
• Six Arrays with up to 16 758 
Useable Gates 

• Fast Prototype Tum-around Time 

• Extensive Design Support 
Design Libraries Compatible with Daisy 
and Mentor CAE Systems 
TI Regional ASIC Design Centers 
TI ASIC Distributor Design Centers 

• Library Contains 222 Macros Including: 
Register Files, Oscillators 

- Scan Flip-Flops/Latches 
- Clock Distribution Macros 

• TGC100 1-~ EPIC·M CMOS Technology: 

TGC100 SERIES 
1-Jll1l CMOS GATE ARRAYS 

RELEASE REVISED OCTOBER 1988 

AC PERFORMANCE TEST STRUCTURE 

BOND PAD EXTERNAL INTERFACE MACRO 

Double-Level Metal, Silicided-Poly 
Typical Gate Delay 500 ps (FO = 3) 
Flip-Flop Toggle Rates Up to 208 MHz 
ESD and Latch-Up Protected I/Os 
Outputs with Up to 20-mA Sink Current 
di/dt Controlled or Full-Speed Outputs FIGURE 1. TGC103 CMOS GATE ARRAY 

description 

The Texas Instruments TGC100 Series comprises six gate arrays, each fabricated using TI's 
1-fJIll advanced silicon-gate CMOS EPICTM process. The process features two levels of copper­
doped-aluminum metallization for interconnect. Silicided polysilicon gate, source, and drain 
elements further reduce internal resistance and enhance performance. N-channel and P­
channel gate lengths are patterned at 1-fJIll. The six base gate-arrays, with their basic-cell 
and bond-pad configurations and production packages, are shown below. 

BASIC CELLS PRODUCTION PACKAGES 
2-INPUT GATES GATE TOTAL 

PLASTIC PLASTIC 
ARRAY TOTAL MAXIMUM BOND LEADED CHIP DIP CARRIER 
TYPE AVAILABLE USABLE PADS 28 40 28 44 68 84 

TGC103 3200 2880 84 v v v v v v 

TGC105 5376 4838 118 v v v v v 

TGC108 8896 8006 142 v v v v v 

TGC112 12654 11 389 196 v v 

TGC115 15580 14022 216 

TGC118 18620 16758 216 

NOTE 1: For the quad-flat packages (QFP) v - JEDEC and • - EIAJ 

EPIC is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TGC100 SERIES 
1-~ CMOS GATE ARRAYS 

\ 

The basic structure of the TGC100 Series 1-J.U11 CMOS gate arrays consists of basic-ceil 
columns separated by wiring channels. A perimeter of external Interface macros are 
configurable as inputs, outputs, bidirectional I/Os, oscillators, or power pins. Each 4-translstor 
Internal basic cell is equivalent to a 2-lnput NAND gate. 

Each base array in the TGC100 Series incorporates an ac-performance test structure 
embedded in an otherwise unused comer of the array. Although not user-accessible from the 
I/O bond pads, this test structure is activated by TI during the wafer-probe stage of device 
fabrication. Measurements are made to verify that the ac performance of the finished gate 
array falls within the normal production range. For most applications, this ac performance 
verification, in conjunction with the standard 1-MHz functional testing and DC parametric 
testing, is sufficient to ensure correct device operation and performance. 

library functions 

The TGC100 Series gate array library includes basic gates, buffers, flip-flops, latches, 
registers, and MSI macros. Of the 222 macros offered, 195 are hardwired and 27 are software 
macros. The hardwired macros provide a broad selection of predesigned, fully characterized 
functions. The software macros provide popular TIL/CMOS-type MSI functions, which can be 
used as supplied or modified at the workstation to suit your design requirements. Additional 
user-defined software macros can be created using the TGC100 library macros. Library release 
2.0 contains the following classes of macros: 

• 2 Hardwired MegaModule ™ Register Files and 27 MSI Software Macros 
• 39 Register, Scan Flip-Flops/Latches, Delay Elements 
• 75 Gate, Bus Buffers, and Macro Building Blocks 
• 79 External Input, Output, Bidirectional Buffer and Oscillator Macros 

A workstation library summary, showing essential performance data and basic-cell utilization, 
begins on page 14. A complete TGC100 Series Design Kit, supplied for the Daisy or Mentor 
CAE Systems, Includes the following: 

• TGC100 Series Data Manual 
• CMOS Gate Array Design Manual 
• Design Support Software User's Manual 
• TGC100 Series Design Library 

The DeSign Kit is arranged to accommodate new material as it is issued. 

MegaModule is a trademark of Texas Instruments Incorporated. 
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TGC100 SERIES 
1-J.lI11 CMOS GATE ARRAYS 

design flow 

User-defined semi custom Integrated circuits, designed using TI/s TGC100 Series Macro 
Function Library in conjunction with Daisy or Mentor CAE Systems, can be simulated and 
verified prior to creating the design database files. The database flies generated are used to 
create the photomask tooling for fabrication. These flies are also used by the test programs 
required for acceptance of the user-deflned gate array prototypes. Figure 2 provides an 
overview of the design flow. 

Design functions 
performed by: 

CUSTOMER ANDIOR 

ASIC DESIGN CENTER 

LOGIC DIAGRAM 

MACRO SELECTION 

DESIGN CAPTURE 

SIMULATION/TEST 

DESIGN 
SPECIFICATION 

CONTRACT REVIEW 
AND ACCEPTANCE 

POST-LAYOUT 
SIMULATION 

DESIGN SIGN-OFF 

PROTOTYPE 
ACCEPTANCE 

1 

1 . 
I . 
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-I 

I • . 

I 
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.II 
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Design functions 
performed by: 

ASIC DESIGN CENTER 

DESIGN REVIEW 

CONTRACT 
PREPARATION 

LAYOUT 

POST-LAYOUT ac 
BACK ANNOTATION 

1 

1 

1 

1 

.1 

I 
1 . 
I -

I 

Fabrication functions 
performed by: 

ASIC DIVISION 

TEXAS INSTRUMENTS 

PHOTOMASK TOOLING 

FABRICATION 

ASSEMBLY 

TEST 

DELIVERY 

I ~.I 
- VOLUME PRODUCTION 

FIGURE 2. TGC100 SERIES DESIGN FLOW OVERVIEW 

If desired, TGC100 Series gate array designs can be migrated easily to TI standard cell 
designs. 
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TGC100 SERIES 
1-~ CMOS GATE ARRAYS 
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prototype and production 

The standard TGC100 Series nonrecurring engineering (NRE) charge and prototype cycle-time 
quotation includes the following products and services: 

• Initial Design Review 
• Design Specification Generation 
• Development Contract Preparation 
• Design Layout (macro placement and routing) 
• Post-Layout OC 
• Delivery of Post-Layout Delay Files (back annotation) 
• Photomask Tooling 
• Fabrication, Assembly, and Test of Prototypes 
• Delivery of Five (5) Prototypes (See Notes 2 and 3) 

NOTES: 2. Prototypes are assembled in packages that are socket and footprint compatible with the package 
chosen for production units. 

3. Prototypes are tested for functionality using customer-supplied test patterns at f - 1 MHz, Vee - 5 V, 
and T A - 25°e. 

prototype and production testing 

Standard testing that is performed on TGC100 Series products is enumerated in Table 1. The 
wafer probe tests use the 1 MHz test description language (TDL) pattern set and includes 
testing the ac performance of the die by exercising the ac-performance test structure. 
Specified logic-level thresholds are utilized to test output voltage (VOH, Vall, off-state output 
current (IOz), quiescent supply current (lcd, and input current (IlL, IIH). 

TABLE 1. TGC100 SERIES STANDARD TESTING 

1-MHz TEST DESCRIPTION 
LANGUAGE (TDL) PATTERN 

SET 

Prototype Unit Tests 

Production Wafer Probe Tests 

Production Unit Tests 

SUPPLY VOLTAGE 
(VCC) 

4.5 V 5V 5.5 V 
yo 

yo yo yo 

yo yo yo 
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TEMPERATURE 

250C 700C 
yo 

yo 

yo 
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TGC100 SERIES 
1-JUll CMOS GATE ARRAYS 

options for prototype and production units 

In addition to the standard TGC100 Series product and services previously outlined, the 
following options may be selected (at additional cost and cycle-time): 

• Additional Prototypes 
• Additional 1-MHz Test Vectors 
• Prototype Devices Tested Over Temperature- and Vee-Range Plus DC Parametrics 
• Critical Path Delay Measurements (pin-to-pin) 
• "At-Speed" Test Vectors 
• NonStandard Vee and Ground Pin Locations 
• Operating Temperature Range Other Than O°C to 700C 

For a quotation or further details of available options, please contact your local TI Sales Office 
or TI-Authorlzed ASIC Distributor. 

macro naming summary 

The logic function implemented by each of the TGC100 Series gate array macro functions is 
indicated by the macro name prefix. An index to the macro name prefixes is shown in Table 2. 
The W suffix appended to each macro name Indicates 1-J.1Il1 CMOS technology. 

TABLE 2. INDEX TO MACRO FUNCTION PREFIXES 

AD ........................... Adder 
AN ......•................ AND Gates 
AO ..................... AND-OR Gates 
BF .. Multi-Stage AND, NAND, NOR, OR Gates 
BU .......................... Buffers 
DE ..•........... Decoders/Demultiplexers 
DF/DT. . . . . . . . . . . . . . .. D-Type Flip-Flops 
DL . . . . . . . . . . . . . . . . . . . . . Delay Elements 
EN .. . . • . . . . . . . . . .. Exclusive-NOR Gates 
EX .................. Exclusive-OR Gates 
10 ..•........... Bidirectional I/O Buffers 
IP . . . . . . . . . . . . . . . . . . . . . .. Input Buffers 
IV ..•....................... Inverters 
JK . . • . . . . . . . . . . . . . .. J-K Type Flip-Flops 

LA . . . . . . . . . . . .. D-Type and S-R Latches 
LH .......................... Latches 
MU ..... . . . . . . . . . . . . . . .. Multiplexers 
NA .. . . . . . . . . . . . . . . . . . .. NAND Gates 
NO . . . . . . . . . . . . . . . . . . . . . . . NOR Gates 
OP . . . . . . . . . . . . . . . . . . .. Output Buffers 
OR ........................ OR Gates 
OS . . . . . . . . . . . . . . . . . . . . . .. Oscillators 
R ...... . . . . . . . . . . . . . . . . . .. Registers 
RF . . . . . . . . . . . . . . . . . . . .. Register Files 
S ................... Software Macros 
TA ............... Toggle Type Flip-Flops 
TO . . . . . . . . . . . . . . . . . . .. Scan Flip-Flops 
TO .......... Hi- and Lo-Level Tie-Off Gate 

TEXAS ..., 
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TGC100 SERIES 
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absolute maximum ratings over operating free-air temperature ranget 

Supply voltage range, Vcc ..................................... -0.5 V to 7 V 

Input voltage range, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 

Output voltage range, Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 

Input clamp currentt 11K (VI < 0 or VI > Vcc) • . . . . . . . . . . . • . . . . . . . . . . . . . . .. ±20 mA 

Output clamp current§ 10K (Vo < 0 or Vo > VCe> .•.........•............. ±20 mA 

Continuous output current§ (Vo = 0 to VCe> ........................•..... ±25 mA 
Operating free-air temperature range. . . . . . .. ....................... O"C to 70"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 operation of the device at or beyond the conditions indicated in the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute maximum rated conditions for extended periods 
may affect device reliability. 

t Applies for external input and bidirectional buffers. 
§ Applies for external bidirectional and output buffers. 

recommended operating conditions 

VCC Supply voltage 

VIH High-level input voltaget 
CMOS-compatible inputs 

TTL-compatible inputs 

VIL Low-level input voltaget 
CMOS-compatible inputs 

TTL-compatible inputs 

VI Input voltaget t 

VT+ 
Positive-going CMOS-compatible inputs 
threshold voltaget TTL-compatible inputs 

VT-
Negative-going CMOS-compatible inputs 
threshold voltaget TTL-compatible inputs 

Vhys 
Hysteresist CMOS-compatible inputs 
(VT+ - VT-) TTL-compatible inputs 

Vo Output voltage§ 

IOH High-level output current§ 

IOL Low-level output current§ 

TA Operating temperature range 

tt Input transition time (rise and fall)t 

t Applies for external input and bidirectional buffers without hysteresis. 

t Applies for external input buffers with hysteresis. 

§ Applies for external bidirectional and output buffers. 
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MIN NOM MAX 

4.5 5 5.5 

0.7VCC 

2 

0.2VCC 

0.8 

0 VCC 

0.7VCC 

2 

0.2VCC 

0.8 

1.7 

0.4 

0 VCC 

As specified on 
individual data sheets 

0 70 

0 25 
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TGC100 SERIES 
1-J.lIll CMOS GATE ARRAYS 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

CMOS threshold 
IOH .. Rated 

VOH High-level TTL threshold 
output voltageff Inputs without IOH = -20 JIA. 

pull-up See Note 5 

CMOS threshold 
IOL = Rated 

VOL 
Low-level TTL threshold 
output voltage" Inputs without IOL = 20 JIA. 

pull-down See Note 5 

TGC103 

TGC105 

ICC Supply Current 
TGC108 VI" VCC OR O. 
TGC112 See Note 6 

TGC115 

TGC118 

ff Not applicable for N-channel open-drain output buffers. 
It Not applicable for P-channel open-drain output buffers. 

