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TPC10 SERIES 
CMOS FIELD·PROGRAMMABLE GATE ARRAYS 

• Four Arrays With up to 2000 Usable 
Equivalent Gates 

• TI Action Loglc™ System (TI-ALS) Software 
for: 
- VlewLoglc™ 
- MentorrM 
_ OrCAD/SDT III TM 

- Cadence™/ValldTM 

• Reliable Antlfuse Interconnect 

• Built-In Clock Distribution Network 

• Silicon-Gate CMOS Technology 
• Desktop TI-ALS Creates Design Flies for: 

- I/O Pin Assignment 
- Design Validation 
- Place and Route 
- Circuit Timing Analysis 
- Array Antlfuse Programming 
- Test and Debug 

description 
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110 and Peripheral Circuits 

Interconnect Tracks 

TPC10 series FPGA Die Architecture 

The Texas Instruments (TI) TPC10 Series comprises four field-programmable gate arrays (FPGAs). The 
TPC1010A, TPC1010B, TPC1020A, and TPC1020B FPGAs are fabricated using the TI silicon-gate 
CMOS process. The process features polysilicon gate, source, drain elements, and two levels of 
copper-doped-aluminum metallization to reduce internal resistance and enhance performance. Typical die 
architecture is illustrated above. 

These field-programmable devices combine gate-array flexibility with desktop programmability. This 
combination allows the designer to avoid fabrication cycle times and nonrecurring engineering charges 
associated with conventional mask-programmed gate arrays. The FPGAs are unique in that the arrays are 
fabricated, tested, and shipped to the user for programming. The FPGAcontains user-configurable inputs, 
outputs, logic modules, and minimum-skew clock driver with hardwired distribution network. The FPGA also 
includes on-Chip diagnostic probe capabilities and security fuses to protect the proprietary design. 

Table 1. Product Family Profile 

DEVICE 

Capacity 
Gate array equivalent gates 
TTL equivalent packages 

CMOS Process 

Logic Modules 

Flip-Flops (maximum) 

Antifuses 

Horizontal Tracks 

Vertical Tracks 

TPC1010A 

1200 
34 

295 

130 

112,000 

22 
13 

TPC1020A 

2000 
53 

1.2f.tm 

547 

273 

186,000 

22 

13 

Action Logic, Activator, and Actionprobe are trademarks of ACTEL Corporation. 
CadenceNalid are trademarks of Cadence Design Systems, Inc. 
Mentor is a trademark of Mentor Graphics Corporation. 
OrCAD/SDT III is a trademark of orCad Systems Corporation. 
ViewLogic is a trademark of Viewloglc System, In?Orporated. 

TPC1010B 

1200 
34 

1.0f.tm 

295 
130 

112,000 

22 

13 

TPC1020B 

2000 

~ ...... :.:;:~:: 

.:::> 186,000 

22 

13 
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Action Logic System (ALS) and Activator 

TPC10 Series FPGAs are supported by the ALS software and Activator™ programming hardware. The 
combination facilitates logic design and FPGA programming on popular CAE workstations with minimum effort. 
ALS interfaces to the resident CAE system providing a complete library of TPC10 Series functions. The ALS 
includes automatic place and route, timing verification, and FPGA device programming. The ALS and Activator 
are available for View Logic or OrCAO (SOT III) 386/486 based PC systems, Mentor-equipped Apollo 
workstations, and ViewLogio- or Valid/Cadence-equipped Sun-4 workstations. 

library functions 

The TPC10 Series FPGA library contains over 
250 logic building blocks of hardwired and soft 
macros. The hardwired macros provide a wide 
selection of predesigned, fully characterized 
functions. The soft macros provide popular MSI 
functions that can be called into the design. 
Additional user-defined soft macros can be 
created using the TPC10 library macros. The 
library contains the following classes of macros: 

• Primitive Gates, Booleans, and Buffers 

• CMOS, TTL, and Clock Buffer Inputs and 
Totem-Pole, 3-State, and I/O Output Buffers 

• Adders and Multiplexers 

• 0-Type Flip-Flops 

• J-K Flip-Flops 

• Latches 

• MSI Complexity Soft Macros 

design flow 

Custom logic functions, designed in conjunction 
with the TPC10 Series FPGA library, can be 
simulated and verified prior to creating the ALS 
design data base and programming files. Figure 1 
provides an overview of the design flow. 

TEXAS .. 
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Figure 1. Design Flow 
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HARDWARE 
PLATFORM 

3861486-based 
PC 

Sun 

HP700 

ON40001 
HP400 

TPC10 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 
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Table 2. TI-ALS Design Configurations (see Note 1) 

LIBRARY/CAE HOST DESIGN SUPPORT (gates) TISUSTEM 
ENVIRONMENT UP TO 2500 UP TO 10000 PART NUMBER 

ViewLogic X TPC-ALS-OS-PC-VL 

ViewLogic X TPC-ALS-OA-PC-VL 

OrCAO X TPC-ALS-OS-PC-OR 

OrCAO X TPC-ALS-OA-PC-OR 

Cadence X TPC-ALS-OA-SN-CO 

Mentor X TPC-ALS-OA-SN-MG 

Valid X TPC-ALS-2451 

ViewLogic X TPC-ALS-OA-SN-VL 

TPC-ALS-OA-HP7-MG 

Mentor X 
TPC-ALS-235t 

NOTE 1: Authorization codes for design systems are supplied upon request, after receipt of the system. 
t The TPC-ALS-235 and TPC-ALS-245 systems only provide support for the TPC1 0 and TPC12 series, and will not be supported in Revision 3.0 

scheduled for release In the fourth quarter of 1993. These systems are being replaced by TPC-ALS-OA-HP7-MG and TPC-ALS-OA-SN-CO, 
respectively. 

Table 3. TI-ALS Programming Configurations (see Note 2) 

HARDWARE CAE HOST DESIGN SUPPORT TISUSTEM 
PLATFORM ENVIRONMENT ONE DEVICE FOUR DEVICES PART NUMBER 

3861486-based X TPC-ALS-OS-P2S-PC 
PC ViewLogic /OrCAO 

X TPC-ALS-219 

CadencelMentorl X TPC-ALS-OS-P2S-SN 
Sun ValicllViewLogic X TPC-ALS-249 

X TPC-ALS-OS-P2S-HP7 
HP700 Mentor 

X TPC-ALS-OS-P2-HP7 

X TPC-ALS-OS-P2S-HP4 
HP400 Mentor 

X TPC-ALS-OS-P2-HP4 

ON Series Mentor X TPC-ALS-239 

NOTE 2: Programming units are compatible with both high (10000 gates) and low (2500 gates) density systems. 
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architecture 

device organization 

Each FPGA consists of a matrix of logic modules arranged in rows separated by channels containing 
interconnect tracks. The matrix is surrounded with peripheral inputs, outputs, I10s, and diagnostic circuits. A 
partial view of the TPC1 0 Series logic modules with examples of interconnections is illustrated in Figure 2. 

Logic Module Logic Module 

~ 
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=Dr H ~; 
NAND2A WA 

Figure 2. Partial View of TPC10 Series Interconnection Capability 

logic module 

4 

Each core logic module has the equivalent complexity of four 2-input NAND gates. The module shown in 
Figure 3, is an a-input, 1-output gate cluster that can implement hardwired primitive gates, Booleans, latches, 
flip-flops, multiplexers, half or full adder slices, or multiplexed-input flip-flops. The TI-ALS library contains a full 
spectrum of 2-,3-, and 4-input AND, NAND, OR, and NOR gate macros covering all derivatives of true andlor 
complement input combinations. Similar modular implementations, covering the spectrum of true andlor 
complement input combinations, are included for each functional category of macros in the library. Latches and 
flip-flops are created by connecting two or more logic modules in the appropriate circuit configuration. The 
macros are captured, simulated, placed, analyzed, and programmed using the TPC10 design library. 
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Logic Diagram 

Figure 3. TPC10 Series Logic Module 
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( Interconnect tracks 
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The channeled interconnect tracks consist of isolated metal segments that can be connected by addressing and 
programming antifuses. Each channel has 25 horizontal routing tracks, 22 are for logic, one is for clock, one 
is for power, and one is for ground. In addition, there are 13 vertical routing tracks per logic module column. Both 
horizontal and vertical tracks, in combination with the approximately 340 antifuses per logic module, produce 
a network that is capable of interconnecting up to 90 percent of the equivalent gates. Based on the placement 
of macros, the programming process selects and activates antifuses that both create the logic module macros 
and I10s, and interconnect the entire array. 

1/0 buffers 

Each 1/0 pin is configurable as an input or an output. In addition, 1/0 pins configured as outputs can be defined 
as totem-pole, 3-state, or bidirectional. Inputs can be driven by CMOS or TTL levels and output levels are 
compatible with standard CMOS and TTL specifications. Outputs sink or source a current of 4 mA at TTL output 
levels. See the dc characteristics for additional 1/0 buffer specifications. The II0s can be manually assigned 
to any available package pin, or the ALS software can automatically place the II0s in the optimum configuration. 

diagnostic probe pins 

TPC10 Series devices have two independent diagnostiC probe pins, PRA and PRB. The pins allow the user to 
observe any internal signals by entering the appropriate net name in the diagnostic software. Signals may be 
viewed on an oscilloscope, logic analyzer, or with the workstation diagnostics using the Actionprobe diagnostic 
tools. The probe pins can also be used as user-defined I10s, depending on the level of the mode control pin. 
When configured as user-defined I10s, the pins have the same characteristics as other 1/0 pins. 

security fuses 

The TPC1 0 Series security fuses can be used to permanently disable further diagnostics and testing. After the 
security fuses are programmed, access to the architecture is not available. This makes the FPGA design difficult 
to copy. 

TEXAS .. 
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FPOA array performance 

logic module size 

6 

A mask-programmed gate array cell with four transistors usually implements only one logic level. The TPC10 
Series array logic module is more complex and typically implements multiple logic levels within a single module. 
This reduces intermodule wiring and associated RC delays. In effect, the TPC1 0 logic module Implements the 
equivalent of a net compression that enhances performance. 

TERMINAL FUNCTIONS 

PIN 
1/0 DESCRIPTION 

NAME 

ClK I Clock. TIL clock input for global clock distribution network. The clock input is buffered prior to clocking the logic 
modules. This pin can also be used as an VO. 

DClK I Diagnostic clock. TIL clock input for diagnostic probe and device programming. DClK is active when the MODE pin 
is high. This pin functions as an VO when the MODE pin is low. 

GND I Ground. Input low supply voltage. 

110 VO Input/output. VO pin functions as an input, output, 3-state, or bidirectional buffer. Input and output levels are compatible 
with standard TIL and CMOS specifications. Unused VO pins are automatically set low by the AlS software. 

MODE I Mode. The MODE pin controls the use of multifunction pins (DClK, PRA, PRS, SDI). When the MODE pin is high, the 
special functions are active. When the MODE pin is low, the pins function as I/Os. 

NC No connection. This pin is not connected to circuitry within the device. 

