIT lSOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE OUTPUT CURRENT 

AS A FUNCTION OF DUTY CYCLE 
-200 

-ISO 

-100 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54581P 
a·UNIT SOOmA SOURCE TYPE 

DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

DESCRIPTION 
The M54581 P, 8-channel source driver, consists of 8 NPN 
and 8 PN P source type darlington transistors connected to 
form high current gain driver. 

FEATURES 
• High output sustaining voltage to 50V (BVcEO >50V) 
• High output source current to 500mA 

(lo<max)=-500mA) 
• "L" active input level 
• Internal input diode 
• Integral clamp diode for transient suppression 
• Wide operating temperature range (Ta=-20-+75'C) 

APPLICATION 

PIN CONFIGURATION (TOP VIEW) 

INPUTS OUTPUTS 

Outline 18P4 Relay and printer driver, LED or incandescent or 
fluorescent display driver, Interfacing for standard 
MaS/BIPOLAR logics and interfacing for relay, solenoid 
or small printer 

CIRCUIT SCHEMATIC (EACH CIRCUIT) 

FUNCTION 
The M54581 P is composed of 8 PN P and 8 N PN source 
type darlington transistors. A diode and a resistor of 7k!l is 
connected between the input pin and the base of PNP tran
sistor. The emitter and the collector of NPN transistor are 
connected to Vs (pin 9), and the output NPN transistors are 
in darlington configuration. An integral clamp diode is in
serted between each output and GND, and Vs (pin 9) and 
GND (pin 10) are common to the 8 circuits. 

IN 
INPUT 

, 
I 
I 

* 
I 

* 
~V0~V0~--~ OUT 

OUTPUT 

I The outputs are capable of driving 500mA and are rated for 
operation with output voltage up to 50V. 

L - - - - - - - - - -- - - - - - - ~ GND 

The device is activated with "L" level input. 

18-pin molded plastic DIP 

v sand G N D are common to the 8 CIrCUits 

The diodes shown by broken line are parasite diodes and 
must not be used 

Unit: n 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 

VCEO 

Vs 
V, 

10 

IF 

VR 

Pd 

Topr 

Tstg 

Parameter 

Output sustaining voltage 

Supply voltage 

Input voltage 

Output current 

Clamp diode forward current 

Clamp diode reverse voltage 

Power diSSipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Output is In '"L'" 

Per channel current at "H" output 

Per channel current 

Ta-2S'C 

• MITSUBISHI 
"-ELECTRIC 

Ratings Unit 

-0.5 +50 V 

0.5 +50 V 

0, Vs 30 V 

500 mA 

500 mA 

0.5-+50 V 

1. 79 W 

20 +75 ·c 
55 +125 ·c 

9-125 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54581P 

8-UNIT SOOmA SOURCE TYPE 
DARLINGTON T~ANSISTOR ARRAY WITH CLAMP DIODE 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Conditions 

Min Typ Max 

Vs Supply voltage a 50 

10 Output current per channel 
Percent duty cycle less than 8% a -350 

Percent duty cycle less than 55% a -100 

V'H "H" Input voltage IOlleakl=-50,..A Vs-0,7 Vs 

V'L "L" Input voltage Ic=-350mA a Vs-3,6 

ELECTRICAL CHARACTERISTICS (Ta=-20+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

M,n Typ Max 

ICED Output leakage current VcEo=50V -100 

VcE(Satl 
V,=Vs-3,2V,lb=-100mA 2,0 

Output saturation voltage 
v,=vs-3,6V,lo=-350mA 2,4 

I, Input current 
V,=Vs-3.6V -600 

V,=Vs-15V -3,2 

V R Clamp diode reverse voltage IR=100,..A 50 

V F Clamp diode forward voltage IF=-350mA -2,4 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION OUTPUT CURRENT CHARACTERISTICS 

9-126 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54581P 

I-UNIT SOOmA SOURCE TYPE 
DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 

ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

-SOO 

i -400 

Ji 

!Z -300 
UJ 
a: 
a: 
:::J 
u-2OO 
I-
:::J 
Do 

5 o -100 

10000 

7 
5 

~ 
~ 

z 
« 
C!l 
I-

1000 z 
UJ 
a: 
a: 
:::J 
U 
U 
0 

\ ~\ \ l'\ " 
\\ ,,-" '" ......... 
\ :--.. 1'.. .... r-... " ...... ~ t---I': ,......" r-

, The current is ShOW!!S 
- by the value per output 

t:--. t'-- r-
, Repetive Frequency;;'; 10Hz 
, The number in 0 is th~.I. 

number of outputs conducting 
Sim~~~eOISIY'1 

'T.= 
20 40 60 80 

DUTY CYCLE (%) 

CURRENT GAIN VS 
OUTPUT CURRENT 

-- Ta 75t 
Ta 25t " , - --Ta 20t 

I I . 
, Vs=20V , l-": VCE=4V 
I /V , 
I 

- t?i7 
--r- - - - - -

I 

I 

I V I 

, ) V I 

~( - - ---t--- -
I 

3 5 7 100 

OUTPUT CURRENT Ic(mA) 

-

-500 

........ <D i -400 
<Z> Ji 

!Z -300 
........ (!) UJ 

a: 

r-
r-
~ 

a: 
(J> :::J 

U -200 
ill I-

~ 
:::J 
Do 
I-

@ 6 -100 

100 

71000 

• MITSUBISHI 
.... ELECTRIC 

\ ,\ 1\ I\.. 
.\\ ,\ " r--.. 
\\ .... \ l"-. " ...... r--.... 

'0-." ~ l ........ 01'-, 

" ~ ~ :::.... ........ ~ -r-
• The current IS ShOW~ t::::::: :-.: I::::--r- r--

by the value per output 
• Repetitive Frequency~ • The number In :.. ~ IS t ;e-

10Hz number of outputs ;.;..-
• T a=75t conductl~ simuitaneouly 

20 40 60 80 100 

DUTY CYCLE (%) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54586P\ 

8-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

DESCRIPTION 
The S4S86P, 8-channel source driver, consists of 8 NPN 
and 8 PNP source type darlington transistors connected to 
form high current gain driver. 

FEATURES 
• High output sustaining voltage to SOV (BVcEQ>SSOV) 
• High output source current to SOOmA 

( 10(max)=-SOOmA) 

• "L" active input level 
• Internal input diode 
• Wide operating temperature range (Ta=-20-+7St) 

APPLICATION 
Relay and printer driver, LED or incandescent or 
fluorescent display driver, Interfacing for standard 
MaS/BIPOLAR logics and interfacing for relay, solenoid 
or small printer 

FUNCTION 

PIN CONFIGURATION (TOP VIEW) 

IN1-+ 

IN2-+ 

IN3-+ 

IN4-+ 
INPUTS OUTPUTS 

IN5-+ 

IN6-+ 

IN?-+ 

INS-+ 

Vs 

Outline 18P4 

CIRCUIT SCHEMATIC (EACH CIRCUIT) 

INo-,_f--\!I/V--.... --l' 
INPUT I 

I 
I 

i 

7k 

Vs 
I 
I 

~ 

OUT 

The MS4S86P is composed of 8 PNP and 8 NPN source 
type darlington transistors. A diode and a resistor of 7k n is 
connected between the input pin and the base of PNP tran
sistors. The emitter of the transistor and the collector of 
NPN transistor are connected to Vs (pin 9), and a resistor 
of SOk n is connected between each output pin and GND 
pin (pin 10). 

I 
I UUTPUT 

The outputs are capable of driving SOOmA and are rated for 
operation with ortput voltage up to SOV. 
The device is activated with "L" level input. 

I 50k ,- -------- ----- ---- GND 

Vs and GND are common to the S circuits. 
The diodes shown by broken line are parasite diodes and 
must not be used. 

Unit: .a 

18-pin molded plastic DIP 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C. unless otherwise noted) 

Symbol 

Vs 
VCEO 

V, 

10 

Pd 

Topr 

Tstg 

9-128 

Parameter 

Supply voltage 

Output sustaining voltage 

Input voltage 

Output current 

Power diSSipation 

Operating ambient temperature range 

Storage temperature range 

Conditions 

Output IS In "L" 

T.=25'C 

• MITSUBISHI 
"" ELECTRIC 

18-pin molded plastic DIP 

Rallngs Unit 

-0.5-+50 V 
-0.5-+50 V 
-0.5-+Vs V 

-500 mA 

1.79 W 

-20-+75 ·C 

-55-+125 ·C 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54586P 

I-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75'C. unless Otherwise noted) 

Symbol Parameter 
LimIts 

Unit 
MIn Typ Max 

Vs Supply voltage 4 50 V 

Output current 
Percent duty cycle a -350 
less than 8% 

10 per channel when 8 outputs 
Percent duty cycle 

mA 

are conductIng sImultaneously 
less than 60% 

a -100 

V ,H "H" Input voltage IOtieakl::' 50"A Vs-0.7 Vs V 

V ,L "L" Input voltage lo::'-350mA a Vs-3.6 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C. unless otherwise notted) 

Symbol Parameter 

lo<leakl Output leakage voltage 

VcE(Satl Output saturation voltage 

I, Input current 

hFE Collector-emitter saturation voltage 

TYPICAL CHARACTERISTICS 

2,0 

a: 
UJ 
~ 
o~ 
o..~ 

1.5 
UJ~ 

CJ'" <0.. 
l<:z 
~o 1,0 o..j:: 
~~, 
~iii 
~!!1 

0,5 0° 
-' -' 
< 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

~ 
~ 

25 50 75 

AMBIENT TEMPERATURE T a('C) 

Limits 
Test conditions 

Min Typ Max 

VCEo=50V -100 

V,=Vs-3.2V.lo=-100mA 1.6 2. a 
V,=Vs-3.6V, lo=-350mA 1.8 2,4 

V,=Vs-3,6V -320 -600 

V,=Vs-15V -1,6 -3,2 

VCE=4V, Vs=20V, lo=-350mA, T a=25"C 800 3500 

OUTPUT CURRENT CHARACTERISTICS 

-500 

-400 

'< .§ -300 

-200 

-100 

100 

'. MITSUBISHI 
"ELECTRIC 

, 
: , 

I 
I 
j 

I 
I 

I 
I 

I 
I 

I Vs=20V 
I VCE=4V 
! -- - T a=75'C 
1--Ta=25'C ! ---~Ta=-20'C 

Unit 

/.I-A 

V 

/.I-A 

mA 

-
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54586P 

I-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

-SOO ,-----,--,------,---,-----, 

i -400f--~~--~-~~---+--~ 
1i 
!z -3001----+~ .... __Po.~--"o,~---""'~___j 
LU 
a: 
a: 
:::> 
() -2001---+---<"-~~i--~"..,~~ 
f-

~ • The current is shown 
f- by the value per output 5 -100. Repetitive Frequency;" 1 OHz -----I~---==1 

~ 
.c: 

Z 
;;: 
(!) 

f-z 
LU 
a: 
a: 
:::> 
() 

() 
0 

• The number in 0 is the number of 
outputs conducting simultaneously. 

o • Ta=2S'C 

la' 
7 

lO' 
7 

DUTY CYCLE (%) 

CURRENT GAIN VS 
OUTPUT CURRENT 

/ 

",V 
A% 
~ 

VCE 

100 

4V 

'" ---- Ta=-20C ,.v. Ta=2S:~( /v. _00- Ta=7SC 

W, 
, ~/ 

10 
-10 

II -
I II 

-3 -S-7-10' -3 -S-7-10' 

OUTPUT CURRENT Ic(mA) 

ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

-SOO',-----,--,---,-----,--

i -400 f-TtTT...!......,r-+-.r-+---f--- CD 

'2 

I 
• The current IS show 

-100 bv the value per output ~_~ __ ~:;:;;::::::~::::::~ 
• Repetitive Frequency;;; 10Hz 
• The number In 0 Is'the number of 

outputs conductmg simultaneously 
o Ta=7S'C 

40 60 80 100 

DUTY CYCLE (%) 

• MITSUBISHI 
,;.. ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4569P 

8·UNIT 30mA PNP TRANSISTOR ARRAY 

DESCRIPTION 
The M54569P, general purpose transistor array, consists of 8 
PNP transistors connected in a common-emitter configura
ticr). 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 20V breakdown 

.' 30mA output source current capability 
• Wide operating temperature range (Ta =-20~+75'C) 

APPLICATION 
LED or incandescent display driver 

FUNCTION 
The M54569P is comprised of 8 PNP transistors. All emitters 
are connected to pin 10. Each transistor is capable of 
switching 30mA and will withstand 20V in the OFF state. 

Outline 18P4 

CIRCUIT SCHEMATIC 

18-pin molded plastic DIP 

~
c 

B I 

* v. I 
I 
L--------oGND 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C. unless otherwise noted) 

Symbol Parameter 

VCBO Collector-base sustaining voltage 

V EBO Emitter-base sustaining voltage 

VCEO Collector-emitter sustaining voltage 

Ie Collector current per transistor 

IB Base current per transistor 

Pd Power dissipation 

Topr Operating ambient temperature range 

Tsta Storage temperature range 

Conditions 

Base voltage. ov 
Base voltage OV 

Emitter voltage: OV 

10=25'C 

• MITSUBISHI 
.... ELECTRIC 

Ratings 

-40 
-40 
-20 
-30 
-20 

1. 47 
-20~+75 

-55~+'25 

Unit 

V 

V 

V 

rnA 

rnA 

W 

'C 

'c 

9-131 



MITSUBISHI BIPOLAR DIGITAL les 

M54569P 

8-UNIT.30mA PNP TRANSISTOR ARRAY 

RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75"C, unless otherwise noted) 

Symbol 
Limits 

Parameter Unit 
Min Typ Max 

Ic Collector current IIB=-3mA 0 -20 rnA 

Is 8ase current 0 -10 rnA 

V E Emitter voltage -0.3 20 V 

Vs Base voltage -0.3 VE V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V(BR) ceo Collector~emitter sustaming voltage 
Ic=-lO"A, V.=OV 

VE: OPEN 
-40 

V(BR)EBO Emitter-base sustaining voltage 
IE=-lO"A, V.=OV 

-40 
Vc: OPEN 

V(SR) CEO Collector-emItter sustaining voltage 
Ic=-100"A, VE=OV 

-20 
V.: OPEN 

VCE(sat) Collector-emitter saturation voltage 
Ic=-20mA 1.=-3mA, VE=5V -0.09 -0.3 

Ic=-2mA 1.= -0. 2mA, VE=5V -0.02 -0,28 

hFE DC forward current gain 
VCE=-4V Ilc=-2mA 20 100 

Ta=25"C Ilc=-20mA 15 70 

TYPICAL CHARACTERISTICS 

-40 

"< 
E -30 :Ii 
I-
Z 
w 
c:: 
c:: -20 :::J 
() 

c:: 
0 
I-
U -10 w 
--J 
--J 
0 
U 

o 

9-132 

OUTPUT CHARACTERISTICS 

d~8J-3ml I I 
---- Ta =75"C 
--Ta =25'C I / ---- Ta =-20'C / 

I 

I II , 
I 

, 

I / /' 
I V/ I 

/~ , 

'h' 
.P 

o 50 100 150 200 
COLLECTOR-EMITTER SATURATION 

VOLTAGE VCE(Satl(mV) 

w 
~ 

"" z « 
(!) 

I
Z 
w 
c:: 
c:: 
:::J 
U 
U o 

DC CURRENT GAIN 

CHARACTERISTICS 

100~~~I~~~IE~EllEI 5f----------+-VCE 4V 
~"":" __ .I I I 
1------ T. =75'C J+--+-++++-t+H 

'1----- T. =25'C J+--+-++++-t+H 
---- T. =-20'C 

100~~. 

10_Ll ---'--.-':-, -'--':,s-':-':"-':-~1-:-0 --'---.l:-, -L-L,.s.w,.,.I.U_100 

COLLECTOR CURRENT Ic(mA) 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

V 

-
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QUICK REFERENCE TABLE OF ELECTRONIC VOLUME CONTROL, BATTERY CHECKER 

Maximum ratmgs 

Supply voltage Power 
Classification Type Function Features range dissipation 

Vee Pd 
(V) (mW) 

Two-channel voltage 
• A-curve characteristics 

controlled amplifier 
(logarithmic response) 

M5222 (VCA) for use In a 1. 8-20 800/625/440 
low-voltage electronic 

• Low-voltage operation 

Electronic volume control • Large attenuatIOn. ATT=90dB 

volume 
Two-channel VCA with • Wide supply voltage range 

* a high withstand voltage • Low distortion' THD=O. 02% 
M524lL • Large attenuation. ATT=90dB ±3-±18 800 

for use in a hi-fi electro- • Independent control capability 
me volume control for Rand L channels 

• Built-in comparator, osccllator 

Battery Voltage detector/on-off CircuIt, reference voltage 
M5232L generator and voltage regulat- 5-20 800 

checker alarm circuit ing circuits 
• Variable LED flash rate 

*. New product 

,. ~ , 
8-pin SIP 8-pin DIP lO-pin SIP 

Electrical characteristics 

Circuit Package 
Interchange-

, 
able current 

Remarks outlines 
lee products 

(mA) -L: 8-pin SIP 
3.6 -

P: 8-pin DIP 
, 

I 
! 

I 9.0 10-pin SIP -

Z 
0 
1'1'1 
>< 

I 
III 
III( 

Vref=1.3IV 
2.0 8-pln SIP -

f=1. 8Hz 
I 

"II 
C 
Z n ... -OEl 
Zi;i 
Oc 
"II! 

(It 

3:= 
-G) 
(1)1'1'1 
n~ 
1'I'I::a 
r-~ 
r-" :"C 
Z::a 
I'I'I~ 
O~ 
c-(I)" 



MITSUBISHI LINEAR ICs 

MS222L,P,FP 
VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 

IN A LOW·VOLTAGE ELECTRONIC VOLUME CONTROL 

DESCRIPTION 
The M5222 is a semiconductor integrated cirucit consisting 
of a dual voltage controlled amplifier (VeA) designed for 
use in an electronic volume control. Operable over a wide 
supply voltage range from 1.BV to 20V, the M5222 is avail
able in a compact B-pin SIP, DIP or FP. The two built-in 
channels and especially the attenuation characteristics that 
change logarithmically with respect to the external De con
trol voltage (a response equivalent to the A-curve volume) 
permit the M5222 to be applied widely in portable stereo 
radio/cassette recorders, car stereo system, and electronic 
musical instruments. 

FEATURES 
• Operable at low voltages ........................ Vcc=1.B~20V 

• Two built-in channels 
""""'Simultaneous control of both channels is 

possible with Vc (control) at Pin @ 

PIN CONFIGURATION (TOP VIEW) 

SIP 

L-__ -"" 

DIP, MINIFLAT 

(+) SUPPLY 

OUTPUT 2 

INPUT 2 

Ve (CONTROL) 

GND 

COM(Vee/2) 

INPUT 1 

OUTPUT 1 

(+) SUPPLY 

OUTPUT 2 

INPUT 2 

• Logarithmic response VeA 

OUTPUT 1 

INPUT 1 

COM 

GND Ve (CONTROL) 

"""'''Logarithmic response equivalent to A-curve 
volume 

• Wide attenuation range 
............... OdB(Vc~O)~-90dB(Vc~-270mV) (typ.) 

• High maximum input voltage 
................................. Vi=1.0Vrms(typ.) (@Vcc=3V) 

• Low distortion ·"""""""·""·"""""""·"""·THD=O.05% 
• Similar characteristics between the two channels 

APPLICATION 
As an electronic volume control in portable stereo radio/cas
sette recorders, car stereos, electronic musical instruments, 
YeAs. 

BLOCK DIAGRAM 

Vee GND 

#.:. molded pi .... ' SIP 

8-pin molded plastic FP 
(MINI FLAT) 8-pin molded plastic DIP 

r---~--------~--
I 
I ~--------...... -'-.fl..---n OUTl 

+ R, 
IN1 ~--n---~~----~ 

+ R, 
INLo---fl---~~----~ 

7 ~---+-----+-+~l---n OUT2 

* COM IS Vee12 POINTS 

Note: 1. R, IS used to convert Input voltage to current. 
2. Ro IS an output resistor used to convert the currentoutput "'gnal to voltage Connect this output with COM pin l31 to fix the 

DC output potential 

3. The COM pin is used for making a 1 /2plnt supply voltage within the IC. It IS used In connecting Ro and In Ve control 

• MITSUBISHI 
"-ELECTRIC 10-3 



MITSUBISHI LINEAR Ie. 

M5222 L, P, FP 

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN A LOW.VOLTAGE ELECTRONIC VOLUME CONTROL 

ABSOLUTE MAXIMUM RATINGS (Ta=25'C unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Pd Power dissipation 

KO Thermal derating Ta225'C 

Topr Operating temperature range 

Tsto Storage temperature range 

ELECTRICAL CHARACTERISTICS (T a=25'C, unless otherwise noted) 

Symbol Patameter 

Icc CirCUit current 

VjM1 Maximum Input voltage 

VjM2 Maximum input voltage 

ATTM Maximum attenuation 

ATTo, Attenuatjon error 

ATTo2 Attenuation error 

.t.ATT 
Attenuation deviation between chan-

nels 

V NOl NOise output voltage 

VN02 Noise output voltage 

TEST CIRCUIT 

10-4 

Test conditions 

Vi=O,Ve=O 

l=lkHz 
R,=10kO 

Ve=O 
Ro =20kO 

THD=l% . 
R,=50kO 

Ro =100kO 

R,=1OkO, Ro =20kO 

Ve=-270mV 

f=lkHz 
R,=10kO 

Ve=O 
Ro =20kO 

V,=OdBm 
R,=50kO 

Ro=100kO 

1=1 kHz, Ve=O, Vj=OdBm 

R,= 10k 0, Ro=20k 0 

Ve=O(ATT=-1. 4dB), R,=10kO 

Ro =20kO, BW=20Hz-20kHz 

ATT=-40dB, R,=10kO 

Ro=20k 0, BW=20Hz-20kHz 

'.MITSUBISHI 
.... ELECTRIC 

Vee 

3V 

3V 

9V 

3V 

3V 

9V 

3V 

3V 

3V 

Ratings Unit 

20 V 

BOO( SIP )/625( DIP)/440( FP) mW 

8(SIP)/6. 25( DIP)/4. 4(FP) mW/'C 

-20-+75 'C 

-55-+125 'C 

Limits 
Unit 

Min Typ Max 

2.5 3.6 5.5 mA 

0.7 1.0 Vrms 

2.3 3.4 Vrms 

80 90 dB 

-4.4 -1.4 +1.6 dB 

-5.0 -2.0 +1.0 dB 

0.1 3.0 dB 

30 60 pVrms 

5 pVrms 

OdB Amp BW. 20Hz-20kHz 
Amp 



MITSUBISHI LINEAR Ie. 

MS222 L, P, FP 

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN A LOW·VOLTAGE ELECTRONIC VOLUME CONTROL 

SWITCH MATRIX 

Parameter sw, SW2 SW3 SW. SW5 SW6 ,SW7 SW. 

Icc 2 1 OFF 2 1 1/2 2 2 

1 1 1 ON 2 1 1/2 1 1 
ViM 

2 1 2 ON 2 2 1/2 1 1 

ATTM 1 1 ON 1 1 1/2 2 2 

01 1 1 ON 2 1 1/2 2 2 
ATT 

02 1 2 ON 2 2 1/2 2 2 

1 2 1 ON 2 1 1/2 1 1 
VNO 

2 2 1 ON 1 1 1/2 1 1 

(Note)1. Use OdB amplificat,on when measuring ViM 

2. Use 40dB amplif,cation when measuring VNO 

3. VNO=measurement value/100(40dB) ["Vrms) 

TYPICAL CHARACTERISTICS 

POWER DISSIPATION VS. AMBIENT 
~ TEMPERATURE (MAXIMUM RATINGS) 
-5 1000 ..---,----.,.--...,----,------. 

'0 
Il. 

z 800~~~-~--+_-_+-~ 
o 

~ 
(ij 
Cf) 

600~-=~~~._-+_-_+-_4 

is 
ffi 400r---~~~~~~--+-_4 

~ o 
~ 200r--1---+--~~~--4 
<C 
z 
a: 
w 
f-
Z 

0'--_-'-_--1. __ .L-_~_...,.. 
o 25 50 75 100 125 

AMBIENT TEMPERATURE Ta ee) 

ATTENUATION VS. CONTROL VOLTAGE 
+10 

o 
!il-10 

f-- -20 

~ -30 

6 -40 

~ -50 
:::l 
Z -60 
w 
1= -70 
<C 

-80 

-90 
+100 

~ 

"-'\ 
I'\. 

o -100 

Vcc=3V 
f=lkHz-
V,=OdBm 
R,=10kQ 
Ro=20kQ 

'\. 
'\. 

r\ 
\ 
\ 

-200 -300 

CONTROL VOLTAGE Vc (mV) 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
8 

"< 7 
E 

0 6 
.2 

f-- 5 
Z 
w 4 a: 
a: 
:::l 3 tl 

I 
f-- -V,=O 

Vc=O --V ~ ....... 

/'" 
"...., 

/ R,=10kQ 
Ro=20kQ 

t: 
:::l 2 
tl 
a: 
0 

o 
o 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE Vcc (V) 

ATTENUATION VS. SUPPLY VOLTAGE 

+10 

o 
!il -10 

1= -20 

<C -30 

6 -40 

~ -50 
:::l 
Z -60 
w 
1= -70 
<C 

-80 

-90 

Vc=-9mV I 
I I I 

Vc=-73mV , 
I I I 

Vc =-135mV 

I I I 
Vc =-195mV 

I I 1 
Vc --252mV 

I I I 1 
o 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE Vcc (V) 

• MITSUBISHf 
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MITSUBISHI LINEAR ICs 

MS222L, P, FP 
VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 

IN- A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL 

CONTROL VOLTAGE VS. SUPPLY VOLTAGE 
TOTAL HARMONIC DISTORTION 

VS. INPUT VOLTAGE 

0+50 
E 

o 

w -50 
(!J 

~-100 
...J 

~-150 
...J 

~-200 
I-

~-250 
() 

Cl 
l: 
I-

z 
o 
i= a: 
o 
lii 
15 
() 

Z 
o 

-300 

100 
7 
5 
3 

10 
7 
5 
3 

~ 0.1 
a: 7 « 5 
l: 3 
...J 

~ 0.01 

, I I 
ATT=OdB 

AJ=J2OdB 

I I 
ATT=-40dB 

AT+=_160d~ 

AT.j.=_180d~ 

J 1 
o 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE Vee (V) 

TOTAL HARMONIC DISTORTION 
VS. INPUT VOLTAGE 

f 1kHz 

I-~e 0 
R,-50kO 

_Bo=100kO 
Vee 6V 
Vee 9V 
Vc~ 111

15\; 

I/. 

Cl 
l: 
I-

z 
o 
i= a: 

~ 
15 
() 

Z 

100 
7 
5 
3 

10 
7 
5 
3 

1 
7 
5 
3 

~ 0.1 
a: 7 « 5 
l: 3 
...J 

Vee 3V 
f 1kH1Z 

Ve 0 
R,=10kO 
Ro 20kO 

~ 0.01 o 0.001 3 57 0.01 3 57 O. 1 3 57 1 3 57 10 
I-

§ 1000 
> 7 
::. 5 

o 
z 

> 
3 

w 100 
(!J 7 

~ ~ 
o 
> 
j 10 
c. 7 
j 5 
o 3 
w 
(/) 

(5 1 

INPUT VOLTAGE Vi (Vrms) 

NOISE OUTPUT VOLTAGE 
VS. ATTENUATION 

Vee- 3V 
BW 20Hz-20kHz 
-r-

"" 
R,=50k, Ro =100k 
R,~3dk, Ro"':'60k-f--

~ R,='15k, R~=3bk= I--

"- "< "- R,';"lOk, R«-=2Qk 1:= 
-,r-.. ~ X' 

" K --....::: t-..... 
...... 1:'000. 

;:::",.. 

~ 0.001 3 57 O. 01 3 57 O. 1 3 57 1 3 5710 Z 0 -20 -40 -60 -80 -100 

o 

1= 
« -20 

z 
o 
~ -40 
:J 
z 
w 
1= -60 
« 

-80 

INPUT VOLTAGE Vi (Vrms) ATTENUATION ATT (dB) 

ATTENUATION VS. FREQUENCY ATTENUATION VS. AMBIENT TEMPERATURE 

IIII IIIII III II 
ATT=OdB (@Ve=9mV) 

0 

aJ 

ATT=OdB (Ve=9mV) 

ATT=-10dB (ve=-43mV) 

1111 IIIII III II 
ATT=-20dB (@Ve=-73mV) 

IIII Hili "I II 1lI 
iATT=-40dB (@Ve=-135mV) 

IIIII 
Vee=3V 
V,=OdBm 
R,=lOkO 
Ro =20kO 

"0 

I- -20 
I-« 
z -40 
0 
i= « 
:J 
Z -60 
w 
l-
I-« 

-80 

---t I 
(V _135mV)-

Ode e 
I-- /1.,,=-4 
~ L_\95~ 1 _oOde~:---
r---~:.::-
I-""" 

I--- ---c--_ 

1 0 3 5 7 100 3 57 1 k 3 5 7 10k 3 5 7 lOOk -20 o +20 +40 +60 +80 

FREQUENCY f (Hz) 

.• MITSUBISHI 
~ELECTRIC 

AMBIENT TEMPERATURE T a ("C) 



MITSUBISHI LINEAR IC. 

MS222L,P,FP 

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL 

BASIC PRINCIPLE OF OPERATION 
The M5222 is a current input, current output type of VCA 
IC. This amplifier uses the principle by which chanying 
the balance of the differential circuit with external con
trol voltage Vc will change gm. The circuit is also called 

+ 

a variable transconductance (variable gm) OP amp. 
The basic principle of operation will be simply ex
plained below. 

I+i 
-2-

t 

t ~ 
I-i I-I 

2 -2-

vo 

'* ( ,!,) IS the Vcc/2 pin (COM pin) derived by voltage division by B" B2 and so on. ALL coupling IS Internal. 

Fig. 1 M5222 EQUIVALENT CIRCUIT 

Basic voltage-current conversion mechanism for input 
and output 
Applying the input signal V, which flows through external 
input resistor R, results in a change to a current signal at 
input terminal IN. The VSE level shift of Rl, R2, Q5, Ql, 
and Qz will cause input pin IN to become ground level 
by means of Vcc/2 in terms of direct current and to be
come ground level by means of the externally-con
nected capaCitor in terms of alternating current. The sig
nal input in this way will be sent to the output pin as a 
current signal by the current mirror and differential cir
cuit. By taking this current signal through the externlaly
connected output resistor (load resistor), the signal can 
go through a current-to-voltage conversion and be 
obtained as output signal Vo. 

The output transistors combine the currents by means 
of the joined PNP and NPN collector circuits. Basically, 
the DC potential floats and is not determined in this 
joining of currents. This is why one end of external
ly-connected resistor Ro is connected to the Vcc /2 pin 
and the DC level (Vcc/2) at the time of no signal is set. 

Basic mechanism of attenuation 
The output is controlled by means of changing the con
trol voltage applied to the Vc pin with respect to the 
COM pin (Vccl2 pin). By applying voltage -from the 
COM pin to the base of one side of a differential circuit 
and applying voltage from the Vc pin to the other base, 
the current distribution of the differential circuit is 
changed and the gain of this circuit is changed. 

Let us first consider when Vc equals zero (Vc-COM 
is shorted). Input signal Vi is converted to current by in-

put resistor R, and the i currents (2i = Vi/R,) flow 
through the collectors of Ql and Q2. When the current 
flowing in Qi becomes i+i, the overall emitter current of 
the differential circuit consisting of Q10 and Qn will also 
be determined as I+i by means of current mirror (2). 
Since the base potential of QlO and Qn is the same, the 
curret will be divided equally and current (I + i) /2 will 
flow in each of QlO and Qn. The current of current mirror 
(4) will also be determined as (l+i)/2 because of this. 

Since the current of current mirror (1) is determined 
as 21 by the current flowing in Q3 and Q4, the total of the 
current flowing in Q2 and the current flowing in differen
tial circuit Qs, Qg will also be 21. The current from Q2 
which will become 1+ i flows here and as a result, the 
overall emitter current of the differential circuit will be 21 
-(I+i)=I-i. This current is devided the same way as 
in the differential circuit consisting of Q10 and Qn with 
current (l-i)/2 flowing in each of Qs and Qg. From this, 
the current of current mirror (3) is determined as (I-i) 
/2 and the current of current mirror (5) becomes (I+i) 
/2. 

Now, current (l-i)/2 from current mirror (4) flows in 
transistor 012 of the output stage. Since the current flow
ing in transistor Q13 from current mirror (5) is held at (I 
- i) /2, connecting output resistor Ro between the out
put pin and the COM pin will result in current i flowing 
through Ro and providing a voltage Signal Vo=i" Ro. 

Here, by selecting Ro=2R" Vo=i"Ro=2i"R,=Vi and 
the amplifier will have a gain of 1. 

Next, we will consider case 'of when control voltage 
Vc is applied with regard to the selection of this resist
ance. 

• MITSUBISHI 
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MITSUBISHI LINEAR ICs 

M5222L,P,FP 
VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 

IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL 

Vee/2 

Fig. 2 DIFFERENTIAL CIRCUIT 

The values of VSE of the differential stage will be as 
follOWS: 

. kT (Ics) 
VsEs""qln 'I"; 

. kT (IC9) 
VSE9""qln I"; 

. kT (lclO) 
VSEIO""qln T 

. kT (ICll) 
VSEII""qln T 

Where'(IS: the saturation current ) 
k: the Boltzmann constant 
q: the amount of electric charge on the elec
trons 
T: the absolute temperature 

From this, 
kT Ics 

-Vc=VBEs-VsE9=qln~ 

kT ICII 
-VC=VBEII-VBElo=~ln-l-

q CIO 
Here, 

Ics+lc9~I-i 
IClO+lcll~l-i 

kT Ics 
-Vc=qln I-i-Ics 

-Vc=~ln !Cll 
q I-I-Icll 

The current flowing through Os and 011 will be 

(l-i)exp(-trVcl I-i 
Ics= q q 

1+exp(-k'fVc) 1+exp(-k'fVc ) 

(I+i)exp( -trVc) I-i 
~ll= q 

1+exp(- k~-Ve) 1+exp(-k'fVc) 

Current lell is the current of current mirror (4), and les 
will be the same as the current of current mirror (5). 

At this time, the current that will flow through the out
put pin will be the same as that in the explanation when 
Vc was equal to zero. and is expressed as 

2i 
io 

1+exp( k~ ·Ve) 

The gain will be 
Vo io·Ro 2 

Vi 2i·R1 1+exp( k~ ·Ve) 

and when calculated in dB, 

ATT=20 log ( 2 q ) 
1+exp(k'f·Ve ) 

As in the graph below, the attenuation will change logar
ithmically with respect to the change of Vc. 

ATTENUATION VS. CONTROL VOLTAGE 

OdS 

Iii 
'0 

~ 
z 
o 
~ « 
:l 
z 
w 

~ 
a 

ATT=20 109(' 2 ) 
1 +exp( k~ • Ve ) 

CONTROL VOLTAGE Vc (V) 

Setting and connection of input/output resistance 
As explained above, the input signal is converted to cur
rent, but since the transistor of the input stage is biased 
at a fixed current of 1= 76 p A, the maximum value of the 
input current is determined at the least upper bound of I 
(FIG.3). Accordingly, when a large signal is input it is 
necessary to select a large input/output resistance and 
decrease the input current. Note that increasing the re
sistance will also increase the noise distortion factor, so 
the value of the setting should be made to suit the par
ticular application. 

Fig. 3 MAXIMuM CURRENT SIGNAL 

10-8 
• MITSUBISHI 

.... ELECTRIC 



MITSUBISHI LINEAR IC. 

MS222L,P,FP 
VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 

IN A LOW· VOLTAGE ELECTRONIC VOLUME CONTROL 

The M5222 has a floating-type output stage with the 
collectors of 012 and 013 joined as shown in FIG. 4. 
Here, the difference of the combined currents will be
come the output current that will flow through the load. 
Note that it is necessary to set the DC potential of this 
output pin by externally-connected resistor Ro and that 
it is generally DC-connected to the Vccl2 pin (or to pin 
(3)). 