NOTES: 5. These limits apply when all other outputs are open. 

MIN MAX UNIT 

3.7 

2.4 V 

VCC-0.1 

0.5 

0.5 V 

0.1 

225 

350 

450 
JIA 

650 

750 

800 

6. For external Inputs and bidirectional I/O buffers with pull-up source VI - vee and with pull-down source VI - O. 
the remaining electrical and switching characteristics are summarized in the library listing beginning on page 14. 
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input, output, and bidirectional buffers 

The TGC100 Series library contains a wide selection of input, output and bidirectional buffers 
that facilitate design trade-offs. The buffers include versions having active pull-up or pull­
down terminators and N-channel and P-channel open-drains. 

input buffers 

Input buffers are available with CMOS-or TTL-level thresholds that feature inverting and 
noninverting versions with and without hysteresis. A guide to Input buffer selection Is shown 
In Table 3. 

TABLE 3. INPUT BUFFER SELECTION GUIDE 

INPUT INVERTINGt LOGIC TYPE MACRO NAME THRESHOLD NONINVERTING AND OPTIONS 

standard IPI01 LJ 

Noninverting 70-JJA Pull-up IPL01LJ 

CMOS 70-JJA Pull-down IPU01 LJ 

Hysteresis IPI06LJ 
Inverting 

Standard IPIOOLJ 

standard IPI04LJ 

70-JJA Pull-up IPL04LJ 
TIL Noninverting 

70-JJA Pull-down IPU04LJ 

Hysteresis IPI09LJ 

These input buffers feature 2-pin crystal-controlled oscillator circuits embedded in an input 
design. 

TABLE 4. CRYSTAL-CONTROLLED OSCILLATORS 

FREQUENCY MACRO NAME 

55-to-75 MHz OSI11 LJ 
35-to-55 MHz OSI12LJ 
20-to-35 MHz OSI13LJ 

1-to-20 MHz OSI14LJ 

Performance specifications for input buffers and crystal-controlled oscillators are contained in 
the workstation library summary section of this data sheet and also in the TGC100 Series Data 
Manual. 
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INSTRUMENTS 

POST OFFice BOX 655012 • DALLAS. TeXAS 75265 



di/dt control 

TGC100 SERIES 
1-~ CMOS GATE ARRAYS 

The rapid rate of change of current (di/dt) developed during high-speed logic-level transitions 
of output and bidirectional buffers creates unwanted voltage transients if the gate array Is 
installed in a system having high Vcc and/or ground Impedances (see Figure 3a). To assist in 
minimizing unwanted voltage transients, the TGC100 Series Gate Array library includes output 
and bidirectional buffers having integral dl/dt control (see Figure 3b). Full-speed, non-di/dt­
controlled versIons are also offered for critical paths. 

1+----""'" 

o 

1+-----' 

o+----""\. 

a. WITHOUT di/dt CONTROL 

1+---...... 
SWITCHING 
OUTPUT(S) o 

UNSWITCHED 1 
OUTPUT(S) 

0+---------------------------------

b. WITH di/dt CONTROL 

FIGURE 3. TYPICAL EFFECTS OF di/dt CONTROL 

When using non-di/dt-controlled output buffers, the following methods are some of the options 
used to minimize the di/dt related transients and reduce Vcc and ground trace impedances. 

• Locate non-di/dt-controlled output and bidirectional buffers on low-inductance pins and 
adjacent to Vcc and ground pins. 

• Minimize the number of simultaneously switching outputs. 
• Increase the number of Vcc and ground pins. 
• Increase the width of printed-circult board's Vcc and ground traces, or use dedicated Vcc 

and ground planes. 

Table 5 provides a selection guide for choosing the correct buffer based on the type of load 
driven, along with potential Vcc and ground pin requirements reduction. 

TABLE 5. BUFFER SELECTION GUIDE 

APPLICATION (TYPE OF LOAD DRIVEN) CONSIDER USING 
POTENTIAL BUFFER TYPE 

CMOS/MOS AC/ACT TERMINATED CRITICAL 
VCC/GND PIN 

LS ALS/S/AS/F LINES PATHS I/Os OUTPUTS REDUCTION 

• • • IO(K, N, W)XXLJ OPKXXLJ 45% 

• • • IO(I,L,U)XXLJ OPIXXLJ 0 

Detailed design guidelines on the selection of output and bidirectional buffers, and Vcc and 
ground pin requirements, are contained in the CMOS Gate Array Design Manual. 

TEXAS • 
INSTRUMENTS 
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TGC100 SERIES 
1-J.lI1l CMOS GATE ARRAYS 

output and bidirectional I/O characteristics 

The high-level and low-level output voltage characteristics of external outputs and bidirectional 
II0s are common for all types of macros. The electrical characteristics table on page 6 
provides the VOH and VOL parameters. 

output buffers 

10 

Output buffers are available in totem-pole, 3-state, N-channel, or P-channel open-drain output 
configurations, with drive current ratings from 2 rnA to 20 rnA. Performance specifications are 
contained In the workstation library summary section of this data sheet and also in the TGC100 
Series Data Manual. A guide to output buffer selection is shown In Table 6. 

TABLE 6. OUTPUT BUFFER MACRO SELECTION GUIDE 

MACRO NAME OUTPUT OUTPUT CURRENT 
CONFIGURATION (Source/Sink) (and performance class) 

(See Note 7) (rnA) WITH di/dt 

212 OPK20LJ 

4/4 OPK40LJ 

TOTEM-POLE 
8/8 OPK80LJ 

12/12 OPKHOLJ 

12/16 OPKAOLJ. 

12/20 OPKJOLJ 

OPEN-DRAIN 2 OPK21LJ 

N-Channel 4 OPK41LJ 
(See Note 8) 

8 OPK81LJ 

OPEN-DRAIN 2 OPK24LJ 

P-Channel 4 OPK44LJ 
(See Note 9) 

8 OPK84LJ 

2/2 OPK23LJ 

3-STATE 4/4 OPK43LJ 

8/8 OPK83LJ 

NOTES: 7. All output buffers are noninverting. 
8. N-channel open-drain outputs are for sink current. 
9. P-channel open-drain outputs are for source current. 
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WITHOUT di/dt 

OPI20LJ 

OPI40LJ 

OPI80LJ 

OPIHOLJ 

OPIAOLJ 

OPIJOLJ 

OPI21LJ 

OPI41LJ 

OPI81LJ 

OPI24LJ 

OPI44LJ 

OPI84LJ 

OPI23LJ 

OPI43LJ 

OPI83LJ 



bidirectional input/output buffers 

TGC100 SERIES 
1-JlI11 CMOS GATE ARRAYS 

Bidirectional I/O buffers are available In 3-state output configurations, with drive current ratings 
from 2 rnA to 8 mA. Performance specifications are contained In the workstation library summary 
section of this data sheet and also in the TGC100 Series Data Manual. A guide to bidirectional 
buffer selection is shown in Table 7. 

TABLE 7. BIDIRECTIONAL I/O BUFFER SELECTION GUIDE 

OUTPUT OUTPUT CURRENT MACRO NAME 
CONFIGURATION (Source/Sink) INPUT (and performance class) 

THRESHOLD (See Notes 10 and 11) (mA) WITH di/dt WITHOUT di/dt 

212 
CMOS IOK21LJ 10121 LJ 

TTL IOK24LJ 10124LJ 

STANDARD 4/4 
CMOS IOK41LJ 10141 LJ 

TTL IOK44LJ 10144LJ 

8/8 
CMOS IOK81LJ 10181 LJ 

TTL IOK84LJ 10184LJ 

2/2 
CMOS ION21LJ IOL21 LJ 

TTL ION24LJ IOL24LJ 

WITH 70-J,JA 4/4 
CMOS ION41LJ IOL41 LJ 

PULL-UP TTL ION44LJ IOL44LJ 

8/8 
CMOS ION81LJ IOL81 LJ 

TTL ION84LJ IOL84LJ 

2/2 
CMOS IOW21LJ IOU21LJ 

TTL IOW24LJ IOU24LJ 

WITH 70-J,JA 4/4 
CMOS IOW41LJ IOU41LJ 

PULL-DOWN TTL IOW44LJ IOU44LJ 

8/8 
CMOS IOW81LJ IOU81LJ 

TTL IOW84LJ IOU84LJ 

NOTES: 10. All inputs are noninverting. 
11. All outputs are 3-state and noninverting. 
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TGC100 SERIES 
1-J.lI1l CMOS GATE ARRAYS 

ALPHANUMERIC INDEX TO TGC100 MACROS 

MACRO CELLS PAGE NAME USED 
MACRO CELLS PAGE NAME USED 

MACRO CELLS PAGE NAME USED 
AD100LJ 9 16 DTNOOLJ 6 19 IOW24LJ - 23 
AN210LJ 2 15 DTN10LJ 7 19 IOW41LJ - 23 
AN220LJ 2 15 DTN20LJ 8 19 IOW44LJ - 23 
AN310LJ 2 15 DTPOOLJ 7 19 IOW81LJ - 23 
AN320LJ 3 15 DTP10LJ 8 19 IOW84LJ - 23 
AN410LJ 3 15 DTP20LJ 9 19 IPIOOLJ - 21 
AN420LJ 3 15 EN210LJ 3 20 IPI01LJ - 21 
AN510LJ 3 15 EX210LJ 3 20 IPI04LJ - 21 
AN810LJ 5 15 EX220LJ 4 20 IPI06LJ - 21 
A0220LJ 3 15 10121LJ - 22 IPI09LJ - 21 
A0221 LJ 2 15 10124LJ - 22 IPL01LJ - 21 
A0241 LJ 6 15 10141LJ - 22 IPL04LJ - 21 
A0320LJ 4 15 10144LJ - 22 IPU01LJ - 21 

A0421 LJ 4 15 10181 LJ - 22 IPU04LJ - 21 

BF001 LJ 2 17 10184LJ - 22 IV110LJ 1 24 
BF006LJ 2 17 IOK21LJ - 22 IV120LJ 1 24 

BF011 LJ 3 17 IOK24LJ - 22 IV140LJ 2 24 

BF022LJ 3 17 IOK41LJ - 22 IV211LJ 2 24 
BF051 LJ 2 17 IOK44LJ - 22 IV221 LJ 4 24 
BF053LJ 2 17 IOK81LJ - 22 IV241LJ 5 24 

BF056LJ 2 17 IOK84LJ - 22 JKB20LJ 12 24 
BU130LJ 2 17 IOL21LJ - 23 JKB21 LJ 12 24 
BU150LJ 3 17 IOL24LJ - 23 LAB20LJ 4 25 
CKD03LJ 40 17 IOL41 LJ - 23 LAH12LJ 5 25 
CKD05LJ 48 17 IOL44LJ - 23 LAH13LJ 5 25 

CKD08LJ 64 17 IOL81LJ - 23 LAH14LJ 7 25 

CKD12LJ 74 17 IOL84LJ - 23 LAH20LJ 5 25 
CKD15LJ 82 17 ION21LJ - 23 LAH22LJ 4 25 

CKD18LJ 98 17 ION24LJ - 23 LH110LJ 4 25 
CK120LJ 10 17 ION41LJ - 23 LH400LJ 11 25 
DE210LJ 3 18 ION44LJ - 23 MU111LJ 3 25 

DFB20LJ 12 19 ION81LJ - 23 MU220LJ 7 25 
DLDOOLJ 2 20 ION84LJ - 23 MU311LJ 13 25 
DLEOOLJ 3 20 IOU21LJ - 23 NA210LJ 1 26 

DTBOOLJ 8 19 IOU24LJ - 23 NA220LJ 2 26 

DTB10LJ 9 19 IOU41LJ - 23 NA310LJ 2 26 
DTB20LJ 10 19 IOU44LJ - 23 NA311LJ 2 26 
DTCOOLJ 7 19 IOU81LJ - 23 NA320LJ 3 26 
DTC10LJ 8 19 IOU84LJ - 23 NA410LJ 2 26 

DTC20LJ 9 19 IOW21LJ - 23 NA420LJ 4 26 

12 
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MACRO CELLS PAGE NAME USED 
MACRO CELLS 
NAME USED 

NA510LJ 3 26 OPKJOLJ -
NA520LJ 5 26 OPK20LJ -
NA810LJ 6 26 OPK21LJ -
NA820LJ 6 26 OPK23LJ -
N0210LJ 1 26 OPK24LJ -
N0220LJ 2 26 ·OPK40LJ -
N0310LJ 2 26 OPK41LJ -
N0320LJ 3 26 OPK43LJ -
N0410LJ 4 26 OPK44LJ -
N0420LJ 4 26 OPK80LJ -
N0510LJ 4 26 OPK81LJ -
N0520LJ 5 26 OPK83LJ -
N0810LJ 6 26 OPK84LJ -
N0820LJ 6 26 OR210LJ 2 

OA220LJ 3 26 OR220LJ 2 

OA231 LJ 3 26 OR310LJ 2 

OA241LJ 4 26 OR320LJ 3 
OPIAOLJ - 27 OR410LJ 3 
OPIHOLJ - 27 OR420LJ 3 

OPIJOLJ - 27 OR510LJ 4 

OPI20LJ - 27 OR810LJ 5 
OPI21LJ - 28 OSI11 LJ -
OPI23LJ - 27 OSI12LJ -
OPI24LJ - 28 OSI13LJ -
OPI40LJ - 27 OSI14LJ -
OPI41LJ - 28 RF400LJ 418 

OPI43LJ - 27 RF402LJ 462 
OPI44LJ - 28 R2401LJ 26 

OPI80LJ - 27 R2402LJ 27 
OPI81LJ - 28 R2403LJ 27 

OPI83LJ - 27 R2404LJ 31 

OPI84LJ - 28 R2405LJ 26 
OPKAOLJ - 27 R2406LJ 28 
OPKHOLJ - 27 S085LJ 58 

PAGE 

27 

27 

28 
27 

28 

27 

28 

27 

28 
27 

28 

27 

28 

28 

28 

28 

28 
28 

28 

28 

28 

29 

29 

29 

29 

30 

30 

29 

29 

29 

29 

29 

29 
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TGC100 SERIES 
1-JlI11 CMOS GATE ARRAYS 

MACRO CELLS PAGE NAME USED 
S138LJ 25 18 

S139LJ 26 18 

S150LJ 122 25 

S151LJ 40 25 

S153LJ 26 25 

S157LJ 18 25 

S161ALJ 79 18 

S163ALJ 81 18 

S164LJ 88 31 
S165ALJ 126 31 

S173LJ 53 20 

S175LJ 31 20 

S180XLJ 21 16 

S181 LJ 125 16 

S182LJ 35 16 

S191 LJ 98 18 

S193LJ 87 18 

S194ALJ 73 31 

S244LJ 28 17 

S273LJ 55 20 

S283LJ 69 16 

S373LJ 47 25 

S374LJ 76 20 

S375LJ 16 25 

S686LJ 104 16 

S688LJ 32 16 

TAB20LJ 9 31 

TDB10LJ 10 30 

TDC11LJ 10 30 
TDN11 LJ 8 30 
TDN12LJ 9 30 

TDN13LJ 12 30 

TDN22LJ 11 30 
T0010LJ 2 31 

- = 0, lOs, IPs, OPs, and OSs do not occupy basic-cell locations. 