PRA 0 Probe A. The probe A pin is used to output data from any user-defined design node within the device. This independent 
diagnostic pin is used in conjunction with the probe S pin to allow real-time diagnostic output of any signal path within 
the device. The probe A pin can be used as a user-defined VO when debugging has been completed. The pin's probe 
capabilities can be permanently disabled to protect the programmed design's confidentiality. PRA is active when the 
MODE pin is high. This pin functions as an VO when the MODE pin is low. 

PRS 0 Probe S. The probe S pin is used to output data from any user-defined design node within the device. This independent 
diagnostic pin is used in conjunction with the probe A pin to allow real-time diagnostic output of any signal path within 
the device. The probe S pin can be used as a user-defined 110 when debugging has been completed. The pin's probe 
capabilities can be permanently disabled to protect the programmed design's confidentiality. PRS is active when the 
MODE pin is high. This pin functions as an 110 when the MODE pin is low. 

SDI I Serial data input. Serial data input for diagnostic probe and device programming. SDI is active when the MODE pin is 
high. This pin functions as an I/O when the MODE pin is low. 

VCC I Supply voltage. Input high supply voltage. 

Vpp I Programming voltage. Input supply voltage used for device programming. This pin must be connected to VCC during 
normal operation. 

lExAs ,If 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage range, Vee .......................................................... - 0.5 V to 7 V 
Input voltage range, VI .............................................................. - 0.5 to Vee + 0.5 V 
Output voltage range, Vo ........................................................... - 0.5 to Vee + 0.5 V 
Input clamp current* ,11K (VI < 0 or VI > Vee) ............................................... ± 20 mA 
Output clamp current§, 10K (Vo < 0 or Vo > Vee) ........................................... ± 20 mA 
Continuous output current§, (Vo = 0 to Vee) ............................................... ± 25 mA 
Operating free-air temperature range, T A: Commercial .................................... O°C to 70°C 

Industrial ................................... - 40°C to 85°C 
Operating case temperature range, T e: Military ...................................... - 55°C to 125°C 
Storage temperature range ........................................................ - 65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

:j: Applies for input and bidirectional buffers 
§ Applies for bidirectional and output buffers 

recommended operating conditions 
MIN NOM MAX UNIT 

Commercial 4.75 5 5.25 

VCC Supply voltage Industrial 4.5 5 5.5 V 

Military 4.5 5 5.5 

Vpp Program pin voltage (while not programming) VCC VCC V 

VIH High-level input voltage 2 VCC+0.3 V 

V,L Low-level input voltage -0.3 0.8 V 

Commercial 0 25 70 
TA Operating free-air temperature DC 

Industrial -40 25 85 

TC Operating case temperature Military -55 25 125 DC 

1ExAs .. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise 
noted) 

TEST CSUFRX I SUFFIX MSUFFIX 
PARAMETER 

CONDFTlONS MIN TYpt MAX MIN TYpt TYpt UNFT 
MAX MIN MAX 

High-level output voltage IOH=-4mA 3.84 
VOH V 

(see Note 3) 10H =-3.2 mA 3.7 3.7 

VOL 
Low-level output voltage 

IOL=4mA 0.33 0.4 0.4 V 
(see Note 3) 

II Input current VI=VCC orO ±10 ±10 ±10 ~ 

10Z Off-state output current VO=Vcc orO ±10 ±10 ±10 ~ 

Short-circuit output VO=VCC 20 140 20 140 20 140 
lOS mA current (see Note 4) VO=O -10 -100 -10 -100 -10 -100 

ICC 
Standby supply VI = VCC orO, 3 10 3 20 3 25 mA 
current Outputs open 

Cio 
Input/output capacitance VO=O, 

7 7 7 pF 
(see Note 5) f= 1 MHz 

tTypical values are at VCC = 5 V, TA = 25°C. 
NOTES: 3. These limits apply when all other outputs are open. 

4. When testing TPC1 01 OA and TPC1 020A, not more than one output should be shorted at a time, and duration ofthe short circuit should 
not exceed one second. The lOS parameter does not apply to TPC1010B or TPC102OB. 

5. These limits apply for each user VO pin. 

switching characteristics 

8 

The following tables summarize switching characteristics of various classes of TPC10 Series logic module 
hardwired macros. An unloaded logic module propagation delay time is 4 ns. All other delays shown include the 
module delay time and statistical estimates for wiring delays based on 85% to 95% FPGA logic module 
utilization. Module utilization above 95% can result in performance degradation. Actual delay values are 
determined after place and route is accomplished using the ALS. ALS provides for assigning criticality to nets, 
automatic balancing of clock buffer loads, and utilizing long horizontal or vertical nets for connecting noncritical 
functions. For specific timing parameters pertaining to a hardwired logic module, refer to the individual macro 
library specification. 

The ALS provides a capability to assign one offour levels of criticality to logic module output nets. The switching 
characteristics reflect the delay time differences for nets with criticality and without criticality aSSigned. Nets 
assigned as critical will be limited to a fan-out of 6 loads by the ALS. Clock load balancing, selectable by the 
designer, can be specified as moderate, strong, or very strong to control clock skew. 

1ExAs ..If 
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( timing requirements over recommended operating conditions, no further derating required 
MIN MAX UNIT 

fclock Clock frequency 100 MHz 

FO= 1 7.7 

FO=2 8.5 

tw Pulse duration ClK, PRE, or ClR FO=3 9.2 ns 

FO=4 10 

FO=8 14 

tsu Setup time, flip-flop All synchronous inputs before clock transition 3.9 ns 

FO= 1 3.5 

FO=2 3.9 

tsu Setup time, latch 
All synchronous Inputs before clock 

FO=3 4.2 ns 
transition 

FO=4 4.5 

FO=8 4.8 

th Hold time, flip-flop or latch All synchronous inputs after clock transition 0 ns 

typical switching characteristics 

single-level logic module hardwired macro (module count = 1), Vee = 5 V, TJ = 25°C, typical process 

PARAMETER OUTPUT-NET CRITICALITY 
DELAY TIME (see Note 6) 

UNIT 
FO=1 FO=2 FO=3 FO=4 FO=8 

tpd Critical 5.4 5.8 6.2 8.5 See Note 7 ns 

tpd Not critical 6.3 6.7 7.7 8.6 10.8 ns 

(' double-level logic module hardwired macro (module count = 2), Vee = 5 V, TJ = 25°C, typical process 

PARAMETER OUTPUT-NET CRITICALITY 
DELAY TIME (see Note 6) 

UNIT 
FO=1 FO=2 FO=3 FO=4 FO=8 

tpd Critical 9.2 9.6 10 12.3 See Note 7 ns 

'pd Not critical 10.2 10.6 11.6 12.5 14.6 ns 

flip-flop and latch hardwired macro, Vee = 5 V, TJ = 25°C, typical process 

PARAMETER OUTPUT-NET CRITICALITY 
DELAY TIME (see Note 6) 

UNIT 
FO=1 FO=2 FO=3 FO=4 FO=8 

tpd Critical 5.4 5.8 6.2 8.5 See Note 7 ns 

tpd Not critical 6.3 6.7 7.7 8.6 10.8 ns 

NOTES: 6. An unloaded logic module propagation delay time is 4 ns. All delays shown include the module delay time and statistical estimates 
for wiring delays based on 85% to 95% FPGA logic module utilization. 

7. Critical nets are limited to a fan-out of 6 loads. 

long net, Vee = 5 V, TJ = 25°C, typical process 

Long nets include long horizontal and vertical routing resources used for noncritical signals and interconnecting 
logic macros separated by large distances. Long nets are used by the autorouter when no other means exist 
to complete the interconnection. Delays due to the use of long nets range from 15 ns to 35 ns. Typica"y less 
than one percent of a" nets in a design require the use of a long net. 

1ExAs ,If 
INSIRUMENIS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 9 



TPC10 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 

SRFSOO1 F - 03864, DECEMBER 1989 - REVISED FEBRUARY 1993 

typical switching characteristics 

Input buffer and bidirectional-Input buffer, Vee = 5 V, T J = 25°C, typical process 

FROM TO DELAVTIME 
PARAMETER UNIT 

(INPUT) (OUTPUT) FO=1 FO=2 FO=3 FO=4 FO=8 

tPHL 6.9 7.6 8.9 10.7 14.3 
Pad Y ns 

tPLH 5.9 6.5 7.7 8.4 12.4 

output buffer, Vee = 5 V, T J = 25°C, typical process 

PARAMETER 
FROM TO TEST DRIVING DRIVING 

UNIT 
(INPUT) (OUTPUT) CONDITIONS CMOS LOADS TTL LOADS 

tPHL CL=50pF 
3.9 4.9 

tPLH 
D Pad 

7.2 5.7 
ns 

.dtPHL 0.03 0.046 
0 Pad ns/pF 

.dtPLH 0.07 0.039 

The BIBUF macro's output section exhibits the same delays as the OUTBUF macro. The delta numbers can 

be extrapolated down to 15 pF minimum. 

Example: Delay for an OUTBUF output buffer driving a 100-pF TTL load 

tpHL = 4.9 + [(0.046 x (100 - 50)] = 4.9 + 2.3 = 7.2 ns 
tpLH = 5.7+ [(0.039 x (100-50)] = 5.7+2.0=7.7ns 

3-state and bidirectional output buffer, Vee = 5 V, TJ = 25°C, typical process 

PARAMETER 
FROM TO 

TEST CONDITIONS 
DRIVING 

(INPUT) (OUTPUT) CMOS LOADS 

tpHL 
CL= 50pF 

3.9 
0 Pad 

tpLH 7.2 

tpHZ 
E Pad 

5.2 

tpZH 6.5 

tpLZ 6.9 
E Pad 

tpZL 4.9 

.dtPHL See test loads 
0.03 

0 Pad 
.dtPLH in Figure 8 0.07 

.dtPHZ 0.08 
E Pad 

.dtPZH 0.07 

.dtPLZ 0.07 
E Pad 

.dtPZL 0.03 

clock buffer, Vee = 5 V, T J = 25°C, typical process (see Note 8) 

DELAVTIME 
PARAMETER FROM TO 

FO=40 FO= 160 

tpHL 9 12 
Pad Y 

tpLH 9 12 

DRIVING 
UNIT 

TTL LOADS 

4.9 
ns 

5.7 

3.4 
ns 

4.9 

5.2 
ns 

5.9 

0.046 

0.039 
ns/pF 

0.046 

0.039 
ns/pF 

0.039 

0.039 
ns/pF 

UNIT 
FO = 320 

15 
ns 

15 

NOTE 8: The ALS software provides user-selectable options for choosing four levels of automatic clock load balancing. There is no limit to the 
number of loads that may be connected to the clock buffer (CLKBUF) macro. 