In terms of AC, it is necessary to set the output pin to 
ground level so that capacitor C is required. Since the 
voltage gain (amount of attenuation) is determined by 

. Ro, the value of the input impedance connected to the 
next stage is sometimes affected. (Placing Z, in parallel 
with Ro will lower the impedance.) Generally, a buffer 
amplifier composed of a transistor or OP amp con
nected. 

---r----Q Vcc 

Ro 

~iC12 
-leB 

Vcc /2 

Fig. 4 EQUIVALENT CIRCUIT OF OUTPUT STAGE 

APPLICATION EXAMPLES 

(a) 

(b) 

Fig. 5 

(1) TEMPERATURE COMPENSATED BIAS AND OUTPUT BUFFER CIRCUITS 

INPUT 1 

INPUT 2 

Vcc 

2.21' R, 

.+ 10k 
2 

R, M5222 
2.21' 10k 

+ 6 

1"1 5 
Vcc 

30k 

------ ---- , 
30k 

I 
I 

30k i+ 
I 
I 

TEMPERATURE : 
COMPENSATED I 
BIAS CIRCUIT I 

I 
"'-GENERAL I 

PURPOSE SMALL I 
L _____ ~~~~.3,!"O~~ _ J 

Ro 

22" 

20k 20k 

~-+---'--t:I-----o OUTPUT 1 

~---+---t:I----() OUTPUT 2 

20k 20k 

Unit ReSistance Q 
Capacitance F 

Note poing A is the Vcc /2 pm which IS set externally 

It may even be operated when mternal pm (3) of 
M5222 IS used 

• MITSUBISHI 
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MITSUBISHI LINEAR IC. 

M5222L,P,FP 
VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 

IN A LOW·VOLTAGE ELECTRONIC VOLUME CONTROL 

(2) PROGRAMMABLE ATTENUATION CIRCUIT 

Vee 

2.2,u 
+R, 10k 

INPUT 1 

INPUT 2 
rl- R, 10k 

2.2,u 
Ve 

R3 

TR, 

r---=-.....-'..fI--oOUTPUT 1 
10,u 

r-=F-+-ft--oOUTPUT 2 

Unit ResIstance : Q 

CapacItance : F 

ATTENUATION VS. AMBIENT TEMPERATURE 
(TEMPERATURE COMPENSATION) 

o 

~ -10 

« 

~ -20 

~ 
:::l 
Z -30 
w 

~ 
-40 

ATT=OdB (Vc =-6mV) 

ATT=-20dB (Vc =-78mV) 

ATT=-35dB (Ve =-126mV) 

-20 0 +20 +40 +60 +80 

(3) CONTROL APPLICATION WITH EXISTING VOLTAGE CONTROL AMBIENT TEMPERATURE Ta ("C) 

Vc 

,-----....... ----() +VcC<3V) 

5 3 

12k 

Vee/2 

----'------?o~2k VR 
(B TYPE) 

10k 

Unit ReSIstance Q 
CapacItance . F 

PRINTED CIRCUIT BOARD FOR CIRCUIT TESTING 
PRINTED CIRCUIT BOARD WIRING DIAGRAM 

. FOIL 

o 
IN1 
o 

(PARTS SIDE) 

10,u 

o 

~ 
fRo ©l0UT1 

1000000001 

M5222L 

10-10 

1 8 
3.3,u R, 

o--fj--,-o D-'INIr-O 
IN2 + 0.01,u 

© ~ 

·0 

• MITSUBISHI 
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22,u 
©I © 

COM Ve 

1 Ro 

! 10,u 
~ OOUT2 

Vee GND 

+~100,u ? o 



MITSUBISHI LINEAR ICs 

M5241L 
VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 

IN AN ELECTRONIC VOLUME CONTROL 

DESCRIPTION 
The M5241 L is a semiconductor integrated circuit consisting 
of a dual voltage controlled amplifier (VCA) with a 2-power 
supply system designed for use in an electronic volume con
trol for analog signals. Housed in a 10-pin SIP, the M5241 L 
as two built-in channels and is designed to hi-fi specifica
tions with a high dynamic range, low distortion factor, and 
high signal-to-noise ratio. There are control pins for each 
channel permitting independent control of each channel with 
an external DC control voltage. The attenuation characteris
tics change logarithmically with respect to the external DC 
control voltage (a response equivalent to the A-curve 
volume) and make the M5241L and ideal electronic volume 
control for use in stereos, radio/cassette recorders, car au
dio systems, hi-fi VTRs, and electronic musical instruments. 

FEATURES 
• Two built-in channels with independent control pins 

........ ·Independent control of each channel is 
possible with Vc (control) at pins ® and (J) for 
channels 1 and 2, respective Iv. 

• High maximum input voltage 
................................. Vj=3Vrms(when THD=O.5%) 

• Low distortion ................ THD=O.02%(when Vo=1Vrms) 
• Wide attenuation range ............................... O~-1 OOdB 
• High signal-to-noise ratio (dynamic range) .............. 94dB 

(when ATT=OdB, R1=15kO, Ro=30kO, and Rc=1.8kO) 

• Logarithmic response VCA 
... Logarithmic response equivalent to A-curve volume 

• Bias boltage can be adjusted with external resistor 
• Can be operated with a single power supply 

.......................... Built-in COM Pin ® Vcc/2 bias pin 

APPLICATION 
As an electronic volume control in stereo equipment, 
radio/cassette recorders, car audio systems, hi-fi VTRs, and 
as a program attenuator in electronic musical instruments. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

OUTPUT 2 

INPUT 2 

CONTROL 2 

CONTROL 1 

BIAS CONTROL 

(-) SUPPLY 

GND (COMMON) 

INPUT 1 

10-pin moded plastic SIP 

I-r-----~-~~_;-----'f"-----_;-------'f" ---------------r-----------,----r-~~~~--~~~~~i---( 

L----* _________ 1--___ ~_+_ _____ __'---+-_\4 (-) SUPPLY 
L-____ _ 

• MITSUBISHI 
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MITSUBISHI LINEAR ICs 

MS241L 

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE 
IN AN ELECTRONIC VOLUME CONTROL 

APPLICATION EXAMPLE 

+ R, 
INPUT 1 e>---1tr--'Wr-{ 

I N PUT 2 o--Il--'V\rv-( 

M5241L 
~---------

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Ratings Unit 

Vee Supply voltage ±lB(36) V 

Pd Power dissipation BOO mW 

.>-Y8--o0UTPUT 1 

'" BY selectina Ro=2R" when 
Vc=OV, an attenuation of 
ATT =0 dB will be obtained. 

>"1r'+-I1---0 0 UTPUT 2 

ELECTRICAL CHARACTERISTICS (Ta=25"C, Vee=±15V,Ri=15kO,Ro =30kO, Ve=OV, Vi=lOdBm,f=lkHz, unless 

otherwise noted) 

Symbol Parameter Conditions 

Icc Circuit current V,=OV 

VtMt Maximum mput voltage THO=0.5% 

ATTM MaXimum attenuation Ve=-300mV 

ATT Attenuation error 

THO Total harmOniC distortion Vo=lVrms 

VNO NOise output voltage V,=O input shorted 

TYPICAL CHARACTERISTICS 

10-12 

ATTENUATION VS. CONTROL VOTAGE 

CD 
1J 

~ 

+20 

o 

« -20 

z o -40 
~ 
~ -60 
z 
w I: -80 
« 

-100 

-120 

Vce=±15V 
V,=lOdBm 
Re=l.BkO 

......... R,=15kO 

" 
Ro=30kO-

"'-
~ 

"" "" " "' 
• 0 -100 -200 -300 

CONTROL VOLTAGE Ve (mV) 

'. MITSUBISHI 
;"'ELECTRIC 

Typ Unit 

3.8 mA 

3.0 Vrms 

100 dB 

-0.5 dB 

0.02 % 

57 "Vrms 



MITSUBISHI LINEAR IC. 

M5232L 

VOLTAGE DETECTOR/ON.OFF ALARM CIRCUIT 

DESCRIPTION 
The M5232L is a unique semiconductor integrated circuit 
designed for use as a voltage detector/on-off alarm circuit. 

Housed in a compact 8-pin SIP, the M5232L contains a 
comparator, reference voltage source, a vibrator circuit for 
turning the LED on and off, and a voltage regulation circuit. 
When the input voltage of the comparator at Pin (I) is higher 
than the internal reference voltage, the LED lights up, and 
when it is lower, the LED turns on and off. Also provided is 
an output pin (Pin ®) which does not operate intermittentlyk 
but permits a relay or micro buzzer to be driven while the 
LED is being turned on and off by Pin @' Signals from a low 
voltage checker for batteries, or from optical or thermal sen
sors are detected at the input pin of the comparator (Pin (I) 
allowing the M5232L to be applied widely in the alarm and 
protection circuits of electronic equipment. 

FEATURES 
• Starting supply voltage at wh.ich the LED will blink can be 

set optionally by using external resistors R, and R2 (in the 
case of a low voltage checker for batteries) 

• LED on/off frequency can be set optionally with external 
capacitor C, 

• Buily-in logic output pin (Pin @) causes a high-ta-Iow 
lev~1 transition as soon as the blinking begins 

• Hysteresis operation is possible at the blink starting 
voltage using Pin ® 

• LED lights when the input voltage of the comparator at Pin 
(I) is higher than the internal reference voltage, permitting 
the M5232L to be used as a pilot lamp for power ON 
indication 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

Vee 

VOLTAGE SETTING 
HIGH/LOW 
LOGIC OUTPUT 
EXTERNAL 
CAPACITOR C, 
GND 

LED BLINK DRIVE 

V,e! CHECK 

VOTAGE REGULATOR 
'--__ -r-OUTPUT 

8-pin molded plastic SIP 

APPLICATION 
Low voltage checker for batteries in equipment 
such as radio/cassette recorders, portable VTRs, 
cameras. Alarm and protection circuits of electronic 
equipment. 

RECOMMENDED OPERATING 
CONDITIONS 

Supply voltage range .......... · .. · .... Vcc=5-18V 

---------, 

Vee 8r-------------~r_~ __ 
VOLTAGE 

r-------------~------~1 REGULATOR 

VOLTAGE 
SETTING 

EXTERNAL 
CAPACITOR C, 

OUTPUT 

I-------+-----------{ 2 Vre! CHECK 

LED BLINK DRIVE 

• MITSUBISHI 
1"& ELECTRIC 

HIGH/LOW 
LOGIC OUTPUT 
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MITSUBISHI LINEAR ICs 

MS232L 

VOLTAGE DETECTOR/ON.OFF ALARM CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta =25'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 20 

Pd Power dissipation 800 

ILP Load current 50 

KO Thermal derating Ta2:25'C 8 

Topr Operating temperature range -20~+75 

Tstg Storage temperature range -55~+125 

ELECTRICAL CHARACTERISTICS (T a=25'C) 