TEXAS ." 
INSTRUMENTS 13 
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TGC100 SERIES 
1-JlIl1 CMOS GATE ARRAYS 

CMOS/TTL NUMERICAL CROSS-REFERENCE 

CMOS OR TTL SIMILAR GATE 
TYPE NUMBER ARRAY MACRO 

4002 N0410LJ 
N0420LJ 

4072 OR410LJ 
OR420LJ 

4078 OR310LJ 
OR320LJ 

4078 N0810LJ 
N0820LJ 

7400 NA210LJ 
NA220LJ 

7402 N0210LJ 
N0220LJ 

IV110LJ 
7404 IV120LJ 

IVI40LJ 

7408 AN210LJ 
AN220LJ 

7410 NA310LJ 
NA320LJ 

7411 AN310LJ 
AN320LJ 

7420 NA410LJ 
NA420LJ 

7421 AN410LJ 
AN420LJ 

7427 N0310LJ 
N0320LJ 

7430 NA810LJ 
NA820LJ 

7432 OR210LJ 
OR220LJ 

7451 A0221LJ 

7454 A0241LJ 

7455 A0421LJ 

DFB20LJ 

7474 DTBOOLJ 
DTB10LJ 
DTB20LJ 

7475 LAH20LJ 
LH400LJ 

7482 AD100LJ 

7485 S085LJ 

7486 EX210LJ 
EX22CLJ 

14 

PAGE TTL 
TYPE NUMBER 

26 

28 

28 

26 

26 

26 

24 

15 

26 

15 

26 

15 

26 

26 

28 

15 

15 

15 

19 

25 

16 

16 

20 

74109 

74116 

74138 

74139 

74150 

74151 

74151 

74153 

74153 

74157 

74157 

74161A 

74163A 

74164 

74165 

74173 

74175 

74180 

74181 

74182 

74191 

74193 

74194A 

74244 

74260 

74266 

74273 

74279 

74283 

74373 

74374 

74375 

74686 

74688 

TEXAS ", 
INSTRUMENTS 

POST OFFICE BOX 65.5012 ; DALLAS, TEXAS 75265 

SIMILAR GATE 
ARRAY MACRO 

JKB20LJ 

LAH22LJ 

S138LJ 

S139LJ 

S150LJ 

MU311LJ 

S151 LJ 

MU220LJ 

S153LJ 

MU111LJ 

S157LJ 

S161ALJ 

S163ALJ 

S164LJ 

S165ALJ 

S173LJ 

S175LJ 

S180XLJ 

S181LJ 

S182LJ 

S191 LJ 

S193LJ 

S194ALJ 

S244LJ 

N0510LJ 
N0520LJ 

EN210LJ 

S273LJ 

LAB20LJ 

S283LJ 

S373LJ 

S374LJ 

S375LJ 

S686LJ 

S688LJ 

PAGE 

24 

25 

18 

18 

25 

25 

25 

25 

25 

25 

25 

18 

18 

31 

31 

20 

20 

16 

16 

16 

18 

18 

31 

31 

26 

20 

20 

25 

16 

25 

20 

25 

16 

16 



FUNCTION 

HARDWIRED 

AND 
GATES 

AND-OR 
GATES 

AND-NOR 
GATES 

TGC100 SERIES 
1-J.1I1l CMOS GATE ARRAYS 

AND, AND-OR, AND-NOR GATES 

ELECTRICAL 

NUMBER 
MACRO OF OUTPUT CELLS CI 
NAME INPUTS DRIVE USED (pF) 

AN210LJ 2 1X 2 TYP 0.07 

AN220LJ 2 2X 2 TYP 0.07 

AN310LJ 3 1X 2 TYP 0.07 

AN320LJ 3 2X 3 TYP 0.07 

AN410LJ 4 1X 3 TYP 0.07 

AN420LJ 4 2X 3 TYP 0.07 

AN510LJ 5 1X 3 TYP 0.07 

AN810LJ 8 1X 5 TYP 0.07 

A0220LJ 4 2X 3 TYP 0.07 

Y - (A'8)+(C'D) 

A0320LJ I 6 1X 4 TYP 0.07 

Y - (A1'A2'A3)+(81'82'83) 

A0221LJ 4 1X 2 TYP 0.07 

Y - (A'8)+(C'D) 

A0241 LJ 4 2X 6 TYP 0.07 

Y - (A1'A2)+(81'82)+(C1'C2)+(D1'D2) 

A0421LJ 8 1X 

Y - (A1·A2·A3·A4)+(81·82·83·84) 

4 TYP 0.07 

TEXAS • 
INSTRUMENTS 

Cpd 
(pF) 

0.44 

0.6 

0.56 

0.73 

0.57 

0.83 

0.65 

0.94 

0.76 

0.6 

0.28 

0.4 

0.38 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

CHARACTERISTICS 

SWITCHING (CL = 0) 

DELAY TIME DELTA DELAY 

tpLH tpHL AtpLH AtpHL 
(na) (na) (na/pF) (na/pF) 

TYP 0.48 0.54 0.88 0.49 
MAX 0.89 1.07 1.72 0.88 

TYP 0.55 0.6 0.44 0.3 
MAX 1.02 1.19 0.88 0.56 

TYP 0.65 0.65 0.89 0.5 
MAX 1.33 1.36 1.72 0.94 

TYP 0.71 0.67 0.46 0.31 
MAX 1.42 1.43 0.92 0.59 

TYP 0.77 0.67 0.9 0.52 
MAX 1.66 1.46 1.76 0.98 

TYP 0.87 0.7 0.48 0.33 
MAX 1.86 1.54 0.97 0.65 

TYP 0.99 0.74 0.92 0.54 
MAX 2.27 1.67 1.83 1.03 

TYP 0.88 0.7 1.69 0.52 
MAX 1.89 1.54 3.41 0.98 

TYP 0.62 0.97 0.46 0.38 
MAX 1.28 2.35 0.9 0.74 

TYP 0.8 1.06 0.89 0.63 
MAX 1.82 2.84 1.78 1.22 

"---
TYP 0.5 0.38 1.68 0.75 
MAX 1.25 0.7 3.42 1.5 

TYP 1.23 0.92 0.44 0.3 
MAX 3.15 1.95 0.88 0.59 

TYP 0.72 0.62 1.67 1.3 
MAX 2.13 1.63 3.43 2.79 

15 



TGC100 SERIES 
1-J.lI11 CMOS GATE ARRAYS 

FUNCTION 

ARITHMETIC WIDTH 
OPERATORS MACRO OR 
(SOFTWAREI NAME SIZE 

i-BIT FULL AD100LJ 1-BIT 
ADDER 

MAGNITUDE S085LJ 4-BITS 
COMPARATOR 

PARITY S180XLJ 8-BITS 
TREE 

ALU wIth LOOK- S181LJ 4-BITS 
AHEAD 

LOOK-AHEAD S182LJ 4 STAGES 
CARRY GEN. 

RIPPLE S283LJ 4-BITS 
ADDER 

MAGNITUDE S686LJ 8-BITS 
COMPARATOR 

IDENTITY S688LJ 8-BITS 
COMPARATOR 

16 

ARITHMETIC FUNCTIONS 

ELECTRICAL 

OUTPUT CELLS CI CpeI 
DRIVE 

1X 

2X 

1X 

1X 

2X 

2X 

2X 

2X 

USED (pFI (pF) 

9 TYP 0.34 1.72 

58 TYP MULTI 9.83 

21 TYP 0.17 5.32 

125 TYP MULTI 24.01 

35 TYP MULTI 6.62 

69 TYP MULTI 13.35 

104 TVP MULTI 23.51 

32 TYP MULTI 5.57 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012. OALLAS. TeXAS 75265 

CHARACTERISTICS 

SWITCHING (CL = 01 

DELAY TIME DELTA DELAY 

tpLH tpHL &pLH &pHL 
(nsl (nsl (ns/pFI (ns/pFI 

TYP 1.2 1.51 0.89 0.51 
MAX 2.44 3.27 1.71 0.91 

TYP 4.6 5.5 0.44 0.32 
MAX 8.9 10.8 0.84 0.44 

TYP 3.2 3.1 0.89 0.5 
MAX 6.1 5.9 1.72 0.9 

TYP 7.4 6.7 0.88 1.27 
MAX 13.1 11.7 1.74 2.66 

TYP 2.5 2.3 1.68 0.75 
MAX 4.3 4.1 3.42 1.5 

TYP 3.8 3.4 0.44 0.32 
MAX 6.9 6.5 0.84 0.44 

TYP 3.2 4.2 0.44 0.64 
MAX 5.7 7.9 0.9 1.34 

TYP 2.5 3.2 0.44 0.32 
MAX 4.4 6.3 0.84 0.44 



FUNCTION 

HARDWIRED 

HARDWIRED 
MUL TI-STAGE 
GATES 

HARDWIRED 
BUFFER GATES 

SOFTWARE 
with 3-STATE 
OUTPUTS 

FUNCTION 

CLOCK 
GENERATOR 
DRIVERS 
HARDWIRED 

CLOCK 
GENERATOR 

GATE ARRAY 
CLOCK DRIVERS 

TGC100 SERIES 
1-~ CMOS GATE ARRAYS 

BOOLEANS, BUFFERS, CLOCK GENERATOR/DRIVERS 

NUMBER 
MACRO OF OUTPUT 
NAME INPUTS DRIVE 

BF001LJ 3 1X 

Y - A1+(B1'B2) 

BF006LJ 4 1X 

Y - A1+A2+(B1'B2) 

BF011 LJ 6 1X 

Y - (A 1'A2)+(B1'B2)+(C1 'C2) 

BF022LJ 6 1X 

Y - A1'A2+[B1'B2'(C1+C2)] 

BF051LJ 3 1X 

Y - A1-(B1+B2) 

BF053LJ 4 IX 

Y - (A1+A2)'(B1+B2) 

BF056LJ 4 1X 

Y - A1'A2'(B1+B2) 

BU130LJ 1 3X 

BU150LJ 1 5X 

S244LJ 1X8 1X 
BITS 
2 EN 

NUMBER 
MACRO OF OUTPUT 
NAME INPUTS DRIVE 

CK120LJ TWO 1X 
PHASE 

CKD03LJ 1 25pF 

CKD05LJ 1 25 pF 

CKD08LJ 1 25 pF 

CKD12LJ 1 35 pF 

CKD15LJ 1 35 pF 

CKD18LJ 1 35 pF 

ELECTRICAL 

CELLS CI Cpd 
USED (pF) (pF) 

2 TYP 0.07 0.19 

2 TYP 0.07 0.18 

3 TYP 0.07 0.34 

3 TYP 0.07 0.31 

2 TYP 0.07 0.27 

2 TYP 0.07 0.3 

2 TYP 0.07 0.26 

2 TYP 0.07 0.96 

3 TYP 0.07 1.36 

28 TYP MULTI 6.54 

ELECTRICAL 

CELLS Ci Cpd 
USED (pF) (pF) 

10 TYP 0.07 4.8 

40 TYP 0.32 18.1 

48 TYP 0.32 24.1 

64 TYP 0.32 31.6 

74 TYP 0.32 36.6 

82 TYP 0.32 40.8 

98 TYP 0.32 40.8 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

CHARACTERISTICS 

SWITCHING (CL = 0) 

DELAY TIME DELTA DELAY 

tpLH tpHL &pLH &pHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.46 0.37 1.67 0.67 
MAX 1.12 0.59 3.4 1.46 