10 
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extended output current operation 
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The TPC1 0 Series devices are capable of driving larger sink current loads by derating the low-level output 
voltage to 0.5 V and high-level output voltage to 2.4 V. The derating factors for commercial and military devices 
are illustrated in Figure 4 and Figure 5. The commercial devices are derated up to 8 rnA and military devices 
are derated for up to 6 rnA. 
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Figure 5 

slow Input transition (rise and fall) times 

Slow signal transition is a condition that commonly occurs even in today's high-performance systems. A typical 
example is the signal degradation encountered with signals coming off of a highly capacitive bus. These slow 
signal transitions can cause undesirable results when traveling through the threshold region of a CMOS input. 
Texas Instruments recommends that input signal transitions be limited to 500 ns or less to ensure device 
integrity. 

worst-case delay time 

Unlike mask-programmed gate arrays, performance variations of TPC 10 Series arrays caused by voltage and 
temperature changes are due primarily to the changes in the active elements. Voltage and temperature delay 
time factors are shown in Figure 6 and Figure 7. 
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timing derating 

Operating temperature, operating voltage, and device processing conditions, along with product revision and 
speed grade, account for variations in array timi ng characteristics. These variations are summarized in derating 
factors for TPC1 0 array typical timing specifications. The derating factors as shown in Table 4 are based on the 
recommended operating conditions for TPC1 0 commercial, industrial, and military applications. 

For estimating performance, the delay factors may be used in conjunction with the delay values shown in the 
typical switching characteristics tables. Temperature and voltage variations are measured according to the 
curves in the graphs shown in Figure 6 and Figure 7. The ALS timing analyzer can be used to provide actual 
postlayout timing specifications for.each circuit implementation. 

Table 4. Timing Derating Factor (x typical) (see Note 9) 

TPC1010A, TPC1020A CSUFFIX I SUFFIX MSUFFIX 
TPC101OB, TPC1020B BEST CASE WORST CASE BEST CASE WORST CASE BEST CASE WORST CASE 

Standard speed 0.45 1.54 0.40 1.65 0.37 1.79 

-1 Speed grade 0.45 1.28 0.40 1.37 0.37 1.49 

-2 Speed gradeT 0.45 1.13 0.40 1.20 0.37 1.32 

t Applies to TPC1010B and TPC1020B only 
NOTE 9: Best case reflects maximum operating voltage, minimum operating temperature, and best case processing. Worst case reflects 

minimum operating voltage, maximum operating temperature, and worst case processing. Best case derating is based on sample data 
only and is not guaranteed. 
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PARAMETER MEASUREMENT INFORMATION 

D _~{50% 
I th~ 

VCC 

GND 

.. ~---t8U ~ 

G -----II( 50% t ~--- ::: 
14 tw .: 

tpLH~ ~ VCC 

Q _____ ' ....Ii;.... 50% _________ GND 

From Output 
UnderT ... 

DATA LATCH DELAYS 

From Output 
UnderT .. t 

D 

G 

D 

G 

VCC 0 GND 

S1 

T 

Q Q 

TEST S1 
tPLZ I tpZL VCC 
tPHZ/tpZH GND 

LOAD CIRCUIT FOR PROPAGATION DELAY TIMES LOAD CIRCUIT FOR ENABLE AND DISABLE TIMES 

Figure 8. Symbols, Test Loads, and Voltage Waveforms (Continued) 

1ExAs .. 
INSTRUMENTS 

14 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

'''"--_ .. / 



{' 

TPC10 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 
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dynamic power calculations 

The formula for calculating typical dynamic die power consumption in mW is: 

Total die power = (0.20N x f1) + (0.085M x f2) + (0.80P x f3) 

where: 

f1 = Average logic module switching rate in MHz 
f2 = Average clock pin switching rate in MHz (see Note 10) 
f3 = Average I/O switching rate in MHz 
M = Number of logic modules connected to the clock pin (see Note 10) 
N = Number of logic modules used on the chip (including M) 
P = Number of I/Os used with 50-pF load 

NOTE 10: The F2 and M factors can be ignored if the CLKBUF macro is not used. 

For example, if a TPC1 01 OA design has 200 logic modules used, 40 of which are connected to the high-fan-out 
clock buffer running at 20 MHz and the rest running at 4 MHz, plus 50 I/Os (25 outputs, 25 inputs) running at 
an average of 4 MHz, it will dissipate the following amount of power: 

ESD rating 

Total die power = (0.20N x f1) + (0.085M x f2) + (0.80P x f3) 
= 0.20 (200 x 4) + 0.085 (40 x 20) + 0.80 (25 x 4) 
= 308 mW 

ESD characterization of Texas Instruments FPGAs is performed in accordance with Method 3015 of 
MIL-STD-883. This calls out the human body model which included discharging a 10-pF capacitor through a 
1.5-kQ resistor. Three positive and three negative pulses are discharged into each pin at each voltage level. 
After pulsing, the units are tested on a VLSI tester. Testing is performed for initial device qualification and product 
redesign only. All devices have been designed for ESD protection. 
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package thermal characteristics 

The device junction to case thermal characteristic is RaJC, and the junction to ambient air characteristic is RaJA' 
The thermal characteristics for RaJA are shown with two different air-flow rates. Maximum junction temperature 
is 150°C for short durations. However, a maximum junction temperature of 140°C is recommended for 
continuing operation. A sample calculation of the maximum power dissipation for a PLCC 84-pin package at 
commercial temperature is as follows: 

Max. junction temp. (OC) - Max. commercial temp. (0C) 

RaJA (OC/W) 

PACKAGE TYPE PIN COUNT ReJC 
RaJA 

STILL AIR 

Ceramic Pin Grid Array 
84 3.5 48 

(CPGA) 

Ceramic Quad Flat 
84 3.5 75 

Package (CQFP) 

Plastic Leaded Chip Carrier 
44 13 65 
68 13 50 

PLCC 84 10 40 

Plastic Quad Flat Package 
100 10 60 

(PQFP) 

Packag.C ... 

~ 

Device Junction 

lExAs ." 
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TPC1 01 OA device availability and resources 

Commercial 

PACKAGE LOGIC 
GATES 

TYPE MODULES 

44-pin PLCC 

58-pin PLCC 295 1200 

100-pin PQFP 

Industrial 

PACKAGE LOGIC 
GATES 

TYPE MODULES 

44-pin PLCC 

58-pin PLCC 295 1200 

100-pin PQFP 

Military 

PACKAGE LOGIC 
GATES 

TYPE MODULES 

84-pin CPGA 

84-pin CQFP 
295 1200 

R = released 

---~------------

TPC10 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 

SRFSOO1 F - 03864. DECEMBER 1989 - REVISED FEBRUARY 1993 

SPEED GRADE 
USERI/O. 

STD -1 

34 R R 

57 R R 

57 R R 

SPEED GRADE 
USERI/O. 

STD -1 

34 R R 

57 R R 

57 R R 

USER 110. 
SPEED GRADE 

STD -1 

57 R R 
57 R R 

P = planned. consult your local TI sales representative for current availability. 

TPC1020A device availability and resources 

(" Commercial 

PACKAGE LOGIC SPEED GRADE 
GATES USERI/O. 

TYPE MODULES STD -1 

44-pin PLCC 34 R R 

58-pin PLCC 57 R R 
547 2000 

84-pin PLCC 59 R R 

100-pin PQFP 59 R R 

Industrial 

PACKAGE LOGIC 
GATES USERI/O. 

SPEED GRADE 

TYPE MODULES STD -1 

44-pin PLCC 34 R R 
58-pin PLCC 

2000 
57 R R 

547 
84-pin PLCC 59 R R 

100-pin PQFP 59 R R 

Military 

PACKAGE LOGIC 
GATES USER 110. 

SPEED GRADE 

TYPE MODULES STD -1 

84-pin CPGA 69 R R 
547 2000 

84-pin CQFP 59 R R 
R= released 
P = planned. consult your local TI sales representative for current availability. 

(: 
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TPC1010B device availability and resources 
Commercial 

PACKAGE LOGIC 
GATES 

TYPE MODULES 

44-pin PLCC 

68-pin PLCC 295 1200 

tOO-pin POFP 

Industrial 

PACKAGE LOGIC 
GATES 

TYPE MODULES 

44-pin PLCC 

68-pin PLCC 295 1200 

100-pin POFP 

R = released 

USER 110. 

34 

57 

57 

USER 110. 

34 

57 

57 

P = planned, consult your local TI sales representative for current availability. 

TPC1020B device availability and resources 
Commercial 

PACKAGE LOGIC 
GATES USER 110. 

TYPE MODULES 

44-pin PLCC 34 

68-pin PLCC 57 
547 2000 

84-pin PLCC 69 

100-pin POFP 69 

Industrial 

PACKAGE LOGIC 

TYPE MODULES 
GATES USER 110. 

44-pin PLCC 34 

68-pin PLCC 57 
547 2000 

84-pin PLCC 69 

100-pin POFP 69 

R= released 
P = planned, consult your local TI sales representative for current availability. 
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ordering Information 

Configurations of the TPC1 0 Series devices can be ordered using the part numbers in the examples below. 
Commercial and industrial versions can be ordered as follows: 

---.. ~ TPC 1010 A EXAMPLE 

PREFIX T 
DEVICE TYPE ________ J...J 

1010 = 1200 Equivalent Gate Array 
1020 = 2000 Equivalent Gate Array 

DEVICE REVISION ----------1 
A = TI 1.2-llm CMOS Technology 

B = TI 1.0-f.lm CMOS Technology 

Military versions can be ordered as follows: 

FN-068 C 1 1 T SPEED GRADE (OpOOMQ 

TEMPERATURE RANGE 
C = O°C to 70°C 
I = -40°C to 85°C 

DEVICE PINS 
044 = 44 pins 
068 = 68 pins 
084 = 84 pins 
100 = 100 pins 

~----- PACKAGE TYPE 
FN = Plastic leaded chip carrier 
VE = Plastic quad flat package 

EXAMPLE 

PREFIX 

---.. ~ TPC 

T 
A M GB 84 B_1 

DEVICE TYPE 
1010= 1200 Equivalent Gates 
1020 = 2000 Equivalent Gates 

T 

DEVICE REVISION ---------' 
A = TI 1.2-f.lm CMOS Technology 

"[ T SPEED GRADE (optional) 

B = Class B processing 
S = Space equivalent 
Blank = Commercial processing 

DEVICE PINS 
84 = 84pins 

PACKAGE TYPE 
GB = Ceramic pin grid array 
HT = Ceramic quad flat package 
HFG = Ceramic quad flat package 

with nonconductive tie bar 

TEMPERATURE RANGE 
M = -55°C to 125°C 

DEFENSE ELECTRONIC SYSTEM CENTER (DESC) NUMBER 

macro library 

AVAILABLE DESC 
DEVICE NAME PROCESSING NUMBER 

TPC1010AM 
TPC1020AM 

Class B 
Class B 
Space Equivalent 

5962-9096401 M 
5962-9096501 M 

The TPC10 Series is supported by a macro library of more than 250 hardwired and soft macro functions. The 
macros range from primitive logic gates to MSI-level complex functions such as counters, decoders, and 
comparators. The hardwired macro characteristics are provided in the electrical and switching characteristics. 
The software macros have characteristics similar to the components of the macro but need the place and route 
data back annotated into the design to establish actual performance. 