Symbol Parameter 

Icc Circuit current 

V2 Reference voltage 

V, Output voltage 

V3 Saturation voltage 

V6 Saturation voltage 

f OSCillation frequency 

TEST CIRCUIT 

Vee 
j--+---\ 8 

t------{ 7 

~~~--------~4 

Parameter Vee S, S2 

Icc 9V OFF OFF 

V2 9V ON ON 

V, 9V ON ON 

V3 9V ON ON 

V6 6V ON OFF 

f 6V ON ON 

10-14 

Limits 
Test conditions 

Min Typ 

Vce=9V,I L=0 2.0 

Vee=9V, RL3=400Q 1. 22 1. 31 

Vee=9V, RL3=400Q 3.6 4.0 

Vee=9V, RL3=400Q 0.2 

Vce=6V, RL6=400Q 0.2 

Vee=6V, C,=4. 7 ,uF, RL3=400Q 1.8 

a S4 

M5232L 

S3 S4 

OFF -

OFF b 

OFF a 

OFF c 

ON d 

OFF c 

"* MEASUREMENT OF f ON CRT 
PIN Q) WAVEFORM f=l/T (Hz) 

T 

"'I 

OV--------------------------
(Duty cycle IS approx 50%) 

• .MITSUBISHI 
.;.. ELECTRIC 

Unit 

V 

mW 

mA 

mW/'C 

'c 
'c 

Unit 
Max 

3.0 mA 

1. 40 V 

4.4 V 

0.5 V 

0.5 V 

Hz 



1. Basic principle of M5232L operation 
• When supply voltage Vcc is normal, the LED lights 

and functions as a pilot lamp. In this case, Pin @ 
drives the LED with open-collector output. 

• Vcc drops, becoming VCCl and when the Pin Q) 
potential becomes 

R 
V7= R1+R2 • Vccl<Vref 

the comparator inverts, the blink curcuit is switched 
on, and the LED blinks on and off. (Vref, produced by 
the internal reference voltage source, is 1.31 V typ.) 

• The on/off alarm circuit shown on the right will acti
vate when the voltage is 6.BV, which is 25% less than 
Vcc=9V (six 1.5V cells). 

• Pin ® is an open-collector output that causes a high
to-low level transition simulataneously with the Pin @ 
on/off operation. A micro buzzer, relay or other load 
can be connected across this pin and Pin CD of Vcc 
(Pin ®) for a wide range of applications. 

MITSUBISHI LINEAR ICs 

M5232L 

VOLTAGE DETECTOR/ON· OFF ALARM CIRCUIT 

LOW VOLTAGE CHECKER FOR BATTERIES 
(SIMPLIFIED DIAGRAM) 

9V 
Start level for LED blmking Vee1 

6.BV 
;/ 

Supply 
vltage 5V 

0 
I VeeON 

IF I Constant voltage until Vee 

I ~n'~~ 'o'o='m""" ., .. , '0 w. 

Bettery replacement 

ON 

Current J I Continuous lighting 

flowing 
to LED 

Pin@ ! HIGH(OFF) 

voltage 

2. LED Drive current IF 

• Assuming that Pin CD output voltage is 4V, LED for
ward voltage is VF, and V3 is O.2V, then 

4V-O.2V-VF 
IF 

Rl 
IF is approximately equal to 4.6mA with VF= 2V, and 
Rl=390Q (in a typical application circuit). 

LOW(ON) 

3. Onloff oscillation frequency 

The on/off oscillation frequency can be varied by 
changing the value of external capaCitor Cl. 

6 

N 4 
:x: 

2 

o 
o 

\ 
'\. 

,,~ 
........... r--t---

2 4 6 8 10 

C, (,uF) 

* If capacitance C , is even further reduced. oscillation will 
be pOSSible up to a frequency of about 10kHz 

• MITSUBISHI 
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MITSUBISHI LINEAR ICs 

M5232L 

VOLTAGE DETECTOR/ON-OFF ALARM CIRCUIT 

TYPICAL CHARACTERISTICS 

~ 
E 

1000 

POWER DISSIPATION VS. 
AMBIENT TEMPERATURE 

';; 800 

'" 
(l. 

z 
0 
i= 
< 
(l. 

Cii en 
is 
cr: 
W 

~ 
0 
(l. 

-; 

:> 
W 
C!l 

~ 
o 
> 
I-
:J 
(l. 
I-
:J 
o 

600 

400 '" " 
" 

200 
, , , 

" o 
o 25 50 75 100 125 

AMBIENT TEMPERATURE Ta (''C) 

OUTPUT VOLTAGE VS. LOAD CURRENT 
5r---~-----r----~--~ 

Ta=25'C 
Vec=9V 

O~--~----~----~--~ o 5 10 15 20 

LOAD CURRENT Ie (rnA) 

5 

-s; 
s;~ 

4 ~~ 

:> 
w 

w(!l 3 (!l< 
<I-I-.J 
.J O 
0> 2 >w 
I-U 
::;)Z 
(l.w 
I-cr: 
::;)w 

ott 
cr: 

o 

OUTPUT VOLTAGE. REFERENCE 
VOLTAGE VS. SUPPLY VOLTAGE 

Ta=25'C 

V, 

r 

I 

V2(ref) 

/' 

o 5 10 15 20 

SUPPLY VOLTAGE Vee (V) 

SATURATION VOLTAGE VS. LOAD CURRENT 
2.0 

~ 
Ta=2S'C 
Vee=9V 

.; 
1.5 

W 
(!l 
~ .J 
0 1.0 > 
z 
0 
i= 
< 0.5 cr: 
::;) 
I-
< en 

/ 

/ 
V 

~ 
;7 

o 
o 5 10 lS 20 

LOAD CURRENT Ie (rnA) 

PRINTED CIRCUIT BOARD FOR CIRCUIT TESTING (TYPICAL APPLICATION EXAMPLE) 

10-16 

PRINTED CIRCUIT BOARD WIRING DIAGRAM 
(COPPER FOIL SIDE) 

o 

.0 f R, 
75k 

o 

• MITSUBISHI 
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RJ 
18kl 

(PARTS SIDE) 

f!'7 P 

MS232L ~R3 
~O-l "':'o:::o=o:':o:::o-o-~~I (90 Q 

o 0 

+L~D 
o 

o 

o 



APPLICATION EXAMPLES 

1. Low voltage checker for batteries 

3. Abnormal temperature indicator 

T , 
-'-

BUZZER 

4. Timer and muting indicator 

MITSUBISHI LINEAR IC. 

M5232L 

VOLTAGE DETECTOR/ON-OFF ALARM CIRCUIT 

This low voltage checker for batteries is set to start the 
LED blinking when supply voltage Vcc = 9V (six 1.5V 

LED cells) is reduced by 25% (to 6.8V). 

LED 

Cl=4.7 pF ..... f ~1.8Hz 
C2, which has a value of 100pF, prevents oscillation. It 

should be inserted when the input/output leads are long 
or when parasitic oscillation is generated by the load. 

When the base of transistor Trl is set low (the normal 
condition), Pin (J) comparator voltage is set high, Pin @ 
is set low, and the LED is switched off. 

When the base of transistor Tn is set high (signifying 
trouble), Pin (J) comparator input voltage is set low, the 
internal vibra,tor circuit is switched on, Pin @ is repe
atedly set high and low, and the LED blinks on and off. 
At the same time, an electronic buzzer can be sounded 
using Pin @ or a relay can be driven. (An ordinary 
switch may be used in place of transistor Tn.) 

In normal circumstances, the LED is off and power dis
sipation is kept low. In abnormal circumstances, the 
LED blinks on and off. It is also possible to sound a buz
zer or drive a relay using Pin @. 

By connecting C2 in parallel with R2, Vcc is switched on, 
the charging current indicated by the dotted line in the 

LED figure flows, and the LED blinks on and off until the Pin 
(J) voltage reaches: 

R2 
Vce' R1+R2 

When C2 is charged up, the LED will light. These op
erations can be applied to timer and muting circuits. 

• MITSUBI5HI 
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MITSUBISHI LINEAR IC. 

M5232,L 

VOLTAGE DETECTOR/ON·OFF ALARM CIRCUIT 

5. Low voltage checker for batteries (of 5V or less) 

Since output Pin CD of the M5232L is regulated at 4V, 
, the output is not stabilized at Vcc less than 5V. 

When an LED is connected directly from Vcc as 
shown in the figure at left, it is possible to construct a 
battery checker for batteries of less than Vcc 5V, (for 
instance, Vcc=3-5V). Note that in this case, the IF of 
the LED will fluctuate in accordance with the changes in 

Vcc· 

6. Hysteresis operation of the on/off starting voltage 

7. Modification of output voltage V 

15k 

M5232L 

7.6k 

OUTPUT 
VOLTAGE V, 

LED 

By connecting RH across pins @ and (J), as shown in the 
figure on the left, the on/off starting voltage is set at: 

R1+R2 
V2(ref)· -R-2-

A~er the start of the on/off blinking, Pin @ (the open 
collector) goes on, and so· it is possible to apply hys
teresis and the voltage expressed below: 

R1+R2//RH 
V2(ref) • R2#RH 

The output voltage Vl of the M5232L is set by the inter
nal resistor as shown in the figure at left, but this can be 
changed by connecting a semi-fized resistor across 
GND and pins CD and (2). 

8. Increased current capacity of constant-voltage 
power supply 

CONSTANT-VOLTAGE 
POWER SUPPLY 

LED 

+ 

The current capacity of the built-in constant-voltage 
power supply is approximately 20mA. However, by 
attaching external transistor Tn as shown in the figure 
on the left, it is possible to obtain a constant-voltage 
power supply with a large current capacity of 1A or 
more. The output voltage of the power supply can also 
be varied with variable resistor Vn. 

Note· OscIllation may be generated when the input or output leads are long In cases lU<.e thIS. ,"put and' output capacitors C, and C2 

(1- 10uF) should be Inserted near the IC 

10-18 
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MITSUBISHI LSls 

MS0601P 

ELECTRONIC VOLUME CONTROL CMOS D-A CONVERTER 

DESCRIPTION 
The M50601 P is a semiconductor integrat~d circuit de
signed to digitally control the control voltage of an electro
nic volume control. Fabricated using aluminum gate CMOS 
technology, this device contains a PWM-type 6-bit D-A 
converter that functions to control the amplitude of the ana
log signal by dividing it into 64 steps. 

FEATURES 
• Low power dissipation 
• Built-in ceramic oscillator for high frequency stability 
• Analog signal amplitude may be controlled over 64 

steps 

• Includes a memory function 
• Includes a preset function 

APPLICATION 
All types of electronic volume cotrols. 

FUNCTIONAL DESCRIPTION 
The M50601 P is a CMOS integrated circuit containing a 6-
bit up/down counter, oscillator circuit, dvider circuit, D-A 
converter, and the other circuits required to digitally pro

cess the control voltage of an electronic volume control. 
The major functions include both manual and automatic op
eration of the 6-bit up/down counter, and a memory func
tion designed to hold the contents of the up/down counter. 
It also has a preset function that allows the contents of the 
memory, or "0" or "32" to be set into the up/down counter. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

PRESET DATA 
CONTROL INPUT M .... PRESET DATA 

CONTROL INPUT 

RESET I NPUT RESET .... D/A OUTPUT 

NC VDD (4. 5-5. 5V) 
RESET 

co~~~ef PRESET.... NC 

c~~~~~~ MEMORy.... NC 
INPUT 

(Note 1) NU vss (OV) 

UP/DOWN I DOWN.... 10 - OSC IN l ~~~6L~I~OR 
C~~~~9~ 1 up.... 9 .... OSC OUT 16~~~~~s ---,-----' 

Outline 16P4 
NC : NO CONNECTION 

NOTE1: LEAVE PIN (6) OPEN, DO NOT USE 

(4. 5-5. 5V) (Ov) 
Voo Vss 

,-----------1@--~-----1 
, 

OSCILLATOR CIRCUIT { OSC IN 

INPUT/OUTPUT OSC OUT 

RESET INPUT 

{
UP 

UP/DOWN CONTROL INPUTS 
DOWN 

MEMORY CONTROL INPUT MEMORY 5 

PREPET DATA CONTROL INPUTS{ ~ 
, 

_~_J 
PRESET 

PRESET CONTROL INPUT 

• MITSUBISHI 
.... ELECTRIC 

D-A OUTPUT 
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MITSUBISHI LSls 

MS0601P 

ELECTRONIC VOLUME CONTROL CMOS D.A CONVERTER 

FUNCTIONAL DESCRIPTION 
Oscillator Circuit 
The internal oscillator circuit generates a reference signal 

by connecting one ceramic resonator and two capacitors to 

the OSC IN and OSC OUT terminals. An example circuit is 
shown in Fig. 1. 

M50601P 

OSCIN OSC OUT 

o 

CERAMIC 
RESONATOR: CSB480A 

(Murata Mig) 
CLI , 'CLO : 100pF 

Fig. 1 . Example Oscillator Circuit (using a ceramic resonator) 

Up/Down Counter Function 
Each time the UP pin receives a high-level input, the con

tents of the 6-bit up/down counter are incremented by one 

step. The count will continue to "63", after which it will not 
increase. 

If the high level is held at the UP pin for 0.41 to 0.52 

seconds, the contents of the up/down counter will be in

cremented at a rate of approximately 9.77 steps/sec. The 

counter will stop when it reaches "63". 

Each time the DOWN pin receives a high-level input, the 
contents of the 6-bit up/down counter are decremented by 

one step. The count will continue to "0", after which it 'will 

not decrease. 

If the high level is held at the DOWN pin for 0.41 to 0.52 

seconds, the contents of the up/down counter will be de

cremented at a rate of approximately 9.77 steps/sec. The 

counter will stop when it reaches "0". 

When both the UP and DOWN pins receive a simultaneous 

high-level input, the contents of the up/down counter will 

not change. 

The chattering prevention circuit also prevents data from 

being entered into the counter (for both of the UP and 

DOWN pins) if the duration of the high-level signal is less 

than 25 to 50ms. 

Memory Functio~ 
When a pulse similar to the one shown in Fig. 2 is applied 

to the MEMORY pin, the contents of the 6-bit up/down 
counter are stored in memory. 

a 

Voo 

Vss 

a a 

a : MINIMUM OF 
OVER lOOms 

Fig.2. Input Signal Waveform at the MEMORY 

Terminal 

Preset Function 
When the PRESET pin and the the M pin are at low level 

and a pulse similar to the one shown in Fig. 3 is applied to 
the L preset to "0". 

When the PRESET pin and the L pin are at low level and a 

pulse signal similar to the one shown in Fig. 3 is applied to 

the M pin, the contents of the 6-bit up/down counter are 
preset to "32". 

When the L pin and the M pin are at low level and a pulse 

similar to the one shown in Fig. 3 is applied to the PRESET 

pin, the contents of the 6-bit up/down counter will not be 
preset. 

a ~IE a 

voo 

vss - ...... ---' 

a ,.1 

a : MINIMUM OF 
OVER lOOms 

Fig.3. Input Signal Waveform for the L, M, and 

PRESET Terminals 

Reset Function 
Reset is a test 'function. When a high-level signal is applied 

to the RESET pin, the divider (480 kHz-4.88Hz) is reset. 

D·A Output 
The internal 6-bit 0/ A converter functions to control the 

analog signal amplitude in 64 steps. 

Output is repetitious at a frequency of 1.25 kHz ; it is a 

pulse-width modulated output with a minimum pulse width 

of 12.5us. 

Operation of the UP or DOWN terminal, if set in the auto

matic mode, will increment or decrement the analog signal 

amplitude at a rate of approximately 9.77 steps/sec. Con

sequently, the time required to cover the full range from 

minimum to maximum analog value, or vice versa is approx

imately 6.45 seconds. 

10-20 • MITSUBISHI 
"'-ELECTRIC 



MITSUBISHI LSls 

MS0601P 

ELECTRONIC VOLUME CONTROL CMOS D·A CONVERTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Voo Supply voltage With respect to Vss pin -0.3-7 

V, Input voltage Vss;:;;; V,;:;;; Voo 

Vo Output voltage Vss-5'..VOs:.VOD 

Pd Maximum power dissipation Ta=25"C 300 

Topr Operating temperature range -30-70 

Tstg Storage temperature range -40-125 

RECOMMENDED OPERATING CONDITIONS 
limits 

Symbol Parameter Unit 
Min Typ Max 

Voo Supply voltage 4.5 5 5.5 V 

fosc Oscillation frequency 480 kHz 

V ,H "H" Input voltage (Note 2) O. 7XVoo Voo Voo -
V ,L "L" Input voltage (Note 2) 0 0 O,3XVoo -

Note 2 : Applicable to the seven terminals, M, PRESET, RESET, MEMORY, DOWN, UP, and L. 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Voo=5V, Vss=ov, CLI=CLO=100pF, unless otherwise noted) 

Symbol Parameter 

Voo Operating supply voltage 

Voo Supply current 

R, Pull·down reSistor (Note 2) 

IOH "H" output current 

IOL "L" output current 

APPLICATION EXAMPLE 

M 

RESET 

NC 

PRESET 3: 
C1I 
0 
C» 
0 

MEMORY ... 
'tJ 

NU (NOTE1) 

DOWN 

UP 

Test conditions 

Ta=-30-70"C, fosc=480kHz 

fosc=480kHz 

V,=5V 

Vo=OV 

Vo=5V 

L 

Vo 

Voo 
J; 

NC (+) SUPPLY 

NC 

V •• 

CLI 

CERAMI~ 
c::J RESONATOR 

c:-lr 

• MITSUBISHI 
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Limits 

Min Typ 

4.5 5 

0.3 

100 

2 

2 

ANALOG OUTPUT 

Unit 

V 

-
-

rnW 

'C 

'C 

Unit 
Max 

5.5 V 

2 rnA 

kO 

rnA 

rnA 
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MITSUBISHI LINEAR ICs 

M51017AP 

FLEXIBLE DISK DRIVE (FDD) READ/WRITE AND LOGIC IC 

DESCRIPTION 
The M51017AP is a semiconductor integrated circuit de
signed for use in flexible disk drives. It consists of read, 
write, and stepping motor drive pulse generator circuit sec
tions, as well as a wide variety of control logic circuits. 

The M51017AP can be used for double-sided recording. 
The magnetic head is selected by side select signal. 

FEATURES 
• Read circuit section 

Amplifies the signals from the magnetic head and outputs 
the required read data. 

• Write circuit section 
Drives the write switching circuit according to the write 
data and the recording current is made to flow in the 
magnetic head. The recording current is set extemally. 
Also drives the erasing circuit (tunnel erase system) 
according to the on/off switching of the write gate. The 
erase timing can be set by an external constant. 

• Stepping motor drive pulse generator section 
Generates a drive pulse corresponding to the two-phase 
excitation system according to the step input signal. 
A switching terminal for selecting one step/one pulse or 
one step/two pulses has been provided. The output is 
TTL level. 

• Control logic circuit sections 
(functions of each section are described later) 
The input circuit section provides hysteresis operation and 
LSTTL level, while the output circuit section has open col
lector output. 

• Housed in a 60-pin molded plastic quad flat package 
(with a lead pitch of O.8mm) 

BLOCK DIAGRAM 

0 ::e <f) ~ ~ ~6~~~~ 5 ~ z ~>-
::ez ~ r5 5~~~5~ ~ g: w 

Z Z LLi=Z<flL. - -.J::;' 
0 (i~ i[ ~6~o Il 
::e ~ 0 ~ o~ <f 0 
0 00>-

PIN CONFIGURATION (TOP VIEW) 

o 

~~ 

o 

o 

~~ ::i I-
~ <'.flO ~ ~ 
g:~""ffi-·0J'32:i! 

M51017AP 

NC NO CONNECTION 

60-pin molded plastic flat quad package 

>-0 wz 0 0 
~:J « « 

w w LL Il I :r 06 
0 
W 
0 

STEP SWITCH 

17 CURRENT ADJ 

VBS 

CTa 

17 HEAD 0 
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MITSUBISHI LINEAR ICs 

MS1017AP 

FLEXIBLE DISK DRIVE (FDD) READ/WRITE AND LOGIC IC 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 7.0 

Vss Supply voltage 15.0 

Topr Operating temperature range 0-+60 

Tstg Storage temperature range -40-+125 

Vhd 
Voltage apploed to head input 'pins 

Pulse apploed for 2 p s 25 
(pins@,@,@,@) 

V@ Voltage applied to erase-current pin (Pin @) Pulse applied for 2 p s 20 

I@ Erase-current pin output current (pin @) Erase mode 100 

I@ Center-tap pin output current ; 
Write/erase mode 110 

I@ (pin @,@)) 

ELECTRICAL CHARACTERISTICS (T a=25'C, Vcc=5V, Vss=12V, unless otherWise noted) 

Symbol Parameter 

Gv Voltage gain 

Bw Preamplifier high range gain attenuation 

Vo Differential output voltage width 

los ~ Differential output current Width 

r, a. Differential Input resistance E 
ro 03 Differential output resistance 

"0 
N, 03 Input conversion nOise voltage Ol 
VOFF 

a: 
Output offset voltage 

CMRR In-phase signal suppression ratio 

SVRR Supply ftuctuatlon suppression ratio 

rid '0 Differential input resistance 

los Q>1~ Output Sink current ;;-E 
Ps OOl Peak shift 

- Ea Monostable one-pulse Width setting range 

- .2~'5 Monostable two-pulse Width setting range 

- ~a~ Monostable one-pulse Width precIsion 

- ~~o Monostable two-pulse Width precIsion 

IWR Write current 

- Write current preCIsion 

- Write current supply dependency 
':; 

Write current temperature dependency - ~ 

6.lwR 
'0 Write current pair quality 
2 

Wnte current setting range -
~ 

Vsat Output saturatIOn voltage 

IOHl Off-state leakage current 

IOH2 Off-state leakage current 

VOL 
Q)~ 

Output saturation VOltage 

10H 
,,=> 

Output leakage current 03" 

ler w'5 Erase current range 

VOH c Output voltage at time of wnte selection o~ 

VOL 
EOl 
E~ Output voltage at time of read selection 

- 0"0 Output current range <..l 
tw , Ola M/M-l output pulse Width 

:0", 
tW2 O3~ M/M-2 output pulse Width -.0 

tW3 ~'> M/M-3 output pulse Width e:;::: 

tW5 n M/M-5 output pulse width 

Test conditions 

f=125kHz 

f=5MHz 

Plns(jjjl-@ 

Pins(jjjl-@ 

Pins @-@/@-@ 

Pins(jjjl-@ 

Bw=10kHz-l MHz 

Pins(jjjl-@ 

V ,=5mVrms, f=10kHz 

6. VBB=100mVrms, f=10kHz 

PlnS@-@ 

PlnS@, (j) 

R, =5. 6k 0, C, =560pF, tw =2000ns 

R2=5. 6k 0, C2=300pF, tw =1200ns 

R'WR=5.6kO 

Vec=5V, V ss=10. 8-13. 2V 

Ta=0-60'C 

IWR1-lwR2 

IOL=7.5mA 

Head on non-selected Side 

Head on selected Side 

IOL=70mA 

VoH=20V 

R,=100kO, C,=O. 01 p F, k='O. 28 

R2=82k 0, C2=0. 033p F, k='O. 27 

R3=100kO,C3=0.12pF,k='0.29 

R5=100kO, C5=2. 2pF, k='O. 31 

• MITSUBISHI 
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Min 

47 

20 

-0.6 

22 

-2 

500 

150 

-15 

-20 

-10 

-1 

10.2 

limits 

Typ Max 

49 51 

-3 

6 

8 

25 

30 

8 

+0.6 

50 

60 

30 

1.5 

+2 

2000 2400 

1000 1200 

+15 

+20 

6 

+10 

±0.1 

±0.05 

+1 

10 

4 

250 

100 

0.6 

250 

100 

11. 3 

2 

110 

285 

730 

3.7 

68 

Unit 

V 

V 

"C 

·c 

V 

V 

mA 

mA 

Unit 

dB 

dB 

Vp _p 

mAp_p 

kO 

0 

pVrms 

V 

dB 

dB 

,kO 

mA 

% 
ns 

ns 

% 

% 
mA 

% 
%/V 

%!"C 
% 
mA 

V 

pA 

pA 

V 

pA 

mA 

V 

V 

mA 

pS 

pS 

ms 

ms 
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MITSUBISHI LINEAR IC. 

M51017AP 

FLEXIBLE DISK DRIVE (FDD) READ/WRITE AND LOGIC IC 

ELECTRICAL CHARACTERISTICS(CONTINUED) (Ta=25°C, Vcc=5V, Vss=12V, unless otherwise noted) 

Symbol 

VOL 

10H 
5 
(3 

- ~'5 
o 0. 

VOL 
,,-, 

" c: 0 

10H 
Q) 

0. 
0 -

VOH :;-:: 
VOL 0." -" ::J .: 

- 0" 

Vth+ 

Vth-
a; 
en 
en 

Hys :5'5 
_0. 

I'H ~ c: E .-
I'L 

.c: 

" (J) 
-

V'H 

V'L 

I'H 
'5 
0. 

I'L 
E 

-
Vths ~§ 

Vth'2 
~~ 
<J?~ 

Icc :=:1: 
" " ~ ::: 

Iss 05 
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Parameter Test conditions 

"L" output voltage IOL=48mA 

"H" output current VoH=12V 

Applicable pins· @, @),®,@,i@ 

"L" output voltage IOL=12mA 

"H" output current VOH=12V 

Applicable pins: ® 
"H" output voltage 10H=lmA 

"L" output voltage 10L=0.lmA 

Applicable pins: rJ1), ®, @,@) Totem-pole output 

Positive-going threshold voltage 

Negative-going threshold voltage 

Hysteresis 

"H" Input current Vi=2.7V 

"L" input current Vi=0.4V 

Applicable pins ®,@, @, @, @,@, ®I,~, @ 

"H" input voltage 

"L" Input voltage 

'u H" input current 

"L" Input current 

Applicable pins: ®>, ® 
5V-system detection voltage 

12V-system detection voltage 

5V-system circUit current 

12V-system circuit current 

V,=2.4V 

Vi=0.4V 

Read mode 

Read mode 

• MITSUBISHI 
.... ELECTRIC 

Limits 
Unit 

Min Typ Max 

0.4 V 

250 pA 

0.4 V 

250 pA 

2.7 3.4 V 

0.4 V 

1.2 1.6 1.9 V 

0.5 0.8 1.1 V 

0.4 0.8 V 

40 pA 

-0.4 mA 

2. a V 

0.8 V 

40 pA 

-0.4 mA 

3.4 3.9 4.4 V 

7.6 8.6 9.6 V 

68 mA 

18 mA 



MITSUBISHi LINEAR ICs 

MS1660L 

SERVO MOTOR CONTROL FOR RADIO CONTROL 

DESCRIPTION 
The M51660L is a semiconductor integrated circuit for use 
in servo motor conrol in radio control applications. 
Housed in a 14-pin molded plastic zig-zag inline package 
(ZIP), the M51660L contributes to the miniaturization of the 
set. 
The bUilt-in voltage regulating circuit, and the differential 
comparator used in the comparator circuit provide the 
M51660L with extremely stable power supply voltage fluc
tuation characteristics and temperature change characteris
tics. 

FEATURES 
• Small circuit current ······3.5mA typo (When output is off) 
• Excellent power supply and temperature stability 
• Simple setting of dead band 
• Includes protection circuit for continuous "H" level input 

APPLICATION 
Digital proprtional systems for radio control, servo motor 
control circuits. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range········ .............................. 3.5-7V 
Rated supply voltage .......................................... 4.BV 

BLOCK DIAGRAM 

ONE-SHOT 

lltt. 

PIN CONFIGURATION (TOP VIEW) 

SERVO POSITION VOLTAGE 1 

TIMING CAPACITOR 2 

TIMING RESISTOR 3 

EXTERNAL PNP TRANSISTOR DRIVE (1) 4 

INPUT 5 

OUTPUT (1) 6 

GND 7 

ERROR PULSE OUTPUT 9 

OUTPUT (2) 10 

STRETCHER INPUT 11 

EXTERNAL PNP TRANSISTOR DRIVE (2) 12 

REGULATED VOLTAGE OUTPUT 13 

14-pin molded plastic ZIP 

(4.8V) 
SUPPLY GND GND 

t--y-r-·l 
4 EXTERNAL PNP TRANSISTOR 

DRIVE(l) 

6 OUTPUT(1) 

10 OUTPUT(2} 
12 EXTERNAt PNP TRANSISTOR 

DRIVE(2} 

13 REGULATED VOLTAGE OUTPUT 

__ J 
SERVO ERROR TIMING TIMING STRETCHER INPUT 

POSITION PULSE RESISTOR CAPACITOR 
VOLTAGE INPUT OUTPUT 
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MITSUBISHI LINEAR ICs 

M51660L 

SERVO MOTOR CONTROL FOR RADIO CONTROL 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions Ratin'gs 

Vee Supply voltage 
~ 

7,5 

10 SINK Output sink current 500 

10 SOURSE Output source current 200 

Pd Power dissipation 550 

K. Thermal derating range Ta;,,25'C 5.5 

Topr Operating temperature -20-+75 

Tstg Storage temperature range -40--+125 

ELECTRICAL CHARACTERISTICS (Ta=2S'C, Vcc=4.BV unless otherwise noted) 

Symbol Parameter Test conditions 

lee 
When output IS off 

Circuit current 
When output IS on 

VOL 
10 SINK= 1 OOmA 

Output voltage "L" 
10 s1NK=400mA 

V OH Output voltage "H" 10 SQUACE= 1 OOmA 

IpNP External PNP transistor drive current 

V Rea Internai"regulated supply voltage 

IRea Internal regulated supply output current 

Toe Minimum dead band width RoB=5101l, Cs=O. 11'F 

TYPICAL CHARACTERISTICS (Ta=2S·C. unless otherwise noted) 

~ 
E 

U 
0.. 

Z 
0 
;:: 
« 
0.. 
iii 
(/J 

is 
a: 
UJ 
~ 
0 
0.. 
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1000 

BOO 

600 
r-

400 

200 

a 
a 

THERMAL DERATING 
(MAXIMUMRATING) 

- I'..... 

~ 
........ 

"' ... 
... 

25 50 75 100 

AMBIENT TEMPERATURE T a("C) 

"< 
E 
'0 
.2 

I-
Z 
w 
a: 
a: 
::::l 
U 
l-
S 
u a: 
(3 

, 
125 
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6 

4 

2 

a 
a 

Limits 

Min Typ 

3.5 

20 

0.1 
0.4 

3.4 3, B 

30 

2.3 2.45 

CIRCUIT CURRENT 
VS SUPPLY VOLTAGE 

When oulput is off 

, 

4 6 

SUPPLY VOLTAGE Vcc(V) 

Unit 

V 

mA 
mA 
mW 

mWI"C 
·C 

·C 

Unit 
Max 

5 
mA 

0.2 

0.7 
V 

V 

mA 
2.6 V 

3.0 mA 
1.5 ,us 



~ 
0-
0-

&5> 
a~ 
w Cl 
.... Q) 

:5> 
::lw 
(!)(!) 

~~ 
...J...J 
<CO 
z> a: 
w .... 
~ 

INTERNAL REGULATED SUPPLY 
VOLTAGE VS SUPPLY VOLTAGE 

4 

3 

2 

1 

o 
o 

" 

SUPPLY VOLTAGE VcdV) 

DEAD BAND WIDTH 
VS DEAD BAND RESISTANCE 

Stretcher capacitance 
Cs =O.l,uF 

~ 10r---------t---------~--~ 

" t-=' 
:r: .... a 
~ 
a 
z 
<C 
III 
a 
<C w 
a 

°0~---------1~k--------~2k----~ 

DEAD BAND RESISTANCE RoB(!l) 

APPLICATION EXAMPLE 
Servo motor control circuit for radio control 

INPUT 

MITSUBISHI LINEAR ICs 

M51660L 

SERVO MOTOR CONTROL FOR RADIO CONTROL 

~ 
w 
(!) 

~ 
~ 
.... 
::l 
0-.... 
::l 
o 

1000 

OUTPUT VOLTAGE "L" 
VS OUTPUT SINK CURRENT 

~r=. Vee 4.8V 

100 L 
7 

3 

V 
10 

11 
3 5 7 10 3 5 7100 3 5 71000 

OUTPUT SINK CURRENT IsINK(mA) 

,..----------..--+7T---<> Vee 

!10,u 

Units 
Resistance: n 
Capacitance: F 
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MITSUBISHI LINEAR ICs 

MS1660L 

SERVO MOTOR CONTROL FOR RADIO CONTROL 

TECHNICAL APPLICATION NOTES 
PIN DESCRIPTION 
1. Servo Position Voltage Input Pin (Pin CD) 

Connect the potentiometer terminal for position detection 
that follows the output axis. Compare this voltage with 
the voltage of the triangular wave of pin (2) and drive the 
motor. A capacitor of approximately 0.1,u F should be con
nected for noise prevention. 

2. Timing Capacitor Pin (Pin ®) 
Connect a capacitor that will generate a triangular wave 
by constant current charging. A typical value is 0.1,uF. 
Also connect a feedback resistor from the output here. 

3. Timing Resistor (pin @) 

Connect a resistor that will determine the value of the 
constant current of pin (2). A resistor of 18kO will yield a 
current of 1.0mA. A capacitor of approximately 0.03,u F 

should be connected in parallel with the resistor to in
crease stability. 

4. External PNP Transistor Drive CD (Pin ®) 
Connect to the base of the external PNP transistor. 

5. Input Pin (Pin ®) 
Operate with a positive pulse of peak value 3V or 
greater. 

6. Output CD Pin (Pin ®) 
Connect a feedback resistor between this pin and pin (2) .. 

7. Ground (pins (jJ and ®) 
8. Error Pulse Output pin (Pin ®) 

Connect a resistor between this pin and pin (j]). The dead 
band will change according to the value of this resistor. 

9. Output ® pin (Pin @i) 
This is the output (2) pin. 

10. Stretcher Input Pin (Pin (j])) 

Connect the capacitor and resistor of the pulse stretch
er section. 

11. External PNP Transistor Drive ® (Pin ®) 
Connect to the base of the external PNP transistor. 

12. Regulated Voltage Output Pin (Pin @) 

This is the output of the internal regulated supply vol
tage. Make connections from this pin to a potentiometer 
or pulse stretcher resistor. Connect a capacitor of 
approximately 2.2,u F for stability. 

13. Supply Voltage (Pin @) 

The supply voltage exhibits uniform characteristics from 
3.5V to 7V. Connect a capacitor of approximately 1 O,u F. 
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MITSUBISHI LINEAR IC. 

M51523AL 

DUAL ELECTRONIC VOLUME CONTROL 

DESCRIPTION 
The M51523AL is a semiconductor integrated circuit con
taining a dual channel electronic volume control housed in a 
miniature 14-pin molded plastic zig-zag inline (ZIP) 
package. 

PIN CONFIGURATION (TOP VIEW) 

Application of a DC voltage to the control pins permits the 
attenuation of the left and right channels to be changed as 
well as changes in the balance. Also included is a temper
ature-compensated reference voltage supply, enabling the 
M51523AL to be used as a control voltage source. 

FEATURES 
• High attenuation capacity ······························92dB(typ.) 

(f=1kHz, Vj=150mVrms JIS-A network) 
• Low distortion .......................................... O.015%(typ.) 

(f=1kHz, Vj=150mVrms at maximum volume) 
• Low noise ............................................ 3.6,uVrms(typ.) 

(JIS-A network at minimum volume) 
• Good matching between ch1 and ch2 
• Includes a balance circuit 
• Built-in stabilized power supply circuit makes device 

immune to fluctuations in supply voltage 
• Good temperature characteristics 

APPLICATION 
Volume controls for car stereos, radio cassette recorders, 
TVs, VTRs, etc. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ······································8~16V 
Rated supply voltage .......................................... ·12V 

BLOCK DIAGRAM 

INTERNAL 
REFERENCE 

4 

EXTERNAL 
REFERENCE 

6 

VOLUME 
CONTROL 

8 

-~-
OUTPUT 1 SUPPLY FILTER GND 

• MITSUBISHI 
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L-... ___ ...r--

INPUT 2 

OUTPUT 2 

NC 

NC 

BALANCE CONTROL 

NC 

VOLUME CONTROL 

GND 

EXTERNAL REFERENCE 

FILTER 

INTERNAL REFERENCE 

OUTPUT 1 

INPUT 1 

SUPPLY 

NC : NO CONNECTION 

14-pin molded plastic ZIP 

BALANCE 
CONTROL 

OUTPUT 2 

~NC 
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MITSUBISHI LINEAR IC. 

M51523AL 

DUAL ELECTRONIC VOLUME CONTROL 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage Quiescent 

Icc Circuit current 

Pd Power diSSipation 

K8 Thermal derating Ta2~5"C 

Topr Operating temperature range 

Tstg Storage temperature range 

ELECTRICAL CHARACTERISTICS (T a=25'C, Vcc=12V, 1=1 kHz, unless otherwise noted) 

Symbol 

Icco 

ATT 

C.B 

THO 

Ri 

Vi(max) 

No 

10-30 

Parameter 

Quiescent circuit current 

Attenuation level 

Channel balance 

Total harmonic distortion 

Input resistance 

Maximum input voltage 

Output noise voltage 

Test conditions 

VVOL =OV, V,=O 

VYOL =OV, V ,=150mVrms 

VYOL =2. 8V, V,=l Vrms 

VVOL =6. 5V, V ,=150mVrms 

VYOL :!:6. 5V, V,=l Vrms 

THO=l% 

Vj=O, JIS-A network 

• MITSUBISHI 
"'ELECTRIC 

Ratings Unit 

18 V 

30 mA 

550 mW 

5.5 mW;oC 

-20-+75 'c 
-40-+125 "C 

LI-mlts 
Unit 

Min Typ Max 

7 12 20 mA 

83 92 dB 

-3 0 3 dB 

0.015 0.1 % 

50 150 kQ 

1.0 1.5 Vrms 

3.6 10 ",Vrms 



MITSUBISHI LINEAR IC. 

M51523AL 

DUAL ELECTRONIC VOLUME CONTROL 

TEST CIRCUIT 

2 
a 

Note 1. S. G : HP 339A or equivalent 

THO: HP : 339A or equivalent 

V. V . Kikusui Model 1635 or equivalent 

M51523AL 

Note 2. A low-noise power supply should be used. (Less than 2p.V) 

eWhere the specified JI8-A filter is not used, the following circuit can be substituted. Note that output is increased 
by a factor of 1 00. 

22k 

rD' 0027 p. 

Adjust for an IN ~ OUT 
gain of 40 dB at 1 kHz. 

2. 2k<-<---~:J OUT 

22k 

Unit Resistance: Q 
Capacitance : F 

TEST METHODS (T a=25'C, Vcc=12V, f=1 kHz, unless otherwise noted) 

Switch condItion 
Parameter 

81 S2 83 S4 85 

Iceo 2 2 2 1 1 

ATT 1 1 1 1 1 

C.B 1 1 1 1 1 

THO 1 1 1 1 1 

1-2 1 
R, 1 1 1 

1 1-2 

Vi< max) 1 1 1 1 1 

No 1 2 2 1 1 

S6 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

Method 
87 S8 

1 1 Measure with ammeter 

1 1 
Vary VVOL from O·to 6. 5V and calculate using 

ATT=20 10g(VolV,)dB 

1 1 Channel balance at VVOL =2. 8V 

1 1 
At f=l kHz, Vi=150mVrms, and maximum volume, 

measure with distortion meter 

1 1 
Taking output Vol at S4=1, and output Vo 2 at 84=2, 

calculate usong R,=150/(Vo l/Vo2-1)kO 

1 1 
At f=l kHz, the onput voltage required to produce a THO of 1 % 
at maximum volume 

2 2 AT minimum volume level, 

• MITSUBISHI 
~ELECTRIC 

, 

Rg=10kO, JI8-A f,lter 
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MITSUBISHI LINEAR IC. 

M51523AL 

DUAL ELECTRONIC VOLUME CONTROL 

TYPICAL CHARACTERISTICS (T a=25°C, Vcc=12V, f=l kHz, unless otherwise noted) 

10-32 

THERMAL DERATING (MAXIMUMRATINGI 
1000 

~ 
E 

800 
"0 

Q. 

Z 600 0 
~ 

~ 
u; 400 
rJ) 

is 
a: 

200 w 
~ 
0 
Q. 

~ 
10 

0 7 
J: 
I-

5 

3 
z 
0 
~ 1 a: 7 0 r-
rJ) 

3 is 
u 
Z 0.1 
0 7 ::i: 5 a: 
..: 
J: 
...J 

~ 

'" ~ 1', , 
1', 

" 
o 25 50 75 100 125 

AMBIENT TEMPERATURE T a CC) 

TOTAL HARMONIC DISTORTION 
VSo OUTPUT VOLTAGE 

ATT=-30dB 

ATT 
20dB I 

I I ATT=O 

~ 0.01 
o O. 01 3 5 7 O. 1 3 5 7 1 3 5710 
r-

o 

ul -20 
> w 
...J 

Z 
o -40 

~ 
:;) 
z 
w 
~ -60 

8 

OUTPUT VOLTAGE Vo (Vrms) 

ATTENUATION LEVEL 
VS. SUPPLY VOLTAGE 

Vj=150mVrms I I 
ATT,=Od,B 

I I 
ATT,=-fOdB 

I I 
AT~=-fOdB 

I I 
AT~--rOdB 

10 12 14 16 

SUPPLY VOLTAGE Vee (V) 

z 
o 
~ 

'< 
E 

o 
J3 
rz 
w 
a: 
a: 
:;) 
u 
r
:; 
u a: 
(3 
rz 
w 
U 
rJ) 
w 
:;) 

o 

u; 

~ 
'I. 

0 z 
w 
Cl 

~ 
...J 
0 
> 
w 
rJ) 

(5 
z 
I-
:;) 
Q. 
r-
:;) 

0 

15 

14 

13 

12 

11 

10 

9 

8 

7 

100 

7 

5 

3 

10 

7 

5 
3 

-40 

bl ~ -50 
..,00 
w "C 
a:~ 

w a: 
Cl ~ -60 
~ rJ) 
...J 

~ Q 
>- r-
...J ..: -70 
Q. a: 
Q. 
:;) 
rJ) 

QUIESCENT CIRCUIT CURRENT 
VS. SUPPLY VOLTAGE 

- ,..-H::t 
/ 

",.. VVl-6j5V-

--.- I J 
",.. VVOL=OV-

./ 

8 9 10 11 12 13 14 15 16 

SUPPLY VOLTAGE Vee (V) 

OUTPUT NOISE VOLTAGE 
VS. ATTENUATION LEVEL 

I 
Rg=10kQ 
JIS-A -

" / 

-
-

-80 -60 -40 -20 o 

ATTENUATION LEVEL ATT (dB) 

SUPPLY VOLTAGE REJECTION 
RATIO VS. SUPPLY VOLTAGE 

I--H=\OOH~ 
A Vee=-20dBV(100mVrms) 

f--- \--Input AC short 
DIN-Audio Filter 

~ 

-80 
8 10 12 14 16 

SUPPLY VOLTAGE Vee (V) 
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Iii' 
'0 0 

~ 
c( -20 
.J 
w 
> 
~ -40 
z 
o 
~ -60 
::J 
Z 
w 
~ -80 
c( 

o 

ATTENUATION LEVEL VS. 
VOLUME CONTROL VOLTAGE 

Vj=150mVrms 

/ i-"'" 

/ 

/ 
II 

I 

J 
2 4 6 8 10 

VOLUME CONTROL VOLTAGE VVOL (V) 

ATTENUATION LEVEL VS. FREQUENCY 

Iii' 
~ 

~ 
0 

« 
.J -20 w 
> 
W 
.J 

Z -40 
0 

I Vee-12V I 
Ilj~llrTs . 

11nrn 
mIT 1

21m 
ATT--40dB 

i= « 
::J 
Z 
w 

S 
10 357100 3571k 3 5710k 3 57100k 

FREQUENCY f (Hz) 

The attenuation characteristics and balance characteris
tics will change with the applrcation of voltage to Pin ®. 
When the volume control voltage is equial to the Pin ® 
voltage, there will be maximum volume. When the ba
lance control voltage is half of the Pin ® voltage, the 
balance will be centered. 

The attenuation level characteristics and balance 
characteristics for an applied voltage of 5V to Pin ® are 
shown in the following graphs. 

MITSUBISHI LINEAR ICs 

M51523AL 

DUAL ELECTRONIC VOLUME CONTROL 

Iii' 

ATTENUATION LEVEL VS. BALANCE 
CONTROL VOLTAGE (ch1, ch2) 

'0 20 

g 0 

~ -20 « 
.J 
~ -40 
w 
.J 

6 -60 

~ 
::J -80 
Z 
w 

S o 

VI=150mVrms I 

1 - --
/"' 

-i-. 
ATT=OdB -...... 

1 } _ ~-
IL "'-:IT ~ "'ATT7~20~':._ 

II ,-
,// 

--;;"l~4~~ 
J" I 

I 
I 

I --- ehl 
I I 

-eh2 

2 3 4 5 6 
3.25V 

BALANCE CONTROL VOLTAGE VSAL (V) 

'" E 
:> 

w 
(!l 
« 
~ 
o 
> 
I-

10 
7 
5 
3 

1 
7 
5 
3 

[ 0.1 
I- 7 
::J 5 
o 3 
~ 
::J 
~ 

MAXIMUM OUTPUT VOLTAGE 
VS. LOAD RESISTANCE 

./ 

Vee 12V 
f=lkH~t 
T. H. D=3% 

X 100 3 5 71 k 3 5710k 3 57100k « 
~ 

LOAD RESISTANCE RL (Q) 
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ATIENUATION LEVEL VS. 
VOLUME CONTROL VOLTAGE 
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./ 
1/ Vee=12V 
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Vi=lVrms-

1/ 
f=lkHz-f-

J 
I 

II 

2 3 4 5 

VOLUME CONTROL VOLTAGE VVOL (V) 

MITSUBISHI LINEAR IC. 

M51523AL 

DUAL ELECTRONIC VOLUME CONTROL 

ATIENUATION LEVEL VS. BALANCE 
CONTROL VOLTAGE (eh1, eh2) 

g o 

;: -20 

~ 

u:l -40 
> w 
.J 

~ -60 

~ 
:::J 
Z -80 
w 

~ 

i--

o 

I 

, 
, I 

I 

" 
" 

I I - it~;,;;;Lv 
ATT=OdB I\vl=lVrm! 

I I - 1,\ f::1.kHz 

/r .f"i... 
;<>'TT--20dB - --;.~ .... -
.. fT"i,l\ 

ATT=-40dB 

1 1 1\ 
---chl 

ifh2 

2 3 4 5 

BALANCE CONTROL VOLTAGE VSAL (V) 

APPLICATION EXAMPLE 

INPUT 1 

Vee 
12V v--1"OvO"""" 

OUTPUT 1 
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INPUT 2 

OUTPUT 2 

Unit Resistance: Q 

Capacitance : F 



MITSUBISHI LINEAR ICs 

M5172L 

ZERO-CROSS POINT SWITCH 

DESCRIPTION 
The M5172L is a semiconductor integrated circuit designed 
for use in zero-point ignition temperature control circuits. It 
c,onsists of a rectifier circuit, zero-point synchronous pulse 
generator circuit, temperature adjustment circuit using a 
differential amplifier, and a pulse generator circuit that is 
used in safety circuil. 

PIN CONFIGURATION (TOP VIEW) 

The built-in zero-point ignition circuit and differential ampli
fier can operate directly from commercial power supply vol
tage through a resistor of 10k (at 100Vrms AC), permitting 
the M5172L to be widely applied in temperature control cir
cuits using thyristors. 

FEATURES 
• Can be driven directly from commercial power supply 

voltage (100Vrms AC) 

• Built-in zero-point ignition control circuit 
• Can compensate for line voltage and line freguency 

fluctuations 

• Includes a pulse generator 9ircuit for a safety circuit 

APPLICATION 
Temperature control circuit for electric blankets, zero-point 
ignition circuit for thyristors, and all kinds of temperature 
control ciocuits. 

SAFETY CIRCUIT 
PULSE OUTPUT 

ZERO-POINT IGNITION 
PULSE OUTPUT 

SAFETY CIRCUIT 
BYPASS 

SIGNAL INPUT 

STANDARD SUPPLY 

CAPACITOR 
CONNECTION 

SUPPLY 

GND 

RECOMMENDED OPERATING CONDITIONS 
AC supply voltage range """"''''''90-110Vrms(50-60Hz) 

Rated AC supply voltage"""''''''''''''''100Vrms(50-60Hz) 
(Note that a resistor of 10k or greater (~2W) should be 
connected between pin (j) and the AC supply voltage. 

8-pin molded plastic SIP 

BLOCK DIAGRAM 

! 
SUPPLY 

7 

j 
RECTIFIER I CIRCU~T 
1 

CAPACITOR 
CONNECTION 

REFERENCE SIGNAL 
VOLTAGE INPUT 

----- 5 4 

n 

SAFETY CIRCUIT BYPASS 

---- ---- ----13 

PULSE 
GENERATOR 

L-----t ZERO-POINT SYNCHRONOUS t----, 
PULSE CONTROL CIRCUIT 

-~ 
GND ZERO-POINT 

IGNITION PULSE OUTPUT 

• MITSUBISHI 
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SAFETY CIRCUIT 
PULSE OUTPUT 
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MITSUBISHI LINEAR ICs 

MS172L 

ZERO-POINT IGNITION TEMPERATURE CONTROL CIRCUIT 

ABSOLUTE MAXIMUM RATINGS (Ta=2st, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage (between pins (J) and ®) 

10 Pm (J) sink currenl 

Pd Power dissipation 

K. Thermal. derallng T a<:25,(; 

Topg Operating temperature range 

Tstg Storage temperature range 

ELECTRICAL CHARACTERISTICS (T a=2S·C) 

Symbol Parameter 

Voe Rectification current (between pins ® and ®) 
VTH _T Differential amplifier ON level 

VTH _S Safely crrcuit ON level 

VOH(T) Zero-point synchronous pulse peak value 

VOH(s) Safety circuit output Pin "H" level 

TEST CIRCUIT 

10-36 

Test conditions 

C,=47,uF, R,=10kO 

V,=5.9V 

V,=5.9V 

Rl1 =1000, V,=5. 9V 

RL2=1. ako, V,=S. 9V 

M5172L 

• MITSUBISHI 
..... ELECTRIC 

Ratings Unit 

10 V 

10 mA 

360 mW 

3.5 mWFC 

Unit 

-20-+60 
-20-+125 

Limits 

Min Typ 

5.85 
2.3 2.7 

-2.65 -2.4 
0.65 
0.59 

R. 
10k(2W) 

V,N 
SW-l a 2.3V 

Max 

6.9 
3.0 

-2.15 

AC 
l00V 

Ob 3.0V 

c -2.1SV 1 
o-2.6svl _ -=. 

d1 -=- -

Resistance: n 
Capacitance: F 

·C 

·C 

Unit 

V 

V 

V 

V 

V 



MITSUBISHI LINEAR ICs 

MS172L 

ZERO-POINT IGNITION TEMPERATURE CONTROL CIRCUIT 

TEST METHODS 
Symbol SW-l 

Vee a 

VTH~T ab 

VTH-T cd 

VOH(T) a 

VOH(s) d 

TYPICAL CHARACTERISTICS 
(T a=25'C, unless otherwise noted) 

THERMAL DERATING 
(MAXIMUM RATING) 

~ 
E 
"0 
(l. 

z 
0 

~ 
(l. 

Ui 
C/) 

is 
II: 
UJ 
~ 
0 
(l. 

400 

300 \ 
1\ 

200 
, , , , , 

100 \ 
" 

o 
o 40 60 80 

, 

" \, 120 

AMBIENT TEMPERATURE Ta('C) 

(2) Thyristor Zero-Point Ignition Circuit 

R2 : NTC thermistor 10k Unit 

160 

SW-2 SW-3 Measurement point 

a a A 

b b C 

b b B 

b b C 

b b B 

APPLICATION EXAMPLES 
(1) Electric Blanket Temperature Control Circuit 

(3) BCR Zero-Point Ignition Circuit 

Unit 

2k 
(1/2W) 

CR02 
AM-4 

Resistance: 0 

Capacitance: F 

R, : 10kO(2W) R2 : 1kO(1/4W) R3: 10kO(1/4W) 
S, : OFF Only when thermistor used Resistance : 0 

R4 : 1kO(1/4W) R5: 1000(1/2W) c,': 0.068"F(50WV) 
S, : ON Linear compensation of thermistor 

R,': 10kO 

Capacitance: F 
C2 : 220"F(25WV) C3 : O. 1"F(400WV) Q, : 2SC712-D 

Q2: 2SA696-D BCR : BCR3AM-BCR25A 
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DESCRIPTION 
The MS1743P is a semiconductor integrated circuit de
signed for use as sequence controller for oil combustion 
systems. It consists of five comparators and two voltage 
regulation circuits. 
Three of the comparators can be used for sensor signal 
monitoring and two can be used for driving relays, etc. 

, Since one of the comparators for drive applications has a 
redundant "2" structure, the MS1743P is especially suitable 
for use in oil combustion system, for which sefety operation 
is required. 

FEATURES 
• Includes five comparators (three for signal monitoring 

and two for drive purposes) 
• Includes two voltage regulation circuits 

···················· .. ······· .. ··············· .. ·S.SV (typ), 6.2V (typ) 

• Can directly drive relays, lamps, etc, 
•. Built-in memory function (comparator (2)) 
• Built-in hysteresis function (comparators (1), (4), (S)) 
• Redundancy "2" safety circuit design (comparator (S)) 
• Built-in reference power supply reduces the number of 

external parts 
• Wide supply voltage range·· .......................... 8.S-20V 

APPLICATION 
Sequence controller (in oil and gas combustion systems), 
flame detection circuits. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range·· .. ································ 8.S-20V 
Rated supply voltage··· .. ······································ 12V 

BLOCK DIAGRAM 
REGULATED 

MITSUBISHI LINEAR ICs 

MS1743P 

SEQUENCE CONTROLLER 

PIN CONFIGURATION (TOP VIEW) 

COMPARATOR (1) 
INPUT 

REGURATED VOLTAGE(2) 
OUTPUT 

COMPARATOR (2) 
INPUT 

COMPARATOR (2) 
OUTPUT 

COMPARATOR (3) 
INPUT 

COMPARATOR (4) 
INPUT 

GND 

13 DRIVE,OUTPUT 

12 g~I/~U~IRCUIT(1) 

11 g3~:~fATOR(3) 

10 g~I/~U~IRCUIT(2) 

9 ~~~~~~TED VOLTAGE!l) 

COMPARATOR (5) 
'-___ ~ INPUT 

14-pin molded plastic DIP 

VOLTAGE(1) COMPARATOR(5) DRIVE CIRCUIT(2) 
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SUPPLY OUTPUT INPUT OUTPUT 

REGULATED 
VOLTAGE (2) 

OUTPUT 

COMPARATOR(1) 1 
INPUT 

9 

['","'~3 t----' 
(2) COMPARATOR COMPARATOR COMPARATOR 

INPUT \21 ',3:' \31 
OUTPUT INPUT OUTPUT 
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DRIVE GND 
CIRCUIT (1) 

OUTPUT 

DRIVE OUTPUT 

PINS@), @), ilJ), @: 
OPEN-COLLECTOR 

OUTPUT 
PIN@: " 
EMITTER-FOLLOWER 

OUTPUT 



MITSUBISHI LINEAR ICs 

MS1743P 

SEQUENCE CONTROLLER 

ABSOLUTE MAXIMUM RATINGS (Ta=25·C. unless olherwise noled) 

Symbol Parameter Conditions Ratings Unil 

Vee Supply vollage 20 V 

Icc Circuit current 22 mA 

IL(~ Pin ® maximum current * Instantaneous peak value 70 mA 

IL@ Pm ® maximum current 60 mA 

IL@ Pm @ maximum current 60 mA 

Pd Power dissipation 900 mW 

K. Thermal deraling T a;;' 25"(; 9 mWf"C 

Topr Operating temperature range -20-+65 ·C 

TSlg Storage temperature range -40-+125 ·C 

ELECTRICAL CHARACTERISTICS (Ta=25t:. Vcc=15V) 

Limits 
Symbol Parameter Test conditions Unil 

Min Typ Max 

Vo (1) Vollage regulalion circuil(]) oulpul Pin ®I. Pin © ON slale 5.0 5.5 6.3 V 

Vo (2) Vollage regulalion circuil (2) oulpul 5.0 6.1 6.9 V 

lee( I) Clrcuil currenl ( I ) V®=1. 2V. V®=3V 6 14 20 mA 

lee(H) Circuil currenl ( II ) V®=4.5V 2 10 17 mA 

VON {l) Comparalor (1) ON vollage 3.8 4.4 5.3 V 

VOFF (1) Comparalor (1) OFF vollage , 3.0 3.5 4.6 V 

liN (1) Comparalor(l) input current V(j)=5. tv 0.15 0.6 J1A 

VON (2) Comparator (2) ON voltage 1.5 2.0 2.8 V 

V® Pin @ clmp voltage R®=500kn 4.9 5.75 6.3 V 

Vsal® Pin ® output saturation voltage RL®=800n 0.9 1. 12 1.5 V 

VON (3) Comparalor (3) ON vollage 2.5 3.3 4.1 V 

liN (3) Comparalor(3) inpul currenl V®=4V 0.15 0.5 J1A 

Vsal>!]) Pin @ outpul salurallon vollage RUIlJ=lkn. V®=4.tv 1.3 1. 83 3.0 V 

V REF 1(4) Comparalor (4) reference voltage ( I ) 3.3 3.84 4.5 V 

V REF ll(4) Comparalor(4) reference vollage (II) 2.9 3.55 3.9 V 

ItA (4) Comparalor(4) input current V®=2.5V 50 250 nA 

VON (5) Comparalor(5) ON vollage 2.0 2.3 2.7 V 

VOFF (5) Comparalor (5) OFF vollage 1.6 2.0 2.3 V 

liN (5) Comparator (5) input currenl V®=2.5V 0.1 0.35 J1A 

Vsat @(1) Pin ®I oulput saluralion vollage (1) RL~=350n. Vcc=10V 0.3 0.9 V 

Vsat @(1) Pin © oulpul spturallon voltage (1) RL®=350n. Vcc=10V 0.3 0.9 V 

VOH@ Pin @I oulput vollage RL®=lkn 7.5 V 

TEST CIRCUIT 15}----....,,-;---;-::--t---t'--~------_, 

20k 

r-~--~~--~~--~--~~--~~--~~Rp® 

16,}-------'N.--"'T-oi 

. •. MITSUBI$HI 
...... ELECTR.C 

Unit 

Resislance . n 

Capacllance : F 
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TEST METHODS 

Symbol 
1 2 3 4 

Va (1) ~*' CD GND 

Vo (2) 5.2 1M> 

Icc (1) 

IccC]]) 

VON (l) 
1. 3V 
3.8V 

VOFF (1) 
4.6V 
3.0V 

ItN (1) 
1M> GND 5.1V 

VON (2) ~ CD 

Vcr! 1M> 

Vsat ® 1M> 

VON (3) GND 

lIN (3) 

Vsat@ 

VREF I (4) 

VAEF ]](4) 

Vsat@(l) 

V OH (])l 

liN (4) 

VON (5) 

VOFF (5) 

liN (5) 

Vsat i!l)'" ~ CD GND 

o indicates pin number * 1 
*2 1M> indicates measurement pin 
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GND 1. 2V 

1. 2V 

1.2V 

4.5V 

1. 2V 

1. 2V 

GND 1. 2V 

4.1V 
2.5V 

1M> 
4V 

4V 1.2V 

GND 4.1V 
3.3V 

3.9V 
2.9V 

4.5V 

1M> 
2.5V 

4.5V 

GND 4.5V 

Pin No. 

7 8 9 10 11 

GND GND IM>*2 

3V 

1M> 

1M> 

1M> 

GND 

GND 

1M> 

1M> 

1M> 

1M> 

2.6V 

2.6V 

2.7V 
2. OV 

2.3V 
1.6V 

2.5V 

GND 2.6V 1M> 
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@ 

@ 

@ 

@ 

@ 

1M> @ 

~ 
@ 

1M> 

1M> 

@ 

MITSUBISHI LINEAR ICs 

MS1743P 

SEQUENCE CONTROLLER 

Measure 
ment 

14 15 16 17 18 point 

15V 15V @l ® 

15V @l ~ 

1M> @l @ 
15V 

1M> @l @ 15V 

15V @l ® 

® 

CD 

® 

@ 

® 

® 

@ 

® 

®l 

15V ®l 

10V ® 

15V @l 

® 

® 

® 

15V ® 

10V 15V @l ®l 



MITSUBISHI LINEAR IC. 

M51743P 

SEQUENCE CONTROLLER 

M51743P OPERATION TIME CHART 

Input application conditions 
Vcc pln@ 

I ltV ---I_t._ , , 
, i , 
I 'S.SV 

Comparator (1 ) input __ +_-!I,_i. __ 
pinG) , I , 

comparator(2)input_-1:~~ _____________ f1 I 
Pln@ I rf L...-..f 

Output waveform 

__ +I_-:-_____ ---!nJ-- II Comparator(3}tnput I . _ ! . 
~@ I I 

, 'I , I , rll-' , , , ~vl I I 
ComPdrator(5)input_-i!i--4 __ .J----4. _ " I I 

pin@ 

" I I I , , I , , I I , 

,12V ,I I ' 
I S.0-S.3V I I LJI' , , 

Regulated voltage (1) I max "" 
Output pin ® ----I~~, " "---...... 

113.,sv,' I I 
Drive output pin 0 

Driver output pin @ 

, Pin (1) Inverted output 
pin@! 

Comparator (2) output 
pin@) 

min 

I I 13.SVmln 

l 11.5VmaX , 
Comparator (3) output 

pln@ 
13.5Vmin , 

~r-3v-m-~--------~ 
* 1 : T, is the timer output determined by the external connection of pin@ 

M51743P INPUT/OUTPUT TRUTH TABLE 
Operation comparators (1), (2), (3) 

Operation comparators (4), (5) 

PIn No, State 

PInG) 0·' 1 1 1 Input 

Input Pln@ 0 0 1 0 
Pon@ 0 0 0 1 

Pln@ 0 1 0 0 Output 

Pin®! I·" 0·' 1 1 

Pon@ 0·" 0·' 0 0 
Output 

Pln<!Jl 1.3 0" 1 1 

Pm@) I·" 1 0 1 
Pm@ I·" 1 1 0 

* 1 "I" and "0" Indicate the "H" and "l" voltage levels of the pms 
* 2 PIns ®!. @. @. ® are ON at "0" and OFF at "I" (open-collector output) 
* 3 Pin@! is ON at "I" and OFF at "0" (emitter-follower output) * 4 Will be 0 or 1 depending on the condItIon of comparators (4) and (5) 

• MITSUBISHI 
"-ELECTRIC 

PIn No State 
Pm@ 1 1 1 
Pm@ 0 1 0 
Pm@ 0 0 1 

Pm®! 0 1 0 
Pln@ 0 1 0 
PlnilJ) 0 1 0 

1 

1 

1 

0 
0 
0 

0 0 0 0 
0 1 - -
- - 0 1 

1 1 1 1 

0 0 0 0 
1 1 1 1 
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MITSUBISHI LINEAR ICs 

MS1743P 

SEQUENCE CONTROLLER 

TYPICAL CHARACTERISTICS CTa=25'C, Vcc=9V, unless otherwise noted) 

10-42 

~ 
E 

'"i> a. 

z 
0 
i= 
~ 
iii 
(/) 

Ci 
a: 
w 
:;: 
0 a. 

1.0 

THERMAL DERATING 
(MAXIMUM RATING) 

0,9 ~ t\.. 0,8 

0.6 

0.4 

0.2 

o 
o 

'\ 
I\. 

"' r, 
" , , , , 

25 50 65 75 100 

AMBIENT TEMPERATURE T aC 'C) 

, 
125 

VOLTAGE REGULATION CIRCUIT (1) 
AMBIENT TEMPERATURE 

"> 
z~ o l5 

5.8 

~: 5. 7 

::l::l 
S!= a:::l 
w 0 5.6 
~3 
.... t: ..J::l 
g 1i 5.5 

(} 

5.4 

-' 
".", 

,/ 
V-

I--

-40 -20 o 20 40 60 80 

~ 4. 

J 
w 

~ 
g 
z 
o 

a: 

4. 

4. 

~ 4. 
a: 
~ 
::;: 

8 

6 

4 

2 

AMBIENT TEMPERATURE TaC'C) 

COMPARATOR (2) ON VOLTAGE 
VS. AMBIENT TEMPERATURE 

o o 0 4. 
-40 -20 o 20 40 60 

AMBIENT TEMPERATURE Ta('C) 

~ i o 0 
.... > 

~ 
::;: 
o 
o 

6. 

VOLTAGE REGULATION CIRCUIT (2) 
VS. AMBIENT TEMPERATURE 

3 

2 

t--
1 --I-

0 

5.9 
-40 -20 o 20 40 60 

AMBIENT TEMPERATURE 'TaC'C) 

COMPARATOR ON/OFF VOLTAGE 
VS. AMBIENT TEMPERATURE 

..... 1 
ON VOLTAGE """- r--

4.4 

0 

3. 8 
~ ~FVOLT~GE-

f-----

3. 6 
-40 -20 o 20 40 60 80 

AMBIENT TEMPERATURE TaCt) 

COMPARATOR (4) REFFERENCE VOLTAGE 
I. II VS. AMBIENT TEMPERATURE 

3.8 w 

~ 
g~ 
w~ 37 o ~ . 
z '" w i:; a: ~ w> 
~ g 3.6 

~ * ~> 
a:J=j 
~ -< ..... 3.5 
a: 
it. 
::;: 
o o 4 ,3. 

-40 

...... --,"""" VREF l(4) "-
.......~ 

t..... 

I'--t----
VREF n(4l 

" 
-20 o 20 40 60 

AMBIENT TEMPERATURE TaC'C) 
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w 

~ 
~ 
0 
> 
u.~ 

u.> 
0"" z i o 0 
~> e 

i a: o 0 
1-> 
< a: 
~ 
::;; 
0 

COMPARATOR (5) ON/OFF VOLTAGE 
VS. AMBIENT TEMPERATURE 

2. 6 

2. 4 

I--' ON VOLTAGE 
2. 2 

2. 0 

""' OFF VOLTAGE 

w 
Cl 

~ 
o 
> 
I
~ 
"
I
~ 
o 
o 
w 

3 

MITSUBISHI LINEAR ICs 

MS1743P 

SEQUENCE CONTROLLER 

REGULATED OUTPUT VOLTAGE 
VS. LOAD CURRENT 

6 .....~ 

........ 
~ 5 ....... 

4 

3 

() 

8 1. ~ 2 
-40 -20 20 40 60 80 ~ 0 

AMBIENT TEMPERATURE T a('C) 

APPLICATION EXAMPLE 
Example of using comparator (4) as timer operation 

RELAY SUPPLY 

lk 

SUPPLY 
Vcco-~--+---~~----~ 

10-15V 

RELAY 1 

SENSOR SENSOR 
SIGNAL 1 SIGNAL2 

• MITSUBISHI 
..... ELECTRIC 

2 5 6 

LOAD CURRENT IL(mA) 

30k 51 OK SENSOR SIGNAL 
.-----~--~--~~~-o3 

360k 

(FLAME INPUT) 

0',02 ; SRIFM-2 

0 3 , 0 4 , 0 5 ; IS953 

Unit 

Resistance; n 
Capacitance; F 
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DESCRIPTION 
The M5174P is a semiconductor integrated circuit designed 
for use in a flame detection circuit. 
It consists of a voltage regulation circuit, an input amplifier 
circuit that amplifies extremely small input currents and 
drives a thyristor, and a bias circuit that supplies current to 
a shunt circuit connected in parallel with the load (relay) 
and the externally-connected capacitor used as a gate trig
ger for the thyristor circuit. The thyristor circuit drives the 
external load (relay) and there are two shunt circuits that 
protect the load (relay) under abnormahtie~ or at quiesc
ence, in addition to an overcurrent protection circuit. 

FEATURES 
• Includes a fail-safe system (redundancy 2) that permits 

simple construction of a system featuring a high level of 
safety 

• Includes a voltage regulation circuit and an over-current 
protection circuit 

• Small threshold value of temperature fluctuation of the 
operating input current 
...... Characteristic value of the normal temperature 20% 

(T a=-20-+S0°C) 

• High maximum input current· .. ···················50,uA (max) 

APPLICATION 
Flame detection circu'its (in oil and gas combustion 
systems), relay drivers. 

DESCRIPTION OF FALL-SAFE SYSTEM 
1. This system uses two differential amplifiers and drives 

AND and OR circuits by two input signals. Noise on the 
input can lead to abnormal operation and surges, which 
can cause circuit destruction. This system can prevent 

BLOCK DIAGRAM 
VOLTAGE REGULATION VOLTAGE 
CONTROL TRANSISTOR REGULATION 

MITSUBISHI LINEAR ICs 

MS174P 

FLAME DETECTOR 

PIN CONFIGURATION (TOP VIEW) 

THYRISTOR 
CIRCUIT INPUT 

CAPACITOR CONNECTION 

PROTECTION RESISTOR 
CONNECTION 

TIME CONSTANT SETTING 

AND CIRCUIT OUTPUT 

DIFFERENTIAL AMPLIFIER 
(2)OUTPUT 

GND 

VOLTAGE REGULATION 
13 CONTROL TRANSISTOR 

CONNECTION 
12 VOLTAGE REGULATION 

CIRCUIT OUTPUT 
11 LOAD CONNECTION 

10 LOAD CONNECTION 

NC 

DIFFERENTIAL AMPLIFIER 
(1)12) INPUT 

NC : NO CONNECTION 

14-Pin molded plastic DIP 

abnormal operation due to such events. 
2. Even if the thyristor and AND circuits should be des

troyed by a surge or some other cause, the shunt circuit 
will operate so that load (relay) dose not conduct. 

3. The over-current protection circuit prevents the load 
(relay) form conducting even at times of abnormally 

high current flow. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range···········································12-20V 
Rated supply voltage ................................................. 15V 

CONNECTION CIRCUIT OUTPUT LOAD CONNECTION LOAD CONNECTION 
DIFFERENTIAL AMPLIFIER 

(1) (2) INPUT 
SUPPLY 14 13 12 ____ _ 

10-44 

VOLTAGE OVER-CURRENT 
REGULATION PROTECTION D I CIRCUIT I 

L 

BIAS 
CIRCUIT 

SHUNT 
CIRCUIT H------/ 

(T) 

SHUNT 
CIRCUIT 

(2) 

GND THYRISTOR CAPACITOR PROTECTION TIME AND DIFFERENTIAL AMPLIFIER 
CIRCUIT INPUT CONNECTION RESISTOR CONSTANT CIRCUIT (2) OUTPUT 

CONNECTION SETTING OUTPUT 
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ABSOLUTE MAXIMUM RATINGS (Ta=25t, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage Stand-by 

lee Circuit current 

liN Input CLirrent 

Pd Power dissipation 

K. Thermal derating T a;;;25'C 

Topg Operating temperature 

Tstg Storage temperature range 

ELECTRICAL CHARACTERISTICS (T a=25'C) 

Symbol Parameter Test conc;litions 

VCC1 Stand-by 

VCC2 
Supply voltage 

Operating (Icc" 36mA) 

Icc1 Quiescent circuit current Vcc=15V 

1cc2 Operating circuit current IL=20mA, Vcc=17V 

IL Load current RL-300n, Vcc-17V 

V01 QUiescent, Vcc=12V 

V02 
Voltage regulation CircUit output voltage 

Operating, Vcc=12V 

liN Input ON current RL=300n, Vcc=l7V, Rs=4,7Mn 

IIN(maX) Maximum input current Vcc=l7V 

ILS1 AND Circuit short-circuit load current Quiescent, Vcc=15V 

ILS2 AND Circuit, thYristor circuit short-circuit load current QUiescent, Vcc-15V 

TEST CIRCUIT 

Vec 

• MITSUBISHI 
~ELECTRIC 

MITSUBISHI LINEAR ICs 

MS174P 

FLAME DETECTION CIRCUIT 

Ratings 

20 

40 

50 

650 

6.5 

-20-+60 

-40-+125 

Limits 

Min Typ Max 

12 15 20 

12 15 17 

7 10 14 

30 36 

15 

9.5 10.3 11. 5 

9.2 10 11. 5 

0,48 0.60 0.72 

50 

5 

8 

Unit 

Resistance: n 
Capacitance: F 

Unit 

V 

mA 
),A 
mW 

mW/"C 
'c 
"C 

Unit 

V 

V 

mA 
mA 
mA 
V 

V 

),A 
),A 
mA 
mA 
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MITSUBISHI LINEAR ICs 

M5174P 

FLAME DETECTION CIRCUIT 

TEST CONDITION 
Symbol 8, 8, Measurement point 

Icel 2 1 Note 3 : A, 

Icc2 2 2 A, 

IL 2 2 Note2:A2 
V01 2 1 Pin (12) 

V02 2 2 Pin (12) 

liN 2 2 A2 

I,N(maX) 2 2 A2 
Note 3 : ILs1 2 1 A2 
Note 4 : ILs2 2 1 A2 

Note 1. A,: Current inflowing from supply Vee 
Note 2. A,: Current inflowing from pin (11)10 pin (10) 
Note 3. Short circuit condition between pins (5) and (7) 
Note 4. Short circuit condition between pins (5) and (7). 00) and (5) 

TYPICAL CHARACTERISTICS 
(Ta=25'C, unless otherwise noted) 

~ 
E 

"0 a. 

z 
0 
f= « 
if) 

iii 
if) 

is 
a: 
UJ 
~ 
0 
a. 

1000 

800 

THERMAL DERATING 
(MAXIMUM RATING) 

r-..-- ....... 600 

400 

200 

o 
o 

" ....... 
25 50 

, 
'-, , , 

1", 

75 100 

" 

AMBIENT TEMPERATURE T aCC) 

APPLICATION EXAMPLES 
(1) Flame Detection Circuit Using Flame Current 
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2SD355 
~~~. Trl ~ 