TYP 0.6 0.36 2.49 0.64 
MAX 1.77 0.63 5.1 1.53 

TYP 0.8 0.42 2.5 0.76 
MAX 2.39 0.77 5.12 1.58 

TYP 1.19 0.53 2.49 1.05 
MAX 2.69 1.07 5.1 2.2 

TYP 0.49 0.33 1.41 0.73 
MAX 1.07 0.58 3.4 1.48 

TYP 0.52 0.38 1.69 0.74 
MAX 1.32 0.69 3.42 1.46 

TYP 0.48 0.41 1.28 1 
MAX 1.39 0.86 3.4 2.06 

TYP 0.49 0.69 0.28 0.3 
MAX 0.82 1.27 0.58 0.56 

TYP 0.57 0.85 0.2 0.26 
MAX 0.99 1.66 0.38 0.47 

TYP 1.9 2.5 0.96 0.62 
MAX 2.6 3.2 1.9 1.26 

CHARACTERISTICS 

SWITCHING (CL = 0) 

DELAY TIME DELTA DELAY 

tpLH tpHL &pLH &pHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 5.84 1.54 .55 .33 
MAX 12.69 3.82 1.14 .62 

TYP 1.94 1.95 .020 .030 
MAX 3.05 3.12 .040 .040 

TYP 2.18 2.21 .020 .020 
MAX 3.44 3.55 .030 .030 

TYP 2.3 2.29 .010 .020 
MAX 3.64 3.7 .020 .030 

TYP 2.36 2.41 .010 .010 
MAX 3.75 3.87 .020 .020 

TYP 2.45 2.5 .010 .010 
MAX 3.88 4.03 .020 .020 

TYP 2.45 2.5 .010 .010 
MAX 3.88 4.03 .020 .020 

17 



TGC100 SERIES 
1-J..IIl1 CMOS GATE ARRAYS 

COUNTERS, DECODERS/DEMULTIPLEXERS 

FUNCTION CHARACTERISTICS 

ELECTRICAL SWITCHING (CL = 0) (See Note 12) 

DELAY TIME DELTA DELAY 
TYPE 

COUNTERS MACRO OF OUTPUT CELLS CI Cpd tpLH tpHL &pLH &pHL 
(SOFTWARE) NAME CLEAR DRIVE USED (pF) (pF) (na) (na) (na/pF) (na/pF) 

4-8IT S161ALJ ASYNC 1X 79 TYP MULTI 18.58 TYP 3.9 3.5 0.9 0.52 
BINARY RCO-2X MAX 7.1 7.1 1.73 0.96 

4-8IT S163ALJ SYNC 1X 81 TYP MULTI 17.62 TYP 3.9 3.5 0.9 0.52 
BINARY RCO-2X MAX 7.1 7.1 1.73 0.96 

4-81T S191LJ NONE 1X 98 TYP MULTI 23 TYP 4.7 3.9 0.88 0.99 
UP/DOWN MAX 9 7.5 1.72 2.04 
BINARY 

4-81T S193LJ ASYNC 1X 87 TYP MULTI 22.6 TYP 3.8 3.7 0.88 1.56 
UP/DOWN MAX 7.4 7.2 1.76 3.3 
BINARY 

NOTE 12: Specific timing data regarding pulse duration, setup time and hold time models are incorporated in most engineering 
workstation libraries. These models are for the clocked functions embedded in the software macros. Evaluations of timing 
requirements made during prelayout simulation, produce workstation output used to identify and resolve each specific timing 
need. 

FUNCTION 

DECODERS/ 
DEMULTI- MACRO 
PLEXERS NAME SIZE 

HARDWIRED DE210LJ 2-TO-4 

3-ENABLES S138LJ 3-TO-8 
(SOFTWARE) 

1-ENABLE S139LJ DUAL 
(SOFTWARE) 2-TO-4 

18 

OUTPUT 
DRIVE 

1X 

1X 

1X 

ELECTRICAL 

CELLS CI Cpd 
USED (pF) (pF) 

3 TYP 0.23 1.52 

25 TYP MULTI 5.08 

26 TYP MULTI 7.66 

TEXAS ..If 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TeXAS 75265 

CHARACTERISTICS 

SWITCHING (CL = 0) 

DELAY TIME DELTA DELAY 

tpLH tpHL &pLH &pHL 
(na) (na) (na/pF) (na/pF) 

TYP 0.39 0.47 0.87 0.73 
MAX 0.97 1.18 1.7 1.46 

TYP 1.6 2.7 0.88 1.27 
MAX 2.5 5.3 1.74 2.66 

TYP 1.3 1.4 0.88 0.99 
MAX 2.1 2.4 1.72 2.04 



FUNCTION 

D-TYPE 
FLIP-FLOPS 
HARDWIRED MACRO OUTPUT 
(fclockl NAME DRIVE 

115 MHz DFB20LJ 2X 
with CLR 
and PREZ 

100MHz DTBOOLJ 0.5X 
with CLR 
and PREZ 

170MHz DTB10LJ 1X 
with CLR 
and PREZ 

193 MHz DTB20LJ 2X 
with CLR 
and PREZ 

100 MHz DTCOOLJ 0.5X 
with CLR 

185 MHz DTC10LJ 1X 
with CLR 

208 MHz DTC20LJ 2X 
with CLR 

100 MHz DTNOOLJ 0.5X 

178 MHz DTN10LJ 1X 

208 MHz DTN20LJ 2X 

85 MHz DTPOOLJ 0.5X 
with PREZ 

187 MHz DTP10LJ 1X 
with PREZ 

200 MHz DTP20LJ 2X 
with PREZ 

CELLS 
USED 

12 

8 

9 

10 

7 

8 

9 

6 

7 

8 

7 

8 

9 

TGC100 SERIES 
1-J.Illl CMOS GATE ARRAYS 

0-TYPE FLIP-FLOPS 

CHARACTERISTICS 

ELECTRICAL SWITCHING (CL = 01 (CLK TO QI 

DELAY TIME 

CI Cpd tpLH 
(pFI (pFI (nsl 

TYP 0.12 2.06 TYP 2 
MAX 4.21 

TYP 0.07 1.9 TYP 1.38 
MAX 2.83 

TYP 0.07 2.1 TYP 1.46 
MAX 3.11 

TYP 0.07 2.6 TYP 1.68 
MAX 3.64 

TYP 0.07 1.8 TYP 1.29 
MAX 2.57 

TYP 0.07 2.1 TYP 1.44 
MAX 3.02 

TYP 0.07 2.6 TYP 1.63 
MAX 3.46 

TYP 0.07 1.7 TYP 1.23 
MAX 2.48 

TYP 0.07 2 TYP 1.32 
MAX 2.75 

TYP 0.07 2.4 TYP 1.49 
MAX 3.19 

TYP 0.07 1.9 TYP 1.35 
MAX 2.65 

TYP 0.07 2.2 TYP 1.34 
MAX 2.75 

TYP 0.07 2.5 TYP 1.53 
MAX 3.18 

TEXAS • 
INSTRUMENTS 

tpHL 
(nsl 

1.37 
2.9 

1.39 
2.9 

1.53 
3.2 

1.65 
3.53 

1.33 
2.76 

1.54 
3.21 

1.64 
3.45 

1.26 
2.55 

1.43 
2.99 

1.56 
3.24 

1.44 
2.91 

1.55 
3.19 

1.69 
3.5 

DELTA DELAY 

AapLH AapHL 
(ns/pF) (ns/pFI 

0.46 0.35 
0.92 0.64 

1.96 1.98 
3.88 3.86 

0.88 0.52 
1.7 0.96 

0.42 0.32 
0.84 0.6 

1.92 1.86 
3.82 3.58 

0.9 0.52 
1.72 0.96 

0.44 0.32 
0.86 0.62 

1.6 1.84 
3.06 3.6 

0.88 0.52 
1.68 0.92 

0.44 0.3 
0.82 0.6 

1.58 1.96 
3.06 3.84 

0.88 0.52 
1.7 0.92 

0.42 0.3 
0.82 0.6 

REQUIREMENTS 

TIMING 

SETUP HOLD 
(MINI (MINI 

tsu ttJ 
(nsl (nsl 

3 1 

2 0 

1.9 0 

2.1 0.6 

2 0 

1.5 0.7 

1.6 0.7 

2 0 

0.7 0.6 

0.7 0.6 

2 0 

1.6 0 

1.6 0 

19 
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TGC100 SERIES 
1-~ CMOS GATE ARRAYS 

D-TYPE FLIP-FLOPS, DELAY ELEMENTS, EX-NOR AND EX-OR GATES 

FUNCTION CHARACTERISTICS 

ELECTRICAL SWITCHING (CL = 01 (See Note 131 

DELAY TIME DELTA DELAY 
D-TYPE 
FLIP-FLOPS MACRO OUTPUT CELLS CI Cpd tpLH tpHL &pLH &PHL 
(SOFTWAREI NAME DRIVE USED (pFI (pFI (nsl (nsl (ns/pFI (ns/pFI 

4-B1T 3-5TATE S173LJ 1X 53 TYP MULTI 14.37 TYP 2.3 2.5 0.96 0.64 
with CLR MAX 4.5 5.1 1.9 1.26 

4-B1T COMP S175LJ 1X 31 TYP MULTI 9.18 TYP 1.8 1.7 0.9 0.52 
OUTPUTS MAX 3.9 3.5 1.73 0.96 
with CLR 

8-B1T S273LJ 1X 55 TYP MULTI 8.03 TYP 1.4 1.6 0.89 0.51 
with CLR MAX 2.8 3.4 1.72 0.95 

8-BIT S374 LJ 1X 76 TYP MULT 20.3 TYP 2.3 2.5 0.96 0.64 
with 3-5TATE MAX 4.5 5.1 1.9 1.26 

NOTE 13: Specific timing data regarding pulse duration, setup time and hold time models are incorporated in most engineering 
workstation libraries. These models are for the clocked functions embedded in the software macros. Evaluations of 
timing requirements made during prelayout simulation, produce workstation output used to identify and resolve each 
specific timing need. 

FUNCTION 

DELAY 
ELEMENTS MACRO 
HARDWIRED NAME FUNCTION 

LEVEL DLDOOLJ LOGIC 
RESTORER DRIVER 

DELAY DLEOOLJ 2 ns 
ELEMENT TYP DELAY 

FUNCTION 

EX-NOR, NUMBER 
EX-OR GATES MACRO OF 
HARDWIRED NAME INPUTS 

EX-NOR EN210LJ 2 
GATE 

EX210LJ 2 
EX-OR 
GATES EX220LJ 2 

20 

OUTPUT 
DRIVE 

2X 

DRIVES 
ONLY 

DLDOOLJ 
or DLEOOLJ 

OUTPUT 
DRIVE 

1X 

1X 

2X 

ELECTRICAL 

CELLS CI Cpd 
USED (pFI (pFI 

2 TYP 0.17 0.64 

3 TYP 0.23 0.6 

ELECTRICAL 

CELLS CI Cpd 
USED (pFI (pFI 

3 TYP 0.17 0.52 

3 TYP 0.17 0.76 

4 TYP 0.16 1.1 

TEXAS .Jf 
INSTRUMENTS 

CHARACTERISTICS 

SWITCHING 

DELAY TIME 

tpLH tpHL 
(nsl (nsl 

TYP 0.59 0.42 
MAX 1.26 0.92 

TYP 1.58 1.92 
MAX 3.73 4.45 

CHARACTERISTICS 

SWITCHING 

DELAY TIME 

tpLH tpHL 
(nsl (nsl 

TYP 0.57 0.85 
MAX 1.09 2.02 

TYP 0.81 0.75 
MAX 1.6 1.48 

TYP 0.86 0.81 
MAX 1.75 1.61 

POST OFFice BOX 655012 • DALLAS. TeXAS 75265 

(CL = 01 

DELTA DELAY 

&pLH &pHL 
(ns/pFI (ns/pFI 

0.44 0.49 
0.86 0.87 

2.55 1.24 
5.19 2.57 

(CL = 01 

DELTA DELAY 

&pLH &pHL 
(ns/pFI (ns/pFI 

0.89 0.57 
1.72 1.06 

0.89 0.5 
1.72 0.9 

0.45 0.3 
0.88 0.56 



FUNCTION 

INPUT BUFFERS MACRO 
(HARDWIRED) NAME 

INVERTING IPIOOLJ 

IPI01LJ 

NONINVERTING 
IPI04LJ 

INVERTING IPI06LJ 
with HYSTERESIS 

NONINVERTING IPI09LJ 
with 
HYSTERESIS 

WITH 70-jJA IPL01LJ 
PULL-UP 
CURRENT 
SOURCE IPL04LJ 

WITH 70-jJA IPU01 LJ 
PULL-DOWN 
CURRENT 

IPU04LJ SOURCE 

INPUT 
THRESHOLD 

VOLTAGE 

2.5 
(CMOS) 

2.5 
(CMOS) 

1.3 
(TTL) 

0.9/3.85 
(CMOS) 

0.8/2 
(TTL) 

2.5 
(CMOS) 

1.3 
(TTL) 

2.5 
(CMOS) 

1.3 
(TTL) 

TGC100 SERIES 
1-~ CMOS GATE ARRAYS 

INPUT BUFFERS 

CHARACTERISTICS 

ELECTRICAL 

CI Cpd 
(pF) (pF) 