The FPGA logic module implements logic functions with inverted inputs as efficiently as noninverted inputs, 
without an increase in propagation delay. By taking advantage of the various combinations of input polarity, the 
use of separate inverters can be virtually eliminated. 
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TPC10 SERIES SOFlWARE MACROS 

MACRO NAME DESCRIPTION MODULE COUNT LOGIC LEVELS 
CNT 4A ...... 4-Bit Binary Counter With Load and Clear .............. 18 ................. 4 
CNT 4B ...... 4-Bit Presettable Binary Counter With Load and Clear ... 15 ................. 4 
DEC2X4 ..... 2-Line to 4-Line Decoder .............................. 4 ................. 1 
DEC2X4A ... 2-Line to 4-Line Inverting Decoder ..................... 4 ................. 1 
DECE2X4 .... 2-Line to 4-Line Decoder With Enable .................. 4 ................. 1 
DECE2X4A ... 2-Line to 4-Line Inverting Decoder With Enable .......... 5 ................. 1 
DEC3X8 ..... 3-Line to 8-Line Decoder .............................. 8 ................. 1 
DEC3X8A .... 3-Line to 8-Line Inverting Decoder ..................... 9 ................. 1 
DECE3X8 .... 3-Line to 8-Line Decoder With Enable ................. 11 ................. 2 
DECE3X8A ... 3-Line to 8-Line Inverting Decoder With Enable ......... 11 ................. 2 
DEC4X16A ... 4-Line to 16-Line Inverting Decoder ................... 20 ................. 2 
DLC8A . . . . . .. Octal D-Type Latch With Clear ......................... 8 . . . . . . . . . . . . . . . . . 1 
DLE8 ........ Octal D-Type Latch With Enable ....................... 8 . . . . . . . . . . . . . . . . . 1 
DLM8 ........ Octal D-Type Latch With Multiplexed Inputs ............. 8 ................. 1 
FA1 ......... 1-Bit Full Adder ...................................... 3 ................. 3 
FADD8 ....... 8-Bit Fast Adder .................................... 37 ................. 4 
FADD12 ..... 12-Bit Fast Adder .................................. 58 ................. 5 
FADD16 ..... 16-Bit Fast Adder .................................. 79 ................. 5 
FADD24 ..... 24-Bit Fast Adder .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 120 ................. 6 
FADD32 ..... 32-Bit Fast Adder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 160 ................. 7 
ICMP4 ....... 4-Bit Identity Comparator ............................. 5 ................. 2 
ICMP8 . . . . . . . 8-Bit Identity Comparator ............................. 9 ................. 3 
MCMPC2 .... 2-Bit Magnitude Comparator With Enable ............... 9 ................. 3 
MCMPC4 .... 4-Bit Magnitude Comparator With Enable .............. 18 ................. 4 
MCMPC8 .... 8-Bit Magnitude Comparator With Enable .............. 36 . . . . . . . . . . . . . . . . . 6 
MCMP16 ..... 16-Bit Magnitude Comparator ........................ 93 ................. 5 
MX8 ......... 8-Line to 1-Line Multiplexer ........................... 3 ................. 2 
MX8A ........ 8-Line to 1-Line Inverting Multiplexer ................... 3 ................. 2 
MX16 ........ 16-Line to 1-Line Multiplexer .......................... 5 ................. 2 
REGE8A ..... Octal Register With Preset and Clear .................. 20 ................. 1 
REGE8B . . . . . Octal Register With Preset and Clear .................. 20 . . . . . . . . . . . . . . . . . 1 
SMULT8 ..... 8 x 8 Twos Complement Multiplier. . . . . . . . . . . . . . . . . .. 241 ................. -
SREG4A ..... 4-Bit Shift Register With Clear ......................... 8 ................. 1 
SREG8A ..... 8-Bit Shift Register With Clear ........................ 18 ................. 1 
TA 138 ....... 3-Line to 8-Line Decoder/Demultiplexer ................ 12 ................. 2 
TA 139 ....... 2-Line to 4-Line Decoder/Demultiplexer ................. 4 ................. 1 
TA151 ....... 8-Line to 1-Line Multiplexer ........................... 5 ................. 3 
TA153t ...... 4-Line to 1-Line Multiplexer ........................... 2 ................. 2 
TA 157t ...... 2-Line to 1-Line Multiplexer ........................... 1 ................. 1 
TA161 ....... Synchronous 4-Bit Counter With Direct Clear ........... 22 ................. 3 
TA 164 ....... 8-Bit Parallel-Out Shift Register ....................... 18 ................. 1 
TA 169 ....... 4-Bit Up/Down Counter .............................. 25 ................. 6 
TA194 ....... 4-Bit Bidirectional Universal Shift Register .............. 14 ................. 1 
TA 195 ....... 4-Bit Parallel-Access Shift Register .................... 11 ................. 1 
TA269 ....... 8-Bit Up/Down Counter ............................. 50 ................. 8 
TA273 ....... Octal D-Type Flip-Flop With Clear ..................... 18 .................. 1 
TA280 ....... 9-Bit Odd/Even Parity Generator/Checker ............... 9 ................. 4 
TA377 ....... Octal D-Type Flip-Flop With Clock Enable .............. 16 ................. 1 
UDCNT4A .... 4-Bit Up/Down Counter With Sync Load and Carry ...... 24 ......... , ....... 6 

t These MSI functions are hardwired. 
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CMOS FIELD-PROGRAMMABLE GATE ARRAYS 

SRFS001F - 03864, DECEMBER 1989- REVISED FEBRUARY 1993 

HA1B HA1C 

A A 

B B 

CO CO 

8 8 

FA1B FA2A 

A AO 

B A1 

CI CO B CO 

& 
8 

& CI 8 
& 

FADD12 FADD16 

CO CO 

8[11 :0] 8[15:0] 

A[11 :0] A[15:0] 
B[11 :0] B[15:0] 
CI CI 

Module Count = 58 Module Count = 79 

FADD24 

CO 
8[23:0] 

A[23:0] 
B[23:0] 
CI 

FADD32 

CO 

8[31:0] 

A[31:0] 
B[31 :0] 
CI 

Module Count = 120 Module Count = 160 

Module Count = 2 (unless otherwise noted) 
& Indicates two logic module delay path 

Figure 21. Adder8 

TEXAS .. 
INSTRUMENTS 
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D· TYPE LATCHES 

DL1 

D o 

G 

D· TYPE LATCHES WITH CLEAR 

DLC DLCA 

D 0 D 0 

G G 
CLR CLR 

-

D· TYPE LATCHES WITH PRESET 

DLP1 DLP1A 
PRE PRE 

D 0 D 0 

G G 

D·TYPE LATCHES WITH CLEAR AND PRESET 

DL2A 
PRE 

D 

G 

CLR 

o 

Module Count = 1 (unless otherwise noted) 

DL1A 

D ON 

G 

D 

G 

DLC1F 

D ON 

G 
CLR 

DLP1B 
PRE 

D 0 

G 

DL2B 

PRE 
D ON 

G 

CLR 

DLC1 

CLR 

DL1B 

D o 

G 

0 

DLC1G 

D 

G 

ON 

CLR 

D 

G 

DLP1C 
PRE 

0 

DL2C 

PRE 
D 

G 

CLR 

o 

Figure 22. D-Type Latches 

TEXAS .. 
INSTRUMENTS 

28 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

DLC1A 

D 0 

G 
CLR 

D 

G 

DL1C 

D ON 

G 

DLC8A 

CLR 
G 

DO QO 

D1 01 
D2 02 
D3 03 
D4 04 
D5 05 
D6 06 
D7 07 

Module Count = 8 

DLP1D 
PRE 

ON 

DL2D 
PRE 

D ON 

G 

CLR 

DLP1E 
PRE 

D ON 

G 

',,~- -/ 



(~' 
D-TYPE LATCHES WITH ENABLE 

DLE 

D 0 

E 

G 

DLE2B 

D 
E 
G 

CLR 

o 

DLEA 

D 0 

E 

G 

DLE2C 

D 
E 
G 

o 

CLR 

Module Count = 1 (unless otherwise noted) 

D-TYPE LATCHES WITH MULTIPLEXED INPUTS 

DLM DLMA 

A 0 A 0 

B B 

S S 

G G 

Module Count = 1 (unless otherwise noted) 

TPC10 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 

DLEB 

D 0 

E 

G 

DLE3A 

PRE 
D 0 
E 
G 

DLME1A 

A 0 

B 

S 
E 
G 

SRFS001 F - 03864, DECEMBER 1989 - REVISED FEBRUARY 1993 

DLEC 

D 0 

E 

G 

DLE3B 

PRE 

D 0 
E 
G 

DLM8 

S 
G 

A(7:O] 

0(7:0] 
B(7:O] 

Module Count = 8 

DLE1D 

D ON 
E 
G 

DLE3C 

PRE 

D 0 

E 
G 

DLE2A 

D 
E 
G 

CLR 

o 

DLE8 

E 
G 

DO QO 
D1 01 
D2 Q2 
D3 03 
D4 Q4 
D5 OS 
D6 Q6 
D7 07 

Module Count = 8 

DLM2A 

A 0 
B 

S 

Figure 22. O-TYpes Latches (Continued) 

TEXAS .. 
INSIRUMENIS 
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D· TYPE FLlP·FLOPS 
DF1 

D 

ClK 

Q 

D·TYPE FLIP·FLOPS WITH CLEAR 
DFC1 

D Q 

D 

ClK 
ClR 

DFC1D 

ClK 
ClR 

Q 

D· TYPE FLlP·FlOPS WITH PRESET 
DFP1 

PRE 
D Q 

ClK 

DFP1D 
PRE 

o Q 

ClK 

DF1A 

D QN 

ClK 

DFC1A 

D 

ClK 
ClR 

Q 

DFC1E 

D QN 

ClK 
ClR 

DFP1A 
PRE 

o Q 

ClK 

DFP1E 
PRE 

D QN 

ClK 

DF1B 

o Q 

ClK 

DFC1B 

o 

o 

CLK 

ClR 

ClK 
ClR 

Q 

DFC1F 

Q 

DFP1B 
PRE 

o Q 

ClK 

DFP1F 
PRE 

o QN 

ClK 

D· TYPE FLlP·FlOPS WITH PRESET AND CLEAR 

Module Count = 2 

30 

DFPC 
PRE 

o Q 

ClK 
ClR 

DFPCA 
PRE 

D Q 

ClK 
ClR 

Figure 23. D-Type Flip-Flops 

1ExAs ,If 
INSTRUMENTS 
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DF1C 

D QN 

ClK 

DFC1C 

o QN 

ClK 
ClR 

DFC1G 

D QN 

CLK 
CLR 

DFP1C 
PRE 

D QN 

ClK 

DFP1G 
PRE 

D QN 

ClK 

\ 
I 

) 



c 

(-' 