C, 
100", 

R, 
1.8K 

C, + 
100", 

Units 

Resistance: n 
Capacitance: F 

R7 

D3 
SRIFM-2 

D3 
SRIFM-4 

Rs 

IGNITION CIRCUIT 

• MITSUBISHI 
"'-ELECTRIC 

C7 

0.022", 

, 
125 

ZNR 



(2) Flame Detection Circuit Using a Photo Transistor 

Tr1 

C, 
lOO,u D, 

R, 
1. SK 

R3 
R, lSK 

Rs 

~ 

C4 if 
O. 022,u 35 

MITSUBISHI LINEAR ICs 

M5174P 

FLAME DETECTION CIRCUIT 

Tr2 

C, + 
lOO,u 

220K 
SRIFM·2 

D3 

ZD, MZ304-306 

Rs 

Ds 
SRIFM·4 

C4 

O. 022,u 

ZNR 

SCR 

SR2AM·4 

IGNITION CIRCUIT 

Units 
Resistance: n 
Capacitance : F 

MAXIMUM VOLTAGE RATING FOR EACH PIN 
Voltage is in reference to ground (pin (7)) 

Voltage ratmg 
Pin 

CD I2l Ql ® Negative Positive @ 

CD -80V 50V 

I2l -20V 60V '0 

aJ -20V 30V ~ 
® 

11 M 

-40V 70V § c -
" i'i ::: S @ -15V 40V u.. c 

c 
'i'i c 

~ " i'i ® -15V IOV " c 
~ " c 

(J) " w Ground 0" " ~ " .0 
~ ® -80V 70V z '0 " C> " 

.0 W 

c ti '0 .0 

lID NC " 11 ~ '0 

" " ®I -20V 20V ~ § " ti c " w " c c 
(jJ) -20V 20V .0 u.. 8 c 

c: ~ 
0 

@ c: c " -IOV 20V '" ~ 1& " c: '" Q. 
@ -20V ~ d 0 g 30V 
@ -20V 50V 

Pm condition 

® (J) ® 

:§ 
c 
i'i 
c 

" w 
~ 
" .0 
'0 

" ti 
§ 
0 

" IL 

~ C w 0 
Q. Z 
0 C> d 

® ® @ @ (jj) @ 

0 00 0 
Z 

~ 
c Z 

C> i'i C> 
c c c c i'i " " " " c W " ~ w ~ ~ w 

~ " " .c .0 .0 
'0 W '0 '0 

1'l 
.0 

~ 
W 

'0 ti 
1: w " 1: ti c c 

1: c c 
8 0 0 

8 " " IL IL IL 

~ "- "-
N c 

~ 
c: N 0 W 

0 0 0 0 0. z d 0 d d 0 "" 

• MITSUBISHI 
~ELECTRIC 

TIME SEQUENCE OUTUNE 
DIAGRAM 

SUPPLY (PIN(14)) --.J 
REGULATED VOLTAGE -.J 
OUTPUT (PIN(ll)) 

IGNITION CIRCUIT 

INPUT (PIN(B)) 

LOAD (RELAY) (RL ) 
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MITSUBISHI LINEAR IC. 

MS1920P 

LOW POWER SUPPLY VOLTAGE INDICATOR, WARNING DRIVER 

DESCRIPTION 
The M51920P is a semiconductor integrated circuit de
signed for use as a driver in all types of indicators and warn
ing circuits. It is especially suited for low-voltage operation 
and one battery can be used to directly drive a buzzer, bell, 
or lamp. There is also a built-in voltage raising circuit, the 
use of which permits LED driving. A timer circuit made up of 
a four-stage divider has also been included, making the 
M51920P suitable for a wide range of applications. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Low-voltage operation is possible .................... 1.1-1.8V 
• Small standby current drain .... · .. · ............ · ...... ·5pA(typ.) 
• Can directly drive a buzzer, bell, lamp, etc . 

.......................................................... 300mA(typ.) 

• LED blinking indication is possible with an external clock 
• Built-in 4-stage divider with reset pin, in addition to a 

buffer circuit 

APPLICATION 
All types Qf detectors, indicators, and warning circuits. 

RECOMMENDED OPERATING CONDITIONS 
'Supply voltage range .................................. ·1.1-1.8V 
Rated supply voltage ....................................... "·1.5V 

EQUIVALENT CIRCUIT DIAGRAM 

SUPPLY 1 

1 

OlIiIiill 

AO OUTPUT 

GND 

L3 OUTPUT 

SUPPLY 3 

CP INPUT 

Ml INPUT 

M2 INPUT 9 MlINPUT 

16-pin molded plastic DIP 

-~------{ 
All Ml M2 
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MITSUBISHI LINEAR IC. 

M51920P 

LOW POWER SUPPLY VOLTAGE INDICATOR, WARNING DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=25"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee l Supply voltage 

VCC2 Supply voltage 

VCC3 Supply voltage 

lAO Pin ~ drive current Output is saturated 

IL3 Pin ® drive current Output is saturated 

Pd Power dissipation 

Topr Operating temperature range 

Tstg Storage temperature range 

ELECTRICAL CHARACTERISTICS (Ta=25'C, Vcc=1. 5V, unless otherwIse noted) 

Symbol Parameter 

Vcc Supply voltage 

ISTl 

ISTZ Standby current drain 

IST3 

lop" 

lopr> 

lopr> 
Operating current drain 

lopr4 

IIHl All Input pin current 

IILl All input leakage current 

11HZ AI2 input leakage current 

1'L2 AI2 input pin current 

IIHMl Ml input pin current 

IILMl Ml input leakage current 

IIHM2 M2 input pin current 

IILM2 M2 input leakage current 

IIHMl Ml input leakage current 

IILMl Ml input pin current 

IIHM2 M2 input leakage current 

IILM2 M2 input pin current 

VSATl AO output saturation voltage 

VSAT1' AO output saturation voltage 

VSAT2 L3 output saturation voltage 

IOH' L1 output pin current 

IOH2 C output pin current 

IOL3 L2 output pin current 

ILAO AO output leakage current 

Test conditions 

Vcc' -1. 5V, other pins open 

Vcc" Vcc2=1. 5V, other pins open 

Vcc3=1.5V, other pins open, L3 is "H" 

Vee, =1. 5V, 1@=350,uA, other pins open 

Vee,=1.5V, AI2-GND, other pins open 

Vec2=1.5V, Ml, M2=GND, other pins open 

VCC3=1.5V, Ml, M2=GND, other pins open 

Vcc,=l. 2V, All =1. 2V 

Vcc,=1.2V, All=GND 

Vcc,-l. 2V, AI1-1. 2V 

Vcc,=1. 2V, AI2=GND 

Vcc" Vcc2=1. 2V, Ml =1. 2V 

Vcc', Vcc2=1. 2V, Ml =GND 

Vcc', Vcc2=1. 2V, M2=1. 2V 

Vcc" Vce2=1. 2V, M2=GND 

Vcc" Vec2=1. 2V, Ml =1. 2V 

Vec" Vec2=1. 2V, Ml =GND 

Vcc" Vec2=1. 2V, Ml =1. 2V 

Vcc" Vec2=1. 2V, M2=GND 

Vcc,=l. 2V, RL =60 

Vcc,=1. 2V, RL =130 

Vcc3=1. 2V, RL =250 

Vcc2=1. 2V, L1 =GND 

Vcc2=1. 2V, C=GND 

L2=1.2V 

Vcc, =1. 5V, All =GND 

• MITSUBISHI 
;"'ELECTRIC 

Ratings Unit 

-0.2-2.0 V 

-0.2-2.0 V 

-0.2-2.0 V 

300 mA 

70 mA 

600 mW 

-15-+65 ·C 

-40-+125 ·c 

Limits 
Unit 

Min Typ Max 

1.1 1.8 V 

5 fAA 

10 fAA 

420 630 fAA 

10 20 mA 

10 20 mA 

2 4 mA 

5 10 mA 

450 700 ,uA 

-1 fAA 

1 fAA 

-4 -2 mA 

50 75 fAA 

-1 fAA 

50 75 ,uA 

-1 ,uA 

1 ,uA 

-75 -50 fAA 

1 ,uA 

-75 -50 fAA 

0.2 0.3 V 

0.1 0.2 V 

0.3 0.5 V 

-7.8 -6.0 -4.2 mA 

-350 -270 -190 ,uA 

190 270 350 fAA 

1 ,uA 
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MITSUBISHI LINEAR IC. 

M51920P 

LOW POWER SUPPLY VOLTAGE INDICATOR, WARNING DRIVER 

TYPICAL CHARACTERISTICS (T a=25'C. unless otherwise noted) 

10-50 

THERMAL DERATING (MAXIMUM RATING) 
1000 

~ 
E 

800 
"C 

Cl. 

z 600 0 
i= 
<{ 
Cl. 
en 400 
rJl 
15 

~~ , 
c:: " w 200 
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Cl. 

, , .... o 
o 25 50 65 75 100 125 

AMBIENT TEMPERATURE T a ("C) 
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I
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W 
c:: 
c:: 
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U 
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z 
i= 
<{ 
c:: 
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5 

o 
o 

~. 300 
.; 
w 
<!l 

~ o 200 
> 
z 
o 
i= « 
~ 100 
I-
<{ 
rJl 
I-
~ 
Cl. 

o 

QPERATING CURRENT DRAIN 
VS. SUPPLY VOLTAGE 

/ 
/ 

/ 
0.5 1.0 1.5 

SUPPLY VOLTAGE Vcc , (V) 

2. 

AO OUTPUT SATURATION 
VOLTAGE VS. SINK CURRENT 

./ 
V 

V 
/" 

V 

" I
~ 
o a 100 200 300 

o 
<{ AO OUTPUT SINK CURRENT lAO (rnA) 

< 600 
'l 

ji 500 

z 
<: 400 c:: 
o 
I-
Z 300 
w 
c:: 
c:: 
~ 200 
U 
>
al 
o 
Z 

100 

a 

STANDBY CURRENT DRAIN 
VS. SUPPLY VOLTAGE . 

/ 
/ 

/ 
V 

I 
/ ~ o 0.5 1.0 1.5 2.0 

SUPPLYVOLTAGE VCC3 (V) 

'> l3 OUTPUT SATURATION 
E VOLTAGE VS. SINK CURRENT 
j:! 400 

~ 
w 
<!l 300 

~ 
o 
> 
z 200 o 

~ 
~ 100 

~ 
I
~ 

g: 0 

/ 
/ 

/ 
7 

/ 
~ a 20 40 60 80 
o 
~ L3 OUTPUT SINK CURRENT 1L3 (rnA) 

« 600 
'l 

ji 500 

~ 400 
c:: 
Q 

I- 300 z 
w 
c:: 
~ 200 
U 

~ 
Q 
Z 

~ 

100 

o 

STANDBY CURRENT DRAIN 
VS. AMBIENT TEMPERATURE 

I 
VCC3=1. 5V 

I--~ 
j.--

rJl -40 -20 o 20 40 60 80 

AMBIENT TEMPERATURE T a ("C) 
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MITSUBISHI LINEAR ICs 

M51920P 

LOW POWER SUPPLY VOLTAGE INDICATOR, WARNING DRIVER 

"> L3 OUTPUT SATURATION VOLTAGE 
E VS. AMBIENT TEMPERATURE 
~ 600 

~ 
w 500 
C!l 
<{ 

~ 400 
o 
> 
~ 300 

~ 
c: 
::J 

~ 
~ 
::J 
Il. 

200 

100 

VCC3=1. 5V 
1L3=70mA 

~ 
::J 
o 

o 
-40 -20 o 20 

I-

40 60 80 

~ 
AMBIENT TEMPERATURE Ta ('C) 

APPLICATION EXAMPLE 

PIN ® CP CURRENT VS. SUPPLY VOLTAGE 
30 

~ 
Z 
W 
c: 
a: 
::J 
U 
Il. 
U 
@ 
Z 
c:: 

SUPPLY VOLTAGE VCC3 (V) 

r---~--~~----------------~----~--~VCC 

BUZZER OR BELL 

CLOCK 

The power supply system is classified as follows: VCCl 

for buzzer or bell, VCC2 for LED drive, and VCC3 for timer 
drive. 

FUNCTIONAL DESCRIPTION 
A clock signal applied to pin @ will drive the Pin ~ 
buzzer. 

A low-level state of pin ® will drive the Pin ~ bell. 
Applying a clock signal to pins IJ) and ®, or ® and ® 

will cause the LED to blink on and off. 

M51920P 

* BUZZER OR BELL 
* * Capacitor for power 

ON reset 

T2 

r-T1---tr 
RECOMMENDED 
VALUES 

PIN (]) -1l nL.. __ _ 
@ ~nL-__ fL 

T2 Tl/5 

Tl 100msec-10sec 

@--UUr---
®-----.u THE LED WILL U BLINK WITH A 

PERIOD OF Tl /2 

By applying a clock signal to pins IJ) and ®, or ® and 
®, pin ® will go "ON" for only a period of 8' T1 from 
VCC3 ON; thereafter, pin ® will be "OFF" until VCC3 is 
put on again. 
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DESCRIPTION 
The M51950L is a semiconductor integrated circuit de
signed for use in automobile air conditioner controls, 

This device receives a pulse signal (ignition pulse) of a 
frequency proportional to that of the number of revolutions of 
the engine, and a temperature detection signal from the 
thermistor; it generates a control signal that switches the air 
conditioner on and off, 

The M51950L uses supply voltage and a detection circuit, 
which have little dependency on temperature, permitting 
highly accurate control. 

In addition, housing the device in an SIP has made high
density mounting possible, 

FEATURES 
• Small number of external parts 
• (Number of revolutions) detection supply voltage 

characteristics "'"'''''''''''''''''''''''''''''''''''' O,1%!V( typ,) 
• (Number of revolutions) detection temperature 

characteristics """",.,."",.,."", .. """,., 100ppm/"C (typ,) 

• Thermistor resistance detection supply voltage 
characteristics "'''''. """" '''''' ". '"'' '"'''''' 'O.02%!V( typ,) 

APPLICATION 
AutomobilEil air conditioners, 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ''''''''''''''":"."".,,'''''',,. 10-1.7V 
Rated supply voltage ".""."""."",,"",,.,,"",,.,,' 13,2V 

BLOCK DIAGRAM 

NUMBER OF 
REVOLUTIONS 1 

INPUT 

WAVEFORM 
RESTORATION 

TIME 
CONSTANT 

2 

MITSUBISHI LINEAR IC. 

M51950L 

CAR AIR CONDITION,ER CONTROLLER 

PIN CONFIGURATION (TOP VIEW) 

HYSTERESIS 
AD,II J!,;TMENT 
TEMPERATURE 
SENSOR 
UUTPUT 

GND 

SUPPLY 
FILTERING 
CAPACITOR 
TIME CONSTANT 
'NUMBER OF 

L-__ --f'- BEVOLUTIONS INPUT 

a-pin molded plastic SIP 

FILTERING 
CAPACITOR 3}------i 

HYSTERESIS 
ADJUSTMENT 

COMPARATOR 

10-52 

TEMPERATURE 
SENSOR 

'-.,J 

OUTPUT 
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MITSUBISHI LINEAR ICs 

M51950L 

CAR AIR CONDITIONER CONTROLLER 

ABSOLUTE MAXIMUM RATINGS (Ta=25°C, unless otherwise noted) 

Symbol Parameter CondItions 

Vcc Supply voltage 

V® Pin @ voltage Output OFF 

I® Pin @ sink current Output ON 

Pd Power dIssipation 

Ko Thermal derating TaL25°C 

Topr Operating temperature range 

Tstg Storage temperature range 

ELECTRICAL CHARACTERISTICS 1 (Vcc=13. 2V, T a=25"C, unless otherwIse noted) 

Symbol Parameter Test condItIons 

Icc Circuit current 

fON RevolutIon detector ON frequency 

At Revolution detector ON, OFF frequency dlllerence 

RthoN Thermo cirCUit ON resistance value 

t:;.Rth Thermo CirCUIt ON, OFF resislance value difference 

V®ON Pm @ ON voltage 

V@OFF Pin @ OFF voltage 

Imin Pin ~ sink current 

IGAn Pin ® sink current 

lC1lm Pm ('J) sink current 

t:;.VCH Chattenng preventIOn Circuit hysteresis Width 

ELECTRICAL CHARACTERISTICS 2 (Vcc=10-17V, Ta=25°c,::;, unless otherWIse note~j) 

Symbol Parameter Test conditIons 

Vd)ON Pm CD ON level 

VCDOFF Pin CD OFF level 

fON Revolution detector ON frequency 

t:;.f RevolutIon detector ON, OFF frequency dIfference 

RthoN Thermo circuit ON resistance value 

t:;.Rth Thermo circuit ON, OFF resIstance value dIfference 

ELECTRICAL CHARACTERISTICS 3 (Vcc=13.2V, Ta=10-60"C, unless otherwise noted) 

Symbol 

VQ)ON 

V(J)OFF 

fON 

t:;.f 

RthoN 

t:;.Rth 

Parameter 

Pin CD ON level 

Pin CD OFF level 

Revolution detector ON frequency 

RevolutIon detector ON, OFF frequency dIfference 

Thermo c!rcuit ON resIstance value 

Thermo CirCUIt ON, OFF resIstance value difference 

Test conditions 

• MITSUBISHI 
"-ELECTRIC 

Ratmgs Unit 

18 V 

27 V 

30 mA 

360 mW 

3.6 mWrC 

-20-+70 °c 

-40-+125 °c 

LImIts 
Unit 

Mm Typ Max 

3.5 8.0 mA 

330 376 430 Hz 

40 65 90 Hz 

5.95 6.45 6.90 kQ 

200 230 270 Q 

0.10 0.50 V 

12.8 13.2 V 

-100 0.02 100 nA 

75 130 200 p.A 

50 500 nA 

180 215 mV 

LImIts 
Unit 

Min Typ Max 

3.0 4.0 V 

1.0 2.0 V· 

330 376 430 Hz 

40 65 90 Hz 

5.80 6.45 7.15 kQ 

190 230 280 Q 

Limits 
Unit 

Mm Typ Max 

3.0 4.5 V 

0.8 2.0 V 

320 377.5 440 Hz 

35 65 95 Hz 

5.80 6.45 7.15 kQ 

185 230 280 Q 
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MITSUBISHI LINEAR ICs 

M51950L 

CAR AIR CONDITIONER CONTROLLER 

TEST CIRCUIT 
r-----~--~--------~--------~------~-<r-~Vcc 

a 
o 

a 
o 

Pulse ffb ClSW6 

sIgnal Jl 1 
generator 

200k 

The waveform of the DUTY CYCLE IS LESS THAN 20% 
pulse signal generator JL[---4.5-1 OV 
is shown in the dIagram 

at roght ___ 0-0. 8V 

TEST METHODS 

SWItch condItions 
Symbol 

SWI SW2 SW3 SW4 SW5 SW6 SW7 SW8 SW9 

Icc ON OFF b ON a a ON c b 

faN ON ON b ON c b ON a b 

LH ON ON b ON c b ON a b 

RthoN ON ON c ON a a ON b b 

f)"Rth ON ON c ON a a ON b b 

V(6')ON ON ON c ON a a ON a a 

VCS)OFF ON ON c ON a a ON c a 

I~)in ON ON c OFF b d ON a b 

1(3)1n ON ON a ON b d ON a b 

1(7)1n ON ON c ON a a OFF a b 

V(1l0N ON ON b ON c c ON a b 

V(1)OFF ON ON b ON c c ON a b 

f)"VCH ON ON d ON a a ON a b 

Measurement 

Instrument 

A, 

f 

f 

V, 

V, 

A3 

A2 

A4 

V2 

V2 

V4 

430 

2k 

b 

180k 

Rth 

SWI 

Unot Resistance: Q 

Capacitance. F 

Method 

While raising the pin CD input signal Irequency. the value 

of f when V, changes from "H" to ilL" 

While lowering the pin CD input signal frequency. the dif· 

ference between the values 01 f and fON when V, 

changes from" L" to "H" 

While decreasing Rth. the value of Rth when V, changes 

from "H" to "L" 

While increasing Rth. the difference between the values 

of Rth and RthoN when V, changes from "L" to "H" 

While raIsing V2 from a low voltage. the value of V2 when 

V3 changes from "L" to "H" 

While lowering V2 from a high voltage. the value of V2 

when V3 changes from "H" to ilL" 

The dIfference between the values 01 V4 under the fol-

lowing two conditions 

(i) While decreasIng V4• the value fo V4 when V, changes 

from "H" to "L", and 

(,,) WhIle increasIng V4. the value of V4 when V, changes 

from OIL" to "H" 

10-54 
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MITSUBISHI LINEAR IC. 

MS19S0L 

CAR AIR CONDITIONER CONTROLLER 

TYPICAL CHARACTERISTICS (Vee=13. 2V, T a=25'C. unless otherwise noted) 

u.. 
u.. 
o 

REVOLUTION DETECTOR ON. OFF 
THERMAL DERATING (MAXIMUM RATING) FREQUENCY VS. SUPPLY VOLTAGE 

500 

~ 
E 

400 
"0 
Il. 

Z 300 0 
1= « 
Il. 
Cii 200 

- "-
" '" (f) 

1S 
a: 
w 100 
~ 
0 
Il. 

" " , 
" , " o a 25 50 75 100 125 

AMBIENT TEMPERATURE T a ("C) 

REVOLUTION DETECTOR ON. OFF 
FREQUENCY VS. AMBIENT TEMPERATURE 

380 

u.. 380 
u.. 
o 
~E 360 
a: ~ 

~..9 
[;l z 340 
1-..9 
w 
0>
zll 

QaJ 
I-:J 

3fil 
Oa: 
>u.. 
W 
a: 

320 

300 

280 
10 

I, 1 
ON frequency 

OFF frequency 

12 14 16 18 

SUPPLY VOLTAGE Vee (V) 

w 
THERMO CIRCUIT ON. OFF RESISTANCE 

VALUE VS. SUPPLY VOLTAGE 
II 
Z 
« 

6.8 

~ E 360 

ION fretenCy ~ 
~ ~ 6.7 
a: ~ 

JFF 

280 

OFF frequency 

o 20 40 60 80 

u.. :5 
u..a: 
o Z 6.6 
z2 ocr 
§ w 6.5 
ll:J 
a:..J 
o~ 
o 
~ 
a: 
w 
l: 
I-

6.4 

6.3 

AMBIENT TEMPERATURE T a ('C) 

• MITSUBISHI 
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resistance value 

ON 
resistance value 

10 12 14 16 18 20 

SUPPLY VOLTAGE Vee (V) 
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APPLICATION EXAMPLE 

IGNITION 
PULSE INPUT 

NOTES 

Cr 

r 

RH 
(HYSTERESIS SETTING 

RESISTOR) 

1. The impedance of Pin CD is over 10k 0 at 5V or grea
ter, and over 3k 0 at 6V or greater. 
Refer to the Limits section of ELECTRICAL CHARAC
TERISTICS for the input sensitivity. 

2. When changing the revolution detector ON frequency, 
the values of R rand C r should be changed. Note 
that the value of R r should be .between-1QOk 0 and 
300kO. 
When the revolution detector ON frequency (fON ) is 
changed, the revolution detector ON, OFF frequency 
difference (A t) will change so that A tlfoN becomes 
filled. 

3. Determine the value of CF as tollows: 
177 

CF"" toN(Hz) (,uF) 

4. If the circuit operates erroneously due to power supp
ly ripple, distribute CF between Vcc and GND as 
shown in the diagram below. 

Vee 

+ 

3 }----; 

5. When changing the thermo circuit ON resistance 
value, change the value of the standard resistor prop
ortionately. 

6. There is an inversely proportional relationship be
tween the hysteresis setting resistance RH and the 
thermo circuit ON, OFF resistance value difference 
(A Rth). 