TYP 3.79 2.63 TYP 
MAX 

TYP 3.79 1.8 TYP 
MAX 

TYP 3.79 2.18 TYP 
MAX 

TYP 3.79 2.04 TYP 
MAX 

TYP 3.79 2.15 TYP 
MAX 

TYP 3.79 1.82 TYP 
MAX 

TYP 3.79 2.31 TYP 
MAX 

TYP 3.79 1.82 TYP 
MAX 

TYP 3.79 2.31 TYP 
MAX 

TEXAS ~ 
INSTRUMENTS 

SWITCHING 

DELAY TIME 

tpLH tpHL 
(ns) (ns) 

0.95 1.13 
1.64 1.87 

1.1 0.77 
1.63 1.36 

1.62 1.22 
2.39 2.82 

2.22 2.31 
2.8 3.05 

1.74 2.71 
2.59 5.27 

1.15 0.82 
1.71 1.45 

1.66 1.23 
2.44 2.84 

1.16 0.8 
1.7 1.4 

1.68 1.29 
2.47 3.01 

(CL = 0) 

DELTA DELAY 

~PLH ~PHL 
(ns/pF) (ns/pF) 

0.18 0.16 
0.38 0.25 

0.2 0.17 
0.39 0.27 

0.2 0.26 
0.39 0.62 

0.81 0.92 
1.48 1.7 

0.24 0.44 
0.45 0.83 

0.19 0.18 
0.36 0.24 

0.19 0.26 
0.39 0.62 

0.19 0.14 
0.36 0.25 

0.19 0.26 
0.37 0.64 
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TGC100 SERIES 
1-J.llll CMOS GATE ARRAYS 

BIDIRECTIONAL INPUT/OUTPUT BUFFERS 

FUNCTION OUTPUT CHARACTERISTICS INPUT CHARACTERISTICS 

ELECTRICAL SWITCHINGf (CL = 15 pF) ELEC- SWITCHING (CL = 0 pF) 
TRICAL 

I/O 
3-STATE INPUT pELAYTIME DELTA DELAY DELAY TIME DELTA DELAY 
BIDIREC- OUTPUT THRESH-

apLH apHL apLH apHL TIONAL MACRO CURRENT OLD CI Cpd tpLH tpHL CI tpLH tpHL 
HARDWIRED NAME (mA) VOLTAGE (pF) (pF) (ns) (ns) (ns/pF) (ns/pF) (pF) (ns) (ns) (ns/pF) (ns/pF) 

10121LJ 2 2.5 TYP 0.23 11.5 TYP 4.29 5.04 0.16 0.14 7.1 1.09 0.79 0.22 0.14 
(CMOS) MAX 8.31 9.66 0.3 0.25 1.65 1.35 0.37 0.27 

IOl24LJ 2 1.3 TYP 0.23 11.4 TYP 4.31 5.03 0.16 0.14 7.1 1.63 1.32 0.2 0.29 
(TTL) MAX 8.33 9.63 0.3 0.25 2.38 3.14 0.4 0.67 

IOl41LJ 4 2.5 TYP 0.23 10.9 TYP 2.88 3.84 0.08 0.07 7.1 1.09 0.79 0.22 0.14 
(CMOS) MAX 5.72 7.7 0.15 0.13 1.65 1.35 0.37 0.27 

IOl44LJ 4 1.3 TYP 0.23 11.7 TYP 2.88 3.84 0.08 0.07 7.1 1.63 1.31 0.2 0.28 
(TTL) MAX 5.72 7.69 0.15 0.13 2.38 3.09 0.4 0.66 

IOl81LJ 8 2.5 TYP 0.23 12.6 TYP 2.56 3.58 0.04 0.05 7.1 1.09 0.79 0.22 0.14 
(CMOS) MAX 5.29 7.53 0.08 0.09 1.65 1.35 0.37 0.27 

IOl84LJ 8 1.3 TYP 0.23 13.4 TYP 2.56 3.58 0.04 0.05 7.1 1.63 1.29 0.2 0.26 
(TTL) MAX 5.29 7.53 0.08 0.09 2.38 2.99 0.4 0.64 

IOK21LJ 2 2.5 TYP 0.23 10.4 TYP 5.21 7.88 0.16 0.15 7.13 1.1 0.79 0.21 0.14 
(CMOS) MAX 10.27 15.14 0.3 0.27 1.65 1.37 0.37 0.26 

IOK24LJ 2 1.3 TYP 0.23 12.6 TYP 5.22 7.86 0.18 0.15 7.13 1.64 1.33 0.2 0.29 
(TTL) MAX 10.3 15.11 0.3 0.27 2.39 3.15 0.4 0.67 

IOK41LJ 4 2.5 TYP 0.23 11.8 TYP 4.12 6.75 0.08 0.09 7.13 1.1 0.79 0.21 0.14 
WITH (CMOS) MAX 8.38 13.41 0.16 0.17 1.65 1.37 0.37 0.26 
dl/dt 

IOK44LJ 4 1.3 TYP 0.23 12.1 TYP 4.12 6.74 0.08 0.09 7.13 1.64 1.32 0.2 0.28 CONTROL 
(TTL) MAX 8.39 13.4 0.16 0.17 2.39 3.11 0.4 0.66 

IOK81LJ 8 2.5 TYP 0.23 13.2 TYP 4.17 6.82 0.05 0.07 7.13 1.1 0.79 0.21 0.14 
(CMOS) MAX 8.8 14.06 0.1 0.13 1.65 1.37 0.37 0.26 

IOK84LJ 8 1.3 TYP 0.23 13.4 TYP 4.18 6.81 0.05 0.07 7.13 1.64 1.29 0.2 0.26 
(TTL) MAX 8.8 14.05 0.1 0.13 2.39 3 0.4 0.64 

t CMOS threshold measurements are shown. 
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FUNCTION 

I/O 
3-STATE 
BIDIREC- OUTPUT 
TIONAL MACRO CURRENT 
HARDWIRED NAME (mA) 

IOL21LJ 2 

IOL24LJ 2 

WITH 
IOL41LJ 4 

70-JIA 
IOL44LJ 4 PULL-UP 

IOL81 LJ 8 

IOL84LJ 8 

ION21LJ 2 

ION24LJ 2 

WITH 
dl/dt ION41LJ 4 
CONTROL 
and ION44LJ 4 
70-JIA 
PULL-UP 

!ON81LJ 8 

ION84LJ 8 

IOU21LJ 2 

IOU24LJ 2 

WITH IOU41LJ 4 

70-JIA 
PULL- IOU44LJ 4 
DOWN 

IOU81LJ 8 

IOU84LJ 8 

IOW21LJ 2 

IOW24LJ 2 
WITH 
dl/dt IOW41LJ 4 
CONTROL 
and 
70-JIA IOW44LJ 4 

PULL-
DOWN IOW81LJ 8 

IOW84LJ 8 

TGC100 SERIES 
1-pm CMOS GATE ARRAYS 

BIDIRECTIONAL INPUT IOUTPUT BUFFERS 

OUTPUT CHARACTERISTICS INPUT CHARACTERISTICS 

ELECTRICAL SWITCHINGt (CL = 15 pF) 
ELEC- SWITCHING (CL = 0 pF) 
TRICAL 

INPUT DELAY TIME DELTA DELAY DELAY TIME DELTA DELAY 
THRESH-

CI Cpd OLD tpLH tpHL ~PLH ~PHL CI tpLH tpHL ~PLH ~PHL 
VOLTAGE (pF) (pF) (ns) (ns) (ns/pF) (ns/pF) (pF) (ns) (ns) (ns/pF) (ns/pF) 

2.5 TYP 0.23 19.3 TYP 4.28 5.08 0.16 0.14 7.1 1.15 0.83 0.19 0.17 
(CMOS) MAX 8.27 9.74 0.3 0.25 1.7 1.44 0.36 0.24 

1.3 TYP 0.23 19.3 TYP 4.29 5.07 0.16 0.14 7.1 1.64 1.34 0.2 0.29 
(TTL) MAX 8.29 9.72 0.3 0.25 2.43 3.17 0.39 0.66 

2.5 TYP 0.23 18.8 TYP 2.88 3.87 0.08 0.07 7.1 1.15 0.83 0.19 0.17 
(CMOS) MAX 5.71 7.75 0.15 0.13 1.7 1.44 0.36 0.24 

1.3 TYP 0.23 19.3 TYP 2.88 3.86 0.08 0.07 7.1 1.64 1.32 0.2 0.29 
(TTL) MAX 5.71 7.74 0.15 0.13 2.43 3.12 0.39 0.66 

2.5 TYP 0.23 20.4 TYP 2.56 3.6 0.04 0.05 7.1 1.15 0.83 0.19 0.17 
(CMOS) MAX 5.28 7.56 0.08 0.09 1.7 1.44 0.36 0.24 

1.3 TYP 0.23 21.3 TYP 2.56 3.59 0.04 0.05 7.1 1.64 1.3 0.2 0.27 
(TTL) MAX 5.28 7.56 0.08 0.09 2.43 3.01 0.39 0.64 

2.5 TYP 0.23 18 TYP 5.19 7.93 0.16 0.15 7.13 1.15 0.82 0.19 0.18 
(CMOS) MAX 10.22 15.24 0.3 0.27 1.71 1.45 0.36 0.24 

1.3 TYP 0.23 20 TYP 5.2 7.92 0.16 0.15 7.13 1.66 1.35 0.19 0.29 
(TTL) MAX 10.25 15.21 0.3 0.27 2.44 3.19 0.39 0.66 

2.5 TYP 0.23 19.6 TYP 4.11 6.78 0.08 0.09 7.13 1.15 0.82 0.19 0.18 
(CMOS) MAX 8.36 13.47 0.16 0.17 1.71 1.45 0.36 0.24 

1.3 TYP 0.23 19.7 TYP 4.11 6.78 0.08 0.09 7.13 1.66 1.33 0.19 0.29 
(TTL) MAX 8.37 13.46 0.16 0.17 2.44 3.13 0.39 0.66 

2.5 TYP 0.23 21.6 TYP 4.17 6.84 0.05 0.07 7.13 1.15 0.82 0.19 0.18 
(CMOS) MAX 8.79 14.11 0.1 0.13 1.71 1.45 0.36 0.24 

1.3 TYP 0.23 21 TYP 4.17 6.84 0.05 0.07 7.13 1.66 1.3 0.19 0.27 
(TTL) MAX 8.79 14.09 0.1 0.13 2.44 3.03 0.39 0.64 

2.5 TYP 0.23 16.8 TYP 4.33 5.02 0.16 0.14 7.1 1.16 O. 8 0.19 0.14 
(CMOS) MAX 8.37 9.61 0.3 0.25 1.7 1.39 0.36 0.25 

1.3 TYP 0.23 17.2 TYP 4.34 5 0.16 0.14 7.1 1.68 1.37 0.19 0.29 
(TTL) MAX 8.4 9.59 0.3 0.25 2.45 3.3 0.38 0.67 

2.5 TYP 0.23 16.5 TYP 2.89 3.84 0.08 0.07 7.1 1.15 0.8 0.19 0.14 
(CMOS) MAX 5.75 7.69 0.15 0.13 1.7 1.39 0.36 0.25 

1.3 TYP 0.23 17.3 TYP 2.89 3.83 0.08 0.07 7.1 1.68 1.36 0.19 0.26 
(TTL) MAX 5.75 7.68 0.15 0.13 2.45 3.25 0.38 0.67 

2.5 TYP 0.23 18.2 TYP 2.57 3.58 0.04 0.05 7.1 1.15 0.8 0.19 0.14 
(CMOS) MAX 5.3 7.53 0.08 0.09 1.7 1.39 0.36 0.25 

1.3 TYP 0.23 19.1 TYP 2.57 3.58 0.04 0.05 7.1 1.68 1.33 0.19 0.29 
(TTL) MAX 5.3 7.52 0.08 0.09 2.45 3.15 0.38 0.67 

2.5 TYP 0.23 16 TYP 5.24 7.84 0.16 0.15 7.13 1.16 O. 8 0.19 0.14 
(CMOS) MAX 10.33 15.06 0.3 0.27 1.71 1.39 0.36 0.25 

1.3 TYP 0.23 17.8 TYP 5.25 7.82 0.16 0.15 7.13 1.68 1.38 0.19 0.29 
(TTL) MAX 10.36 15.03 0.3 0.27 2.47 3.32 0.37 0.67 

2.5 TYP 0.23 17.4 TYP 4.13 6.73 0.08 0.09 7.13 1.16 0.8 0.19 0.14 
(CMOS) MAX 8.4 13.37 0.16 0.17 1.71 1.39 0.36 0.25 

1.3 TYP 0.23 17.7 TYP 4.13 6.73 0.08 0.09 7.13 1.68 1.37 0.19 0.29 
(TTL) MAX 8.41 13.36 0.16 0.17 2.47 3.28 0.37 0.66 

2.5 TYP 0.23 19.8 TYP 4.18 6.81 0.05 0.07 7.13 1.16 0.8 0.19 0.14 
(CMOS) MAX 8.82 14.04 0.1 0.13 1.71 1.39 0.36 0.25 

1.3 TYP 0.23 19 TYP 4.18 6.8 0.05 0.07 7.13 1.68 1.33 0.19 0.29 
(TTL) MAX 8.81 14.02 0.1 0.13 2.47 3.17 0.37 0.67 

t CMOS threshold measurements are shown. 
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TGC100 SERIES 
1-~ CMOS GATE ARRAYS 