Module Count = 2 

DFE 

D Q 

E 
ClK 

DFED 
PRE 

D Q 

E 
ClK 
ClR 

DFE3A 

D Q 

E 
ClK 
ClR 

DFE4 
PRE 

D Q 

E 
ClK 

-----~---~---------

TPC10 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 

SRFS001F - 03864. DECEMBER 1989- REVISED FEBRUARY 1993 

DFEA 

D Q 
E 
ClK 

DFE1B 

D 
E 

ClK 

Q 

DFE3B 

D 
E 
ClK 
ClR 

Q 

DFE4A 
PRE 

D Q 

E 
ClK 

DFEB 
PRE 

D Q 
E 
ClK 
ClR 

DFE1C 

D 
E 

Q 

ClK 

DFE3C 

D 
E 
ClK 
ClR 

Q 

DFE4B 
PRE 

D Q 
E 
ClK 

Figure 24. D-Type Flip-Flops With Enable 

lExAs ... 
INSTRUMENTS 
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DFEC 
PRE 

D Q 
E 
ClK 
ClR 

DFE2D 
PRE 

D 
E 
ClK 
ClR 

Q 

DFE3D 

D 
E 
ClK 
ClR 

Q 

DFE4C 
PRE 

D Q 

E 
ClK 

31 
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CMOS FIELD·PROGRAMMABLE GATE ARRAYS 

SRFSOO1 F - 03864, DECEMBER 1989 - REVISED FEBRUARY 1993 

J.j( FLlP.FlOPS 

J·R FLlp·FlOPS WrrH CLEAR 

JKF2A 

J Q 
ClK 

K 
ClR 

J·R FLlP.FLOPS wrrH PRESET 

JKF3A 

PRE 
J Q 
ClK 

K 

JKF 

Q 

JKF2B 

J Q 
CLK 

K 
ClR 

JKF3B 

PRE 
J Q 
ClK 

K 

JKF1B 

J 
CLK 

K 

JKF2C 

J Q 
ClK 

K 
ClR 

Q 

JKF3C 

PRE 
J Q 
ClK 

K 

J·R FLlP.FlOPS WrTH PRESET AND CLEAR 

Module Count = 2 

32 

JKFPC 
PRE 

JKF4B 

PRE 
J Q 
ClK 

J Q 
ClK 

K K 
ClR ClR 

Figure 25. J-K flip-Flops 

1ExAs .. 
INSlR.UMENTS 
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JKF2D 

J Q 
ClK 

K 
ClR 

JKF3D 

PRE 
J Q 
ClK 

K 

) 



( 
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MUlTIPlEXED.INPUT FLIP-FLOPS 

DFM 
A Q 

B 

S 
ClK 

DFMA 

A Q 

B 

S 
ClK 

DFM1B 

A QN 
B 

S 
ClK 

MULTIPLEXED-INPUT FLIP-FLOPS WITH CLEAR 

DFMB 
Q 

ClK 
ClR 

A 
B 

S 

DFM3 

Q 

ClK 
CLR 

DFM3B DFM3E 

A Q A Q 

B B 

S S 
ClK ClK 
ClR ClR 

MULTIPLEXED-INPUT FLIP-FLOPS WITH PRESET 

DFM4 

APR Q 

B 

S 
ClK 

DFM4A 

APREQ 

B 

S 
ClK 

S 
ClK 

B 

S 
ClK 

MUlTiPlEXED·INPUT FLIP-FLOPS WITH PRESET AND CLEAR 

DFM5A 

PRE 
A Q 
B 
S 

ClK 
ClR 

DFM5B 

PRE 
A Q 

B 
S 

ClK 
ClR 

MULTIPLEXED-INPUT FLIP-FLOPS WITH ENABLE 

Module Count = 2 

DFME1A 

Q 

ClK 

Figure 26. Multlplexed·lnput Flip-flops 

TEXAS .. 
INSIRUMENfS 
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DFM1C 

A QN 
B 

S 
ClK 

DFM3F 

A QN 

B 

S 
ClK 
ClR 

S 
ClK 

DFM3G 

A QN 

B 

S 
ClK 
ClR 

DFM4E 

PRE 
A Q 
B 

S 
ClK 

33 
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A~y A~y 
G~ G~ 

34 

G SO 

A~~ 
G~ 

DO 

Module Count = 1 
I> CLKBUF interface input 

REGE8A 

DO QO 
D1 01 
D2 02 
D3 03 
D4 04 
D5 05 
D6 06 
D7 07 

Module Count = 20 

D1 

D2 

D3 

Figure 27. Clock Buffer (CLKBUF) Interface 

REGE8B TA273 

ClR 
ClK 

D1 01 
DO QO D2 02 
D1 01 D3 03 
D2 02 D4 04 
D3 03 D5 05 
D4 04 D6 06 
D5 Q5 D7 07 
D6 Q6 D8 08 
D7 07 

Module Count = 20 Module Count = 18 

Figure 28. Octal D-Type Flip-Flops and Registers 

1ExAs .. 
INS1R.UMENTS 
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GMX4 

y 

TA377 

EN 
ClK 

D1 01 
D2 02 
D3 03 
D4 04 
D5 05 
D6 Q6 
D7 07 
D8 08 

Module Count = 16 '\ 

/ 



(~ 
ICMP4 

AO 
A1 
A2 
A3 
BO AEB 

B1 
B2 
B3 

ICMP8 

- A[7:0] 

AEB f-

- B[7:0] 

Module Count = 9 

TPC10 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 

SRFSOO1 F - 03864, DECEMBER 1989 - REVISED FEBRUARY 1993 

MCMP16 

A[15:0] 

ALB 
AEB 
AGB 

B[15:0] 

Module Count = 93 

MCMPC2 

ALBI 
AEBI 
AGBI 

ALB 
AO AEB 
A1 AGB 

BO 
B1 

Module Count = 5 Module Count = 9 

CNT4A 

CO 

PO QO 
P1 Q1 
P2 Q2 
P3 Q3 

Module Count = 18 

MCMPC4 MCMPC8 TA280 

ALBI ALBI A 
AEBI AEBI B 
AGBI AGBIALB C 
AO AEB D 
A1 ALB AGB E EVEN 
A2 AEB A[7:0] F 

ODD 
A3 AGB B[7:0] G 
BO 
B1 Module Count = 36 

H 
B2 I 
B3 

Module Count = 9 
Module Count = 18 

Figure 29. Comparators/Parity Checker 

CNT4B 

CO 

PO QO 
P1 Q1 
P2 Q2 
P3 Q3 

Module Count = 15 

TA161 TA169 

A QA 
B QB 
C QC 
D QD 

Module Count = 22 Module Count = 25 

Figure 30. Counters 

TEXAS .. 
INSIRUMENTS 
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TA269 

A 
B 
C 
D 
E 
F 
G 
H 

QA 
QB 
QC 
QD 
QE 
QF 
QG 
QH 

Module Count = 50 

UDCNT4A 

CO 

PO QO 
P1 Q1 
P2 Q2 
P3 Q3 

Module Count = 24 

35 
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DEC2X4 

A YO 
Y1 

B 

Y2 
Y3 

Module Count = 4 

DEC3X8 

A 
B 
C 

YO 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 

Module Count = 8 

DEC2X4A 

A 

B 

Module Count = 4 

DEC3X8A 

A 
B 
C 

Module Count = 9 

TA138 

DECE2X4 

A YO 

E 

B 

Y1 

Y2 
Y3 

Module Count = 4 

DECE3X8 

A 
B 
C 

E 

YO 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 

Module Count = 11 

TA139 

A 
B 
EN 

Module Count = 4 

Module Count = 12 

Figure 31. Decoders 

1ExAs ..If 
INSTRUMENTS 

DECE2X4A 

A 

E 

B 

Module Count = 5 

DECE3X8A 

A 
B 
C 

E 

Module Count = 11 
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DEC4X16A 

A 
B 
C 
D 

Module Count = 20 

" \ 
j 



(-
SREG4A 

SI 
PO 
P1 
P2 S 
P3 

Module Count = 8 

SREG8A 

SI 
PO 
P1 
P2 
P3 
P4 
PS 
P6 
P7 s 

Module Count = 18 

TPC10 SERIES 
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TA164 

A QA 
B QB 

QC 
QD 
QE 
QF 
QG 
QH 

Module Count = 18 

Figure 32. Shift Registers 

SMULT8 

- A[7:0J 
P[1S:0J I

- B[7:0J 

Module Count = 241 

Figure 33. 8-Blt Multiplier 

CM8A 

AO Y 
A1 
BO 
B1 

SA 
SB 
so 
S1 

Module Count = 1 

Figure 34. Logic Module 

1ExAs ..If 
INSTRUMENTS 

TA194 

SRSI QA 
A 
B QB 
C QC 
D 
SLSI QD 

Module Count = 14 

TA195 

QA 
QB 
QC 
QD 

QDN 

Module Count = 11 
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package pin assignments 

7 
8 
9 

GNO 10 
11 
12 
13 

VCC 14 
15 

Vpp 16 
17 

(,) Q 

~ i3 
6 5 4 3 2 1 44 43 4241 40 

(TOP VIEW) 

181920 212223 2425262728 
Q 
Z 
CJ 

39 PRB or 1/0 

38 PRAor 1/0 
37 OClK OR 1/0 
36 SOl or 1/0 
35 VCC 
34 MOOE 
33 ClK or 1/0 
32 GNO 
31 
30 
29 

NOTES: A. All pins marked GNO are ground connections and must be connected to circuit ground. 
B. Vpp must be terminated to VCC except during programming. 
C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as II0s. 
O. MODE must be terminated to circuit ground except during programming.t 
E. SOl and OCLK should be terminated to circuit ground during normal operation if not used as II0s.t 
F. Unused 110 pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused 110 

pins are driven low by design. 
G. All unidentified pins on the pin assignment drawings are standard 1I0s. 

t The security fuse must be programmed for SOl and OCLK to function as 1I0s. For device debugging on the user's circuit board, MODE, SOl, 
and OCLK should be terminated to circuit ground through a 10-kQ (or greater) resistor. They can be tied to ground if not debugging. 

38 

Figure 35. 44·Pln PLCC Pin Assignment 

TEXAS ..If 
INSIR.UMENTS 
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TPC10 SERIES 
CMOS FIELD·PROGRAMMABLE GATE ARRAYS 

SRFSOO1 F - 03864, DECEMBER 1989 - REVISED FEBRUARY 1993 

package pin assignments (continued) 

o Q 

~ ~ 
987654321~~~§~~~~ 

10 60 
11 59 
12 58 
13 57 

GND 14 56 
GND 15 55 

16 54 
17 53 
18 (TOP VIEW) 52 
19 51 
20 50 

VCC 21 49 
22 48 
23 47 
24 46 

Vpp 25 45 
26 44 

- - -
~a~~~~~~~~~~~~~~u 

Q 0 
Z ~ " 

NOTES: A. All pins marked GNO are ground connections and must be connected to circuit ground. 
B. Vpp must be terminated to VCC except during programming. 
C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as 1I0s. 
O. MODE must be terminated to circuit ground except during programming.t 

JiRBor If 0 
PRAor If 0 
DClKOR 110 
SDlor If 0 

VCC 
MODE 

ClKor If 0 

GND 

E. SOl and OClK should be terminated to circuit ground during normal operation if not used as 1I0s.t 
F. Unused 110 pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused VO 

pins are driven low by design. 
G. All unidentified pins on the pin assignment drawings are standard VOs. 

t The security fuse must be programmed for SOl and OCLK to function as VOs. For device debugging on the user's circuit board, MODE, SOl, 
and OCLK should be terminated to circuit ground through a 10-kO (or greater) resistor. They can be tied to ground if not debugging. 