MITSUBISHI LINEAR IC. 

M51950L 

CAR AIR CONDITIONER CONTROLLER 

Vee 

-=- CAR BATTERY 

l 

Rv Rth 

TEMPERATURE THERMISTOR 
ADJUSTMENT lRr (STANDARD 

RESISTOR) 

10-56 
• MITSUBISHI 

.... ELECTRIC 



MITSUBISHI LINEAR ICs 

M51961L 

FLASHER CONTROL (WITH DISCONTINUITY DETECTION FUNCTION) 

DESCRIPTION 
The M51961 L is a semiconductor integrated circuit de
signed for use in flashers, especially automobile flasher sys
tems. 

PIN CONFIGURATION (TOP VIEW) 

This device has been designed so that when it is set at a 
flashing frequency of 85cpm for turn stgnals or hazard in
dication, the flashing frequency will increase to 192cpm 
when the line is broken. 

Discontinuity detection is accomplished by a discontinuity 
detection resistor which is connected between the battery 
and the lamp. 

The threshold value for discontinuity detection is 90mV 
when Vcc= 12.8V and is designed to compensate for power 
supply voltage and temperature chatacteristics· affecting 
lamp current. 

FEATURES 
• Short time between the turn signal switch turn-on and 

lamp lighting··············································· 25ms(max.) 

• Discontinuity detection threshold value compensates for 
lamp characteristics 

• Small dependency of flashing frequency on power supply 
voltage and temperature 

·················1%(typ.) (Vcc=7-17V, Ta=-20-60°C) 
• Built-in stabilized power supply eliminates effect of power 

supply ripple on flashing frequency 
• Built-in Zener diode for back absorption of relay 

APPLICATION 
Automobile flashers and lamp discontinuity detection. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range ............... : ...................... 9-16V 
Rated supply voltage ........................................ 12.8V 

POWER SUPPLY 

OUTPUT 

GND2 

GNDI 
OSCILLATION TIME 
CONSTANT 
TRI-STATE SWITCH 
OUTPUT 
Tis TERMINAL 
DISCONTINUITY 

'--__ ---'- DETECTION INPUT 

B-pin molded plastic SIP 

BLOCK DIAGRAM 
DISCONTINUITY 

GNDI OSCILLATION 
COMPARATOR 

DETECTION INPUT Vee 

DISCONTINUITY DETECTION 

I"H" STATE! rDETECTION 
I SWITCH I 

ITls TERMINAL 
UVOLTAGEI 
MAINTENANCE 

LCIRCUIT J 

I"L" STATEI 
DETFCTION 
I SWITCH I 

TIS TERMINAL 

• MITSUBISHI 
;"'ELECTRIC 

1 

TRI-STATE GND2 
SWITCH OUTPUT 

7 OUTPUT 
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MITSUBISHI LINEAR ICs 

M51961L 

FLASHER CONTROL (WITH DISCONTINUITY DETECTION FUNCTION) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vee l Supply voltage 1 18 

VCC2 Supply voltage 2 Application limited to within 1 minute 24.5 

BVo Output withstand voltage 24.5 

10 Output current 150 

VCZ) Applied voltage on pin ~ Vee-36V- Vec 

V'S) Applied voltage on pin CD O-Vee 

Pd Power dissipation 900 

Ko Thermal derating TaL25\: 7.2 

Topr Operating temperature range -40-+85 

Tstll Storage temperature. range -50-+125 

ELECTRICAL CHARACTERISTICS (R T =55k Q, C T =10 fl F, T a=25°C, Vcc=12. 8V, unless otherwise noted) 

Symbol 

Vee 

Ts 

N, 

N2 

0, 

02 

V<DTH 

ICC1 

Icc2 

VCZ) 

V~THH 

V@THL 

1c~INl 

1@IN2 

'CDIN 

Vos 

10L 

Voz 

10-58 

Parameter 

Supply voltage range 

Lamp light-up starting time 

Flashing frequency 1 

Flashing frequency 2 

Lamp ON duty 1 

Lamp ON duty 2 

Discontinuity detection threshold value 

Circuit current 1 

Circuit current 2 

Pin ~ 'voltage 

Pin ~ "H" threshold 

Pin ~ "L" threshold 

Pin ~ sink current 

Pin ~ outflow current 

Pin CD input current 

Output saturation voltage 

Output leakage current 

Output Zener voltage 

Test conditions 

From turn signal sWitch ON to lamp ON 

At turn signal or hazard 

At discontinUity 

At turn signal or hazard 

At discontinUity 

At output OFF 

At output ON 

Pin ~ open 

When VCZ)=Vcc 

When V®=GNO 

When V'S)=Vcc 

RL =120Q 

• MITSUBISHI 
.... ELECTRIC 

limits 

Min Typ Max 

7 12.8 17 

5 25 

81 85 89 

178 192 207 

41 45 49 

33 37 41 

84 91. 3 98.5 

3.4 5.3 

8.9 15 

6.0 7.4 9.0 

V(2J+l 9.2 V",+2.5 

V(2)-2.5 5.6 V(2)-1 

0.6 0.96 1.6 

-2.2 -1. 36 -0.9 

1.6 20 

180 500 

100 

26 30 36 

Unit 

V 

V 

V 

mA 

V 

V 

mW 

mW/"C 

°C 

°C 

Unit 

V 

ms 

cpm 

cpm 

% 
% 
mV 

mA 

mA 

V 

V 

V 

mA 

mA 

flA 

mV 

nA 

V 



MITSUBISHI LINEAR ICs 

M51961L 

FLASHER CONTROL (WITH DISCONTINUITY DETECTION FUNCTION) 

TYPICAL CHARACTERISTICS (Vcc=12. 8, T a=25'C, unless otherwise noted) 

DISCONTINUITY DETECTION 
THERMAL DERATING (MAXIMUM RATING) THRESHOLD VALUE CHARACTERISTICS 

1000 

1\ 

" 
i 900 
E 

800 

ri: 
1\ 

1\ 
z 600 0 
j::: 
« 

\ Q. 

Cii 400 

\. 

\ 
\. 

\ 

en 
0 
II: 
W 200 ;: 
0 
Q. 

o 
o 25 50 7585100 125 150 

AMBIENT TEMPERATURE T a ("C) 

> 
E 

120 

~ 110 

w 
(!) 100 

~ 
o 
> 
Cl 
..J 
o 
J: en w 
II: 
J: 
I-

90 

80 

70 

I .1 1 J 
--- T a=-20"C 

-T~=25'C 
_._ T~=60°C ~ 

~ 
~ 
, 

~ 
.41~ 

~ 
", 

", 
~ 

7 8 9 10 11 12 13 14 15 16 17 

SUPPLY VOLTAGE Vcc (V) 

FLASHING FREQUENCY CHARACTERISTICS CD FLASHING FREQUENCY CHARACTERISTICS ® 
200 

E 
0-

~ 
150 

>-
() 
Z 
W 
:::l 

100 0 
W 
II: 
LL 

(!) 
Z 50 
I 
en « 
..J 
LL 0 

i 

r- Ta=25'C 

o 

I ' 
---- Vcc=9V 

-- Vcc=12. 8V 

-'T- Vcc=16V 

20 40 60 80 

DISCONTINUITY DETECTION 
RESISTANCE VALUE (mO) 

100 

200 

E 
0-
~ 

150 
>-
() 
Z 
W 
:::l 

100 0 
W 
II: 
LL 

(!) 
z 50 I en « 
..J 
LL 

o 
o 

Vcc- 12. 8V 
_._.-T a= -20'C 

I I I 
-'-Ta=60'C 

I I I I 
20 40 60 80 

DISCONTINUITY DETECTION 
RESISTANCE VALUE (mO) 

Note 1 For the flashmg frequency characteristics the discontinUity detection resistance value has been measured 

instead of the lamp resistance value. 

Note 2 . In flashing frequency characteristics @, C,. and R,. are measured outside of a constant-temperature tank. 
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MITSUBISHI LINEAR ICs 

MS1961L 

FLASHER CONTROL (WITH DISCONTINUITY DETECTION FUNCTION) 

APPLICATION EXAMPLES 

(1) Typical application circuit 

Reverse 
connection 

protectIon diode 

(3) Discontinuity warning resistor 

Discontinuity 
detection resistor Vcc 

Warning lamp 

Rill R2<30Q 

(2) Adjustment of the discontinuity threshold value 

Unit Resistance: Q 

Capacitance : F 
The warning lamp will light when one or more of the four lamps become discontinuous. 

10-60 
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DESCRIPTION 
The M52670P,FP are semiconductor integrated circuits de
veloped for use as interfaces to convert and process analog 
signals into digital signals. They are 4-bit converters for 
video band signal applications. 

These devices have the following functions when used as 
parallel-comparison 4-bit A-D converters for video band 
signals: 

1. 4-bit comparators (16) 
2. Grey code converter 
3. Eel to TTL converter 
4. latch circuit 
5. Grey to binary code 
6. Sampling clock restoration circuit 
7. Underflow output switching circuit 

FEATURES 
• Sampling rate: 11M samples/sec (max.) 
• Output form: Open collector (TTL compatible) 
• Expansion to a 5-bit A-D converter: 

Easily accomplished by joining two units together 
• Non-linear error ............................................ ±1 /2lSB 

22-pin molded plastic DIP 24-pin molded plastic shriek 
FLAT 

BLOCK 
DIAGRAM NOTfJ,vs 

I 

UNDERFLOW 
<---------jMASTER 

·1 (LATCH , 
I~ ___ -

--- - 13 

MITSUBISHI LINEAR ICs 

MS2670P,FP 

4-BIT A-D CONVERTER 

PIN CONFIGURATION (TOP VIEW) 

NC 
SUPPLY 

VOLTAGE 
NC 

STANDARD 
"H" VOLTAGE 

TA~~s6i~?DRE~9~i 5 
TA~~sg;~?rfE~9~i 6 BIT 2 

TA~~s6~~fb~~?1Li 7 BIT 3 
S.TANJ'tt-B..~';;' 8 BIT 4 

ANI~~<G~ 9 14 DIGITAL GND 

ANALOG GND 10 13 ~~P-r~nft~~W 
NC 11 12 NC 
~ ____ -r-

SUPPLY --'-----., 
VOLTAGE 

NC 

NC 

NC 
STANDARD 

"H" VOLTAGE 

TA~~sb~JI~~.¥?3\ 6 
TA~~s6TJI'6~:?2\ 7 
TA~~s6f~g~RV~~" 8 
"L"S~t,~!j?t~~ 9 

NC 10 

BIT 4 

ANALOG 14 DIGITAL GND 
INPUT UNDERFLOW 

ANALOG AND --, _____ -'- SWITCHING 

T. P TEST PIN NC . NO CONNECTION 

o number desognates M52670FP 
'numer designates M52670P 

UNDERFLOW INPUT 13 Note 1 Set so that the Impedance of the drive source IS less than 1000 
(GHD or Vee) Note 2 Set so that the Impedance of the drive source IS less than 500 

• MITSUBISHI 
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ABSOLUTE MAXIMUM RATINGS (Ta=25"C) 

Symbol Parameter Conditions 

Vee _ Supply voltage 

Y'N Input voltage@, @(IUI,~) 

Vo Output voltage@-@(Ii]-gg) 

VA Operating supply voltage 

Pd Power dissipation ( ) designate FP 

Topr . Operating temperature range 

Tsla Storage temperature range 

Note: Numbers inside D deSignate M52670FP and numbers Inside 0 deSignate M52670P 

TYPICAL CHARACTERISTICS 

THERMAL DERATING (MAXIMUM RATING) 

~ 
'C a. 

z 
0 
f= 
~ 
Ui 
(/) 

15 
a: 
w 
3: 
0 
a. 

1.2 

1.0 

0.8 

(1) 

~ 
0.6 

~ t'-.. 0.4 

0.2 

o 
o 25 

)M526~OP ._ 
(2)M52670FP 

" "- , 
'-..., , , 

" I'~, 
'~ 

50 75 100 125 150 

AMBIENT TEMPERATURE Ta (t) 

ELECTRICAL CHARACTERISTICS (T a=25"C) 

Symbol Parameter Test conditions 

Icc Circuit current 1 Vee=5. OV, Clock 11 MHz 

fse Maximum sampling frequency Vee-5. OV, Duty 50% 

V'N®IID ®(lID) Minimum input voltage Vee=5.0V 

V'N@IID @)([[I) MaXimum input voltage 

V'N@i'. ®(rrg) MaXimum input voltage 

t:.V<llIID-®1ID Mmimum Input voltage between @-®(rnJ-ill) 

V ,H @IUI, @~ Input "H" voltage 

V'L @IUI, @~ Input "L" voltage 

IINl @IUI,@~ Input current 1 Vee=5. 25V, V,=2. 7V 

IIN2 @IUI, @~ Input current 2 Vee=5. 25V, V,=O. 4V 

V ,K @~ Input clamp voltage Vee=4. 75V, I'N=-18mA 

VOLl @Ii]-@[gg Output voltage 1 When Vcc=4. 75V, a~d output "L", IOL=6.0mA 

VOL2 @Ii]-®I[gg Output voltage 2 When Vcc=4.75V, and output "L", 10L =3. OmA 

Rqj.@,IID-1ID ReSistance eetween <Zl-®, lID-lID 

R<ID-<z>,[l]-IID Resistance between @-<Zl, IIHID 

RCOl.@,lID-[l] Resistance between @-@, [IJ-IIJ 

R<ll'@,iID-lID Resistance between @)-@, [[I-[IJ 

" Note 1. Current flOWing to the IC IS taken as +', and current flOWing out as " 

MITSUBISHI LINEAR Ie. 

M52670P,FP, 

4·BIT A·D CONVERTER 

Ratings Unit 

7.0 V 

7.0 V 

7.0 V 

4.5-5.5 V 

1000(500) mW 

-10-+75 "C 

-40-+125 t 

Limits 
Unit 

Min Typ Max 

33 48 rnA 

11 MHz 

1.1 V 

Vee-0. 7 V 

Vee-0. 7 V 

1.0 V 

2.0 V 

0.8 V 

20 fAA 
(*,1-0.4 rnA 
(021_0.5 V 

0.5 V 

0.4 V 

300 400 500 Q 

300 400 500 Q 

300 400 500 Q 

300 400 500 Q 

2. IC ground is taken as a reference for voltage, while "-" indicates voltage values that are lower than IC ground. 

3_ Numbers Inside D deSignate M52670FP and numbers inside 0 deSignate M52670P 
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MITSUBISHI LINEAR Ie. 

M52670P,FP 

4·BIT A.D CONVERTER 

5-BIT EXPANSION METHOD 
.1. The output form (4 bit) of@-@(IlliI-g(l)with respect to Vs. 

a) @1iJ: at GND 

Vs 

VA V, V2 V3 V. V5 VB V7 Va V. V,oVll V'2V'3V"V'5 
@II§I L L H L H L H L H L H L H L H L H 

@[2j L L L H H L L H H L L H H L L H H 

@II§I L L L L L H H H H L L L L H H H H 

@~ L L L L L L L L L H H H H H H H H 

@~ H H H H H H H H H H H H H H H H H 

b) @1iJ: at Vee 

Vs 

VA V, V2 V3 V. V5 VB V7 Va Vg VlOVllV'2V'3V,.V'5 

@II§I H L H L H L H L H L H L H L H L H 

@[2j H L L H H L L H H L L H H L L H H 

@[j]] H L L L L H H H H L L L L H H H H 

@[j]J H L L L L L L L L H H H H H H H H 

(j])~ L H H H H H H H H H H H H H H H H 

2. Output form (5 bit) 

Vs 

VL VM 

VA V, V2 V3 V4 V5 VB V7 Va Vs V,o Vll V'2 V13 V14 V,s Va V, V2 V3 V. V5 VB V7 V. Vg VlO Vll V'2 V'3 V'4 V'5 

20 L L H L H L H L H L H L H L H L H L H L H L H L H L H L H L H L H 

2' L L L H H L L H H L L H H L L H H L L H H L L H H L L H H L L H H 
22 L L L L L H H H H L L L L H H H H L L L L H H H H L L L L H H H H 

23 L L L L L L L L L H H H H H H H H L L L L L L L L H H H H H H H H 
24 L L L L L L L L L L L L L L L L L H H H H H H H H H H H H H H H H 

Note. Numbers inS, de D des'gnate M52670FP and numbers ,nside 0 des'gnate M52670P 

5-BIT EXPANSION CIRCUIT 

SAMPLING 
CLOCK 

VL.,r-

J,. 

VL~l. 1V 
V V ~1 ov M - L_ • 

VM~4.8V 

I 
~~vs 1 I 

ANALOG ®®0~ 
INPUT lliJ~[!][2]00 

Jr @§ 
ICl 

~ 
@)~ 

[!]@] [DlB] 
@@) @B) 

1 1 
.,h-

-0-

VMfl 

~@ 

@]~ I--
§I 17 f--

~~ ~ §] 19 

VM~l.lV 
V V ~1 OV v~ H - M_ • 

VH~4.8V 

.Jr 
I I 

®®0®®CD 
lliJ~000ill ~~ 
@~ @] 16 

IC2 ii -@§l ~18 
@]@] ill§] ~19 

2
0

} 
2' 

2 OPEN 
2 OUTPUT 
23 

2' 

@@ 0@ 
I 1 I 
I I 

Vcc=5. ov±o. 5V 

• MITSUBISHI 
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D Numbers ,nside designate M52670FP 
o Numbers inside designate M52670P 

10-63 



TIMING CHART 

TIMING OF SAMPLING CLOCK AND OUTPUT 

INPUT 
CLOCK 
~@ 

ANALOG 
INPUT 
[]]® ------

OUTPUT 

tpw 

APPLICATION EXAMPLE 

DATA 
READ-IN 

ANALOG GND 

VCCr-~--------4 

E 

MITSUBISHI LINEAR IC. 

M52670P,FP 

4-BIT A-D CONVERTER 

A-D CONVERSION OUTPUT 

STANDARD 
"H" VOLTAGE 
RESISTOR 

~~T6~~~3) 3:: 
RESISTOR "'o~ 
VOLTAGE ~ 

23 0UTPUT 

22 OUTPUT 

D Numbers inside designate M52670FP , 
o Numbers inside designate M52670P 

SAMPLING CLOCK 

EXTERNAL 
POWER SUPPLY 

DIVIDER (2) -0 

7 ~6~fr~~ 2'OUTPUT } 
DIGITAL SIGNAL 

t-t-+------o OUTPUT 

10-64 

VIDEO 
SIGNAL 

DIVIDER (1) 
STANDARD 
"L" VOLTAGE 

N.C. 
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DESCRIPTION 
The M5109P is a semiconductor integrated circuit consist
ing of two differential amplifiers, fabricated by making use 
of complementary symmetry. 
Since the two differential amplifiers are part of the same 
structure and have closely matched characteristics, this de
vise is suitabule for use in applications regulring such 
matched characteristics. A bias diode is built into the de
vice for the convenience of applications. 
The high reliability of this device makes It useful in applica
tions such as audio, communications, and control equip
ment. 

FEATURES 
• Two differential amplifiers with closely matched charac-

teristics. 
• Small input offset voltage .......................... ,·5mV(max) 
• Small input offset current ............................ 2~A(max) 

• Built-in bias diode 

APPLICATION 
RF/IF amplifiers, double balanced mixer voltage compara
tors, balanced dual differential amplifiers, and detectors. 

RECOMMENDED OPERATING CONDITIONS 
Supply voltage range·······································2-15V 
Rated supply voltage ........................................... 12V 

EOUIVALENT CIRCUIT 

02 
BASE 

03 
BASE 

02 01 

03 
EMITTER 

01 

GND 

MITSUBISHI LINEAR ICs 

M5109P 

DUAL DIFFERENTIAL AMPLIFIER 

PIN CONFIGURATION (TOP VIEW) 

02 COLLECTOR 01 COLLECTOR 
I 

02 BASE 01 BASE 

03 BASE 04 EMITTER 

03 EMITTER 04 BASE 

GND D1 ANODE (p SUBSTRATE) 

05 BASE 06 BASE 

05 COLLECTOR 06 COLLECTOR 

14-pln molded plastic DIP 

06 06 05 
BASE COLLECTOR COLLECTOR 

04 
EMITTER 

05 
BASE 

04 
BASE 
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MITSUBISHI LINEAR ICs 

MS109P 

DUAL DIFFERENTIAL AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS (Ta=25·C, unless otherwise noted) 

Symbol Parameter Conditions 

VCEO Collector-emitter voltage 

VeBa Collector-base voltage 

V EBO Emitter-base voltage 

Ie Collector current 

Pd Power dissipation 

K. Thermal derating T a0?02S·C 

Topg Operating temperature range 

Tstg Storage temperature range 

ELECTRICAL CHARACTERISTICS (Ta=2S·C, unless otherwise noted) 

Symbol Parameter Test conditions 

V,o Input offset voltage 

1'0 Input offset current 

I,s Input bras current VCE=3V, IE=2mA 

~or IC(Q5) 

10(Q2) IC(Q6) 
Differential stage current ratio 

leBO Collector cuttoff current VCB=18V,IE=0 

TYPICAL CHARACTERISICS (Ta=25·C, unless otherwise noted) 

~ 
E 
U a. 

z 
0 
i= « a. 
en en 
is 
a: 
w 
3: 
0 a. 
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1000 

800 

THERMAL DERATING 
(MAXIMUM RATING) 

-
600 

400 

200 

o 
a 

"'" ~ "- , 
" 

, 
" 

25 50 75 100 

AMBIENT TEMPERATURE T aCC) 

, 
125 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

15 V 

20 V 

5 V 

50 mA 

650 mW 

6,5 mW/"C 

-20-+75 ·C 

-40-+125 ·C 

limits 
Unit 

Min Typ Max 

5 mV 

2 f.1A 

24 f.1A 

1.0 -

1 f.1A 



APPLICATION EXAMPLES 
(1) Frequency mixer 

MITSUBISHI ,LINEAR ICs 

MS109P 

DUAL DIFFERENTIAL AMPLIFIER 

(2) FM Stereo demodulator 

r--------;--t--~Vcc(12V) Vcc(12V) 

lk 

(------) 

~ 

5k 

Unit 

Resistance: n 
Capacitance: F 

38 kHz 
SUBCARRIER 
INPUT o--~-_-{ 

lk 

• MITSUBISHI 
"'-ELECTRIC 

BIAS 
(1. 5V) 

4.7k 

L OUTPUT 

R OUTPUT 

1~ 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4940P 

8· DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

DESCRIPTION 
The M54940P, a monolithic integrated circuit fabricated with 
using an IlL technology, is designed for driving an 8-digit, 7-
segment fluorescent display. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Separated power supplies; 5V (Logic circuit), and 35V 

(Output circuit) 

• Integral scanning oscillator circuit for display 

APPLICATIONS 
• Micro computer display 
• Digital equipment for consumer and Industrial use. 

FUNCTION 

DRIVER 
POWER SUPPLY Vec2 
LOGIC Vee1 2 
POWER SUPPL{Y 101 _ 3 

102_ 4 
DATA INPUTS 104 _ 5 

108- 6 

10P- 7 

CLOCK INPUT CLK _ 8 

RESET INPUT RST _ 9 

LOAD INPUT LOAD _ 1 

DISPLAY INPUT DISP _ 11 

OSCIL~TH~~IT OSC 
GNO 

DECIMAL NC 

POINT OUTPUT 

_ T8(MSO) 

-T7 

DIGIT OUTPUT 

The M54940P, having a 5-bitX8-digit memory, is a decoder 
driver for dynamic displaying of a vacuum fluorescent tubes. 
The data for one digit section is organized into a 4-bit BCD 
and an l-bit decimal point. The data memory consists of a 
shift register and a latch, and is capable of displaying the 
previous data while the data is being transported. 

Outline 3DP48 NC: NO CONNECTION 

10-68 

RST 

LOAD 

3D-pin molded plastic DIP(SHRINK) 

-------------.. ---------------~------~ 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4940P 

I·DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

INPUT PIN FUNCTION 
1) OSC: External capacitor connecting terminal for 

the oscillator circuit. 

2) :~ ~ I : BCD Data Input; refer to the numerical 
4 Designations-resultant displays for the 

:~ 8 of the input data to the display, 

3) IDP: decimal pOint data Input 

relation 

4) ClK: Data transport clock Input: the data can be input 
at a positive-going edge of the elK 

TIMING CHART 

DATA PROGRAMMING 

(1) USING ClK AND RST inputs with lOAD=" H n, 

RST 

ID1-IDP ----- ---

elK 

5) RST: Reset Input: the elK input counter is reset at "H': 
6) lOAD: Signal Input to load the data latch with the data 

of the shift register, The Input lOAD will not be 
accepted until the 8th elK Input has been re
ceived, 

7) DISP: When it is set to "H" it displays, When it is set to 
''In, the display is inhibitted, During the display 
inhibition period, both the segment and digit 
outputs will be at ''In, 

T8 

DISPLAY OF PREVIOUS DATA DISPLAY OF NEW DATA 

When lOAD is kept at '" H ", lOAD is automatically done at the 8th elK input wh~n RST=" l ", 
However, while RST=" l", if there is a 9th elK input, the 9th data will be loaded and displayed 

(2) U.sing ClK, RST and lOAD inputs, 

RST 

ID1-IDP 

elK 

lOAD 

________________________________________________________________ ~n~ ____________ _ 

DISPLAY OF PREVIOUS DATA 

After the 8th clock input, the lOAD is valid only in the period while RST=" l ", 
Furthermore, if there is 9th elK input before the lOAD input, the lOAD input is ignored, 

• MITSUBISHI 
"ELECTRIC 

-I· 
I DISPLAY OF NEW DATA 
I 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4940P 

8- DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

OUTPUT TIMING CHART 

T1 ~ IL 

T2 n 
T3 n 
T4 n 
05 n 
T6 n 
T7 n 
T8 

a 

b 

c 

d 

e 

g 

DP n n 
DISPLAY 8 n 5 S '-1 3 2 8 I. 

NUMERICAL DESIGNATIONS-RESUlTANT DISPLAYS 

a 1 2 3 4 5 6 7 8 9 A 

101 l H l H l H l H l H l 

BCD 102 l L H H l l H H l l H 

DATA 104 l l l l H H H H L l l 

108 l l l l l l l l H H H 

Display 
n I 2 3 '-I 5 6 I 8 9 -U I I 

* The decimal pOint. independent of BCD data. is output when the decimal bit of the corresponding digit is at" H ' 
Furthermore. when the decimal pOint bit is set at ., H " at plural digits, plural decimal pOints are displayed, 

OSCILLATOR CIRCUIT 
1) External connection 

2) Oscillation period 

Cext r 
tose =. 20 Cext X 10-3 (,us) (Typ,) 

(Unit of Cext; (pF)) 

DISPLAYS IMMEDIATELY "AFTER POWER ON." 
The display which appears immediately after "power-on" is in
definable. During the period bofore the regular data is trans
ported the display can be erased if DISP input is set at " L ", 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54940P 

8- DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75"C. unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee l Logic supply voltage -0.3-+9 

VCC2 Driver supply voltage -0.3-+38 

V, Input voltage -0.3-Vcc1 

Vo Output voltage 0-Vcc2 

Tst!;) Storage temperature range -55-+150 

Topr Operating temperature range -20-+75 

Pd Power dissipation 600 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75"C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee l logic supply voltage 4 5 7 V 

VCC2 Oliver supply voltage 10 30 35 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75'C, Vee1=5V. Vcc2=35V. unless otherwise noted) 

Limits 
Symbol Parameter Test Conditions 

Min Typ Max 

V ,H .. H .. Input voltage Vee 1 =4-lV 2.7 Vcc1 

V ,L .. l" Input voltage Vee= 1 =4-lV 0 0.7 

I'H " H " Input current V,H=5V 0 20 

I'L " L" Input current VIL=OV -0.25 -0.4 

I Digit output IOH=-1OmA 
V OH .. H .. Output voltage 

I Segment output IOH=-2mA 

VOL .. l .. Output voltage IOL=OmA 

Input: open 
ICCl Logic circuit current 

All segment outputs, ON 

Output: Open 
Icc2 Driver circuit current 

All segment outputs: ON 

tose Oscillation Period Cext=lOOOpF 

* Typical values are measured at 2St 

TIMING CHARACTERISTICS (Ta=-20-+75'C. unless otherwise noted) 

Symbol 

fCLK 

fose 

twc 

tWL 

tsetup 

thold 

tRC 

tCL 

tncLK) 

tf(CLK) 

Parameter 

Clock Frequency 

OSCillation frequency 

Clock pulse width 

load Pulse width 

Data setup time (DATA-ClK) 

Data Hold tlme(CLK-DATA) 

Reset-clock time(RST-ClK) 

Clock-load, time(ClK-lOAD) 

Clock pulse rise time 

Clock pulse fall time 

Test Conditions 

• MITSUBISHI 
..... ELECTRIC 

33 33.8 

33 34 

0 2 

12 22 

8 14 

10 20 40 

Limits 

Min Typ Max 

100 

10 100 

2 

2 

4 

2 

4 

4 

10 

10 

Unit 

V 

V 

V 

V 

'c 
'C 

rnW 

Unit 

V 

V 

I'A 

rnA 

V 

V 

rnA 

rnA 

I'S 

Unit 

kHz 

kHz 

I'S 

I'S 

I'S 

I'S 

I'S 

I'S 

I'S 

I'S 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54940P 

8-DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

INPUT TIMING CHART 
RST 

1. 5V 

----------, r------------
ID1-IDP \ 

\ 

I 

1. 5V 
\ I '- ___ -- ______ 1 

tsetup thold 

1.5V 

ClK twc 

lOAD 

OUTPUT TIMING CHART 

I: 
tCY 

twd ,I 
DIGIT OUTPUT -_ .... I 

I 
SEGMENT OUTPUT ----' 

I, 
1/0 CIRCUIT SCHEMATIC 

INPUT CIRCUIT 

OSCILLATOR 

OSC 

Cext 

U 
tws f I' 

twe twe=tws=14tosc 

tWB= 2 tosc 

tcy=12Stosc 

OUTPUT Vcc2 -------.~------.~-
CIRCUIT 

,-------t"""-------- Vcc1 

~~-+-+-+-----+--GND 

GND 
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DESCRIPTION 
The M54570L is a semiconductor integrated circuit capable 
of switching four bands in TV and VTR tuners. 

FEATURES 
• Low output saturation voltage (VeE (satl;;>0.5V at 10 =-

35mA). • 

• High output sustaining voltage (BVeEo~26V) 

• Four-bands switching 

APPLICATION 
Switching bands in TV and VTR tuners 

FUNCTIONAL DESCRIPTION 
The M54570L is an Ie suitable for four-band switching in 
TV and VTR tuners. Since the output drives the power 

supply of each tuner band, a low saturation voltage 
(Vee-Va) becomes necessary. This need is satisfied 
through a first stage configured of PNP transistors. 
The input, being three-valued logic input, can be switched 
into 6 output modes as shown in the truth table. 
The selection mode can be altered by making a wired OR 

connection on the outputs when used as a three-band 
device. 

BLOCK DIAGRAM INPUT A 

GND INA 

r---
I 

I 
I 

I 
I 

I 
I 

I 
I 

l_ 

0, o. 0, 
OUTPUT 2 OUTPUT 4 OUTPUT 1 

MITSUBISHI BIPOLAR DIGITAL Ie 

M54570L 

TUNER BAND DECODER/DRIVER 

PIN CONFIGURATIONS (TOP VIEW) 

Vee POWER SUPPLY 

OUTPUT 2 

OUTPUT 4 

-l 
0 GND r--. 
Ii) 
<:t 
Ii) INPUT A 
~ 

INPUT B 

OUTPUT 1 

0 OUTPUT 3 

Outline 8P5 

INPUT B POWER SUPPLY 
INs Vee 

----- -~ 

I 

REGULATED 
CURRENT CIRCUIT 

0 3 

OUTPUT 3 

• MITSUBISHI 
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TRUTH TABLE 
Input 

INA INs 0, 
a a 1 

a 1 0 

1 a 1 

1 1 1 

1 * 1 * 1 

1 * a 1 

Input "0" = O. 4V (max.) 
"1" = 4V (min.), 6V (max.) 
"1*" = 10V (min.), Vee (max.) 

Output "0" = output transistor off-state 
"1" = output transistor on-state 

Output 

O2 0 3 O. 
1 0 1 

0 1 a 
1 0 a 
a 0 a 
a 0 1 

1 0 0 

MITSUBISHI BIPOLAR DIGITAL IC 

M54570L 

TUNER BAND DECODER/DRIVER 

TYPICAL CHARACTERISTICS 

-50 

'< -40 
E 
'2 
f- -30 z 
UJ 
II: 
II: 
:::l 
0 -20 
f-
:::l 
Q. 
f-
:::l -10 
0 

o 

SOURCE OUTPUT SATURATION 

CHARACTERISTICS 

o 

I, ' 
a, !Ii a, 

i/r 
a, W 
~ 0, 

h' Ta~25'C 

II --- ~OUTPUT 4 

" -- r-0UTPUT 3-

-- -OUTPUT 2_ 

~ - 1-9UTP~T 11 

" 0.1 0.2 0.4 

OUTPUT SATURATION VOlTAGE 
Vcc::"Vo(V) 

ABSOLUTE MAXIMUM RATINGS (Ta =2S'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

VCEO Output sustaining voltage 

V, Input voltage 

10 Output current 

Topr Operating ambient temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta = 25'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Mon Typ Max 

VCEO Output sustaining voltage a 24 V 

I Outputs 1 and 3 0 -35 -40 
10 Output current 

I Outputs 2 and 4 0 -20 -25 
mA 

V'H "H" Input voltage 4 6 V 

V'L "L" mput voltage 0 0.4 V 

V'H 
. "H'"" Input voltage 10 Vee V 

ELECTRICAL CHARACTERISTICS (T a = 2S'C, unless otherwise noted) 

Symbol 
--

10<leak) 

V OH 

I'H 
I'H*A 

I'H*8 

I'L 

Icc 

10-74 

Parameter 

Output leakage current 

"H" output voltage 

"H" mput current 

"H*" input current (mput A) 

"H'" input current (,nput B) 

"L" mput current 

Supply current 

Test conditions 

Vce=12V, Vo=-12V, output opened 

Vee=12V 
Ilo=-20mA 

Ilo--35mA (output 1,3) 

Vee-12V, V,-4V 

Vee-12V, v,--IOV 

Vee=12V, V,'=IOV 

Vec=12V, V,=O.4V 

Vee=13V, V'A=OV, V,.=4V, output opened 

• MITSUBISHI 
.... ELECTRIC 

Ratings Unit 

15 V 

-0.5-+26 V 

15 V 

-40 mA 

-10-+60 'c 
-55-+125 'c 

Limits 
Unit' 

Min Typ Max 

-100 "A 
11. 7 11. 9 

11.5 11. 9 
V 

10 "A 
0.63 1.3 mA 

20 "A 
-100 "A 

17 28 mA 



DESCRIPTION 
The M54572L is a semiconductor integrated circuit capable 
of switching four bands in TV and VTR tuners. 

FEATURES 
• Low output saturation voltage (VeE(sat);;;;;O.5V at 10 =-

30mA). 

• High output sustaining voltage (BVeEo~28V) 
• Four-bands switching 

APPLICATION 
Switching bands in TV and VTR tuners 

FUNCTIONAL . DESCRIPTION 
The M54572L is an Ie suitable for four-band switching in 
TV and VTR tuners. Since the output (outputs 1-3) drives 
the power supply of each tuner band, a low saturation vol
tage (Vee-Vo) becomes necessary. This need is satisfied 
through a first stage configured of PNP transistors. 
Output 4 can be used for changing modes with the same 
power supply as the NPN transistor has an open collector 
output. 

The input mode can be switched between four modes as 
shown in the truth table. 
The selection mode can be altered by making a wired OR 
connection to outputs 1 - 3 when used as a three-band 
device. 

BLOCK DIAGRAM 

I 
I 

I 
I 

I 
I 

I 
I 

GND 
INPUTS 

INs 

L __ _ 
O. O. 

OUTPUi 4 OUTPUT 3 
O. 