FUNCTION 

MACRO 
HARDWIRED NAME 

IV110LJ 

INVERTERS IV120LJ 

IV140LJ 

IV211 LJ 

3-STATE IV221LJ 
INVERTER 

IV241LJ 

FUNCTION 

J-K 
FLIP-FLOPS 
HARDWIRED MACRO 
<'clock) NAME 

136 MHz JKB20LJ 
with CLR 
and PREZ 

135 MHz JKB21LJ 
with CLR (NEG EDGE 
and PREZ CLOCK) 

24 

INVERTERS, 3-STATE INVERTERS, J-K FLIP-FLOPS 

CHARACTERISTICS 

ELECTRICAL SWITCHING 

DELAY TIME 
NUMBER 

OF OUTPUT CELLS CI Cpd tpLH tpHL 
INPUTS DRIVE USED (pF) (pF) (ns) (ns) 

1 1X 1 TYP 0.07 0.21 TYP 0.26 0.28 
MAX 0.36 0.41 

1 2X 1 TYP 0.15 0.39 TYP 0.24 0.19 
MAX 0.32 0.36 

1 4X 2 TYP 0.31 0.8 TYP 0.2 0.13 
MAX 0.34 0.28 

2 1X 2 TYP 0.08 0.38 TYP 0.45 0.43 
MAX 0.77 0.66 

2 2X 4 TYP 0.23 0.96 TYP 0.38 0.33 
MAX 0.62 0.58 

2 4X 5 TYP 0.38 1.38 TYP 0.33 0.29 
MAX 0.52 0.58 

CHARACTERISTICS 

ELECTRICAL SWITCHING (CL = 0) (CLK to Q) 

DELAY TIME DELTA DELAY 

OUTPUT CELLS CI Cpd tpLH tpHL l\tPLH l\tPHL 
DRIVE USED 

2X 12 

2X 12 

TYP 

TYP 

(pF) (pF) (ns) 

0.08 3 TYP 2.13 
MAX 4.45 

0.08 3.2 TYP 2.08 
MAX 4.33 

TEXAS • 
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(ns) 

2.07 
4.34 

2.28 
4.81 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

(ns/pF) (ns/pF) 

0.44 0.34 
0.86 0.64 

0.44 0.34 
0.88 0.66 

(CL = 0) 

DELTA DELAY 

l\tPLH l\tPHL 
(ns/pF) (ns/pF) 

0.86 0.5 
1.68 0.82 

0.44 0.32 
0.84 0.44 

0.26 0.22 
0.4 0.3 

0.96 0.64 
1.9 1.26 

0.45 0.31 
0.88 0.61 

0.26 0.25 
0.52 0.48 

REQUIREMENTS 

TIMING 

SETUP HOLD 
(MIN) (MIN) 

tau th 
(ns) (ns) 

4 0 

3 0 



FUNCTION 

WIDTH 
MACRO OR OUTPUT 

LATCHES NAME SIZE DRIVE 

LAB20LJ 1-BIT 2X 

LAH12LJ 1-BIT 1X 

LAH13LJ 1-BIT 1X 

LAH14LJ 1-BIT 1X 

HARDWIRED 
LAH20LJ 1-BIT 2X 

LAH22LJ 1-BIT 2X 

LH110LJ 1-BIT 1X 

LH400LJ 4-BIT 1X 

S373LJ 8-BITS 1X 

SOFTWARE 
S375LJ 4-BITS 2X 

TGC100 SERIES 
1-~ CMOS GATE ARRAYS 

LATCHES, MULTIPLEXERS 

"u"n .• "TERISTICS 

ELECTRICAL SWITCHING (CL = 0) (See Note 14) 

DELAY TIME DELTA DELAY 

CELLS CI Cpd tpLH tpHL 
USED INPUT (pF) (pF) (n5) (n5) (n5/pF) (n5/pF) 

4 TYP RZ 0.07 1.6 TYP 1.1 0.68 0.44 0.3 
SZ 0.07 MAX 2.24 1.28 0.86 0.6 

5 TYP e 0.15 1.48 TYP 1.27 1.43 0.97 0.64 
D 0.07 MAX 2.5 2.85 1.88 1.27 

5 TYP e 0.15 1.48 TYP 1.26 1.16 0.96 0.63 
0 0.07 MAX 2.53 2.23 1.89 1.27 

7 TYP e 0.15 1.8 TYP 1.43 1.55 0.96 0.64 
0 0.07 MAX 2.81 3.11 1.89 1.26 

5 TYP e 0.17 2.2 TYP 1.31 1.48 0.44 0.3 
0 0.07 MAX 2.64 3.05 0.86 0.6 

4 TYP e 0.15 0.8 TYP 0.89 0.99 0.48 0.38 
0 0.07 MAX 1.73 1.99 0.96 0.73 

4 TYP I/O 0.56 0.76 TYP (0.56 pF) (0.56 pF) 
MAX 

11 TYP e 0.07 3.92 TYP 1.35 1.51 1.59 1.85 
On 0.08 MAX 2.73 3.07 3.09 3.61 

47 TYP 
on,gez 

0.07 10.06 TYP 1.8 2.3 0.96 0.64 
0.31 MAX 3.4 4.4 1.9 1.26 

16 TYP ANY 0.07 3.52 TYP 2 1.9 0.44 0.32 
MAX 4.2 3.2 0.84 0.44 

NOTE 14: Specific timing data regarding pulse duration. setup time and hold time models are incorporated in most engineering 
workstation libraries. These models are for the clocked functions embedded in the software macros. Evaluations of timing 
requirements made during prelayout simulation, produce workstation output used to identify and resolve each specific timing 
need. 

FUNCTION 

MACRO 
MULTIPLEXERS NAME SIZE 

MU111 LJ 2-TO-1 

HARDWIRED MU220LJ 4-TO-1 

MU311LJ 8-TO-1 

S150LJ 16-TO-1 

S151LJ 8-TO-1 

SOFTWARE 
S153LJ DUAL 

4-TO-1 

S157LJ QUAO 
2-TO-1 

OUTPUT 
DRIVE 

1X 

1X 

1X 

2X 

2X 

1X 

1X 

ELECTRICAL 

CELLS CI Cpd 
USED (pF) (pF) 

3 TYP 0.07 0.68 
0.18 

7 TYP 0.07 1.4 
0.24 

13 TYP 0.07 1.32 
0.42 

122 TYP 0.07 26.07 
GZ 0.15 

40 TYP 0.07 7.82 
GZ 0.15 

26 TYP 0.07 5.24 

18 TYP 0.07 4.98 
A/B 0.14 
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CHARACTERISTICS 

SWITCHING (CL = 0) 

DELAY TIME DELTA DELAY 

tpLH tpHL &pLH &pHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 0.62 0.81 0.89 0.57 
MAX 1.36 1.87 1.72 1.1 

TYP 0.95 1.11 0.47 0.49 
MAX 1.87 2.33 0.94 1 

TYP 1.28 1.5 0.91 0.88 
MAX 2.61 3.27 1.81 1.8 

TYP 4.3 4.5 0.44 0.32 
MAX 8.2 9 0.84 0.44 

TYP 3.5 3.5 0.44 0.32 
MAX 6.6 6.8 0.84 0.44 

TYP 2.4 2.2 0.88 1.27 
MAX 4.1 3.9 1.74 2.66 

TYP 2.5 2.4 0.87 0.72 
MAX 4.1 3.9 1.7 1.44 
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TGC100 SERIES 
1-J.1Ill CMOS GATE ARRAYS 

NAND, NOR, OR-AND, OR-NAND GATES 

FUNCTION CHARACTERISTICS 

ELECTRICAL SWITCHING ICL = 0) 

DELAY TIME DELTA DELAY 
NUMBER 

&pLH &pHL MACRO OF OUTPUT CELLS CI Cpd tpLH tpHL 
HARDWIRED NAME INPUTS DRIVE USED (DF) (DF! Ina) Ina) Ina/pF) Ina/pF) 

NA210LJ 2 lX 1 TYP 0.07 0.27 TYP 0.3 0.33 0.87 0.72 
MAX 0.52 0.47 1.7 1.44 

NA220LJ 2 2X 2 TYP 0.15 0.52 TYP 0.29 0.28 0.43 0.39 
MAX 0.5 0.46 0.84 0.72 

NA310LJ 3 lX 2 TYP 0.07 0.28 TYP 0.36 0.4 0.88 0.99 
MAX 0.73 0.72 1.72 2.04 

NA311LJ 3 lX 2 TYP 0.07 0.6 TYP 0.38 0.46 0.88 0.99 

Y - (-A)'B'C 
MAX 0.78 1.09 1.72 2.05 

NA320LJ 3 2X 3 TYP 0.15 0.52 TYP 0.34 0.36 0.44 0.5 
MAX 0.65 0.61 0.86 1.04 

NAND 
NA410LJ 4 lX 2 TYP 0.07 0.29 TYP 0.4 0.46 0.88 1.27 GATES 

MAX 0.82 0.95 1.74 2.66 

NA420LJ 4 2X 4 TYP 0.15 0.56 TYP 0.38 0.44 0.44 0.64 
MAX 0.77 0.92 0.9 1.34 

NA510LJ 5 lX 3 TYP 0.07 0.34 TYP 0.46 0.61 0.88 1.56 
MAX 1.01 1.43 1.76 3.3 

NA520LJ 5 2X 5 TYP 0.15 0.6 TYP 0.42 0.56 0.45 0.78 
MAX 0.89 1.26 0.92 1.66 

NA810LJ 8 lX 6 TYP 0.07 1.2 TYP 0.85 1.26 0.88 0.55 
MAX 1.86 2.75 1.72 1.02 

NA820LJ 8 2X 6 TYP 0.07 1.7 TYP 0.9 1.36 0.44 0.37 
MAX 1.97 3.04 0.86 0.7 

N0210LJ 2 lX 1 TYP 0.07 0.18 TYP 0.35 0.31 1.67 0.5 
MAX 0.67 0.49 3.4 0.82 

N0220LJ 2 2X 2 TYP 0.15 0.3 TYP 0.35 0.23 0.82 0.32 
MAX 0.62 0.43 1.72 0.45 

N0310LJ 3 lX 2 TYP 0.07 0.21 TYP 0.57 0.34 2.48 0.49 
MAX 1.45 0.51 5.1 0.88 

N0320LJ 3 2X 3 TYP 0.15 0.34 TYP 0.49 0.25 1.23 0.31 
MAX 1.22 0.47 2.58 0.45 

N0410LJ 4 lX 4 TYP 0.07 0.23 TYP 0.95 0.68 0.88 0.49 
NOR MAX 1.95 1.47 1.71 0.88 
GATES N0420LJ 4 2X 4 TYP 0.07 1.2 TYP 1.02 0.74 0.45 0.3 

MAX 2.15 1.61 0.87 0.59 

N0510LJ 5 lX 4 TYP 0.07 0.96 TYP 1.19 0.71 0.88 0.5 
MAX 3.12 1.5 1.7 0.9 

N0520LJ 5 2X 5 TYP 0.07 1.25 TYP 1.22 0.77 0.45 0.3 
MAX 3.08 1.66 0.88 0.58 

N0810LJ 8 lX 6 TYP 0.07 1.3 TYP 1.63 0.75 0.89 0.49 
MAX 4.23 1.56 1.72 0.9 

N0820LJ 8 2X 6 TYP 0.07 1.4 TYP 1.72 0.81 0.45 0.3 
MAX 4.49 1.7 0.9 0.56 

OA220LJ 4 2X 3 TYP 0.07 0.6 TYP 0.63 0.99 0.45 0.39 
OR-AND MAX 1.25 2.38 0.88 0.78 

Y - (Al+A2)'(Bl+B2) 

OA231LJ 6 lX 3 TYP 0.07 0.38 TYP 0.64 0.48 1.69 1 

Y - (Al+A2)'(B1+B2)'(Cl+C2) 
MAX 1.78 1.03 3.42 2.07 

OR-NAND 
GATES OA241LJ 8 lX 4 TYP 0.07 0.4 TYP 0.88 0.97 1.72 1.29 

Y - (Al+A2)'(Bl+B2)'(Cl+C2)'(Dl+D2) 
MAX 2.47 2.35 3.43 2.7 
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FUNCTION 

OUTPUT 
TOTEM-POLE MACRO 
HARDWIRED NAME 

OPIAOLJ 

OPIHOLJ 

OPIJOLJ 

OPI20LJ 

OPI40LJ 

OPI80LJ 

OPKAOLJ 

OPKHOLJ 

OPKJOLJ 
WITH dl/dt 
CONTROL OPK20LJ 

OPK40LJ 

OPK80LJ 

FUNCTION 

OUTPUT 
3-STATE MACRO 
HARDWIRED NAME 

OPI23LJ 

OPI43LJ 

OPI83LJ 

OPK23LJ 

WITH dl/dt OPK43LJ 
CONTROL 

OPK83LJ 

TGC100 SERIES 
1-J.lI11 CMOS GATE ARRAYS 

TOTEM - POLE, 3-STATE OUTPUTS 

OUTPUT CHARACTERISTICS 

ELECTRICAL SWITCHINGt (CL = 15 pF) 

OUTPUT DELAY TIME DELTA DELAY 
CURRENT 

(Source/Sink) CI Cpd tpLH tpHL apLH apHL 
(mA) (pF) (pF) (ns) (ns) (ps/pF) (ps/pF) 