Figure 3G. GO· Pin PLCC Pin Assignment 

1ExAs ." 
INSIRUMENTS 
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package pin assignments (continued) 
g 
15 

~ I II 

NC12 
13 
14 
15 
16 
17 

GND18 
GND19 

20 
21 
22 
23 
24 

VCC 25 
VCC 26 

27 
28 
29 
30 
31 
32 

11109 8 7 6 5 4 32 184838281807978777675 

(Top VIEW) 

NOTES: A. All pins marked GNO are ground connections and must be connected to circuit ground. 
B. ~ must be terminated to VCC except during programming. 
C. PM and PRB, the diagnostic probe outputs, should remain open if not used as I/Os. 
O. MODE must be terminated to circuit ground except during programming. t 

74 PRAorl/O 
73 DCLK or I/O 
72 SDlor I/O 
71 
70 
69 
68 VCC 
67 VCC 
66 MODE 
65 
64 CLKor I/O 
63 
62 
61 GND 
60 GND 
59 
58 
57 
56 
55 
54 

E. SOl and OCLK should be terminated to circuit ground during normal operation if not used as I/Os.t 
F. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused 110 

pins are driven low by design. 
G. All unidentified pins on the pin assignment drawings are standard VOs. 

t The security fuse must be programmed for SDI and DCLK to function as VOs. For device debugging on the user's circuit board, MODE, SOl, 
and DCLK should be terminated to circuit ground through a 10-kO (or greater) resistor. They can be tied to ground if not debugging. 

Figure 37. 84-Pln PLCC Pin Assignment 

1ExAs • 
INSIR.UMENTS 
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TPC10 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 

SRFSOO1 F - 03864, DECEMBER 1989- REVISED FEBRUARY 1993 

package pin assignments (continued) 

1 2 3 4 5 6 7 8 9 10 11 

A 00000000000 
B 00000000000 
C o 00 000 00 
D o 0 00 
E 000 000 
F 0 00 (TOP VIEW) 000 
G 0 00 000 
H 0 0 00 
J o 0 000 00 
K 00000000000 
L 00000000000 

1/0 Pin Assignments for the 84·Pln Ceramic Pin Grid Array Package 

SIGNAL TPC1010A TPC1020A 

PRA A11 A11 

PRB B10 B10 

MODE E11 E11 

501 B11 B11 

DCLK C10 C10 

Vpp K2 K2 

CLKorVO F9 F9 

GND B7, E2, E3, K5, F10, G10 B7,E2,E3,K5,F10,G10 

VCC B5,F1,G2,K7,E9,E10 85,F1,G2,K7,E9,E10 

NC (No Internal connection) B1, B2, C1, C2, K1, J2, L 1, B2 
J10, K10, K11, C11, 010, 011 

NOTES; A. All pins marked GND are ground connections and must be connected to circuit ground. 
B. Vpp must be terminated to VCC except during programming. 
C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as 1I0s. 
D. MODE must be terminated to circuit ground except during programming.t 
E. 501 and DCLK should be terminated to circuit ground during normal operation if not used as I/0s.t 
F. Unused 1/0 pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused 1/0 

pins are driven low by design. 
G. All unidentified pins on the pin assignment drawings are standard VOs. 
H. Orientation pin C3 is connected internally to pin C2. 

t The security fuse must be programmed for 501 and DCLK to function as VOs. For device debugging on the user's circuit board, MODE, SOl, 
and DCLK should be terminated to circuit ground through a 10-kO (or greater) resistor. They can be tied to ground if not debugging. 

Figure 38. 84·Pln CPGA Pin Assignment 

1ExAs ..II 
INSTRUMENTS 
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SRFSOO1 F - 03864, DECEMBER 1989 - REVISED FEBRUARY 1993 

package pin assignments (continued) 

(.) Q 

~ ~ 
848382818079787776757473727170696867666564 

NC 1 
NC 2 
NC 3 
NC 4 

5 
6 

GND 7 
GND 8 

9 
10 
11 (TOP VIEW) 
12 
13 

VCC 14 
VCC15 

16 
17 
18 

NC 19 
NC20 
NC 21 

222324252627282930313233343536373839404142 
~ Q (.) 

~ ~ ~ 
NOTES: A. All pins marked GNO are ground connections and must be connected to circuit ground. 

B. Yee. must be terminated to V CC except during programming. 
C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os. 
O. MODE must be terminated to circuit ground except during programming.t 
E. SOl and OCLK should be terminated to circuit ground during normal operation if not used as I/Os.t 

63 PRAor 110 
62 DCLK or 110 
61 SOl or 110 
60 NC 
59 NC 
58 NC 
57 VCC 
56 VCC 
55 MODE 
54 
53 CLKor 110 
52 
51 
50 GND 
49 GNO 
48 
47 
46 
45 NC 
44 NC 
43 NC 

F. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused 110 
pins are driven low by design. 

G. All unidentified pins on the pin assignment drawings are standard 1I0s. 
H. NC = No internal connection 

t The security fuse must be programmed for SOl and OCLK to function as 1I0s. For device debugging on the user's circuit board, MODE, SOl, 
and OCLK should be terminated to circuit ground through a 10-kll (or greater) resistor. They can be tied to ground if not debugging. 

Figure 39. TPC1010A 84-Pln CQFP Pin Assignment 

lExAs .. 
INSIRUMENTS 
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package pin assignments (continued) 
g .. 
o 

o Q 

~ ~ II 
848382818079787776757473727170696867666564 

NC 1 
2 
3 
4 
5 
6 

GND 7 
GND 8 

9 
10 
11 
12 
13 

VCC 14 
VCC 15 

16 
17 
18 
19 
20 
21 

(TOP VIEW) 

222324252627282930313233343536373839404142 

~ ~ ~ 
NOTES: A. All pins marked GNO are ground connections and must be connected to circuit ground. 

S. Vpp must be terminated to VCC except during programming. 
C. PRA and PRS, the diagnostic probe outputs, should remain open if not used as lIas. 
D. MOOE must be terminated to circuit ground except during programming.t 
E. SOl and OCLK should be terminated to circuit ground during normal operation if not used as lIas. t 

63 PRA or 110 
62 DCLK or 110 
61 SDI or I/O 
60 
59 
58 
57 Vce 
56 VCC 
55 MODE 
54 
53 CLKor I/O 
52 
51 
50 GND 
49 GND 
48 
47 
46 
45 
44 
43 

F. Unused 1/0 pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused 1/0 
pins are driven low by design. 

G. All unidentified pins on the pin assignment drawings are standard lIas. 
H. NC = No internal connection 

t The security fuse must be programmed for SOl and OCLK to function as lias. For device debugging on the user's circuit board, MOOE, SOl, 
and OCLK should be terminated to circuit ground through a 10-kQ (or greater) resistor. They can be tied to ground if not debugging. 

Figure 40. TPC1020A 84·Pln CQFP Pin Assignment 

TEXAS .. 
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CMOS FIELD-PROGRAMMABLE GATE ARRAYS 

SRFSOO1 F - 03864, DECEMBER 1989 - REVISED FEBRUARY 1993 

package pin assignments (continued) 