OUTPUT 2 

MITSUBISHI BIPOLAR DIGITAL IC 

M54572L 

TUNER BAND DECODER/DRIVER 

PIN CONFIGURATIONS (TOP VIEW) 

Vee POWER SUPPLY 

OUTPUT 2 

OUTPUT 4 

..J 
N GND ,... 
It) 
v 
It) -IN. INPUT A ::iE 

INPUT B 

OUTPUT 1 

o OUTPUT 3 

Outline 8P5 

TRUTH TABLE 
Input 

INA INa 
0 0 
0 1 
1 0 
1 1 

Input "0" = lV (max.) 
"1" = 3V (min) 

INPUT A 
IN. 

Output 

0, O. o. 
1 Z Z 

Z Z 1 
Z 1 Z 

Z Z 1 

Output "0" = current sink 
"1" = current source 
"Z' = high Impedance 

POWER SUPPLY 
Vee 

REGULATED 

-I 
I 

CURRENT CIRCUIT I 
I 

I 
I 

I 
I 

I 
I 

r-------.J 
0, 

OUTPUT 1 

o. 
Z 

Z 

Z 

0 
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MITSUBISHI BIPOLAR DIGITAL IC 

M54572L 

TUNER BAND DECODER/DRIVER 

ABSOLUTE MAXIMUM RATINGS (T a = 25"(;. unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage 18 

V CEO Output sustaining voltage -0.5-+28 

V, Input voltage 18 

Iso Output source current 01-03 -40 

Is, Output sink current 04 40 

Topr Operating ambient temperature range -10-+60 

Tstg Storage temperature range -55-+125 

RECOMMENDED OPERATING CONDITIONS (T a = 25"<:. unless otherwise noted), 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vcc Supply voltage 12 15 V 

VCEO Output sustaining voltage 0 25 V 

Iso Output source current 101-03 0 -30 rnA 
Is, Output sink current 104 a 30 rnA 
V'H "H" Input voltage 3 Vce V 

V'L "L" input voltage a 1 V 

ELECTRICAL CHARACTERISTICS (Ta = 25"<:. Vee = 12V. unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

Limits 

Typ Max 

Isolleak) Source output leakage current Vso--12V -100 

IS'lleak) Sink output leakage current Vs,-25V 100 

VSOH Source output "H" voltage Iso=-30mA 11.5 11.8 

VS1L Sink output "L" voltage Is,=30mA 0.2 0.5 

I'H "H" ,nput current V,=3V 10 

I'L 'L" input current V,=IV -100 

Icc Supply current Vec=13V, V,.=3V, V'B=OV, output opened 28 

TYPICAL CHARACTERISTICS 

SOURCE OUTPUT SATURATION 
CHARACTERISTICS 

SINK OUTPUT SATURATION 
CHARACTERISTICS 

10-76 

-40 

"< 
.5 -30 
.E 

... 
Z 
w 
l'2 -20 
:> 
o 
I
:> 
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,I/. 

../i,y 
50 100 

OUTPUT SATURATION VOLTAGE 
Vee-Vo(mV) 

40 

'< 
E 30 
1i 
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OUTPUT SATURATION VOLTAGE 
VeE(satl(mV) 

150 

Unit 

V 

V 

V 

rnA 
rnA 
t 
t 

Unit 

/-lA 
/-lA 
V 

V 

/-lA 
/-lA 
rnA 



DESCRIPTION 
The M54573L is a semiconductor integrated circuit capable 
of switching three bands in TV and VTR tuners. 

FEATURES 
• Low output saturation voltage (VcE csat);;;;O.5V at 10 =-

30mA), 

• High output sustaining voltage (BVCEO;;;;28V) 

APPLICATION 
SWitching bands in TV and VTR tuners 

FUNCTIONAL DESCRIPTION 
The M54573L is an Ie suitable for three-band switching in 
TV and VTR tuners. Since the output (outputs 1-3) drives 
the power supply of each tuner band, a low saturation vol
tage (Vcc-Vo) becomes necessary. This need is satisfied 
through a first stage configured of PNP transistors. 
Output 4 can be used for changing modes with the same 
power supply as the NPN transistor has an open collector 
output. 
The input mode can be switched between three modes as 
shown in the truth table. The "0", "1" mode and the "1", 
"1" mode are the same modes. 
The selection mode can be altered by making an OR con
nection on outputs 1-3. 

BLOCK DIAGRAM 

'I 
I 

I 
I 

I 
I 

l __ , _ 

GND 
INPUT B 

IN. 

O. 0 3 

OUTPUT 4 OUTPUT 3 

O2 

OUTPUT 2 

MITSUBISHI BIPOLAR DIGiTAL IC 

M54573L 

TUNER BAND DECODER/DRIVER 

PIN CONFIGURATIONS (TOP VIEW) 

TRUTH TABLE 
Input 

INA INB 

0 0 

0 1 
1 0 
1 1 

Input "0" = 1V (max) 
"1" = 3V (min.) 

INPUT A 
.IN. 

vee POWER SUPPLY 

OUTPUT 2 

OUTPUT 4 

GND 

INPUT A 

INPUT B 

OUTPUT 1 

o OUTPUT 3 

Outline 8P5 

Output 

a, O2 0 3 

1 Z Z 

Z Z 1 
Z 1 Z 

Z Z 1 

Output "0" = current sink 
"1" = current source 
"Z" = high impedance 

POWER SUPPLY 
Vee 

~-::l 
I 

I 
I 

I 
I 

I 
I 

I 
I 

_____ J 
0 , 

OUTPUT 1 

A. 
0 

0 

Z 

0 
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MITSUBISHI BIPOLAR DIGITAL IC 

M54573L 

TUNER BAND DECODER/DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta = 25·C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 18 
VCEO Output sustaming voltage -0.5-+28 
V, Input voltage 18 

Iso Output source current 01-03 -40 

Is, Output sink current 04 40 
Topr Operatmg ambient temperature range -10-+60 
Tstg Storage temperature range -55-+125 

RECOMMENDED OPERATING CONDITIONS (T a = 25<:, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ , Max 

Vee Supply voltage 12 15 V 

V CEO Output sustaining voltage a 25 V 

Iso Output source current 101-03 a -30. mA 
Is, Output sink current 104 a 30 mA 

V'H "H" input voltage 3 Vee V 

V'L "L" input voltage a 1 V 

ELECTRICAL CHARACTERISTICS (T a = 25·C, Vee = 12V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

Iso(leak) Source output leakage current Vso=-12V 

Is'(leak) Sink output leakage current Vs,=25V 

VSOH Source, output" H" voltage Iso=-30mA 11. 5 11.8 

V S1L S,nk output "L" voltage Is,=30mA 0.2 

I'H "H" input current V,=3V 

I'L "L" Input current V,=IV 

Icc Supply current Vcc=13V, V'A=3V, V,s=OV, output opened 

TYPICAL CHARACTERISTICS 

10-78 

SOURCE OUTPUT SATURATION 

CHARACTERISTICS 
-4 a 

<" 
E -30 
'ji 

f
Z 
w 
~ -2 
::J 
() 

f
::J 

it -1 
::J 
o 

a 

a 

a 

, V 
Jee ~\2V , / .' , 

---- Ta =75t 
, , 

r-'-- Ta ~25·C 'II . ---- Ta =-20t: " 1/ 

'/ I' 
, I , 

,i/o 
,'/ / 

, ~/ , 
r-+-

~ , 
a 50 100 

OUTPUT SATURATION VOLTAGE 

Vcc-Vo(mV) 

/ 

150 

<" 
E 
'ji 

f
Z 
w 
a: 
a: 
::J 
() 

f
::J 
0-
f
::J 
o 

40 

30 

2 a 

a 

a 
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SINK OUTPUT SATURATION 

CHARACTERISTICS 

I Vee =12V , , '1/ 
---- Ta =7S'C ,V / 
-- Ta =2S'C 
---- Ta =-20'C ,I, , / , 

/j, 
'/ , . 

/// 
1.'1 

III 
J 

a 50 100 

OUTPUT SATURATION VOLTAGE 
VCE(salJ(mV) 

Unit 

V 

V 

V 

mA 
mA 
·C 

·C 

Unit 
Max 

-100 J.<A 
100 J.<A 

V 

0.5 V 

10 J.<A 
-100 J.<A 

28 mA 

150 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54847AP 

2-DIGIT BCD-7SEGMENT DECODER/DRIVER 

DESCRIPTION 
The M54847AP is a semiconductor integrated circuit con

sisting of an ilL 2 digit BCD-7 segment decoder/driver. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Direct drive of LEOs (common cathode type. No need 

for current limiting resistors. segment current: 10mA 
max.) 

• Direct drive of fluorescent character displays (Segment 
withstand output is -25V max at Vcc=5V.) 

• Data input in both serial and parallel formats 
• Brightness control input enables continuous LED bright

ness adjustment. 

APPLICATION 
TV channel display 

2A- I 

DATA INPUTS 

DATA INPUTS 

GND 

LATCH INPUT latch -

SERIAL DATA INPUT 
DATA TRANSFER 

CLOCK INPUT 
PARALj;~lT,-t~~!; PIS _ 1 

DISPLAY MODE MODE _ 1 
SWITCHING INPUT 

BRIGHTNESS 
CONTROL INPUT 

FUNCTIONAL DESCRIPTION 
The M54847AP is a 2 digit BCD-7 segment decoder/driver 

for static drive of LED and fluorescent character displays. 
The following display modes are possible. 

Outline 

MODE I Numerical display of 00- 99 
MODE IT Numerical display of 0 - 3~I. and 

FlU, CF:'--

BLOCK DIAGRAM 

( 

1A 5 

DATA INPUTS 1B 
1C 

1D 

( 

2A I 

DATA INPUTS 2B 
2C 

2D 

SERIAL DATA INPUT 81 11 

CTl 

DATA TRANSFER 
CLOCK INPUT 

vee GND MODE 

~- - --- - -----, 

4 

4 .J(9 
~z a:wI 
CflU 
::Jt::: w:;; 
:JCfl 
«« a:f«« 
"-0 

PIS BC 

PARALLEL/SERIAL BRIGHTNESS 

. 

latch 

LATCH 
INPUT SWITCHING CONTROL INPUT 
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1a 

1c 

1d 

1e 

11 

19 

2a 

2b 

2c 

2d 

2e 

21 

29 

30P4B 

SEGMENT 
OUTPUTS 
(LOWER DIGIT) 

SEGMENT 
OUTPUTS 
(UPPER DIGIT) 

SEGMENT OUTPUTS 
(UPPER DIGIT) 

SEGMENT OUTPUTS 
(LOWER DIGIT) 
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OPERATING DESCRIPTION 
• Display mode 

(1) When the mode switching input is high, both digits 
are driven in accordance with Function Table I. 

(2) When the mode switching input is low, input 1 C and 
1 D become the character data inputs, driving the 
display in accordance with Function Table on. 

SERIAL DATA WRITING 
(2A) (2B) (2C) (20) 

MITSUBISHI BIPOLAR DIGITAL ICs 

MS4847AP 

2-DIGIT BCD-7SEGMENT DECODER/DRIVER 

(IA) 

• Serial input data writing 
Data 2A ..... 2D and 1 A"'" 1 D is read sequentially by the low 
edge of CTL. After all 8 bits are loaded in the shift register, 
the display is updated by switching Latch input to low. 

(IB) (IC) (10) 
,..--.... r--.... ,.--.... ,.--.... r--.... ,.--.... ,.--.... "--,,r-- --- -- ---

SI I'----J '--_....J '--_....J '--_-J '--_-J '--_-J '--_-J'--_--"I'- _________ _ 

Latch 

INPUT TIMING DIAGRAM 

SI 

Latch 

FUNCTION TABLE I 
Data input Segment output 

A B C D a b c d e I g 

L L L L H H H H H H L 

H L L L L H H L L L L 

L H L L H H L H H L H 

H H L L H H H H L L H 

L L H L L H H L L H H 

H L H L H L H H L H H 

L 'H H L H L H H H H H 

H H H L H H H L L L L 

L L L H H H H H H H H 

H L L H H H H H L H H 

L H L H L L L L L L H 

H H L H H L L H H H H 

L L H H H L L H H H L 

H L H H L L L L L L L 

L H H H L L H H H L H 

H H H H L L L L L L L 
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DATA WRITING DISPLAY UPDATA 

Display 

n 
u 

I 
I 

2 
3 
lj 

S 
b 
n 

I 

8 
9 
-
E 
r 
L 

Blank 

0 

Blank 

MINIMUM VALUES 
tsu = 20MS 
th = 20",s 
tWH = 30",s 
tWL = 10MS 
tLL = 10",s 

FUNCTION TABLE II 

Data input Other data Display 
lA, 1B 

1C 10 2A-2D First digit Second digit 

L L X -(Note 1) -(Note 1) 

H L X r R L 

L H X R II 
U 

H H - (Note2) (Note 3) 

Note 1: Only segment g lights. 

1A 

L 

H 

L 

H 

2 : When both 1 C and 10 inputs are high, 
lirst digit display blanking or numerical 
display of 1, 2 or 3 is determined by 1 A, 
1 B input state. 

Data input Segment output 

16 1C lD la 1b 1c 1d 1e 11 
L H H L L L L L L 

L H H L H H L L L 

H H H H H L H H L 

H H H H H H H L L 

19 
Display 

L Blank 

L I 
I 

H 2 
H 3 

Note 3 : Other digit codes are identical to those in function table I. 
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;"ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4847AP 

2-DIGIT BCD-7SEGMENT DECODER/DRIVER 

1/0 CIRCUIT DIAGRAM 

INPUT OTHER THAN B.C B.C INPUT SEGMENT OUTPUT (la-lg, 2a-2g) 

(IA-1D, 2A-2D, latch, 51, GTl, PIS, MODE) 
,.-----t"-- Vee 

Vee -~-----r------, 

10 

TO OUTPUT 
CIRCUIT 
CONSTANT 
CURRENT 

ABSOLUTE MAXIMUM RATINGS (Ta= -10-+60'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage 

Vee-Vo Voltage between supply and output 

Topr Operating temperature 

Tstg Storage temperature 

Pd Power dissipation Ta = 60'(; 

Ratings 

-0.5-+7 

-0.5-+Vee 

-0.5-+35 

-10-+60 

-40-+125 

800 

RECOMMENDED OPERATING CONDITIONS (Ta = -1 O-Hot , unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Iseg Segment current 

Vo Output withstand voltage when output is off 

ELECTRICAL CHARACTERISTICS (Ta= -10-+60t, unless otherwise noted) 

Symbol Parameter 

V'H High input voltage 

V'L low input voltage 

I'H High input current 

I'L Low input current 

Iseg Segment output current 

Islk Segment leak current 

ICC1 Supply voltage 

Note 4 All typical values are at Vee = 5V, T a = 25'C. 

Test conditions 

Vee = 4.5-6V 

Vee = 4,5-6V 

Vee = 6V B.C input 

V'H ='6V Inputs other than B.G 

Vee = 6V B.C input 

VIL = OV Inputs other than B.C 

Vee = 5V, Vo = 2V, B.C pin is connecled 10 Vee. 

Vee = 5V. Vo = -25V 

Vee = 6V, All inputs and outputs are open 

• MITSUBISHI 
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Limits 

Min Typ Max 

4.5 5 6 

-10 

-25 

Limits 

Min Typ Max 

2 Vee 

0 0.6 

0.5 0.75 1.2 

50 
50 

-280 -400 -650 

-10 

-50 

4 8 

Unit 

V 

V 

V 

'c 
t 

mW 

Unit 

V 

mA 

V 

Unit 

V 

V 

mA 

IlA 

IlA 

mA 

IlA 

mA 
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DESCRIPTION 
The M54970P is a semiconductor integrated circuit of 12L 

structure containing a serial input to serial/parallel output 9-
bit shift register and latch as well as an output driver. 

FEATURES 
• Serial input to serial/parallel output 
• Cascade connections possible through serial output 

• Enable input for output control 

• Power-cut input 
• Driver: Withst.and voltage ........................ BVCEO ;;;;20V 

Large· drive current "''''''''''''(lo(max)=300mA) 

• Wide operating temperature range"" Ta=-20-+75'C 

APPLICATION 
Thermal printer head dot driver Serial-to-parallel con
version 

FUNCTIONAL DESCRIPTION 
The M54970P consists of a 9bit D-type flip-flop, the output 
of which is connected to 9 latches. 
When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T), an "L" to "H" 

change of the clock will cause the data input signals to en
ter the internal shift registers and the data in the shift regis
ters will be shifted in order. 
Using a number of M54970P units for bit expansion in 

BLOCI< DIAGRAM 

LATCH 2 

,05 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9-BIT SERIAL-INPUT,LATCHED DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER·COT INPUT PC-

LATCH INPUT LATCH-

SERIAL OUTPUTS-OUT +-

PARALLEL 
OUTPUTS 

Vee 

GND 

09+

OS+-

ENABLE INPUT 

CLOCK INPUT 

16 +- S-IN SERIAL DATA 

GND 
INPUT 

PARALLEL 
OUTPUTS 

Outline 18P4 

series will entail connecting serial output (S-OUT) to S-IN 

of the next-stage M54970P. 
In parallel output, when the power-cut input and latch input 
are set to "H" and the output-control input (enable input 

EN) is "H", a clock pulse changing from "L" to "H" will 
cause the serial data input signal to appear at output 01, 
and the data will be shifted in order at outputs 02-09. 

The parallel output will yield a signal that is inverted with 
respect to the serial data input. 

06 07 09 

1--+--D.....-{3 S-OUT 

T 17 I 

10-82 
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Setting the LATCH input to "L" will prevent data from enter
ing the latch. 
When the EN input is set to "L", all outputs (01-09) will be 
set to OFF. Since the internal logic state of the IC is uncer
tain at power-on time, set the EN input to "L" (and outputs 
01 - 09 will be set to OFF) until the input data is set and 

TIMING CHART 

S-IN 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9-BIT SERIAL-INPUT ,LATCHED DRIVER 

the internal logic state has been detrmined. 
The power will be cut when the power-cut input is set to 
"L", and since the data of the shift registers and latches are 
not maintained in this state, it will be necessary to input 
data again in order to set the output following a change of 
PC input from "L" to "H". 

_____ .... r-

T_~lull~I~I~I~II~I_~II~I~I~II_lul~l_~I~I~I~I~I~I~I~II~-~II~!I.!I~I~II--

LATCH ________ '........ L.... ___ ILJ 
EN ______ n ru LJLJ 

05 

S-OUT 

u 
u 
U L-...rI..I 

LILrL..J""l.J 
LrL.J 
LrL.J 

V1///I/IIIIIIi//A fI-J ~ 

·The state 01 the shaded areas is uncertain 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9-BIT SERIAL-INPUT ,LATCHED DRIVER 

INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS 

T, S-IN, LATCH INPUTS 

3 01-09 OUTPUTS 

vcc ---..., 

10-84 

PC, EN INPUTS 

4 S-OUT OUTPUT 
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.... ELECTRIC 

300 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9-BIT SERIAL-INPUT ,LATCHED DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=-20·C-+75·C. unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.5-+8 

V, Input voltage -0.5-+10 

Va Output voltage Output is OFF -0.5-+20 

10 Output current 350 

Pd Power diSSipation T 8=25"C 1. 25 

Topr Operating temperature range -20-+75 

Tstg Storage temperature range -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75"(;. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Va Applied output voltage When output IS OFF 

10 Output current (per Circuit) 
Alloutputs ON simultaneously 

Duty cycle less than 30% 

ELECTRICAL CHARACTERISTICS (T a=+25·C, unless otherwise noted) 

Symbol Parameter 

V'H "H" input voltage 

V'L "L" Input voltage 

V'H "H" ,nput voltage 

V'L "L" input voltage 

I'H "H" input current 

I'L "L" input current 

I'H "H" Input current 

I'L "L" input current 

V OH "H" output voltage 

VOL "L" output voltaye 

VOL "L" output voltage 

Icc1 

Icc2 Supply current 

Icc3 

loCieak) Output leakage current 

Pin Test conditions 

2,16,17 Ta=-20-+75·C 

1,18 T a=-20-+75"C 

2,16,17 
Vcc=5. 5V. V'H=2.4V 

Vcc=5.5V. V'L =0. 4V 

Vcc=5.5V. V'H=5.5V 

1.18 Vcc=5.5V, V'H=2.4V 

Vcc=5.5V. V'L =OV 

3 
Vcc=4. SV. IOH=-400,uA 

Vcc=4.5V, 10L =BmA 

6-14 Vcc=4.5V, 10L =300mA 

Vcc=5.5V. power-cut ,s ON 

4 Vcc=5.5V, EN,s "L" 

Vcc=5.5V, all outputs are ON 

6-14 Vcc=S.5V. VoH=2OV 

• MITSUBISHI ~ 
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limits 

Min Typ 

4.5 5.0 

Limits 

Min Typ 

2.2 

0 

2.2 

a 

2.4 

10 

90 

Unit 

V 

V 

V 

mA 
W 
·C 

·C 

Unit 
Max 

5.5 V 

20 V 

300 mA 

Unit 
Max 

Vee V 

0.8 V 

Vee V 

0.8 V 

10 J1A 
-50 J1A 
250 

100 
J1A 

-10 J1A 
V 

0.4 V 

0.6 V 

10 J1A 
15 mA 

130 mA 
100 J1A 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9-BIT SERIAL-INPUT,LATCHED DRIVER 

REQUIRED TIMING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 

fm Clock frequency 

twiT) Clock pulse width 

twlU Latch pulse width 

tsu Data setup time 

th Data hold time 

tdIT.L) Clock-latch time 

trlT) Clock pulse rise tIme 

tflT) Clock pulse fall tIme 

tdlp-SI) Power-cut input - data input setting tlwe 

VOLTAGE WAVEFORM 

POWER-CUT INPUT PC 1.5V 

DATA INPUT 

CLOCK INPUT T 

LATCH INPUT LATCH 

10-86 

LimIts 
Conditions Unot 

MIn Typ Max 

Input duty cycle 40-60% 1 MHz 
0.4 ,uS 
0.4 ,uS 
0.2 ,uS 
0.3 ,uS 

1 ,uS 
0.5 ,uS 
0.5 ,uS 

Hold EN Input at "L" when PC 
2 ,u'S 

Input IS changed from "L" to "H" 

,------ -- - --------

tsu 

tWiT) 

•. MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9-BIT SERIAL-INPUT ,LATCHED DRIVER 

SWITCHING CHARACTERISTICS (Ta=25°C o Vec=5V) 

Symbol Parameter 

tPLH' 
"L-H" output propagation time 

(Input T to output S-OUT) 

tpHL 
"H-L" output propagation time 

(Input T to output S-OUT) 

"L-H" output propagation time 
tpLH 

(Input T to output 0;;) 

"H-L" output propagation time 
tpHL 

(Input T to output 0;;) 

"L-H" output propagation tome 
tpLH 

(Input EN to output 0;;) 

tpHL 
"H-L" output propagation time 

(Input EN to output 0;;) 

(Note 1) TEST CIRCUIT 

Vee 

INPUT 

500 

(VOLTAGE WAVEFORM) 

T 

S-OUT 

EN 

L5V 

LImits 
Conditions 

Min Typ Max 

007 

V,H=3V 008 

VIL=DV 

RL : S-ouT=2KO 5 
RL : 0;;=1000 

(N=1-9) 1 

CL=15pF 

(Note 1) 10 

1 

t---t---0 OUTPUT Input waveform is taken as tr~50ns and tf~50ns 

L5V 

L5V 

1,5V 
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Umt 

,uS 

,uS 

,uS 

,uS 

,uS 

,uS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9-BIT SERIAL-INPUT ,LATCHED DRIVER 

TYPICAL CHARACTERISTICS 

1.5 

~ 
"6 
D.. 

Z 
1.0 

0 

~ 
iii en 
15 0.5 a: 
UJ s: 
0 
D.. 

400 

<' 
E 

.2 
300 

I-
Z 
UJ 

200 a: 
a: 
:::J 
U 
I-
:::J 
D.. 

100 I-
:::J 
0 

o 

10-88 

THERMAL DERATING 

"'" ~ 
25 50 75 100 

AMBIENT TEMPERATURE T aCe) 

DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 

" ~ :'--. 
......... 

r-..... 
......... 

~ ~ ....... r--.... .......... 

I ......... :"-, C'-.. ....... 

• Ta=75'C r--.... " • Repetition frequency> 1 UHz 
• Numbers in 0 Indicate the number -

of output circuits that operate I 
simultaneously j-• Current values are per circuit I 

(j)-@ 

® 

® 
® 
(j) 
® 
® 

o 20 40 60 80 100 

DUTY CYCLE (%) 

400 

<' 
S 300 
.E 

I-
Z 
UJ 200 a: 
a: 
:::J 
U 
I-
:::J 
D.. 100 I-
:::J 
0 

o 
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DUTY CYCLE VS PERMISSIBlE 
OUTPUT CURRENT 

r---... 

• Ta=25'C 
• RePetition frequency> 10Hz 
• Numbers in 0 Indicate the number I--

of output circuits that operate I 
sImultaneously. 

• Current values are per CIrcUIt. 

(j)-(j) 

® 
® 

o 20 40 60 80 100 

DUTY CYCLE (%) 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS497SP 

BI-CMOS I-BIT SERIAL-INPUT,LATCHED DRIVER 

DESCRIPTION 
The M54975P is a semiconductor integrated circuit fabri
cated using Bi-CMOS technology. It contains a serial input 
to serial/parallel output 8-bit shift register and latch as well 
as' a bipolar 8-bit parallel-output driver. 

FEATURES 
• Serial input to serial/parallel output 
• Cascade connections possible through serial output 
• Latch circuit included for each stage 
• Enable input for output control 
• Low supply current ...... ·· ........ ·· .. · Icc~10,uA at standby 

• Serial input/output level is compatible with standard 
CMOS 

• Driver: Withstand voltage .......................... BVCEO~30 
Large drive current .............. (lo(max)=300mA) 

• Wide operating temperature range .... Ta=-20-+75'C 

APPLICATION 
• Thermal printer head dot driver 
• Serial-to parallel conversion 

• Relay, solenoid driver 

FUNCTION DESCRIPTION 
The M54975P consists of an 8-bit D-type flip-flop, the out
put of which is connected to 8 latches. 
When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T), an "L" to "H" 
change of the clock will cause the data input signalll to en

ter the internal shift registers and the data in the shift regis
ters will be shifted in order. 

BLQCK DIAGRAM 

01 02 

Vee 

EN 

LATCH 

S-IN 

T 

PIN CONFIGURATION (TOP VIEW) 

CLOCK T-+ 

SERIAL INPUT 

LOGIC GND L-GND 

Vee 

SERIAL OUTPUT S-OUT-

LATCH INPUT LATCH-+ 

ENABLE INPUT EN 

DRIVER GND P-GND -+ 08 

Outline 16P4 

PARALLEL 
OUTPUTS 

Using a number of M54975P units for bit expansion in 
series will entail connecting serial output (S-OUT) to S-IN 
of the next-stage M54975P. 

In parallel output, when the latch input is set to "H" and the 
output-control input (enable input EN) is "L", a clock pulse 
changing from "L" to "H" will cause the serial data input 
signal to appear at output 01, and the data will be shifted in 

order at outputs 02-08. 
The parallel output will yield a signal that is inverted with 

respect to the serial data input. 
Setting the LATCH input to "L" will prevent data from enter

ing the latch. 

When the EN input is set to "H", all outputs (01- 08) will 

be set to OFF. Since the internal logic state of the IC is un
certain at power-on time, set the EN input to "H" (and out-

06 08 

, 

t P-GND 

, 

I 

S-OUT 

I 

_______ ~ ____ J 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS497SP 

BI.CMOS 8·BIT SERIAL.INPUT, LATCHED DRIVER 

puts 01-08 will set to OFF) until the input data is set and 
the fnternal logic state has be!'!n determined. 

P-GND is the ground for the output driver section (01 -
08), which is made up of bipolar transistors that are cap
able of driving large currents. L-GND is the ground of the CMOS logic circuit section and 

TIMING CHART 

S-IN ~ 

T 1111 1111 1111 
LATCH 

u 
u 
u 
u 
u 

LrLn ___ _ 

1111 11111111 11111111 

I I 
u--L.f! __ ----' 

u---L...rL.J..----

U L.fL.J 
u-u-u 
u-u-u 

L-J 
L-J 

S-OUT @1i/Ii/lML-.. __ .... r-1 ... _____ rtSL 
• The stage of the shaded areas is uncertain. 

INPUT/OUTPUT CI::ICUIT SCHEMATICS 

INPUT WITH PULL-UP RESISTOR 

(EN, LATCH) 
vee 

L-GND 

3 SERIAL OUTPUT 
(S-OUT) 

vee 

~ 
L-GND 

10-90 

INPUT WITH PULL-DOWN RESISTOR 
(T, S-IN) 

vee 

R'N 

L-GND 

4 PARALLEL OUTPUT 

(01~O8) 

• MITSUBISH. I 
;"ELECTRIC 

, , 

~ 

P-GND 

, 
L-GND--- .J 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS497SP 

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER 

ABSOLUTE MAXIMUM RATING (Ta=-20-+75"C, unless otherwise noted) 

Symbol Parameter Conditions Rallngs 

Vcc Supply voltage -0.5-+8 

V, Input voltage -0. 5-Vcc+0. 5 

S-OUT -0. 5-Vce+0. 5 
Vo Output voltage 

-0.5-+30 01-08: Output 's OFF 

10 Output Current 01-08 : Output IS ON 350 

Pd Power diSSipation Ta=25t 1. 25 

Topr Operating temperature -20-+75 

Tstg Storage temperature range -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75"C unless otherwise noted) 

Symbol Parameter Conditions 

Vcc Supply voltage 

Vo Applied output voltage 01-08 : When output IS .oFF 

10 Output current (per CHcult) 
01-08 : All outputs ON simultaneously 

Duty cycle less than 15% 

ELECTRICAL CHARACTERISTICS (Ta=+25"C, Vcc=5V, unless otherwise noted) 

Symbol Parameter Pin Conditions 

V'H "H" input voltage 
1,2 Ta=-20-+7S'C 

V'L "L" input voltage 
6,7 

R'N input resistance 

V OH "H" output voltage 
I 10 I ;:;;1"A 

VOL "L" output voltage 
5 

10H "H" output current VOH=4. SV 

10L "L" output current VoL=0.4V 

VOL1 IOL=100mA 

VOL2 "L" output voltage IOL=200mA 
9-16 

VOL3 IOL=300mA 

IOLK Output leakage current Vo=30V 

ICC1 Inputs free, all driver outputs OFF 
Supply current 4 

ICC2 Driver output: 1 circuit ON 

REQUIRED TIMING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 

f(T) 

tW(T) 

Iw(U 

Isu 

Ih 

Id(T-U 

Ir(T) 

liCT) 

Clock frequency 

Clock pulse width 

Latch pulse width 

Data setup time 

Data hola t,me 

Clock-latch time 

Clock pulse rise time 

Clock pulse fall time 

Parameter Test ~condlt,ons 

Input duty cycle 40-60% 

• MITSUBISHI 
;"ELECTRIC 

limIts 

Min Typ Max 

4 5 6 

30 

300 

Limits 

Min Typ Max 

0. 7Vec Vce 

0 0. 3Vcc 

50 -
4.9 -
- 0.1 

-100 -
400 -

- 1.2 

- 1.4 

- 1.6 

- 50 

- 10 

- 1.7 

limits 

Min Typ Max 

2 
-

200 

200 

100 

100 

400 

500 

500 

Unit 

V 

V 

V 

rnA 
W 

"c 
"c 

Unit 

V 

V 

rnA 

Unit 

V 

V 

kG 

V 

V 

p.A 
p.A 
V 

V 

V 

/.LA 
p.A 
rnA 

Unit 

MHz 

nS 
nS 
nS 
nS 
nS 
nS 
nS 
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M54975P 

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER 

VOLTAGE WAVEFORM 

S-IN 

90% 

T 2.5V 

tr(Ti 

LATCH _." _},,, }2.5V 'L tw(Ll _ ....... ------

SWITCHING CHARACTERISTICS (Ta=+25°C. Vcc=5V) 

Limits 
Symbol Parameter Conditions Unit 

Min Typ Max 

t pLH 
"l-H" output propagation time 

0.3 ILS 
(Input T to output S-OUTJ 

tpHL 
"H-L" output propagation time 

V'H=5V 0.3 ILS 
(Input T to output S-OUTJ 

V1L =Ov~" 
"L-H" output propagation time 

tpLH 
(Input T to oulput 6;;) 

RL : S-OUT=oo 10 ILS 

"H-L" output propagation time 
RL : 6;;=100n 

tpHL 
(Input T to output 6;;) 

(N=1-8) 2 ILS 

"L-H" output propagation time 
CL=15pF 

t pLH 
(Input EN to output 6;;) 

(Note 1) 10 ILS 

tpHL 
"H-L" output propagation time 

2 ILS 
(Input EN to output 6;;) 

(Note 1) TEST CIRCUIT 

INPUT Input waveform is taken as tr ",20ns and tf:>:20ns 

CL includes wiring stray capacitance and probe input capacitance. 

(VOLTAGE WAVEFORM) 

T 

S-OUT 

EN 

10-92 

ELEMENT ~--~---o OUTPUT 
UNDER TEST 

2.5V 2.5V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54975P 

BI·CMOS S·BIT SERIAL·INPUT,LATCHED DRIVER 

TYPICAL CHARACTERISTICS 

THERAL DREATING 

1.5 

~ 

'" 0.. 

Z 1.0 ~ 
0 
;:: 
« 
0.. 
Cii 
(/J 

~ 
Ci 

0.5 a: 
ILl 
3: 
0 
0.. 

25 50 75 100 

AMBIENT TEMPERATURE Ta(·C) 

DUTY CYCLE VS 
PERMISSIBLE OUTPUT CURRENT 

'< 
E 

40 a 

~ 300 
.2 

I
Z 
ILl 

~ 20 
=> 
() 

a 

CD 

~\ ~ i'-- "-, ....... r---...@ 

"\ ~ t"-. ........ r---... 
• T a=75"C ""\~ ........ -@ , r---... 

r--® 
l
=> := 100 

• Repetition ,~ 
f-frequency>10Hz ~ ~ r-

........ r::::: f:::::: I::::::-® 
=> o 

a 
a 

• Number in 0 indicate 
the number of output 

~t-. 

~ 
® 
Q) 
® 

circuits that operate simultaneously·-
• Current values are per circuit. I I 

20 40 60 80 100 

DUTY CYCLE (%) 

'< 
E 

40 

DUTY CYCLE VS 
PERMISSIBLE OUTPUT CURRENT 

a 

~ 30 a 
'\. .2 

I
Z 
ILl 
a: 
a: 
=> 
() 

l
=> 
0.. 
l
=> o 

20 0 

100 

a 

'-.: 1'..."' ~ ~ 
I" t'-.. l"'-....... 

r--.:: :---. 
• Ta=25"C 
• Repetition frequency >10Hz 
• Number in 0 indicate the number _ 

of output circuits that I I I 
operate simultaneously 

• Current values are per circuit. 

a 20 40 60 80 

DUTY CYCLE (%) 

........... 

........... 

::::---
-

® 

® 

® 
Q) 

® 

100 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54976P 

BI·CMOS 8·BIT PARALLEL·INPUT LATCHED DRIVER 

DESCRIPTON 
The .M54976P is a semiconducnductor integrated circuit 

fabricated using Bi-CMOS technology. It contains 8 output 
drivers of latch and bipolar structure. 

FEATURES 
• Enable input for output control 
• Low supply current ........ · ............ Icc~10,uA at standby 

• Input level is compatible with standard CMOS 
• Driver: Withstand voltage .......................... BVCEO;;:;30 

Large drive current ...... · .... · .. (Iocmax) =300mA) 

• Wide operating temperature range .... Ta=-20-+75°C 

APPLICATION 
• Printer head dot driver 
• Relay, polenoid driver 

FUNCTIOAL DE'CRIPTION 
When data is applied to inputs IN1-IN8 and LATCH input is 
set to "H", the data will be latchedance with the truth table. 

Note that when an "H" signal is applied to the RESET input, 
the latch will maintain the reset state. 

When the EN input is set to "L" and the data maintained in 
the latch are "H", the corresponding output will be ON and 
become "L". 

When both the LATCH and RESET inputs are "L", the latch 
will maintain the prior state irrespective of input signals 
IN1-IN8. 