12/16 TYP 0.41 13 TYP 1.56 1.76 30 20 
MAX 2.92 3.45 50 40 

12/12 TYP 0.41 12.9 TYP 1.56 1.78 30 30 
MAX 2.91 3.42 50 50 

12/20 TYP 0.41 13.2 TYP 1.57 1.8 30 10 
MAX 2.92 3.6 50 30 

2/2 TYP 0.23 7.36 TYP 3.91 4.01 160 140 
MAX 7.36 7.28 300 250 

4/4 TYP 0.41 8.51 TYP 2.24 2.36 80 70 
MAX 4.17 4.28 150 120 

8/8 TYP 0.41 10.5 TYP 1.63 1.86 40 40 
MAX 3.02 3.5 70 70 

12/16 TYP 0.41 10.6 TYP 3.73 5.66 40 50 
MAX 7.7 11.6 80 90 

12112 TYP 0.41 10.3 TYP 3.72 5.24 40 50 
MAX 7.68 10.6 80 90 

12/20 TYP 0.41 10.9 TYP 3.73 6.24 40 40 
MAX 7.71 12.9 80 80 

2/2 TYP 0.23 7.44 TYP 4.63 6.53 160 150 
MAX 8.98 12.19 300 260 

4/4 TYP 0.41 8.28 TYP 3.47 5.3 80 80 
MAX 6.81 10.04 150 150 

8/8 TYP 0.41 9.36 TYP 3.38 5.23 50 60 
MAX 6.87 10.28 90 110 

OUTPUT CHARACTERISTICS 

ELECTRICAL SWITCHINGt (CL = 15 pF) 

OUTPUT A GZ DELAY TIME DELTA DELAY 
CURRENT 

(Source/Sink) CI Cpd Cpd tpLH tpHL apLH apHL 
(mA) (pF) (pF) (pF) (ns) (ns) (ps/pF) (ps/pF) 

2/2 TYP 0.23 0.18 7.34 TYP 4.14 4.91 160 140 
MAX 8 9.41 300 250 

4/4 TYP 0.23 0.18 7.95 TYP 2.81 3.77 80 70 
MAX 5.57 7.56 150 140 

8/8 TYP 0.23 0.18 10.1 TYP 2.52 3.53 40 50 
MAX 5.2 7.43 80 90 

2/2 TYP 0.23 0.18 7.56 TYP 5.06 7.74 160 150 
MAX 9.98 14.88 300 270 

4/4 TYP 0.23 0.18 8.16 TYP 4.04 6.66 80 90 
MAX 8.23 13.24 160 170 

8/8 TYP 0.23 0.18 9.04 TYP 4.12 6.75 50 70 
MAX 8.69 13.92 100 130 

t CMOS threshold measurements are shown. 
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TGC100 SERIES 
1-~ CMOS GATE ARRAYS 

OPEN-DRAIN OUTPUTS, OR GATES 

FUNCTION 

ELECTRICAL SWITCHINGt (CL = 15 pF) 

OUTPUT OUTPUT 
Cpd OPEN-DRAIN MACRO CURRENT CI 

HARDWIRED NAME (mA) (pF) (pF) 

OPI21LJ 2 TYP 0.14 0.5 TYP 3.95 
MAX 7.51 

N-CHANNEL OPI41LJ 4 TYP 0.22 0.82 TYP 2.26 
(SINK CURRENT) MAX 4.17 

OPI81LJ 8 TYP 0.22 1.09 TYP 1.77 
MAX 3.35 

OPK21LJ 2 TYP 0.14 0.53 TYP 6.59 

N-CHANNEL MAX 12.8 

with dl/dt OPK41LJ 4 TYP 0.23 0.76 TYP 5.26 
CONTROL MAX 10.17 
(SINK CURRENT) 

OPK81LJ 8 TYP 0.23 1.04 

OPI24LJ 2 TYP 0.14 0.62 

P-CHANNEL OPI44LJ 4 TYP 0.24 1.16 80 (SOURCE 160 CURRENT) 
OPI84LJ 8 TYP 0.24 1.74 40 

80 

OPK24LJ 2 TYP 0.14 0.61 170 
P-CHANNEL 340 
with dl/dt OPK44LJ 4 TYP 0.23 1.04 CONTROL 
(SOURCE 
CURRENT) OPK84LJ 8 TYP 0.23 1.64 

t CMOS threshold measurements are shown. 

FUNCTION CHARACTERISTICS 

ELECTRICAL SWITCHING (CL = 0) 

DELAY TIME DELTA DELAY 
NUMBER 

MACRO OF OUTPUT CELLS CI Cpd tpLH tpHL apLH apHL 
HARDWIRED NAME INPUTS DRIVE USED (pF) (pF) (na) (na) (na/pF) (na/pF) 

OR210LJ 2 1X 2 TYP 0.07 0.48 TYP 0.39 0.71 0.88 0.55 
MAX 0.78 1.47 1.7 1 

OR220LJ 2 2X 2 TYP 0.07 0.8 TYP 0.46 0.82 0.44 0.36 
MAX 0.83 1.72 0.86 0.7 

OR310LJ 3 1X 2 TYP 0.07 0.45 TYP 0.43 1.04 0.88 0.64 
MAX 0.84 2.44 1.73 1.21 

OR320LJ 3 2X 3 TYP 0.07 0.89 TYP 0.52 1.2 0.44 .0.42 

OR GATES 
MAX 0.93 2.88 0.87 0.83 

OR410LJ 4 1X 3 TYP 0.07 0.55 TYP 0.46 1.34 0.89 0.72 
MAX 0.85 3.43 1.15 1.39 

OR420LJ 4 2X 3 TYP 0.07 1.16 TYP 0.51 1.53 0.45 0.49 
MAX 0.91 3.98 0.89 0.97 

OR510LJ 5 1X 4 TYP 0.07 0.74 TYP 0.46 0.97 0.89 0.79 
MAX 0.97 2.49 1.73 1.6 

OR810LJ 8 1X 5 TYP 0.07 0.97 TYP 0.5 1.43 0.89 0.9 
MAX 0.98 3.83 1.76 1.92 

28 
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FUNCTION 

FREQUENCY 
OSCILLATORS MACRO RANGE 
HARDWIRED NAME (MHz) 

THIRD OSlllLJ 55-tO-75 
OVERTONE 

THIRD OSI12LJ 35-tO-55 
OVERTONE 

THIRD OSI13LJ 20-tO-35 
OVERTONE 

FUNDAMENTAL OSI14LJ l-tO-20 

TGC100 SERIES 
1-J.II1l CMOS GATE ARRAYS 

OSCILLATORS, REGISTERS 

CHARACTERISTICS 

ELECTRICAL SWITCHINGt (CL = 0 pF) 

DELAY TIME DELTA DELAY 

PACKAGE CI COUT Cpd tpLH tpHL ~LH &pHL 
PINS (pF) (pF) (pF) (ne) (ne) (pe/pF) (pe/pF) 

2 TYP 3.79 6.92 10.9 TYP 2.52 2.33 160 160 
MAX 4.2 4.04 350 340 

2 TYP 3.79 6.89 10.3 TYP 2.37 2.19 170 180 
MAX 3.99 3.87 370 350 

2 TYP 3.79 6.98 10.2 TYP 2.29 2.13 180 180 
MAX 3.89 3.78 370 350 

2 TYP 3.79 6.9 10.1 TYP 2.27 2.11 190 190 
MAX 3.88 3.76 370 350 

t CMOS output delay times are shown. 

FUNCTION CHARACTERISTICS REQUIREMENTS 

ELECTRICAL SWITCHING (CL = 0) (CLK to Q) TIMING 

DELAY TIME DELTA DELAY SETUP HOLD 
(MIN) (MIN) 

REGISTERI 
CI Cpd &pLH &pHL FLIP-FLOPS MACRO OUTPUT CELLS tpLH tpHL tau th 

HARDWIRED NAME fclock DRIVE USED (pF) (pF) (ne) (ne) (ns/pF) (ne/pF) (ne) (ns) 

4-BIT,SER R2401lJ 135 MHz lX 26 TYP MULTI 6.4 TYP 1.38 1.59 0.89 0.51 2 0 
IN, CLR MAX 2.77 3.21 1.73 0.95 

4-BIT,SER IN, R2402lJ 135 MHz lX 27 TYP MULTI 6.8 TYP 1.49 1.66 0.89 0.55 2 0 
CLR, COMPLI· MAX 3.07 3.43 1.74 1.01 
MENTARY 
OUTPUTS 

4-BIT, R2403lJ 135 MHz lX 27 TYP MULTI 6 TYP 1.25 1.58 0.89 0.51 2 0 
PARALLEL IN MAX 2.46 3.19 1.71 0.93 

4-BIT, R2404LJ 135 MHz lX 31 TYP MULTI 8 TYP 1.26 1.58 0.89 0.51 2 0 
PARALLEL IN, MAX 2.48 3.22 1.72 0.94 
COMPLI-
MENTARY 
OUTPUT 

4-B1T R2405lJ 135 MHz lX 26 TYP MULTI 7.02 TYP 1.42 1.63 0.89 0.51 2 0 
with CLR MAX 2.85 3.33 1.72 0.95 

4-B1T with R2406LJ 135 MHz lX 28 TYP MULTI 8.17 TYP 1.36 1.68 0.9 0.52 2 0 
CLR and MAX 2.73 3.49 1.73 0.96 
COMPLI-
MENTARY 
OUTPUTS 
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TGC100 SERIES 
1-J.1IY1 CMOS GATE ARRAYS 

REGISTER FILES, SCAN FLIP-FLOPS/LATCHES 

FUNCTION CHARACTERISTICS 

ELECTRICAL ACCESS/CYCLE TIMES 

WRITE ADDRESS ENABLE DELTA 3.pORT 
REGISTER CYCLE ACCESS ACCESS DELAY 

FILES ORGANI-
At. HARDWIRED MACRO ZATiON OUTPUT CELLS CI Cpd tc(W) t.(A) ten 

(See Note 15) NAME (WX B) DRIVE USED (pF) (pF) (na) (na) (na) (na/pF) 

RF400LJ 16 X 8 2X 418 TYP 0.19 48 TYP 8 5.2 1.3 0.3 
1 WRITE, MAX 10.89 3.23 1.02 
2 READ RF402LJ 16 X 9 2X 462 0.19 53 TYP 5.3 1.4 0.3 

MAX 8 11.03 3.4 1.07 

NOTE 15: RF400LJ and RF402LJ are for use on TGC112, TGC115, or TGC118 gate arrays only. 

FUNCTION CHARACTERISTICS 

ELECTRICAL SWITCHING (CL = 0) (CLK to Q) 

SCAN OPERATING 
FLIP-FLOPS FRE-
LATCHES MACRO QUENCY 
HARDWIRED NAME fopr 

D-FF, with CLR TDB10LJ 90MHz 

M-S D-LATCH TDC11LJ 100MHz 
with CLR, 
COMP OUT 

M-S D-LATCH TDN11LJ 100MHz 

M-S D-LATCH TDN12LJ 100MHz 
with COMP OUT 

M-S D-LATCH TDN13LJ 100MHz 
with SLAVE D 
COMP OUT 

M-S.D-LATCH TDN22LJ 83MHz 

30 

DELAY TIME 

OUTPUT 
DRIVE 

1X 

1X 

1X 

1X 

1X 

2X 

CELLS CI Cpd tpLH 
USED (pF) (pF) 

10 

10 

8 

9 

12 

11 

TYP MULTI 4.6 TYP 
MAX 

TYP MULTI 3.99 TYP 
MAX 

TYP MULTI 2.2 TYP 
MAX 

TYP MULTI 3.69 TYP 
MAX 

TYP MULTI 4 TYP 
MAX 

TYP MULTI 5.8 TYP 
MAX 

TEXAS ..If 
INSTRUMENTS 

(na) 

1.83 
3.69 

2.18 
4.49 

1.67 
3.69 

1.89 
4.23 

1.99 
4.41 

2.18 
4.91 
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tpHL 
(na) 

2.57 
5.69 

2.23 
4.98 

1.95 
4.3 

2.17 
4.84 

2.31 
5.07 

2.57 
5.73 

DELTA DELAY 

AtpLH AipHL 
(na/pF) (na/pF) 

0.9 0.58 
1.77 1.06 

0.9 0.68 
1.76 1.31 

0.89 0.51 
1.76 0.94 

0.91 0.54 
1.77 0.95 

0.91 0.54 
1.77 0.98 

0.44 0.32 
0.87 0.62 

REQUIREMENTS 

TIMING 

WRITE WRITE 
SETUP HOLD 
(MIN) (MIN) 

tall th 
(na) (na) 

5 2 

5 2 

REQUIREMENTS 

TIMING 

SETUP HOLD 
(MIN) (MIN) 

tall th 
(na) (na) 

4 0 
USE CK120LJ 

3 I 0 

USE CK120LJ 

3 .L 0 
USE CK120LJ 

3 .L 0 
USE CK120LJ 

3 I 0 

USE CK120LJ 

3 .!. 0 
USE CK120LJ 



TGC100 SERIES 
1-J.lI11 CMOS GATE ARRAYS 

SHIFT REGISTERS, TOGGLE FLIP-FLOPS, TIE-OFF 

FUNCTION CHARACTERISTICS 

ELECTRICAL SWITCHING (See Note 18) 

DELAY TIME DELTA DELAY 
SHIFT 

CI REGISTERS MACRO OUTPUT CELLS Cpd tpLH tpHL AipLH AiPHL 
SOFTWARE NAME LENGTH DRIVE USED (pF) (pF) (ns) (ns) (ns/pF) (ns/pF) 

SIPO S164LJ 8-BITS 2X 88 TYP 0.07 30.36 TYP 2.5 2.5 0.44 0.32 
with CLR MAX 4.7 4.7 0.84 0.44 

PISO S165ALJ 8-BITS 1X 126 TYP MULTI 23.2 TYP 3 2.4 0.46 0.34 
with CLKINH MAX 6.4 4.9 0.92 0.65 

PIPO S194ALJ 4-BITS 1X 73 TYP NULTI 15.23 TYP 1.8 1.9 0.89 0.51 
BIDIRECTIONAL MAX 3.7 3.8 1.72 0.95 
with CLR 

NOTE 16: Specific fiming data regarding pulse duration, setup time and hold time models are incorporated in most engineering 
workstation libraries. These models are for the clocked functions embedded in the software macrOG. Evaluations of 
timing requirements made during prelayout simulation, produce workstation output used to identify and resolve each 
specific timing need. 