o g A. 

~~~~ ~ ~ ~~~ii~ 
80797877767574737271706968~66656463626160595857565554535251 

He 81 
NC 82 

83 
84 
85 

QND 86 
QND 87 

88 
89 

CLKorllO 90 
91 

MODE 92 
VCC 93 
VCC 94 

NC _95 
NC 96 
NO 97 

SDlorllO 98 

PFIl or 110 100 

o 
(TOP VIEW) 

o o 
9101112131415161718192021222324252627282930 

~ ~ ~~~~ 

NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground. 
B. Vpp must be terminated to VCC except during programming. 
C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/0s. 
D. MODE must be terminated to circuit ground except during programming.t 
E. SOl and DCLK should be terminated to circuit ground during normal operation if not used as 1I00.t 

SONC 

48 NC 
1fT 
46 
45 
44VCC 
43VCC 
42 
41 
40 
39 
38 
37QND 
36QND 
35 
34 
33NC 
32NC 
31 NC 

F. Unused 1/0 pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused 110 
pins are driven low by design. 

G. All unidentified pins on the pin assignment drawings are standard 1I0s. 
H. NC = No internal connection 

t The security fuse must be programmed for SOl and DCLK to function as 1I0s. For device debugging on the user's circuit board, MODE, SOl, 
and DCLK should be terminated to circuit ground through a 10-kO (or greater) resistor. They can be tied to ground if not debugging. 

Figure 41. TPC1010A 100-Pln PQFP Pin Assignment 
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TPC10 SERIES 
CMOS FIELD·PROGRAMMABLE GATE ARRAYS 

SRFSOO1F - 03864, DECEMBER 1989- REVISED FEBRUARY 1993 

package pin assignments (continued) 

81 
82 
83 
84 
85 

GND 86 
GND 87 

88 
89 

CLKor 1/0 90 
91 

MODE 92 
Vec 93 
VCC 94 

95 
96 
97 

SDI or 1/0 98 
DCLK or I/O 99 

o 

o 

(TOP VIEW) 

o 
12345678 9101112131415161718192021222324252627282930 

Q 
Z 
C!J 

NOTES: A. All pins marked GNO are ground connections and must be connected to circuit ground. 
B. Vpp must be terminated to VCC except during programming. 
C. PRA and PRS, the diagnostic probe outputs, should remain open if not used as I/0s. 
O. MODE must be terminated to circuit ground except during programming.t 

(,)(,)(,)(,) 
zzzz 

E. 501 and OCLK should be terminated to circuit ground during normal operation if not used as I/0s.t 

50 
49 
48 
47 
46 
45 

43VCC 
42 
41 
40 
39 
38 
37 GND 
36 GND 
35 
34 
33 
32 
31 

F. Unused 110 pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused 1/0 
pins are driven low by design. 

G. All unidentified pins on the pin assignment drawings are standard I/0s. 
H. NC = No Internal connection 

t The security fuse must be programmed for SOI.and OCLK to function as VOs. For device debugging on the user's circuit board, MODE, SOl, 
and DCLK should be terminated to circuit ground through a 1o-kO (or greater) resistor. They can be tied to ground if not debugging. 

Figure 42. TPC1020A 100-Pln PQFP Pin Assignment 
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actlonprobe pin assignments 

46 

There are four types of Actionprobes available: 44-, 68-, and 84-pin PLCC, and 84-pin PGA. At the time your 
order is placed, please specify which Actlonprobe you need. 

The Actionprobes are detailed in Figure 43 through Figure 46. 

• Indicates no connection 

@@ 
@@ 
@@) 

@@ 
@@ 
e@ 

e@@@)@@ 
@@@@@@ 

(TOP VIEW) 

Index Notch 

.... \., 
y 

@@@@G)@ 

@@00@. 

@. 
@@ 
@@ 
@@ 
0@ 
0@ 

NOTE: The view shown is from the TOP with pin 1 of the device facing down. 

Figure 43. 44-Pln PLCC Actlonprobe 

lExAs ..If 
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TPC10 SERIES 
CMOS FIELD-PROGRAMMABLE GATE ARRAYS 
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(" actlonprobe pin assignments (continued) 

(/ 

.@®@@@@@@ 
®@®®®@@@@ 

@@ @. 
@@) @)@ 

@@ @@ 
@@ @@ 
@ @ (TOP VIEW) @ @ 

@ @) @@ 

@@ @@ 
@ @ Index Notch '\ ® @ 

.@ y @@ 

• Indicates no connection 

~------------~----------~ 

@)@)@@)0000@ 
@@@@®0®®. 

NOTE: The view shown is from the TOP with pin 1 of the device facing down. 

Figure 44. 68-Pln PLCC Actlonprobe 
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actlonprobe pin assignments (continued) 

48 

@@ 
@@ 
@@ 
@@ 
@)@ 
@@ 
@@ 
@@ 
@@ 
@@ 
.® 

• Indicates no connection 

.@)@)@@@@@)@@@ 
®@@@@@@@@@@> 

(TOP VIEW) 

Index Notch " 

" 
@@@@@0@@0®@ 
@@@@@@000@. 

NOTE: The view shown is from the TOP with pin 1 of the device facing down. 

Figure 45. 84·Pln PLCC Actlonprobe 
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TPC10 SERIES 
CMOS FIELD·PROGRAMMABLE GATE ARRAYS 

SRFSOO1 F - 03864. DECEMBER 1989 - REVISED FEBRUARY 1993 

actlonprobe pin assignments (continued) 

The 84-pin pin-grid-array (PGA) Actionprobe has a number of pins around the socket connected to the device 
pins. The exact ordering of these pins is not obvious. 

Figure 46 shows the Actionprobe with the top view up, which is how the device sits in the socket. Pin A 1 is at 
the top left. Looking at the Actionprobe, pin A 1 appears on the circuit board for reference . 

G 
GY 
@ 
G) 
@ 
G) 

G> 
@ 
G) 
G) 

@@ 

• 9G)G)G9€)09G99 
.@@@@@GV@G>@9. a 

.. , .. 
@9 

,,:: G>@ 

9@ 
99 
99 
9<;) 
99 
99 

•• o·G)G)G)GG@@G>G)0. 
@€)@)@@G)@@@@G. 

99 
99 .@ 

• Indicates no connection or pin removed 

Figure 46. 84-Pln PGA Actlonprobe 
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w 

(20-pln package used for llluetratlon) 

o 
1+10,18(0.007)$1 Bgpl D-Egpl 

..-_-A-_ 0, ( •• e Note B) 

1+10,18(0.007)$1 Bgpl D-E~I 

I..L I (0.002IN.nN.) I B 1 0,51 (0.020) R. Max 
3 Places 

A1 Seating Plane ~I-H-I (see Note D) 

(see Note B) 

1,22 (0.048) 2 Places 
1,07 (0.042) ~ 1 f;l~)V I :=-1-. I 

1,42 (0.056) 
1,07 (0.042) 

0.81 (0.032) TYp. 
0,66 (0.026) • 

-C
A'-~~r~~~ 

R.TYP 

8 
<> .. 
~ 
+ 

JEDEC 
OUTLINE 

9 10 11 12 13 

1+lo,'8(0.007)~1 B~I A(§ij 
~-r 2 Side. (88e Note E) 

~ 1: 11.27(0.050)1 (se.NotaF) 
4 Sides *-t--f=3~' I r-;1+c-rI:":o,38=-:":(Oc:".O":":IS""')@'""Ir.:D-E""""'@""1 

~ 1+10,38(0.015)@IF-G@1 
-~q ~ 

0,51 (0.020) MIN. 

0.36!0 PI"! 0,20 0.008 (Include. Lead Finish) 

SUM OF DAM BAR PROTRUSIONS 
TO BE 0,18 (0.007) MAXIMUM 
PER LEAD 

g~fo:~ 0,64 (0.025) MIN. 
1+1°,18 (0.007)91 F-G@I 
1+10,18(0.007)11 D-E$I 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

~S A A1 D,E D1,E1 D2,E2 D3, E3 BASIC 
PINS MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

MO-047AC 44 
4,19 4,57 2,29 3,04 17,40 17,65 16,51 16,66 14,99 16,00 

12,70 (o.sOO) 
(0.165) (0.180) (0.090) (0.120) (0.685) (0.695) (0.650) (0.656) (o.s90) (0.630) 

MO-047AE 68 
4,19 5,08 2,29 3,30 25,02 25,27 24,13 24,33 22,61 23,62 

20,32 (0.800) 
(0.165) (0.200) (0.090) (0.130) (0.985) (0.995) (0.950) (0.958) (0.890) (0.930) 

MO-047AF 84 
4,19 5,08 2,29 3,30 30,10 30,35 29,21 29,41 27,69 28,70 

25,40 (1.000) 
(0.165) (0.200) (0.090) (0.130) (1.185) (1.195) (1.150) (1.158) (1.090) (1.130) 

NOTES: A. All dimensions conform to JEDEC Specification MO-047 AAIAF. Dimensions and tolerancing are per ANSI Y14.5M-1982. 
B. Dimension 01 and E1 do not include mold flash protrusion. Protrusion shall not exceed 0,25 (.010) on any side. 

C. Datums I D-E I and I F--G I for center leads are determined at datum I-H-I 
D. Datum I-H-I is located at top of leads where they exit plastic body. 

E. Location to datums I-A-I and I-B-I to be determined at datum I-H-I 
F. Determined at seating plane I-e-I 

Figure 47. PlastiC Leaded Chip Carriers 
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INDEX CORNER 
(TIOptlon) 

5,21 (0.205) 

2,79 (0.110) 

3,55 (0.140) 
3,05 (0.120) 

I~ 28,45 (1.120) ~I 
2:1,43 (1.080) 

'---------------------------~~ 

~ 

28,45 (1.120) 

2:1 ,43 (1.080) 

~------------------------~---

!t~1 f~lI~lI~llI~lI~lI~lI~lI ..... 1 1I~1I~~,.....1---,-~ 1,52 (0.060) 

o~1;~ ~ L f 1P2(0)>401 

0,419 (0.0165) 1,2:1 (0.050) NOM 
DIA TYP DIA (4 Places) 

2,54 (0.100) T.P. -+1 j.-
-x---L @)@@@@@@@@@@)~ 

K@@@@@@@@@@@ ~~~ffi 
J@@ @@@ @@I 
H@@ @@ 
G@@@ 

25,4 (1.000) REF F @ @ @ 

E@@@ 

@@@ 
@@@ 
@@@ 

D@@ @@ 
Orientation Pin C3 

C @ @ @) @ @ @ @ @ 4-- (sae Note B) 

B@@@@@@@@@@@ 
..L--A@@@@@@@@@@@ 

1 2 3 4 5 6 7 8 9 10 11 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Pins are located within 0,13 (0.005) radius oftrue position relative to each other at maximum material condition and within 0,381 (0.051) 
radius relative to the center of the ceramic. 

B. Orientation pin C3 is connected internally to pin C2. 

Figure 48. 84-Pln Ceramic Pln-Grld-Array Package 
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L..o 36:1 1:420 , 

.. 16.8l0.660J ~ ... 16,21).640 ~ r 12,7 (0 .... ) REF ::1 r- 6,35 (0.250) 

~ 

~ 
Index Mark 

-+ 16,8lo.660J 
16,2 0.640 

I 

I 

~ 

0,64 (0.025) TYP 

See Detail A 

~ 

37,2 f1 
36.1 1 

~ 

3~(0~j~] ° 3 0.008 
0,102 0.004 

f 

DETAIL A 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

Figure 49. 84·Pln Ceramic Quad Flat Package 
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Contact the factory for mechanical data 

Figure 50. 84·Pln Ceramic Quad Flat Package With Nonconductlve Tie Bar 
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54 

(120-pln package used for illustratIon) 

Pin #1 1.0. 

0.23 
0.13 

Seating 
Plane 

DB>---~ 
1+10.20@lcl A-B @Ic®l 

D1[Ptp ----III 

1+lo.20@IHI A-B @1[x§)1 
. ..L 10.05 MMiMMIA-~ 

See Detail A r-== D3D-n 
-+~----~~--------~ 

+ ---+ 

ZE 

Datum Plane -r--...-t=r'Rl'=rFIIF=~iJ 

Formed Lead 
DImensIon (REF.) 