BLOCK DIAGRAM 

Vee 02 03 04 

RESET 

LATCH 

INl IN2 IN3 IN4 

PIN CONFIGURATION (TOP VIEW) 

RESET INPUT RESET..... 1 ENABLE INPUT 

LATCH INPUT LATCH ..... 2 Vee 

INPUTS OUTPUTS 

GND COMMON 

Outline 22P4 

22-pin molded plastic DIP 

COM 

INS IN6 IN? INS GND 
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TRUTH TABLE 
INPUTS OUTPUT On 

INn LATCH RESET EN I-I I 

L H L L X H 

H H L L X L 

X X H X X H 

X X X H X H 

X L L L L L 

X L L L H H 

LOGIC DIAGRAM (1 CIRCUIT) 

-- ----- ---- ------ --l 
LATCH I 

RESET 

I 
I 
I 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54976P 

BI-CMOS 8-BIT PARALLEL-INPUT LATCHED DRIVER 

L: "L" level 
H : "H" level 
X : Irrelevant 
t-1 : Previous state 
t : Present state 
Output H is In the OFF state 
Output L is in the ON state 

On 

ENo-~I~------~~------~ 

(n=1-8) 

INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS 

INPUT CIRCUIT OUTPUT CIRCUIT 

Vee 

GND 

• MITSUBISHI 
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COM 

r----1-----o On 

GND 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4976P 

BI-CMOS 8-BIT PARALLEL-INPUT LATCHED DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=-20'C-+75'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply vol,lage -0.5-+8 

V, Input voltage -0. 5-Vee+0. 5 

Vo Output voltage Output is OFF -0.5-+30 

10 Output current Output is on 350 

Pd Power dlssipatton Ta=25'C 1. 42 

Topr Operating temperature range -20-+75 

TstR Storage temperature range -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Vo Applied output voltage When output is OFF 

10 Output current (per Circuit) 
Alloutputs ON simultaneously 

Duty cycle less than 25% 

ELECTRICAL CHARACTERISTICS (Ta=+25'C, Vcc=5V, unless otherwise noted) 

Symbol Parameter 

V ,H "H" Input voltage 

V'L "L" input voltage 

R'N Input resistance 

VOL1 

VOL2 "L" output voltage 

V OL3 

IOLK Output leakage current 

V F CI~mp diode forward current 

IR Clamp diode reverse current 

lee1 

ICC2 
Supply current 

10-96 

Pin Test conditions 

1-10 T a=-20-+75'C 

22 

10L =100mA 

13-20 IOL=200mA 

IOL=300mA 

13-20 Vo=30V 

13-20 
IF=300mA 

VR=30V 

21 
All Inputs are OV, all outputs OFF 

Output: 1 circuit ON 

• MITSUBISHI 
.... ELECTRIC 

Limits 

Min Typ Max 

4 5 6 
30 

300 

Limits 

Min Typ Max 

0. 7Vee Vee 

a 0. 3Vee 

50 

1.2 

1.4 

1.6 
50 

2 

50 

10 

1.4 

Unit 

V 

V 

V 

mA 

W 
·c 
·C 

Unit 

V 

V 

mA 

Unit 

V 

V 

kO 

V 

V 

V 

J.lA 

V 

J.lA 

J.lA 

mA 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54976P 

BI-CMOS I-BIT PARALLEL-INPUT LATCHED DRIVER 

REQUIRED TIMING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Mm Typ 

tW(Ll Latch pulse width 0.1 

tW(R) Reset pulse width 0.1 

tsu' Data setup time 0 

th Data hold time 0.1 

VOLTAGE WAVEFORM 

-----1·\ ,50% t,/50%--------- ---- -- Vee 

_ ~ ______ .J _ OV 

tsu th 

_~. 1_0% _ 

INn 

LATCH t tWiLl J\ 
RESET ______ .~~ \5,---0%_ 

'L tWIR) j' 
SWITCHING CHARACTERISTICS (Ta=+25'C, Vee=5V) 

Symbol Parameter 

t pLH 
"L·H" output propagation time 

(Input LATCH to output On) 

t pHL 
"H-L" output propagatIon lime 

(Input LATCH to output On) 
"L-H" output propagatIon time 

tpLH 
(Input EN to output On) 
"H-L" output propagation time 

tpHL 
(Input EN to output On) 

t pLH 
"L-H" output propagation time 

(Input RESET to output On) 

VOLTAGE WAVEFORM 
INn 

LATCH 

EN 

, RESET 

On 2.5V 

Test conditions 

V,H =5V 

V,L=OV 

RL=100il 

CL=15pF 

(Note 1) 

• MITSUBISHI 
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Mm 

2.5V 

limits 

Typ 

(0.6) 

(0.1) 

(0.6) 

(0.1) 

(0.6) 

2,5V 

Unit 
Max 

j.lS 
j.lS 
j.lS 
j.lS 

Unit 
Max 

2 j.lS 

0.5 j.lS 

2 j.lS 

0.5 j.lS 

2 j.lS 
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MS4976P 

BI-CMOS 8-BIT PARALLEL-INPUT LATCHED DRIVER 

(Note 1) TEST CIRCUIT 

~ 
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z 
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~ 
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W 
a: 
a: 
:::J 
() 

f-
:::J 
a. 
f-
:::J 
0 
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INPUT 

ELEMENT i----i'----0 OUtpUT 
UNDER TEST 

• Input waveform is taken as tr~20ns and tf~20ns 
• CL includes wiring stray capacitance and probe input capacitance. 

THERMAL DERATING 

1.5 

~ 
1.0 

~ 
0.5 

o 
o 25 50 75 100 

AMBIENT TEMPERATURE Ta('C) 

DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 

400 

300 

200 

100 

a 

1 

1\.'\ 0-l'-- r--.... i"- 3~ 

": ~ ....... 
i"-... 'r--., A " 

""'" :::::-. r::::-- r-..... r-.5 
• T a=75'C ....... r-::::: t-- ,6 

- • Repetion frequency:> 10 Hz r--.r-
~ • Numbers In 0 indicate the number 

of output cirCUits that operate 'I '1-

@ 

® 
(J) 
@ 

~ simultaneously I ' 
• Current values are per CirCUIt 

o 20 40 60 80 100 

DUTY CYCLE (%) 

-;;( 
E 

" .E 

f-
Z 
W 
a: 
a: 
:::J 
() 

f-
:::J 
a. 
f-
:::J 
0 

400 

300 

200 

100 

o 
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DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 

-.....:: ~ ........... 
-......:: 

• Ta=25'C 
~. Repetition freguency> 10Hz 
~. Numbers In 0 Indicate the nUiber-

of output circuits that ope1ate 
~ simultaneously. I I 

• Current values are per circuit. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4977P 

BI·CMOS 12·BIT SERIAL·INPUT,LATCHED DRIVER 

DESCRIPTION 
The M54977P is a semiconductor integrated circuit fabri
cated using Bi-CMOS technology. It contains a serial input 
to. serial/parallel output 12-bit shift register and latch as 
well as a bipolar 12-bit parallel-output driver. 

FEATURES 
• Serial input to serial/parallel output 
• Cascade connections possible through serial output 
• Latch circuit included for each stage 

• Enable input for output control 
• Low supply current .. · .. · .. · .... ······ .. Icc<;;1OfLA at standby 

• Serial input/output level is compatible with standard 
CMOS 

• Driver: Withstand voltage .......................... BVCEO<;;30 

Large drive current··············(lo(max)=200mA) 

• Wide operating temperature range·· .. Ta=-20-+75'C 

APPLICATION 
• Thermal printer head dot driver 
• Serial-to parallel conversion 
• Relay, solenoid driver 

FUNCTION DESCRIPTION 
The M54977P consists of an 12-bit D-type flip-flop, the out
put of which is connected to 12 latches. 
When data is applied to the senal data input (S-IN) and a 
clock pulse is applied to clock input (T) , an "L" to "H" 

change of the clock will cause the·data input signals to en-

BLOCK DIAGRAM 

01 02 03 04 05 06 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT T .... 

SERIAL INPUT S-IN .... 

LOGIC GND L-GND 

Vee 

SERIAL OUTPUT S-OUT-

LATCH INPUT LATCH .... 

ENABLE INPUT EN .... 

j 012-
OUTPUTS 

011-

PARALLEL 
OUTPUTS 

DRIVER SEC~~~ P-GND .... 010 

Outline 20P4 

ter the internal shift registers and the data in the shift regis
ters will be shifted in order. 
Using a number of M54977P units for bit expansion in 
series will entail connecting serial output (S-OUT) to S-IN 
of the next-stage M54977P. 
In parallel output, when the latch input is set to "H" and the 
output-control input (enable input EN) is "L", a clock pulse 
changing from "L" to "H" will cause the serial data input 

signal to appear at output 01, and the data will be shifted in 
order at outputs 02-012. 

07 09 010 011 012 

~PCGND 
I 

I 
I 

I 

5 S-OUT 

I 

3 

L-GND 

_. __________________ J 
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MITSUBISHI BIPOLAR DIGITAL ICs 

. MS4977P 

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER 

The parallel output will yield a signal that is inverted with 
respect to the serial data input. 

puts 01 - 012 will set to OFF) until the input data is set 
and the internal logic state has been determined. 

Setting the LATCH input to "L" will prevent data from enter
ing the latch. 

L-GND is the ground of the CMOS logic circuit section and 
P-GND is the ground for the output driver section (01 -
012), which is made up of bipolar transistors that are cap
able of driving large currents. 

When the EN input is set to "H", all outputs (01-012) will 
be set to OFF. Since the internal logic state of the IC is un
certain at power-on time, set the EN input to "H" (and out-

TIMING CHART 

S-IN 

T 

LATCH 

EN 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

Off 

III! II 111111 

U 
U 
U 
U 
U 
U 
U 

111111 111111 III III III III 111111111111 

I I 
u---u--I'--__ ~ 

U L.r'L...J 
U L1L-.J 
U L..rl..J 
u--u-LJ 
u---u-L..J 
~ 

LrlJ 
trL.J 
Lf""L.I 

012 -------u--lj 

S-OUT j'///I////1I11J 

10-100 

* The stage of the shaded areas is uncertain. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4977p· 

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER 

INPUT/OUTPUT CIRCUIT SCHEMATICS 

3 

INPUT WITH PULL-UP RESISTOR 
(EN, LATCH) 

R'N 

SERIAL OUTPUT 
(S-OUT) 

Vee 

L-GND 

Vee 

L-GND 

4 

INPUT WITH PULL-DOWN RESISTOR 
(T, S-IN) 

R'N 

PARALLEL OUTPUT 
(01-012) 

Vee 

L-GND 

I 
I 

: 
I 

* I 

, 
I 
I 

L-GND--- .J 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4977P 

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER 

ABSOLUTE MAXIMUM RATING (Ta=-20-+75"C, unless otherwise n~ted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.5-+8 

V, Input voltage -0, 5-Vee+O, 5 

S-OUT -0, 5-Vee+0. 5 
Va Output voltage 

-0,5-+30 01-012 : Output is OFF 

10 Output Current 01-08 : Output IS ON 250 

Pd Power disSipation Ta=25"C 1. 25 

Topr Operating temperature -20-+75 

Tstg Storage temperature range -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+7S"C unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Va Applied output voltage 01-012: When output IS OFF 

10 Output current (per cirCUit) 
All outputs ON simultaneously 

Duty cycle less than 20% 

ELECTRICAL CHARACTERISTICS (Ta=+25"C, vcc=sv, unles~ otherwise noted) 

Symbol Parameter 

V,H "H" input voltage 

V ,L "L" input voltage 

R'N Input resistance 

V OH "H" output voltage 

VOL "L" output voltage 

10H "H" output current 

10L "L" output current 

VOL1 

VOL2 
"L" output voltage 

fOLK Output leakage current 

ICC1 
Supply current 

ICC2 

10-102 

Pin Conditions 

1,2 Ta=-20-+75'C 

6,7 

5 I 10 I ~1"A 

VOH=4.5V 
5 

VOL=O.4V 

IOL=100mA 
8,9 

IOl=200mA 
11-20 

Vo=30V 

4 
Inputs free, all dnver outputs OFF 

Driver output: 1 CirCUit ON 

• MITS,UBISHI 
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Limits 

Min Typ Max 

4 5 6 

30 

200 

Limits 

Min Typ Max 

0. 7Vee Vee 

° 0. 3Vee 
50 -

4.9 -
- 0,1 

-100 -
400 -
- 1.2 

- 1.4 

- 50 

- 10 

- 1. 25 

Unit 

V 

V 

V 

mA 

W 

"c 
"c 

Unit 

V 

V 

mA 

Unit 

V 

V 

kO 

V 

V 

!LA 
!LA 
V 

V 

!LA 
!LA 
mA 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4977P 

BI-CMOS 12·BIT SERIAL·INPUT,LATCHED DRIVER 

REQUIRED TIMING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

f(T) Clock frequency Input duty cycle 40-60% 

tW(T) Clock pulse width 200 

tW(L) Latch pulse width 200 

tsu Data setup time 100 

th Data hola time 100 

td(T-U Clock-latch time 400 

tr(T) Clock pulse rise time 

tf(T) Clock pulse fall time 

VOLTAGE WAVEFORM 
~----------------I 

DATA INPUT S-IN 2.5V 

tsu 

CLOCK INPUT T 

td(T-Ll 

LATCH INPUT LATCH 

SWITCHING CHARACTERISTICS (Ta=+25"C, Vcc=5V) 

Sy,,!bol Parameter 

tpLH 
"L-H" output propagation time 

(Input T to output S-OUT) 

"H-L" output propagation time 
tpHL 

(Input T to output s-ouT) 

"L-H" output propagation time 
tpLH 

(Input T to output 0;;) 
"H-L" output propagation time 

tpHL 
(Input T to output 0;;) 
"L-H" output propagation time 

tpLH 
(Input EN to output 0;;) 

tpHL 
"H-L" output propagation time 

(Input EN to output 0;;) 

VOLTAGE 

EN 

2.5V 

Conditions 

V'H=5V 

VIL=OV 

RL : S·OUT=oo 
-

RL : ON=1000 

(N=l-B) 

CL=15pF 

(Note 1) 

2.5V 
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.... ELECTRIC 

limits 

Min I Typ 

I (0.15) 

I 
I (0.15) 

T( 
I 

2) 

I ( 0.5) 

I ( 

~i 
2) 

0.5) I I ( 

Unit 
Max 

2 MHz 

nS 

nS 

nS 

nS 

nS 

500 nS 

500 nS 

I 
! 

Unit 
Max 

0.3 
I 

I'S 

0.3 I I'S 

----_t___ 
10 i I'S 

2 
I 

I'S 

10 
I 

I'S 

2 1 I'S 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4977P 

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER 

(Note 1) TEST CIRCUIT 

INPUT' 

PG 1-_-+ __ -1 ELEMENT 1---+--0 OUTPUT 
UNDER TEST 

• Input waveform is taken as tr~20ns and tf~20ns 
CL includes wiring stray capacitance and probe input capacitance, 

TYPICAL CHARACTERISTICS 

10-104 
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o 
i= 
it 
iii 
(IJ 

is 
a: 
w 
3: 
o 
0.. 

'< 
E 
~ 
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a: 
a: 
::J 
() 

I-
::J 
0.. 
I-
::J 
0 

1. 5 

1.0 

0.5 

150 

100 

50 

THERAL DREATING 

~ 
'~ 

25 50 75 100 

AMBIENT TEMPERATURE T a('C) 

DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 

• Ta=75'C 
• Repetition rrequency > 10Hz ---j-t--i"-
• Number in 0 indicate the number of 

output circuits that operate 
simultaneously -+--t-t--i 

'< 
E 

20 0 

.2 150 

I
Z 
w 
a: 
a: 
::J 
() 

I
::J 
0.. 
I
::J 
o 

100 

50 

o 

o • Current values are per circuit. 

a 20 40 60 100 

DUTY CYCLE (%) 
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DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 

\." ~ "'- '" '" ~ ~ b-. I"--

"" ~ ~ ....... 
~ 

• Ta=25'C 
• Repetition frequency>10Hz 
• Number in 0 indicate the number of_ 

output circuits that operate I I I 
simultaneously, 

• Current values are per circuit 

CD-@ 
(J! 

@ 

® 
® 
@ 
@ 

a 20 40 60 80 100 

DUTY CYCKE (%) 



MITSUBISHI LSls 

MS0800-XXXSP/MS0802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

DESCRIPTION 
The M50800-XXXSP/M50802-XXXP, are single chip CMOS 
PARCOR speech synthesizers and contain a ,speech data, 
ROM, a clock generator, a O-A converter and a speaker 
drive circuit. 
The differences among the M50800-XXXSP/M50802-XXXP 
are shown in the following table. The M50800-XXXSP will 
be discussed below. 

Type Number of Outlme words selection 

M50800-XXXSP 64 (max) 
2B-pin, plastic 

DIP (LEAD PITCH I. 78mm) 

M50802-XXXP 32 (max) 
24-pin, plastic, 

DIP flat 

FEATURES 
• Speech synthesis time ..................... 20 seconds (max) 
• Number of words selection' ............ · .... ·64 words (max) 
• Melody generation possible·············· 70 seconds (max) 
• Built-in speaker drive circuit 
• Built-in O-A converter················ ± 7 -bits PWM method 
• Low power dissipation due to CMOS process 

Supply current in operating ................. 2mA (max) 

in stand-by ··············· .. 10,uA (max) 
• Built-in clock generator 

APPLICATION 
• Home appliances 
• Teaching aid 
• Watches, cameras, desk-top calculators 

• Alarms 

PIN CONFIGURATION (TOP VIEW) 

ROM SELECT 
INPUT 

TEST PINS 

DATA INPUT 

DATA REQUEST DREQ _ 4 

TEST PINS { 

FRAME PERIOD { 
SELECT INPUTS 

CHIP ENABLE 

CLOCK OUTPUT 

RESET INPUT RESET -+ 13 

(5V)Vcc 

s:: 
g 
8 
I 

X 
X 
X 
C/l 

" 

WORD 
SELECT 
INPUTS 

PARAMETER 
22 - CaNT CONTINUOUS 

SIGNAL 
21 -+ BUSY BUSY SIGNAL 

-MODE ~~g~H 
- SYNC SYNC SIGNAL 

DIGITAL 
OUTPUT 

D·A OUTPUTS 

Vss(OV) 

Outline 28P4B 

PIN CONFIGURATION (TOP VIEW) 

ROM SWITCH 
INPUT EXRM -+ 1 

TEST PINS 

DATA INPUT DTiN -+ 3 

REQ~~~~ DREQ - 4 

TEST PINS { T, -+ 5 

T3 - 6 
FRAME PERIOD 
SELECT INPUT FR -+ 7 

OSCILLATOR {XOUT - 8 
INPUT/OUTPUT X,N -+ 9 

CHIP ENABLE 

RESET INPUT RESET -+ 11 

(5V)Vcc 

Outline 

) 

WORD 
S~LECT 
INPUTS 

19 -+ BUSY BUSY SIGNAL 

18 - MODE ~~'~~H 
17 - SYNC SYNC SIGNAL 

16 -+ DGO g~i~~~ 
15 -+ DAo } 
14 -+ DA, D·A OUTPUTS 

Vss(OV) 

24P2W 
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BLOCK DIAGRAM 
M50800-XXXSP 

MITSUBISHI LSI. 

MS0800-XXXSP/MS0802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

I, ------. ------------------, 

.... ----11~ X,N I 1-----{9 XoUT 

PARAMETER ROM t---oo([2) (J 

I 
! 
I 
i , 

Vee 4 
vu~ 

NTERPOLATIO 
CIRCUIT 

::t= 
T3~ , 

32K BITS 

DECODING 
ROM 

328X10 BITS 

PARAMETER 
REGISTER 
110 BITS 

EXCITATION 

CIRCUIT 

PARAMETER 
RAM 

52 BITS 

DIGITAL FILTER 

¢= 

r-- ~ 
1 

19 

'"" 
7 

5 8 
0 11 a: 
0 3 

..J 2 
0 a: 

'"" z 
0 
0 

1 

"-- 1 

MODE 
BUSY 
SYNC 
FR. 
FR, 
CE 
RESET 
D. 
0, 
D. 
D. 
D. 
D. 
CONT 
EXRM 
DREQ 

~----------------------------------------------

M50802-XXXP 

,-----------------------
3 DTIN 

. ~~ 

I §a~-~ 

I 
I 
I 
I 

NTERPOLATIO 
CIRCUIT 

Vee ~ 
VU~ 
T,t--
T.~ 

T. <F--

PARAMETER ROM <.> ~ 

32K BITS 

DECODING 
ROM 

328X10 BITS 

PARAMETER 
. REGISTER 
110 BITS 

EXCITATION 
CIRCUIT 

PARAMETER 
RAM 

52 BITS 

DIGITAL FILTER 

.... ----(~, MODE 
1-----, BUSY 
"----~;I~ SYNC 
t-----(J)7 FR 

1------(1, CE 
I-----{'!!) RESET 
1----1114)0, 
"'---1I~D. 
1----1I~D. 
1-----(!2 D • 
... ----(~D. 

t-----{I EXRM 
..... ----(:44) DREQ 

t-----+(~I DAo 

1---<11 DA, 
'---'" 

L-------o{1!91 DGO 

'----------------------------------------------
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MIT5UBI5"1 Lals 

MS0800-XXXSP/MS0802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

PIN DESCRIPTION 

Input Pull-down 
Pin Name or resistor function 

Output YeslNo 

In the keyboard input mode, when any of Do ..... Os are set to high, speech synthesis be-

Do-D. Word select Input Input Option gins A maximum of 63 words can be designated 

When uSing microcomputer control, a maximum of 64 word addresses can be set. 

SYNC Sync signal Input 
When uSing microcomputer control, the SYNC signal Imtlates 00- 05 address read, start-

In9 speech synthesIs. 

MODE Mode switch Input Yes Selects microcomputer or keyboard control modes 

BUSY Busy signal Output High dUring speech synthesis and RESET processes 

FRo 
Frame period select Input Used to select Irame length (7.5.10.15 or 20ms) 

FR, 

Parameter In the melody mode, tone production continues while With the Co"NT pin low and dlscon-
CONT Input Yes 

contmuous signal tlnues when It IS set to high 

---
RESET Reset Input Input Clears Internal registers and mutes 0/ A converter at power on 

\ When set to low disconnects chip power (stand-by mode), when set to high connects 
CE Chip enable Input 

chip power (operation mode') 

DAo 
D/A output Output ±7 bit PWM speech signal output 

DA, 

X ,N 
Oscillator 

Input 
Terminals for connecting ceramic resonator 

XOUT Output 

</J C lock output Output 200kHz clock output signal 

EXRM 
Internal/external 

ROM select Input 
Input ROM select Input When high, external ROM IS used 

DTIN Data Input Input Used for speech data Input from external ROM 

DREQ Data request Output Data request signal for external ROM 

DGO Digital output Output i The digital speech signal output 

T,-T3 Test pinS i Input/Output I ! DUring operation, Tl IS open and set T 2 and T 3 are set low 

BASIC FUNCTION BLOCKS Parameter RAM 

Parameter ROM 
A 4096 word X 8 bits constructed mask ROM, it stores 
speech parameters. 

This has 52bits capacity for temporary storage of one frame 

of speech parameters (amplitude, pitCh, and K

parameters) 

There is enough memory storage for about 20 seconds of 

voice and sound effects and in the case of melody about 70 

seconds. Voice, sound effects and melody can be stored 

together. In this case each length of time can be calculated 

by the following diagram. 

UJ -u(/) 
-I-

~ ~ ~ 15 

~ tt ~ 10 
:LOU 
I-ZUJ 
(!)::>(/) 
ZO~ 
UJ(/) 
-J ~ 10 20 30 40 50 60 70 

LENGTH OF MELODY (SECONDS) 

Decoding ROM 
Decodes the speech parameters that had been coded by 

the parameter RAM. It has 328 words X 10 bits construction. 

Interpolation Circuit 
Provides a linear Interpolation of K-parameters, pitch and 

amplitude every 2.5ms. 

Exitation Circuit 
Having both a pulse generator and a white noise generator, 

it generates vOiced and unvoiced sounds. 

• MITSUBISHI 
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MITSUBISHI LSI. 

MS0800-XXXSP/MS0802-XXXP 

SINGLE-CHIP CMOS, SPEECH SYNTHESIZER 

Parameter Register 
A regl~ter used to temporarily store data which has been 
linearly interpolated. 

Digital Filter 
It is a 14 bit 10 stage lattice digital filter. 

Control Circuit 
According to the external input, It controls LSI operation. 

Mode Select 
Depending on mode select signal MODE and internal/ex
ternal ROM switch signal EXRM, three kinds of mode may 
be selected as shown in the following diagram. 

Mode MODE EXRM Use 

Key Input mode H L 
Suitable lor use when not edit· 
109 phrases IS necessaoy. 

Microcomputer 
L L 

Suitable lor use when the edit· 
control mode Ing 01 phrases is neces.eoy 

External 
For usa when an external 

L H memory such as EPROM and 
memory mode 

RAM Is used. 

Pin Conditions of Key Input Mode 
(1) MODE pin ········ .. ··Connect with Vee. 
(2) SYNC pin ············Connect with Vss. 

(3) T2,T3 pins } 
EXRM pin ...... "'Connect with Vss. 
DTIN pin 

(4) Pins Do-Os ············When any of these pins are set 
(word selection inputs) high speech synthesis begins 

automatically. 
(5) Input/output timing chart 

Do-D.-.ILfl.IU I -----------vcc 

rt. ,!--I -Yss 

BUSY t-~~~--=tB"'US"-y---..j.1 __________ ::: 

I, 
DA, 

DAo 

Timing Requirements 

Symbol Parameter 

te 
Key debounce 
protection tIme 

th Data hold time 

tBUSV Busy output delay 

tOA , Speech output delay 

lose = 4. 8MHz 

Application Example 
Mode' 

CONT 
~ 

Do 

'OO-§~ 
0, 
0, 
03 
D. 

D. I: v •• SYNC 

! BUSY 

x 
Vdc MODE x 

(J) 
"V 

FRo 

FR, 

30pF 

X'N 

~ <aU" 30pF 
XcUT 

10-108 • MITSUBISHI 
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Min Max Unit 

5 .m. 

30 ms 

25 50 ms 

70 ms 

in the Key Input 

Vcc 

CE 

RESET 
O.l/lF 

T, 
T3 

EXRM 

DTIN 

; 
DREQ 

DGO 
T, 

DAo 
MPLIFIER 
FILTER 

DA, 



MIT5UISUtni L::tIS 

MS0800-XXXSP/MS0802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

Pin Conditions of Microcomputer 
Control Mode 
(1) MODE ··· .. ·Open (Pull-down resistance) 

{2) T2 , T3 pins } 
EXRM pin ...... Connect with Vss. 
OTIN pin 

(3) 0 0-05 pins ...... Select 64 kinds of words. 
(4) SYNC pin ...... Data of Do - D5 is latched and 

speech generation is commenced in 
the "High-level" at more than 15t's. If 
the power supply or CE input is 
switched on for the next speech out
put, it is necessary to delay the 
SYNC input a minimum of 400t's af
ter the BUSY output goes low. 

(5) Input/Output timing chart 

RESET 

Application Example in 
Control Mode 

CE Vee 

a: CONT 
UJ Do ... 

0, ::J 
11. 0, ::; 
0 0, 
() 

D. 0 
a: 0, 
() 

SYNC !I: ~ 
BUSY 

~ MODE 
M50780-XXX P X 

'~-{b 
FRo 

X 
(JI 
." 

FR, 
30pF 

~" 
X,. 

XcUT 

4.8MHz 

the Microcomputer 

O.l/-1F 

RESET 

T, 
T, 

EXRM 
DTIN 

1> 
DREQ 

DGO 
T, 

DAo AMPLIFIE 

DA, 
FILTER 

::: ____ t"-:5' ..... t"U5Vr----------H:---....,IJ-tl.~_v,._I _______________ _ 

Do~::=-'-r-+-""·1: _th 1 ~tD' --.mn?;ru til-----: 'l=-tD=--A -=--.lMJ---

DA, ~J mruu-

Timing Requirements 
Symbol Parameter Min MaX Unit Notes 

tRES Reset time 5 ms 

Isu Data set up time a !-,S 

th Data hDld time 25 !-,S 

tW(SYNC) SYNC pulse width 15 !-,S 

leS'1 400 !-,S After the power supply Dr CE Input Is switched. 

tes2 
SYNC pulse output delay 

0 !-,S Except above condition. 

tsUSY BUSY output delay 10 20 !-,S 

tOA Speech output delay 40 60 ms 

Note Designate the single voice generation as a mask option, when the LSI is used In the microcomputer control mode. 
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MS0800-XXXSP/MS0802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

Pin Conditions of External Memory 
Mode 
1. MODE pin ..... 'Open (microcomputer mode) 

2. EXRM pin .... "Connect with V cc . 
3. Word select ...... Open 0 0-05 and word select is per-

pin formed by setting the first address to 
the external address counter. 

4. SYNC pin ...... Generates speech in the "High-
level". 

5 . OTIN pin ...... Receives serial data from external 
ROM. 

6. OREQ pin .... "Output read pulse of external ROM 
data. 

7. Timing chart 

LOAD ______ ~==:r~----------___ 
SYNC ________________ ~~~ ________ __ 

Timing Requirement 
Symbol Parameter Min Max 

tsu Data set up time 1 

tOH Data hold trme 2 

tWL LOAD pulse width 1 

ts LOAD SYNC pulse interval 0 

tws SYNC pulse Width 15 

Application Example in the External Memory Mode 
Vss Vee 

119 ho- M5L2732K 
All 3 2 21 

All 

A" 13 14 19 A" T Vss 

A. 12 11 22 
M4516BP A, 

A, 4 6 23 9 7 Vee Vss A, 3 DTIN 
10 6 

5 
1 5 15 11 

~~ ~9 7~ 13 4 DREO 

A, 2 1 
A, 13 M4021BP M4069 EXRM t--Vee 14 UBP 

A, 13 14 2 
A, 14 15 

As 12 11 3 ,--
M4516BP As 16 15 X,. h'T' A. 4 6 4 

C/) A. 1 0.1JA' UJ 17 

f 
RESET CJ :x: 

tl 
9 

J;1 T 2 XOUT ~ 30pF ~ 

§ 
~; 5~ C/) T3 

a: 7 ri'1l'" 
5 0 A3 3 2 A, 

Unit 

,us 

,us 

,us 

,us 

,us 

a: 
6 

~ ~,o, 
UJ A, 13 14 FRo ~ A, ::;) 
Q, A, 12 M4516BP 11 7 
:::< A, 
0 Ao 4 6 B Vee - CE 
tl Ao FR, 
0 
a: 
tl 
~ tl 5~ LOAD 

M4D69 

UBP ~ 
10 

1 

M4022BP 

L...J15J:3tJ4 

SYNC 

10-110 

CE OE 

~O 
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MS0800-XXXSP/MS0802-XXXP 

INPUT/OUTPUT PINS 

Chip Enable Pin (CE) 

CE Function 

When Input is low-level, Internal power supply is turned off and de-

L vice enters stand-by condition Under this stand-by mode, Do - 0, 

are high Impedance, and BUSY, DAo, and DA, are high. 

When input IS high-level internal power supply Is turned on. At this 

H time a reset signal Is automatically generated and device enters 
power-on-Inltlallzation sequence. 

Reset Pin (RESET) 
The reset pin must become low-level in more than 5ms af
ter power has been applied and the supply voltage has 
reached 90%. 

Vee 

Vee 

Vs• 

,...----,--Vee 

I------- V" 

I 
I 
I 

---"'--+-~I----- vss 

r--
MORE THAN Sms 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

Busy Pin (BUSY) 
The output of this pin becomes high-level during each of 
following. Voice generation, power-on-initialization and 
stand-by. If the BUSY singnal is high-level, the voice gen
eration start signal has no effect. 

O-A Output Pin (OAo, OA1) 

D-A output is PWM (pulse width modulation) and outputted 
from pin DAo when positive and pin DA, when negative. 

tw n·tw vee 

DAo l=,lt--I--~---I--~~ II Vee 

DA, SPEECH~EGINNING U II 
U_~s~ 

T: SAMPLING PERIOD 1001's (Typ) 

tw : MINIMUM PULSE WIDTH 830ns (Typ) fose = 48MHz 

Frame Period Select (FRo. FR, .. M50800-XXXSP) 
(FR············ M50802-XXXP) 

M50800-XXXSP 

FRo FR, Frame length BIt rate b/s (Note 1 ) • 

H H 20ms 2650(Max.) 

L H 15ms 3533(Max.) 

L L 10ms 5300(Max.) 

H L 7.5ms 7067(Max) 

M50802-XXXP 

FR Frame length BIt rate b/s (Note 1) 

H 20ms 2li50(Max) 

L 10ms 5300(Max.) 

Note 1 : Where fose = 4, 8M Hz 

The standard frame length IS 20ms. 

, 

Speech speed depends on frame length. For example 
when frame length is set to l5ms in analysis and frame 

period select is set to 20ms in synthesis. speech speed is 
33% slow. When frame period select is set to 10ms. 33% 
fast. 
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MS0800-XXXSP/MS0802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

Clock Generator 
The device contains a clock generator which can generate 
a clock signal when a ceramic resonator is connected ex
ternally between the clock output and input pins (X1N , 

XOUT). 

When a clock signal from an external source is being used, 
connect the source of the clock oscillator to pin X1N and 
open pin XOUT• 

Circuit examples are given below. ' 

M50800-XXXSP CERAMIC RESONATOR 

CSA 4.80MT (MURATA CORPORATION) 

C 'N : 30pF 

COUT : 30pF 

Externally connected ceramic resonator circuit 

Mask Option 
The following mask options are available, specifiable at the 
time of ordering masking~. 
(1) Continuous/Single voice generation selecting speci

fication. This option is available when the LSI is used 
only in key input mode. The single voice generation as 
a mask option must be deSignated when the LSI is 
used in the microcomputer control mode. 

Continuous voice generation: 
Voice generation continues as long as Do - D5 is 
kept continuously high-level in the key input mode. 

Single voice generation: 
Voice generation occurs only once even if Do- D5 
is kept continuously high-level in the key input 
mode or SYNC is kept continuously high-level in 
the microcomputer control mode. To generate the 
voice again it is necessary 10 return either the Do-
D5 or the SYNC 10 low-level one time and then 10 
high-level again. 

(2) Specifications concerning Ihe inclusion or exclusion of 
pull-down resistors for the word select input pins Do-
0 5 

10-112 • MITSUBISHI 
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X,N XOUT 

r 
OPEN 

EXTERNAL SIGNAL 

External clock input circuit 
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MS0800-XXXSP/MS0802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

ELECTRICAL CHARACTERISTICS OF THE M50800-XXXSP/M50802-XXXP 
ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

V, Input voltage 
With respect to the Vss pin 

-0.3-7 

Pd Maximum power dissipation Ta = 25'C 150 

Top, Operating temperature -10-70 

TstQ Storage temperature -40-125 

RECOMMENDED OPERATING CONDITIONS (Ta = -la-7a'c, unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2.4 5 5.5 V 

Vss Supply voltage 0 0 0 V 

f05c Oscillation frequency 4.8 MHz 

ELECTRICAL CHARACTERISTICS (T a = -10-7a'c, f = 4.75-4. 85MHz, Vee = 4.5-5. 5V, unless otherwise noted) 

. Symbol Parameter -
V OH Hlgh·level output voltage 

VOL Low-level output voltage 

10H High-level output current 

10L Low-level output current 

IDA 01 A output current 

loe Supply current (In operation) 

Ise Supply current (stand-by) 

I'L Input leak current 

R, Pull-down resistor 

V,H High-level input voltage 

V ,L Low-level Input voltage 

Conditions 

10H = O.lmA 

10L = O. 4mA 

DAo, DA" VOH = Vec-O. 4V 

DAo, DA" VOL = O. 4V 

Resistor between DIIo and DA, 10 n at V cc = 5V 

Unloaded input/output 

Unloaded input/output 

V,=O-Vcc 

VI = Vee 

• MITSUBISHI 
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Min 

Vee-a. 8 

1 

1.6 

Vee-l 

0 

Limits 

Typ Max 

0.8 

40 

2 

10 

+1 

100 

Vee 

1 

Unit 

V 

V 

mW 
·c 
'c 

Unit 

V 

V 

mA 
mA 
mA 
mA 
I-'A 
I-'A 
kO 

V 

V 
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Example of Spe __ ker Driving Circuits 
(a) Direct drive . ' 

Maximum output power=10mW typo (Vcc7'5V) 

vee 

DAo 
M50800-XXXSP 

DA, 
~------------~ 10~F 

(b) Using an amplifier 

Maximum output power=20mW typo (Vcc=5V) 

M50800-XXXSP 

Maximum output power=500mW typo (Vcc=5V) 

With volume control 

M50800-XXXSP 

MITSUBISHI LSls 

MSOSOO-XXXSP/MSOS02-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

SPEAKER 
an 

vee 

Vee, 
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MS0800-XXXSP/MS0802-XXXP 

SINGLE·CHIP CMOS SPEECH SYNTHESIZER 

(c) Filter amplifier circuit 
(1) Operational amplifier used as a filter amplifier circuit 

Maximum output power=200mW typo (Vcc=5V) 

Vee~ __ ~2~SA~1~1~15~ ______________________________ ~ ____________ --. 