FUNCTION 

TOGGLE 
FLIP-FLOPS 
(fclock) 
HARDWIRED 

131 MHz with 
CLR and PREZ 

FUNCTION 

MACRO 
NAME 

TAB20LJ 

MACRO 
NAME 

T0010LJ 

ELECTRICAL 

OUTPUT CELLS CI Cpd 
DRIVE USED (pF) (pF) 

2X 9 TYP 0.2 3 

OUTPUT CELLS 
DRIVE USED 

1X 2 TYP 

TEXAS ..If 
INSTRUMENTS 

CHARACTERISTICS 

SWITCHING (CLK TO Q OUn 

DELAY TIME DELTA DELAY 

tpLH tpHL AipLH AipHL 
(ns) (ns) (ns/pF) (ns/pF) 

TYP 1.2 1.08 0.48 0.44 
MAX 2.48 2.3 0.98 0.84 

CHARACTERISTICS 
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TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205)"837-7530. 

ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 624-3276. 

CALIFORNIA: Irvine (714) 660-1200; 
Sacramento (916) 929-0197; 
San Diego (619) 278-9600; 
Santa Clara (408) 980-9000; 
Torrance (213) 217-7000; 
Woodland Hills (81 B) 704-7759. 

COLORADO: Aurora (303) 368-8000. 

CONNECTICUT: Wallingford (203) 269-0074. 

FLORIDA: Altamonte Springs (305) 260-2116; 
FI. Lauderdale (305) 973-8502; 
Tampa (813) 286-0420. 

GEORGIA: Norcross (404) 662-7900. 

ILLINOIS: Arlington Heights (312) 640-3000. 

INDIANA: Carmel (317) 573-6400; 
Ft_ Wayne (219) 424-5174. 

IOWA: Cedar Rapids (319) 395-9550. 

KANSAS: Overland Park (913) 451-4511. 

MARYLAND: Baltimore (301) 944-8600. 

MASSACHUSETTS: Walth~m (617) 895-9100. 

MICHIGAN: Farmington Hills (313) 553-1500; 
Grand Rapids (616) 957-4200. 

MINNESOTA: Eden Prairie (612) 828-9300. 

MISSOURI: SI. Louis (314) 569-7600. 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 

NEW YORK: East Syracuse (315) 463-9291; 
Melville (516) 454-6600; Pittsford (716) 385-6770; 
Poughkeepsie (914) 473-2900. 

NORTH CAROLINA: Charlotte (704) 527-0930; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100; 
Dayton (513) 258-3877. 

OREGON: Beaverton (503) 643-6758. 

PENNSYLVANIA: Blue Bell (215) 825-9500. 

PUERTO RICO: Hato Rey (809) 753-8700. 

TENNESSEE: Johnson City (615) 461-2192. 

TEXAS: Austin (512) 250-6769; 
Houston (713) 778-6592; Richardson (214) 680-5082; 
San Antonio (512) 496-1779. 

UTAH: Murray (801) 266-8972. 

VIRGINIA: Fairfax (703) 849-1400. 

WASHINGTON: Redmond (206) 881-3080. 

WISCONSIN: Brookfield (414) 782-2899. 

CANADA: Nepean, Ontario (613) 726-1970; 
Richmond Hill, Ontario (416) 884-9181; 
St. Laurent, Quebec (514) 336-1860. 

TI Regional 
Technology Centers 
CALIFORNIA: Irvine (714) 660-8140; 
Santa Clara (408) 748-2220; 
Torrance (213) 217-7019. 

COLORADO: Aurora (303) 368-8000. 

GEORGIA: Norcross (404) 662-7945. 

ILLINOIS Arlington Heights (313) 640-2909. 

MASSACHUSETTS: Waltham (617) 895-9196. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726-1970. 

Printed in U.S.A. 

TI AUTHORIZED DISTRIBUTORS 
Arrow/Kierulff Electronics Group 
Arrow Canada (Canada) 
Future Electronics (Canada) 
GRS Electronics Coo, Inc. 
Hall·Mark Electronics 
Marshall Industries 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 
Zeus Components 

-OBSOLETE PRODUCT ONLY­
Rochester Electronics, Inc. 
Newburyport,' Massachusetts 
(617) 462·9332 

ALABAMA: Arrow/Kierulff (205) 837-6955; 
Hall-Mark (205) 837-8700; Marshall (205) 881-9235; 
Schweber (205) 895-0480. 

ARIZONA: ArrowlKierulff (602) 437-0750; 
Hall-Mark (602) 437-1200; Marshall (602) 496-0290; 
Schweber (602) 997-4874; Wyle (602) 866-2888. 

CALIFORNIA: Los Angeles/Orange County: 
Arrow/Kierulff (818) 701-7500, (714) 838-5422; 
Hall-Mark (818) 716-7300, (714) 669-4100, 
(213) 217-8400; Marshall (818) 407-0101, (818) 459-5500, 
(714) 458-5395; Schweber (818) 999-4702; 
(714) 863-0200, (213) 320-8090; Wyle (213) 322-9953, 
(818) 880-9000, (714) 863-9953; Zeus (714) 921-9000; 
Sacramento: Hall-Mark (916) 722-8600; 
Marshall (916) 635-9700; Schweber (916) 929-9732; 
Wyle (916) 638-5282; 
San Diego: ArrowlKierulff (619) 565-4800; 
Hall-Mark (619) 268-1201; Marshall (619) 578-9600; 
Schweber (619) 450-0454; Wyle (619) 565-9171; 
San Francisco Bay Area: ArrowlKierulff (408) 745-6600, 
Hall-Mark (408) 432-0900; Marshall (408) 942-4600; 
Schweber (408) 432-7171; Wyle (408) 727-2500; 
Zeus (408) 998-5121. 

COLORADO: ArrowlKierulff (303) 790-4444; 
Hall-Mark (303) 790-1662; Marshall (303) 451-8383; 
Schweber (303) 799-0258; Wyle (303) 457-9953. 

CONNETICUT: ArrowlKierulff (203) 265-7741; 
Hall-Mark (203) 269-0100; Marshall (203) 265-3822; 
Schweber (203) 748-7080. 

FLORIDA: FI. Lauderdale: 
ArrowlKierulff (305) 429-8200; Hall-Mark (305) 971-9280; 
Marshall (305) 977-4880; Schweber (305) 977-7511; 
Orlando: ArrowlKierulff (305) 725-1460, (305) 682-6923; 
Hall-Mark (305) 855-4020; Marshall (305) 767-8585; 
Schweber (305) 331-7555; Zeus (305) 365-3000; 
Tampa: Hall-Mark (813) 530-4543; 
Marshall (813) 576-1399. 

GEORGIA: ArrowlKierulff (404) 449-8252; 
Hall-Mark (404) 447-8000; Marshall (404) 923-5750; 
Schweber (404) 449-9170. 

ILLINOIS: Arrow/Kierulff (312) 250-0500; 
Hall-Mark (312) 660-3600; Marshall (312) 490-0155; 
Newark (312) 784-5100; Schweber (312) 364-3750. 

INDIANA: Indianapolis: ArrowlKierulff (317) 243-9353; 
Hall-Mark (317) 672-8875; Marshall (317) 297-0483. 

IOWA: ArrowlKierulff (319) 395-7230; 
Schweber (319) 373-1417. 

KANSAS: Kansas City: ArrowlKierulff \913) 541-9542; 
Hall-Mark (913) 888-4747; Marshall (913 492-3121; 
Schweber (913) 492-2922. 

MARYLAND: ArrowlKierulff (301) 995-6002; 
Hall-Mark (301) 988-9800; Marshall (301) 840-9450; 
Schweber (301) 840-5900; Zeus (301) 997-1118. 

'" TEXAS 
INSTRUMENTS 

MASSACHUSETTS ArrowlKierulff (617) 935-5134; 
Hall-Mark (617) 667-0902; Marshall (617) 656-0810; 
Schweber (617) 275-5100, (617) 657-0760; 
Time (617) 532-6200; Zeus (617) 863-8800. 

MICHIGAN: Detroit: Arrow/Kierulff (313) 971-8220; 
Marshall (313) 525-5850; Newark (313) 967-0600; 
Schweber (313) 525-8100; 
Grand Rapids: Arrow/Kierulff (616) 243-0912. 

MINNESOTA: ArrowlKierulff (612) 830-1800; 
Hall-Mark (612) 941-2600; Marshall (6.12) 559-2211; 
Schweber (612) 941-5280. 

MISSOURI: SI. Louis: ArrowlKierulff (314) 567-6888; 
Hall-Mark (314) 291-5350; Marshall (314) 291-4650; 
Schweber (314) 739-0526. 

NEW HAMPSHIRE: ArrowlKierulff (603) 668-6968; 
Schweber (603) 625-2250. 

NEW JERSEY: ArrowlKierulff (201) 538-0900, 
(609) 596-8000; GRS Electronics (609) 964.8560; 
Hall-Mark (201) 575-4415, (609) 235-1900; 
Marshall (201) 882-0320, (609) 234-9100; 
Schweber (201) 227-7880. 

NEW MEXICO: ArrowlKierulff (505) 243-4566. 

NEW YORK: Long Island: 
ArrowlKierulff (516) 231-1000; Hall-Mark (516) 737-0600; 
Marshall (516) 273-2424; Schweber (516) 334-7555; 
Zeus (914) 937-7400; 
Rochester: Arrow/Kierulff (716) 427-0300; 
Hall-Mark (716) 244-9290; Marshall (716) 235-7620; 
Schweber (716) 424-2222; 
Syracuse: Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow/Kierulff (919) 876-3132, 
(919) 725-8711; Hall-Mark (919) 872-0712; 
Marshall (919) 878-9882; Schweber (919) 876-0000. 

OHIO: Cleveland: ArrowlKierulff (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788; 
Schweber (216) 464-2970; 
Columbus: Arrow/Kierulff (614) 436-0928; 
Hall-Mark (614) 888-3313; 
Dayton: Arrow/Kierulff (513) 435-5563; 
Marshall (513) 898-4480; Schweber (513) 439-1800. 

OKLAHOMA: Arrow/Kierulff (918) 252-7537; 
Schweber (918) 622-8003. 

OREGON: Arrow/Kierulff (503) 645-6456; 
Marshall (503) 644-5050; Wyle (1$03) 640-6000. 

PENNSYLVANIA: Arrow/Kierulff (412) 856-7000, 
(215) 928-1800; GRS Electronics (215) 922-7037; 
Schweber (215) 441-0600, (412) 963-6804. 

TEXAS: Austin: ArrowlKierulff (512) 835-4180; 
Hall-Mark (512) 258-8648; Marshall (512) 837-1991; 
Schweber (512) 339-0088; Wyle (512) 834-9957; 
Dallas: ArrowlKierulff (214) 380-6464; 
Hall-Mark (214) 553-4300; Marshall (214) 233-5200; 
Schweber (214) 661-5010; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 
Houston: ArrowlKierulff (713) 530-4700; 
Hall-Mark (713) 781-6100; Marshall (713) 895-9200; 
Schweber (713) 784-3600; Wyle (713) 879-9953. 

UTAH: Arrow/Kierulff (801) 973-6913; 
Hall-Mark (801) 972-1008; Marshall (801}485-1551; 
Wyle (801) 974-9953. 

WASHINGTON: Arrow/Kierulff (206) 575-4420; 
Marshall (206) 747-9100; Wyle (206) 453-8300. 

WISCONSIN: ArrowlKierulff (414) 79200150; 
Hall-Mark (414) 797-7844; Marshall (414) 797-8400; 
Schweber (414) 784-9020. 

CANADA: Calgary: Future (403) 235-5325; 
Edmonton: Future (403) 438-2858; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 
Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 
Quebec City: Arrow Canada (418) 687-4231; 
Toronto: Arrow Canada (416) 672-7769; 
Future (416) 638-4771; 
Vancouver: Future (604) 294-1166; 
Winnipeg: Future (204) 339-0554. 

Customer 
Response Center 
TOLL FREE: (800) 232-3200 

OUTSIDE USA: (214) 995·6611 
(8:00 a.m. - 5:00 p.m. CSl) 
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