DETAIL A 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS [j> 

Figure 51. Plastic Quad Flat Packages 
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i~=l~ ~c: 

~~ 
~~. 
~ 
~ 
m 

~ 

~ ~, .~ 

A2 D Dl D3 ZD E El E3 ZE L [!] B FORMED A I Al 
JEDEC # PKG 

OUTLINE I PINS I TYPE I MAX MAX MAX MAX MAX MAX MAX MAX ND NE 
LEAD 

aaa DIM. 
(REF) (REF) (REF) (REF) BASIC (REF) 

MIN MIN MIN MIN MIN MIN MIN MIN 

1;~-1 1 100 1 RECT 1 3,40 1 0,25 
3,05 23,45 20,10 

18,85 
17,45 14,10 

12,35 0,83 
0,95 

(];![I 
0,38 

1,60 
2,55 22,95 19,90 

0,58 
16,95 13,90 0,65 0,22 I 0,12 I 30 I 20 I 

NOTES: [!> 
~ 
19 
B> 
[§> 

[§> 
IZ> 

All dimensions are millimeters (mm), and confonn to JEDEC specification MO-108 (issue AlOctober 1990). Dimensions and tolerancing per ANSI Y14.5M-1982. 

Datum plane I-H-I is located at bottom of lead and is coincident with the lead where the lead exits the plastic body at the bottom of the parting line. 

Datums 1 A--B 1 and 1-0-1 for center leads are detennined at datum I-H-I . 
Detennined at seating plane I ~ 1 

Dimensions 01 and E1 ~ include mold protrusion. Allowable protrusion is 0.25 per side. Dimensions 01 and E1 do include mold mismatch and are deter
mined at datum plane ~ . 

Detennined at datum plane I-H-I 
Dimension 8 does not include dambar protrusion. Allowable dambar protrusion shall be 0.08 total in excess of the 8 dimension at maximum material condition. 
Dambar cannot be located on the lower radius or the foot. A minimum solder finish thickness of 0.0051 is guaranteed. 
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TI Worldwide 
Sales Offices 
ALABAMA: Huntsville: 4960 Corporate Drive, 
Suite 150, Huntsville, AL35805, (205) 837-7530. 
ARIZONA: Phoenix: 8825 N. 23rd Avenue, 
Suite 100, Phoenix, AZ 85021, (602) 995-1007. 
CALIFORNIA: Irvine: 1920 Main Street, Suite 
900 Irvine, CA92714, (714)660-1200; San 
DieQo: 5625 Ruffin Road, Suite 100, San Diego, 
CA92123, (619) 278-9600; Santa Clara: 5353 
Betsy Ross Drive, Santa Clara, CA 95054, (408) 
980-9000; Woodland Hills: 21550 Oxnard 
Street, Suite 700, Woodland Hills, CA 91367, 
(818) 704-8100. 
COLORADO: Aurora: 1400 S. Potomac Street, 
Suite 101, Aurora, CO 80012, (303) 368-8000. 
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Lake Boulevard, Suite 1008, Altamonte Springs, 
FL 32701, (407) 260-2116; .Fort Lauderdale: 
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Lauderdale, FL 33309, (305) 973-8502; Tampa: 
4803 George Road, Suite 390, Tampa, FL 
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GEORGIA: Norcross: 5515 Spalding Drive, 
Norcross, GA 30092-2560, (404) 662-7967. 
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Algonquin, Arlington Heights, IL 60005, (708) 
640-2925. 
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Suite 100 Carmel, IN 46032, (317) 573-6400; 
Fort Way'ne: 103 Airport North Office Park, Fort 
Wayne, IN 46825, (219) 489-4697. 
KANSAS: Overland Park: 7300 College Blvd., 
Lighton Plaza, Suite 150, Overland Park, KS 
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MARYLAND: Columbia: 8815 Centre Park Dr., 
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Mile Road, Farmington Hills, M148018, (313) 
553-1581. 
MINNESOTA: Eden Prairie: 11000 W. 78th 
Street, Suite 100, Eden Prairie, MN 55344, (612) 
828-9300. 
MISSOURI: St. Louis: 12412 Powerscourt 
Drive, Suite 125, SI. Louis, MO 63131, (314) 
821-8400. 
NEW JERSEY: Iselin: Metropolitan Corporate 
Plaza, 485 Bldg E. u.S. 1 South, Iselin, NJ 
08830, (908) 750-1050. 
NEW MEXICO: Albuquerque: 2709 J. Pan 
American Freeway NE, Albuquerque, NM 87101, 
(505) 345-2555. 
NEW YORK: East Syracuse: 6365 Collamer 
Drive East Syracuse, NY 13057, (315) 
463-9291; Fishkill: 300 Westage Business Ctr., 
Suite 140, Fishkill, NY 12524, (914) ~97-2900; 
Melville: 48 South Service Road, SUite 100, 
Melville, NY 11747, (516) 454-6601; Pittsford: 
2851 Clover Street, Pittsford, NY 14534, (716) 
385-6770. 
NORTH CAROLINA: Charlotte: 8 Woodlawn 
Green, Suite 100, Charlotte, NC 28217, (704) 
527-0930; Raleigh: 2B09 Highwoods Boulevard, 
Suite 100, Raleigh, NC 27625, (919) 876-2725. 
OHIO: Beachwood: 23775 Commerce Park 
Rd., Beachwood, OH 44122-5875, (216) 
765-7258; Beavercreek: 4200 Colonel Glenn 
Hwy., Suite 600, Beavercreek, OH 45431, (513) 
427-6200. 
OREGON: Beaverton: 6700 S.W. 105th Street, 
Suite 110, Beaverton, OR 97005, (503) 643-8758. 
PENNSYLVANIA: Blue Bell: 670 SentlY 
Parkway, Suite 200, Blue Bell, PA 19422, (215) 
825-9500. 
PUERTO RICO: Hato Rey: 615 Mercantil Plaza 
Bldg., Suite 505, Hato Rey, PR 00919, (B09) 
753-8700. 
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GmbH., Haggertystrasse 1,8050 Freising, 
(08161) BO-o; Kurfurstendamm 195-196, 1000 
Berlin 15, (030) 8 82 73 65; Dusseldorfer Strasse 
40, 6236 Eschbom 1, (06196) 8070; 
Kirchhorster Strasse 2,3000 Hannover 51, 
(0511) 6468-0; Maybachstrasse II, 7302 
Ostfildern 2 (Nellingen), (0711) 3403257; 
Gildehofcenter, Hollestrasse 3, 4300 Essen 1, 
(0201) 2425-0. 
HOLLAND: Texas Instruments Holland B.V., 
Hogehilweg 19, Postbus 12995, 1100 AZ 
Amsterdam-Zuidoost, Holland, (020) 5602911. 
HONG KONG: Texas Instruments Hong Kong 
Ltd., 8th Floor, World Shipping Center, 7 Canton 
Road, Kowloon, Hong Kong, 737-0338. 
HUNGARY: Texas Instruments Representation, 
Budaorsi ut42, 1112 Budapest, HungalY, 
(1) 1666617. 
IRELAND: Texas Instruments Ireland Ltd., 7/8 
Harcourt Street, Dublin 2, Ireland, (01) 755233. 
ITALY: Texas Instruments Italia S.p.A., c.entro 
Direzionale Colleoni, Palazzo Perseo - Via 
Paracelso 12, 20041 Agrate Brianza (Mi), Italy, 
(039) 63221; Via Castello della Mag!iana, 38, 
00148 Roma, Italy, (06) 6572651; Via Amendola, 
17,40100 Bologna, Italy, (051) 554004. 
JAPAN: Texas Instruments Japan Ltd., Aoyama 
Fuji Building 3-6-12 Kita-Aoyama Minato-Ku, 
Tokyo, Japan 107,03-498-211.1; MS Shibaura 
Bldg. 9F 4-13-23 Shibaura, Mlnato-ku, Tokyo, 
Japan 108,03-769-8700; Nissho-Iwai Bldg. 5F, 
2-5-8Imabashi, Chuou-ku, Osaka, Japan 541, 
06-204-1881; Dai-ni Toyota Bldg. Nishi-kan 7F, 
4-10-27 Meieki, Nakamura-ku, Nagoya, Japan 
450,052-583-8691; Kanazawa Oyama-cho 
Daiichi Seimei Bldg. 6F, 3-10 Oyama-cho, 
Kanazawa-shi, Ishikawa, Japan 920, 
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0762-23-5471; Matsumoto Showa Bldg. 6F, 
1-2-11 Fukashi, Matsumoto-shi, Nagano, Japan 
390, 0263-33-1060; Daiichi Olympic Tachikawa 
Bldg.6F, 1-25-12, Akebono-cho, Tachlkawa-shl, 
Tokyo, Japan 190, 0425-27-6760; Yokohama 
Business Park East Tower 10F, 134 Goudo-cho, 
Hodogaya-ku, Yokohama-shi, Kanagawa, Japan 
240 045-338-1220; Nihon Seimei Kyoto Yasaka 
Bldg. 5F, 843-2, Higashi-Shiokohji-cho, 
Higashi-iru, Nishinotoh-in, Shiokohji-dori, 
Shimogyo-ku, Kyoto, Japan 600, 075-341-7713; 
Sumitomo Seimei Kumagaya Bldg. 8F, 2-44 
Yayoi, Kumagaya-shi, Saitama, JaP!ln 360, 
0485-22-2440; 2597-1, Aza Harudal, Oaza 
Yasaka, Kitsuki-shi, Oita, Japan 873, 
09786-3-3211. 
KOREA: Texas Instruments Korea Ltd., 28th 
Floor, Trade Tower, 159, Samsung-Dong, 
Kangnam-ku Seoul, Korea, 2-551-2800. 
MALAYSIA: Texas Instruments Malaysia, Sdn. 
Bhd., Asia Pacific, Lot 36.1 #Box 93, Menara 
Maybank, 100 Jalan Tun Perak, 50050 Kuala 
Lumpur, Malaysia, 2306001. 
MEXICO: Texas Instruments de Mexico SA de 
C.V., Alfonso Reyes 115, Col. Hipodromo 
Condesa, Mexico, D.F., 06170, 5-515-6081. 
NORWAY: Texas Instruments Norge AlS, B.P. 
106, Refstad (Sinsenveien 53),0513 Oslo 5, 
Norway, (02) 155 090. 
PEOPLE'S REPUBLIC OF CHINA: Texas 
Instruments China Inc., Beijing Representative 
Office, 7-05 CITIC Building, 19 Jianguomenwai 
Dajie, Beijing, China, 5()(}2255, Ext. 3750. 
PHILIPPINES: Texas Instruments Asia Ltd., 
Philippines Branch, 14th Floor, Ba-Lepanto 
Building, Paseo de Roxas, Makati, Metro Manila, 
Philippines, 2-8176031. 
PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal) LDA., Ing. Frederico 
Ulricho, 2650 Moreira Da Maia, 4470 Maia, 
Portugal, (2) 9481003. 
SINGAPORE (& INDIA, INDONESIA, 
THAILAND): Texas Instruments Singapore 
(PTE) Ltd., Asia Pacific, 101 Thomson Road, 
#23-01 United Square, Singapore 1130,3508100. 
SPAIN: Texas Instruments Espana SA, 
c/Gobelas 43, Urbanizasion La Florida, 28023 
Madrid, Spain, (1) 372 8051; clDiputacion, 
279-3-5, 08007 Barcelona, Spain, (3) 317 91 80. 
SWEDEN: Texas Instruments Intemational Trade 
Corporation (Sverigefilialen), lsafjordsgatan, Box 
30, 164 93 Kista, Sweden, (08) 752 58 00. 
SWITZERLAND: Texas Instruments Switzerland 
AG, Riedstr. 6, 8953 Dietikon, SWitzerland, (01) 
7442811. 
TAIWAN: Texas Instruments Taiwan Limited, 
Taipei Branch, 10th Floor, Bank Tower, 205 ~ung 
Hua N. Road, Taipei, Taiwan, 10592, Republic of 
China, 2-713 9311. 
TURKEY: Texas Instruments, DSEG MidEast 
Regional Marketing Office, Karum Center, Suite 
442, Iran Caddesi 21, 06680 Kavaklidere, 
Ankara, Turkey, 4-468-0155. 
UNITED KINGDOM: Texas Instruments Ltd., 
Manton Lane, Bedford, England, MK41 7PA, 
(234) 270 111. 

TI Authorized 
North American 
Distributors 
Alliance Electronics, Inc. (militalY product only) 
AlmaC/Arrow 
Anthem Electronics 
Arrow/Schweber 
Future Electronics (Canada) 
Hall-Mark Electronics 
Marshall Industries 
Newark Electronics* 
Wyle Laboratories 
Zeus Components 
Rochester Electronics, Inc. (obsolete product 
only) 
*Not authorized for TI military products 
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