(SV) 

DAe, 

DA, 

M5218L (1/2) 

(2) L device used as a filter amplifier circuit 
Maximum output power=200mW typo (Vcc=5V) 

M5218L (2/2) 

Vee ~ __ ~2S~A_1_11~5 ____________________________ ~ 

(SV) 

M51501L 

SP 
so 

BL·30RJ ; Made by KOURINGIKEN CORPORATION 
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MS0800-XXXSP/MS0802-XXXP 

METHOD OF ORDERING SPEECH 
ANALYSIS AND MASK ROM 

Steps Taken in Ordering 
(1) Decisions concerning specifications 

Decide the specifications concerning the content of the 
speech, the language, the speaker,etc. 

(2) Ordering 

When ordering, ensure that the necessary information 
has been entered in both the speech Analysis Request 
Form and Speech List. Be sure to' also include the 
musical score if a melody is necessary. 

(3) Recording. 

A recording of the original speech is made in a studio 
using an experienced narrator. Attendance is permitted 
for either confirmation or giving speech instructions. 

(4) Analysis 

Speech parameters of the voice are analized through 
use of a voice analysis system centered on a MELCOM 

70/40 minicomputer in the Mitsubishi Speech Center. 
The data is written on a EPROM, and along with the 
Analysis Approval Form and Masking Approval Form is 
forwarded the customer. 

(5) Sound evaluation 

The delivered EPROM is inserted in either Mitsubishi's 
voice evaluation board or a similar device and the 
quality of the synthesized speech is confirmed. If the 
quality is found to be acceptable, the Analysis Approval 
Form and the Masking Approval Form are to be signed 
and returned to Mitsubishi. 

(6) Mask production 

A MASK ROM is produced from the EPROM data. An 
ES sample for the confirmation of electrical character
istics is sent along with an ES. Approval Form to the 
customer. 

(7) Sample evaluation 

If results of ES sample evaluation prove to be accept
able the ES Approval Form is to be signed and re
turned to Mitsubishi. 

(8) CS sample production 

This is a sample having the same characteristics as the 
mass produced device. 

(9) Mass production 

After production of the CS sample mass production is 
begun. 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 
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ORDERING FLOW CHART 

( CUSTOMER) 

(1) 

(2) 

(5) 

SIGNATURE 

(7) 

SIGNATURE 

DETERMINATION 
OF 

SPECIFICATIONS 

RECORDING 
SESSION 

SOUND 
EVALUATION 

SAMPLE 
EVALUATION 

/ ...-....-...-

.. 

E 

No 

MITSUBISHI LSls 

MS0800-XXXSP/MS0802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

(3) 

ORDER 
• 

..-" 

~~J::'~~/ 
...-/ 

(4) 

...... -

FORWARDED 

(6) 
RETURNED 

FORWARDED 

(8) 
RETURNED 

( MITSUBISHI) 

RECORDING 

ANALYSIS 
(DATA 

PREPARED) 

~ EPROM 

MODIFICATION!-------' 

MASK 
PRODUCTION 

M50800-XXXSP 
ES SAMPLE 

MASS PRODUCTION ORDER' 
CS SAMPLE 

PRODUCTION 

• MITSUBISHI 
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(9) 

MASS 
PRODUCTION 
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MS0800-XX)(SP/MS0802-XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

MITSUBISHI SPEECH SYNTHESIZER LSI 

MS0800·XXXSP 
MS0802-XXXP 

SPEECH ANALYSIS REQUEST FORM 

Customer 

Company name 

Company address 

Company contact 

1. Specifications 

Recording 
(necessary/unnecessary ) 

I 
4nalya'a 
(necessary/unnecessary ) 

Maak 
(necessary/unnecessary ) 

2. Schedule 

, 

Language 

Sampling frequency 

Frame period 

Length of speech 

Length of melody 

Prepared 

Tel 

Data Approved 

Sex 

________ ....:.K.:.cH.:=z (10KHzTYP) 

________ -"mc::s'- (20msTYP) 

seconds 

seconds 

Voice evaluation board (necessary/unnecessary) 

Signature 

Recording -. Analysis completion -. Analysis and masking approval -. ES CS MP 
Dla.reddate (/) (/) (/) 

(month/day) 
EPROM 

1 set 

Mltsubishl Entry Column 

Parameter Type 

Recording VOICE-SOFT 

Analysis VOICE-SOFT 

Voice evaluation VOICE-SOFT board 

Mask VOICE-MASK 

Notes 

10-118 

Order number Amount Coat 

00-38-

00-38-

00-38-
I 
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/ / / 

unit(s) 
__ -=-un,,-,ito.>.(=s) unit(s) /month 

Lot unit(s) 

Order date Completion date Transfer of 
money 



No. 
05 04 

MITSUBISHI LSls 

MS0800·XXXSP/MS0802·XXXP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

Mask ROM number 

M50800-XXXSP 
M50802-XXXP SPEECH LIST 

Address 

03 02 01 DO 

'. MITSUBISHI 
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Speech content 

--
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MS080S-XXXP, FPI MS0806-XXXP, FP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

DESCRIPTION ) 

The M50805-XXXP, FP/M50806-XXXP, FP, are single chip 
C-MOS PARCOR speech synthesizers and contain a speech 
data, ROM, a clock generator, a O-A converter and a 
speaker drive circuit. 

The differences among the M50805-XXXP, FP/M50806-
XXXP, FP are shown in the following table. The M50805-
XXXP will be discussed below. 

Type Operating supply Outline vol tdge range 

M50805-XXXP Vec=3.0-S.SV 22 pin. plastic DIP 

M50805-XXXFP Vee=3.0-S.SV 24 pin, plastic DIP 

M50806-XXXP Vee=2.1-3.SV 22 pin, plastic DIP 

M50806-XXXFP Vee=2.1-3.SV 24 pin, plastic DIP 

FEATURES 
• Speech synthsis time ............ 5 seconds (max) 
• Number of words selection ........... , .. 8 (max) 
• Melody generation possible, ... , .. 20 seconds (max) 
• Automatic power down function 
• Built-in speaker drive circuit 
• Built-in O-A converter ... , . . . . ±6 bits PWM method 
• Low power dissipation due to C-MOS process 

SU'pply current in operating. .. 2mA (max) 
in standby .... 10pA (max) 

• Built-in clock generator 

APPLICATION 
• Home appliances 

• Toys 
• Watches, cameras, desk-top calculators 

• Alarms 

PIN CONFIGURATION (TOP VIEW) 

DATA 

N.C 

N.C. 

N C. 

RE~mi DREO/TEST_ 4 

SE'1~g~ {MS, -- S 
SIGNAL MSo -+ 6 

CLOCK OUTPUT XOUT-- 1 

INote 11 (SV) Vce 

N.C 

N,C. 

N.C. 

19 - Do } WORD SELECT 
_ INPUT 

18 - 0, WORD SELECT 

11 - 52iOTtN :~~~~/DATA 

16 -+ BUSY BUSY SIGNAL 

1S - SYNC SYNC SIGNAL 

Vss (OV) 

Outline 22P4(M50805-XXXP) 

(M50806- XXXP) 

Note 1 For M50806·XXXP, FP the value IS 3V 

N C 

NC 

NC 

DATA N C 
REQUEST 
!TEST DREO/TEST.- 5 

MODE jMS,- 6 
SELECT 
SIGNAL MSo - 1 

o0W3~ XOUT- 8 

S~~5~ X'N- 9 

CHIP ENABLE CE - 10 

~~~Gi RESET- tl 

INote 11 (5V) Vee 

NC 

NC 

N C 

Vss COV) 

Outline 24P2W (M50805-XXXFP) 

(M50806- XXXFP) 
NC NO CONNECTION 
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SINGLE·CHIP CMOS SPEECH SYNTHESIZER 

BLOCK DIAGRAM 

M50805- XXXP/M50806- XXXP 11--
PARAMETE R ROM 

I 1960 X 8 81TSI 

INTERPO DECODING PARAMETER 

LATION I*- ROM I*- RAM 

CIRCUIT 1312 X 881TSI 14681TSI 

r-- PARAMETER REGISTER f----
172 BITSI 

DIGITAL 
FIL TER 

--f EXCITATION I 
CIRCUIT I 

M50805-XXXFP/M50806-XXXFP ir-
I PARAMETER ROM 

1960 X 8 BI TSI 

INTERPO· DECODING PARAMETER 

LATION I-- ROM f- RAM 

CIRCUIT 1312 X 8 BITSI 146 BITSI 

r- PARAMETER REGISTER 

172 BITSI 

I 

EXCITATION I 
CIRCUIT I 

- -L 

~ 

DIGITAL 
FIL TER 

-

• MITSUBISHI 
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¢: CLOCK 
GENERATOR 

I-¢: 
CONTROL 

..... CIRCUIT 

r 

DIA 
CONVER· 

TER 

¢ CLOCK 

GENERATOR 

IE-¢: CONTROL 

CIRCUIT 
, 

I-

1 
DIA 

CONVER· 
TER 

-

8 

7 

I 

~ 
~ 

6 

~ 
)..< 

~ 
~ 
4 

~ 
)..< 

~ 
17 

I 

13 

14 

I 

, 

9 

8 

16 

~ 
~ -» 
~ 
~ 
~ 

5 
'f, 
>.:. 
~ 
19 

I 

14 

15 

XOUT 

SYNC 

MS, 

MSo 

BUSY 

CE 

RESE.T 

DREO/:rEST 

D1 
D2/DTIN 

DAo 
DA, 

XIN 

XOUT 

tP 

, 

SYNC 

MS1 

MSo 

BUSY 

CE 

RESET 

DREO/TEST 

D1 
D2/DTIN 

DAo 

DA1 
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SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

PIN DESCRIPTION 

Input Pull-up resistor Function Pin Name 

VCC Supply voltage Input 

'Vss Supply voltage Input 

MSo. MS, Mode select signal 

150.0, Word select Input 

D2/ DT1N Word select Input/data Input 

SYNC Synchronous signal 

BUSY Busy signal 

CE Chip enable 

DAo. DA, D-A output 

X,N Clock Input 

XOUT Clock output 

DREQ/TEST Data request/test 

RESET Reset Input 

¢ 
(M50805 - XXXFP) 
M50806 - XXXFP 

Clock output 

BASIC FUNCTION BLOCKS 
Parameter ROM 

or 
output 

Input 

Input 

Input 

Input 

Input 

Output 

Input 

Output 

Input 

Output 

Output 

Input 

Output 

A 960 word x 8 bit constructed mask ROM, it stores 
speech parameters .. 

There is enough memory storage for about 5 seconds of 
voice and sound effects and in the case of melody about 20 
seconds. Voice, sound effects and melody can be stored 
together. In this case each length of time can be calculated 
by the following diagram. 

Vi o 
z 

wO 
~~ 
O<f) 
>-
o~ u 
I W 
f-"-
0"
Zw 
wO 
..Jz 

::> o 
~ 

LENGTH OF MELODY (SECONDS) 

YeslNo 

Positive voltage supply prn 

Ground prn 

Depending on the MSo . M5, signal there are 4 modes that may be 

selected, key mput mode, microcomputer control mode, external 

memory mode and test mode 

When In the key mput mode, vOIce generation begins whenever 

Do, 0; . or 0; becomes low-state 

A maximum of 7 words may be designated 

Option When In the microcomputer control mode, a maximum of ad-

dresses for 8 words may be designated With Do. 0. ,0; 
When In the ex tE>rnal memory mode, speech parameters are 

Inputted via DTIN 

When In microcomputer control mode, the SYNC signal Initiates 

Option Do - 0; address read, starting vOice generation 

When In external memory mode, vOice generation IS started 

Output signal pin for indicating that vOice generation IS In progress 

When the pm CE IS high-level, the Internal power supply IS off 

and, when low-level, the Internal power supply IS on 

±6 bit PWM output 

These pins are for connection to a ceramic resonator for the 

clock generator, or they can be connected to an external resist 

ance R for CR clock generation When uSing an external clock 

Input. connect the oscillator source to X,N pin and open XOUT 

ThiS IS the data request signal output pin for external memory 

DUring test mode thiS IS the test output pin 

Yes 
When power Input IS first applied the Internal reCllsters are cleared 

and D-Aoutput IS muted 

160kHz clock output pin 

Parameter RAM 
Th is has 46 bit capacity for temporary storage of one 
frame of speech parameters (amplitude, pitch, and K
parameters) 

Decoding ROM 
Decodes the speech parameters that had been coded by 
the parameter RAM. It has 312 word x 8 bit construc
tion. 

Interpolation Circuit 
Provides a linear interpolation of K-parameters, pitch 
and amplitude every 2.5ms. 

Exitation Circuit 
Having both a pulse generator and a white noise gene
rator, it generates voiced and unvoiced sounds. 

Parameter Register 
A register used to temporarily store data which has 
been linearly interpolated . 

Digital Filter 
It is a 12 bit 8 stage lattice digital filter. 
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SINGLE·CHIP CMOS SPEECH SYNTHESIZER 

Control Circuit 
According to the external input, it controls LSI opera

tion_ 
Mode Select Signal MSo, MS 1 

Depending on MSo, and MS1 , four kinds of mode may 
be selected as shown in the following diagram_ 

Mode MSo 

Key Input mode H 

Microcomputer control 
L 

mode 

External ~emory mode L 

Test mode H 

(1) Key Input Mode 
Pin conditions 

MS, Use 

L 
SUitable for use when not edltmg 

phrases 15 necessary 

L 
Su I table for use when the edl tl ng 
of phrases IS necessary 

H 
For use when an ex ternal memory 

such as EPROM and RAM IS used 

H For test purposes 

• Mode select signal pins. . . . . MSo is connected to V cc 
and MS1 to Vss. 

• SYNC pin ................... connects to V cc. 
• CE pin .. _ .................. connects to Vss. 
• Do - O2 pins .... when any of these pins is low-level, 

speech generation begins automati
cally. Seven kinds of phases may be 
selected. 

Input/output timing chart 

D-A 
OUTPlJT 

Symbol 

te 

t h 

tBUSY 

tOA 

tBUSY 

Parameter 

Key debounce protection time 

Data hold time 

BUSY output delay 

Speech output delay 

Mm Typ 

5 

50 

50 

100 

...L.. 

p::: 
Vee 

Z20pF 

" .. Hr. Q 

220pF 

Max Unit 

ms 

ms 

ms 

ms 

• MITSUBISHI 
..... EL£CTRIC 

50 MSo Vee 

0, MS, 

D2/DTIN O.Ol"F 
RESET 

SYNC CE 

X,N BUSY 

DREO/TEST 

XO UT 

DAo 
AMPLIFIER 

FILTER 
DA, 

M50805-XXXP 
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MS080S-XXXP ,FP /MS0806-XXXP ,FP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

(2) Microcomputer Control Mode 
Pin conditions 
• Mode select signal pins ... Both MSo and MS, are con

nected to V 55. 

• SYNC signal ; _ .. When it becomes low-level for 18J.ls, 
data of both Do - O2 is latched and 
speech generation begins. 

• Do - O2 pins .... Eight kinds of phrases may be 
selected. 

Input output Timing chart 

D-A OUTPUT 

Symbol Parameter Min Typ 

I $U _ Data setup tIme 0 

Ih Data hold tIme 25 

IW(SYNC) SYNC pulse Width 18 

IBUSY BUSY output delay 12 

IDA Speech output delay 40 

CE 

Do 
0, 

MICRO-

Max 

25 

60 

MSo 

MSt 

COMPUTER OZ/DTIN RESET 

SYNC 

BUSY DREO/TEST 

M50760- XXXP 220pF 
XOUT DAo f= 220pF X,N DAt 

640kHz 
M50805- XXXP 

Untt 

1'$ 

1'$ 

1'$ 

1'$ 

m$ 

O.OII'F 

AMPLIFIER 
FIL ToR 
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(3) External Memory Mode 
Pin conditions 
• Mode select signal pins ... MSo is connected to Vss and 

MS\ to Vee. 
• SYNC pin ..........• When it becomes low-level 

for more than 18J,.Ls. speech 
generation begins. 

• D2/DTIN pin ......... Receives serial data from 
external ROM. 

• OREO!TEST pin ...... Outputs the read pulse for 
external ROM data 

• Do. 0\ pins. . . . . . . .. Connected to Vee. 

Timing Requirement 
Symbol Parameter Mm Typ 

t su Data set up time 1 

th Data hold time 2 

tw (LOAD) LOAD pulse width 1 

t d (SYNC) SYNC delay time 0 

tW(SYNC) SYNC pulse width 18 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

Input timing chart 

"-'" ~""---tsu -,. r 
-~ ~I' j-

LOAD ______ ~Il~ ________ _ 
-",+-_I+-t w (LOAD) 

i+-':"'-~_-j. ... t:.:w~( SYNC) 

Max Unit 

I'S 

I'S 

I'S 

I'S 

I'S 

Application Example in the External Memory Mode 

MICRO 
COMPUTER 

OR 
SWITCHES 

A. 

A. 

AT 

A6 

As 

A, 

A3 

A, 

A, 

Vss Vee 

M4022BP 

• MITSUBISHI 
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Vee Vss 

MS, Vee 

O.Ol"F X'N 1Z0PF 
RESET = 

XOUT ZZOpF 
640kHz 

50 Vee 

Vee 

MS080S - xXXP 
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Input/Output Pins 
Chip enable pin (CE) 

CE Mode FunctIOn 

When Input IS high-level, Internal power supply IS 

H All modes turned off and device enters standby condition 

In standby, both DAo and DA, become high-level 

Microcomputer When Input IS low-level, Internal power supply IS 
control model turned on At this time a reset signal IS automat'-

external 
cally generated and device enters power on-memory 
Initialization seQuen~e mode 

L The Internal power supply IS turned on after 
receiving key Input At this time a reset signal 15 

automatically generated and device enters power 
Key Input on-Initialization sequence After vOice generation 

mode has ceased, automatic power down Circuit operates 

and device enters key Input waiting state While In 

the waiting state, BUSY becomes low· level and 

both DAo and OA 1 become hlgh-Ieve'l 

Reset Pin (RESET) 
The reset pin must become low-level in more than 5ms after 
power has been applied and the supply voltage has reached 
90%_ 

Vee 

SINGLE·CHIP CMOS SPEECH SYNTHESIZER 

D-A Output Circuit (DAo, DA) ) 
D-A output is PWM (pulse width modulation) and out
putted from pin DAo when positive and pin DA t whim 
negative. 

tw n·t w 

OAo LLLiJ. 1f1'IIr----

, LWJ 

T T T T .. I 

OAT 6 
SPEECH BEGING 

SAMPLING PERIOD 100~s ITYOI 

lw MINIMUM PULSE WIDTH 1 56ps ITypl lose o640kHz 

Vee 
,..---.,..--- Vee 

RESETI----, 

Vss 

Ctyp= 
0.01,usT 

*vss I I MORE THAN 5ms 
-I--:--

I I 

M50805- XXXP 

Busy Pin (BUSY) 

Mode 

Microcomputer 

control mode 

External 

memory mode 

Key Input 

mode 

10-126 

BUSY output 

The output af thiS pin becomes high-level dUring each of 

the folloV'!'lng VOICe generation. power-an-Initialization 

and standby It IS necessary to ensure that the BUSY 
Signal IS low-level poor t? generating the vOice start 

Signal If the BUSY Signal IS high-level, the vOice genera-

tion start Signal has no effect 

The outPllt of thiS pin becomes high-level during vOice 

generation and fow·level dUring power-an-initialization 

and while In the waiting condition [t IS necessary to 

ensure that the BUSY Signal IS tow-level prior to generat-

Ing the vOice start Signal I f the BUSY Signal 

state, the vOice start Signal has no effect 

IS hlgh-

• MITSUBISHI 
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Clock Generator 
The device contains a clock generator which can generate 
a clock signal when either a ceramic resonator or resistor is 
connected externally between the clock output and input 
pins (X IN • XOUT ). 

When a clock signal from an external source is being 
used. connect the source of the clock oscillator to pin 
X IN and open pin X OUT . Designate whether or not a 
ceramic resonator or a resistor will be used in the clock 
oscillator circuit as a mask option. 

Circuit examples are given below. 

Externally connected ceramic resonator circuit 

M50805 - xXXP 

CERAMIC RESONATOR 

CSB640P 
(MURATA CORPORATION I 

M50805- XXXP/FP M50806-XXXP/FP 

C,N Z20pF 

COUT 220pF 

Externally connected resistor 

M50805 - XXXP 

VR 

VR:200kQ 

External clock input circuit 

M50805 - XXXP 

X,N XOUT 

r OPEN 

EXTERNAL SIGNAL 

EXTERNAL CLOCK INPUT CIRCUIT 

100pF 

100pF 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

MASK OPTION 
The following mask options are available. specifiable at the 
time of ordering maskings. 
(1) Continuous/single voice generation selecting specifica

tion 
Continuous voice generation: 

Voice generation continues as long as Do - O2 is 
kept continuously low·level in the key input mode 
or SYNC is kept continuously low·level in the 
microcomputer control mode. 

Single voice generation: 
Voice generation occurs only once when the above 
conditions are met. To generate the voice again it 
is necessary to return either the Do - O2 or the 
SYNC to high-level one time and then to low-level 
again. 

(2) Specifications concerning the inclusion or exclusion of 

pull·up resistors for the word select input pins Do. ~. 
O2 • and the synchronous signal SYNC. 

(3) Specifications concerning whether or not a ceramic 
resonator or a resistor will be used in the oscillator 
circuit. 

• MITSUBISHI 
..... ELECTRIC 10-127 



MITSUBISHI LSls 
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SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

ELECTRICAL CHARACTERISTICS OF THE M50805-XXXP/M50805-XXXFP 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3.-7 

V, Input voltage 
WI th respect to the V SS Pin 

-0.3-7 

Pd Maximum power diSSipation Ta=2S'C 150 

Topr Operating tempera~ure -10-70 

Tstg Storage temperature -40-125 

RECOMMENDED OPERATING CONDITIONSrra=-10-70'C, unlessotherw,senoted) 

Limits 
Symbol Parameter Unit 

M'n Typ Max 

Vee Supply voltage 3 5 5.5 V 

VSS Supply voltage 0 0 0 V 

fose OSCillation frequency 640 kHz 

ELECTRICAL CHARACTERISTICS (Ta=-10-70·C. fose=640±20kHz. Vee=3-5.5V, unlessotherw,senoted) 

Symbol Parameter 

VOH H'gh level output voltage BUSY. DREO/TEST 

VOL Low level output voltage BUSY. OREO/TEST 

IOH High-level output current DAo. OAt 

10L Low level output current DAo. DA1 

IDA D/A output current 

loe Supply current (m operation) 

Ise Supply current (standby) 

"L Input leak current 

R, Pull-Up resIstor 00-02 

R, Pull-up resIstor SYNC 

V'H High-level Input voltage 

V'L Low level Input voltage 

10-128 

Test conditions 

IOH=O.lrnA 

IOL=0.4rnA 

VOH=Vee- 0 .4V 

VOL=0.4V 

ReSIstor between DA. and DA,lOf! at Vcc=5~ 

Unloaded Input/output 

Unloaded Input/output 

V,=O-Vee 

V,=VSS. Vec=SV 

V,=Vss. Vee=5V 

Vee=4-5.5V 

Vee=4-5.5V 

• MITSUBISHI 
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Limits 

Min Typ Max 

Vee-0.8 

0.8 

1 

1.6 

45 

2 

10 

±1 

180 

300 

Vee- 1 Vee 

0 1 

Unit 

V 

V 

rnW 

'C 

'C 

Unit 

V 

V 

rnA 

rnA 

rnA 

rnA 

lolA 

lolA 

kQ 

kQ 

V 

V 
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MS080S-XXXP,FP/MS0806-XXXP,FP 

SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

ELECTRICAL CHARACTERISTICS OF THE M50806-XXXP/M50806-XXXFP 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

Vee Supply voltage -0,3-1 

V, Input voltage 
With respect 10 the VSS pin 

-0,3-1 

Pd Maximum power diSSipation Ta =2S'C 150 

Topr Operatmg temperature -10-10 

Tstg Storage temperature -40-125 

RECOMMENDED OPERATING CONDITIONSCTa=-10-10·C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2,1 3 3,5 V 

VSS Supply voltage 0 0 0 V 

lose Oscillation frequency 640 kHz 

ELECTRICAL CHARACTERISTICS (Ta= -10-1O"C. lose=640±20kHz. Vee=2,1-3,SV. unless otherWISe noted) 

Symbol Parameter 

VOH Hlgh,level outPut voltage BUSY. DAEO/TEST 

VOL Low·level output voltage BUSY. DAEO/TEST 

10H High-level output current DAO. CAl 

10L Low-level output current DAo. OAl 

IDA 01 A output current 

loe Supply current lin operation) 

Ise Supply current (standby) 

(,L I nput leak current 

AI Pull-up reSistor 00- 02 

AI Pull-up reSistor SYNC 

V,H High-level mput voltage 

V'L Low-level Input voltage 

Test conditions 

10H=0.lmA 

IOL=0,4mA 

VOH=Vee-0. 4V 

VOL =0.4V 

ReSistor between DAo and DA,10n atVcc3V1 

Unloaded Input/output 

Unloaded Input/output 

V,=O-Vee 

V,=VSS. Vee=3V 

V,=VSS. Vee=3V 

•. MITSUBISHI 
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Limits 

Min Typ Max 

Vee- O.S 

O,S 

0.5 

O.S 

20 

1 

10 

±1 

320 

560 

:V. Vee Vee 

0 t/.Vee 

Unit 

V 

V 

mW 

'c 
'C 

Unit 

V 

V 

inA 

mA 

mA 

mA 

IJA 

IJA 

kQ 

kQ 

V 

V 
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SINGLE-CHIP CMOS SPEECH SYNTHESIZER 

Vee 
APPLICATION CIRCUIT EXAMPLES 
Speaker Drive Circuit Vee DAor----r---~ 

a) Direct drive ' + 
22IJF M50805-XXXP 

Maximum output power 
=10mW lyp (V ee =5V) 

Vss DA , r----+-----' 

b) Using an amplifier 
• Maximum output power 

=60mW lyp (V ee =5V) 

Vee 

470Q 

Vee 

M50805- XXXP 

Vss DA,r---~_r-------+--~~ ""-_____ ..J 

• Maximum output power 
= 500~W typ (Vee =5V) 

With volume control 

Vee 

T Vee 

M50805 - xXXP 

470 Q 

V ss D A, r--r---+------f a.....;;."--____ ..J 

c) Filter amplifier circuit 

Operational amplifier used as a filter amplifier circuit 
Maximum output power = 200mW typ-(Vcc =5V) 

2SA628 

DAo 

20kQ 

roo" 
'6kQ 

DA, 
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METHOD OF ORDERING SPEECH ANALYSIS 
AND MASK ROM 
Steps taken in ordering 
(1) Decisions concerning specifications 
Decide the specifications concerning the content of the 
speech, the language, the speaker, etc. 
(2) Ordering 
When ordering, ensure that the necessary information has 
been entered in both the speech Analysis Request Form 
and Speech List. Be sure to also include the musical score 
if a melody is necessary. 
(3) Recording 
A recording of the original speech is made in a studio using 
an experienced narrator. Attendance is permitted for either 
confirmation or giving speech instructions. 
(4) Analysis -
Speech paramllters of the voice are analized through use of 
a voice analy;is system centered on a MELCOM 70/40 mini· 
computer in the Mitsubishi Speech Center. The data is 
written on a EPROM, and along with the Analysis Approval 
Form and Masking Approval Form is forwarded to the 
customer. 
(5) Sound evaluation 
The delivered EPROM is inserted in either Mitsubishi's 
voice evaluation board or a similar device and the quality 
of the synthesized speech is confirmed. If the quality is 
found to be acceptable, the Analysis Approval Form and 
the Masking Approval Form are to be signed and returned 
to Mitsubishi. 
(6) Mask production 
A MASK ROM is produced from the EPROM data. An ES 
sample for the confirmation of electrical characteristics is 
sent along with an ES Approval Form to the customer. 
(7) Sample evaluation 
If results of ES sample evaluation prove to be acceptable 
the ES Approval Form is to be signed and returned to 
Mitsubishi. 
(8) CS sample production 
This is a sample having the same characteristics as the mass 
produced device. 
(9) Mass production 
After production of the CS sample mass production· is 
begun. 
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ORDERING FLOW CHART 
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MITSUBISHI SPEECH SYNTHESIZER LSI 

M50805-XXXP, FP 

M50806- XXXP, FP 

SPEECH ANALYSIS REQUEST FORM 

Signature 
Oustomer 

Oompany name 

Oompanyaddress 

Oompany contact 

1. Specifications 

Recording 
(necessary /unnecessary) 

/ 

...... ' ---------Language 

Prepared 

Tel 

Date Approved 

Sex ---------
Analysis 
(necessary/unnecessary) E Length of speech seconds 

1...1 ---------4- Length of melody seconds 

VOice evaluation board (necessary/unnecessary) 
Mask 
(necessary/unnecessary) 

2. Schedule _ Analysis Analysis and masking 
Recording -+ completion -+ approval -+ 

Desired date ( /) (/) ( / ) 
(month/day) 

ES 

/) 
CS 

(/ 

EPROM unit(s) unit(s) 
------'--"-

1 set 

Lot 

Mitsubishi Entry Column 

MP 

/ 

Parameter . Type Order number Amount Cost Order date CompletIon date 

Recording 

AnalySIS 

VOice evaluation 
board 

Mask 

Notes 

VOICE-SOFT 

VOICE-SOFT 

VOICE-SOFT 

VOICE-MASK 

00-38-

00-38-

00-38-
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M50805-XXXP, FP 
SPEECH LIST 

M50806- XXXP, FP 

Speech content 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 

JAPAN=============== 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchl 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone. (03) 218-3473 

(03) 218-3499 
Facsimile: (03) 214-5570 

Overseas Marketing Manager 
Kita-Itami Works 
4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 
Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 

HONG KONG ============ 
Ryoden Electric Engineering Co, Ltd. 
22nd II , Leighton Centre 
77, Leighton Road 
Causeway Bay, Hong Kong 
Telex: 73411 RYODEN HX 
Telephone (5) 7907021 
Facsimile. (852) 123-4344 

SINGAPORE======== 
MELCO SALES SINGAPORE PTE. 
LTD 
230 Upper Bukit Tlmah Road # 03-011 
15 
Hock Soon Industrial Complex 
Singapore 2158 
Telex: RS 20845 MELCO 
Telephone: 4695255 
Facsimile: 4695347 

TAIWAN========== 
MELCO-TAIWAN CO., Ltd. 
1st II, Chung-Ling Bldg, 
363, Sec. 2, FU-Hsing S Road, 
Taipei ROC. 
Telephone: (02) 735-3030 
Facsimile (02) 735-6771 
Telex: 25433 CHURYO "MELCO

TAIWAN" 

U.S.A.========= 
NORTHWEST 
Mitsublshl Electronics America, Inc 
1050 East Arques Avenue 
Sunnyvale, CA 94086, U.S A 
Telex 172296 MELA'SUVL 
Twx: 910-339-9549 
Telephone (408) 730-5900 
Facsimile: (408) 730-4972 

SOUTHWEST 
Mltsubishi Electronics America, Inc 
991 Knox Street 
Torrance, CA 90502, U.S.A. 
Telex: 664787 ME\..A TRNC 
Telephone: (213) 515-3993 
FaCSimile: (213) 324-6578 

SOUTH CENTRAL 
Mitsubishi Electronics America, Inc 
2105 Luna Road, SUite 320 
Carrollton, TX 75006, U.S A. 
Telephone' (214) 484-1919 
FaCSimile (214) 243-0207 

NORTHERN 
Mitsubishi Electronics America, Inc 
15612 Highway 7 #243 
Minnetonka, MN 55345, U.S A. 
Telex: 291115 MELA MTKA 
Telephone (612) 938-7779 
Facsimile: (612) 938-5125 

NORTH CENTRAL 
Mitsubishi Electronics America, Inc 
800 N Bierman Circle 
Mt. Prospect, IL 60056, U.S A 
Telex' 270636 MESA CHIMPCT 
Telephone: (312) 298-9223 
Facsimile (312) 298-0567 

NORTHEAST 
Mitsubishi ElectrOnics America, Inc 
200 Unicorn Park Drive 
Woburn, MA 01801, USA 
Telex: 951796 MELA WOBN 
Twx. 710-348-1229 
Telephone (617) 938-1220 
Facsimile' (617) 938-1075 

MID ATLANTIC 
Mitsubishl Electronics A;';erlca, Inc 
Two UniverSity Plaza 
Hackensack, NJ 07601, U S.A 
Telex' 132205 MELA HAKI 
Twx. 710-991-0080 
Telephone: (201) 488-1001 
Facsimile: (201) 488-0059 

SOUTH ATLANTIC 
Mitsubishi ElectrOnics America, Inc 
6575 The Corners Parkway 
Suite 100 
Norcross, GA 30092, USA 
Twx' 910-380-9555 
Telephone. (404) 662-0813 
Facsimile (404) 662-5208 

SOUTHEAST 
Mitsublshl Electronics America, Inc. 
Town Executive Center 
6100 Glades Road # 210 
Boca Raton, FL 33433, USA 
Twx: 510-953-7608 
Telephone (305) 487-7747 
Facsimile: (305) 487-2046 

WEST GERMANY ======= 
Mitsubishl Electric Europe GmbH 
Headquarters 
Gothear Str 6 
4030 Ratingen 1, West Germany 
Telex 8585070 MED D 
Telephone: (02102) 4860 
Facsimile: (02102) 486-115 

Munich Office' 
ArabeliastraBe 31 
8000 MOnchen 81"West Germany 
Telex: 5214820 
Telephone: (089) 919006-09 
Facsimile' (089) 9101399 

FRANCE========== 
Mitsubishi Electric Europe GmbH 
65 Avenue de Colmar Tour Albert 1er 
F-92507 Rueil Malmaison Cedex, 
France 
Telex: 
Telephone' 
FaCSimile 

202267 (MELCAM F) 
(01) 7329234 
(01) 7080405 

ITALY ================== 
Mitsubishl ElectriC Europe GmbH 
Centro Direzionale Colleonl 
Palazzo Cassiopea 1 
20041 Agrate Brlanza I-Milano 
Telephone' (039) 636011 
Facsimile: (039) 6360120 

SWEDEN========= 
Mitsubishi Electric Europe GmbH 
Lastbilsvllgen 6B 
5-19149 Sollentuna, Sweden 
Telex. 10877 (meab S) 
Telephone (08) 960468 
Facsimile (08) 966877 

U.K.========== 
Mitsubishi Electric (U.K.) Ltd. 
Hertford Place, Denham Way, 
Maple Cross, Rickmanworth, Herts, 
WD3 2BJ, England, U K. 
Telex: 916756 MEUKG 
Telephone. (923) 770000 
Facsimile: (923) 775282 

AUSTRALIA========= 
Mltsubishi Electric Australia Ply. Ltd 
73-75, Epping Road, North Ryde, 
P.O Box 1567, Macquarie Centre, 
N S W , 2113, Australia 
Telex: MESYD AA 26614 
Telephone: (02) (888) 5777 
Facsimile (02) (887) 3635 
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