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IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. TI advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 

TI warrants performance of its semiconductor products, including SNJ 
and SMJ devices, to current specifications in accordance with Tl's 
standard warranty. Testing and other quality control techniques are 
utilized to the extent TI deems such testing necessary to support this 
warranty. Unless mandated by government requirements, specific 
testing of all parameters of each device is not necessarily performed. 

In the absence of written agreement to the contrary, TI assumes no 
liability for TI applications assistance, customer's product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of TI covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 

Specifications contained in this data book supersede all data for these 
products published by TI in the US before January 1985. 

Copyright © , 985, Texas Instruments Incorporated 
Copyright © 1986, Texas Instruments Incorporated 

Revised June 1986 
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INTRODUCTION 

In this volume, Texas Instruments presents technical information on field-programmable logic and memory 
devices, including Programmable Array Logic (PAL® ) circuits, Field-Programmable Logic Array (FPLA) devices, 
and Schottkyt TTL memories (PROMs, RAMs, and memory-based code converters). 

Tl's line of programmable array logic products includes high-speed leadership circuits as well as standard PALs 
which are pin-compatible and functionally equivalent with other programmable logic array devices available. 
This volume includes specifications on existing and future products including: 

• High-performance IMPACT PALs and low-power IMPACT PALs with leadership speed at 15 ns and 25 ns 
(max). respectively 

• 20-Pin and 24-pin standard and half-power PALs 
• High-complexity Latched and Registered input PALs and Exclusive-OR arrays 

• Simple PALs 

Each of these offer the designer significant reductions in "custom" design cycle time, as well as savings in 
board space by reducing SSI/MSI package count by as much as 5 to 1. 

Specifications for TI's two high-performance field-programmable logic arrays, TIFPLA839 and '840, are also 
detailed. Designed with both programmable AND and programmable OR arrays, these functions contain 32 
product terms and six sum terms. Each of the sum-of-products output functions can be programmed either. 
active high (true) or active low (true). They provide high-speed, data-path logic replacement where several 
conventional SSI functions can be implemented with a single FPLA package. Product preview information on 
six field programmable logic sequencers (FPLS) has been included. 

TI's family of high-performance Schottky TTL memories offers a wide variety of organizations providing efficient 
solutions for virtually any size microcontrol or program memory application. This volume contains information 
on Tl's standard PROMs and new high-speed Series 3 IMPACT PROMs, including: 

• 256-Bit, 1 K, and 2K PROMs suitable for logic replacement 
• Standard and low-power 512 x 8, 4K PROM, and 1024 x 8, 8K PROM 
• Series 3 PROMs: 

High-speed, 15ns, 32 x 8, 256-Bit PROM 
1 K, 2K, 8K IMPACT PROMs in 4- or 8-Bit word width configurations 
2K x 8 and 4K x 4, 16K IMPACT PROMs, in both high-speed and low-power options 

Series 3 PROMs feature high-speed access times and dependable titanium-tungsten fuse link programming 
elements in both low-density configurations for logic replacement, and high density configurations for high­
performance memory application. Package options for these PROMs will include plastic and ceramic chip carriers 
as well as the standard DIPs. To achieve significant reductions in board space, TI offers the 16K, 2K x B Series 3 
PROMs in a 300-mil, 24-pin DIP, and 28-pin chip carrier packages. 

Tl's leadership PAL ICs and Series 3 PROMs utilize our new advanced bipolar technology, IMPACT (IMPlanted 
Advanced Composed Technology). This unique innovation offers performance advantages in speed, power, and 
circuit density over preceding bipolar technologies and includes such features as: 

• 2-JLm Feature size 
• 7-JL Metal pitch 
• Walled emitter 
• Ion implant 
• Oxide isolation 
• Composed masks 

PAL is a registered trademark of Monolithic'Memories Inc. 
tlntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975. 
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A new Field Programmable Logic Application Report has been incorporated in this data book as a reference 
tool. It provides the first-time user of field-programmable logic with a basic understanding of this powerful 
semicustom logic. 

Also included in this volume is a Functional Index to all bipolar digital device types available or under development. 
All logic technologies (TTL, S, LS, ALS, AS)' field-programmable logic, programmable read-only memories, and 
bipolar complex LSI are also included. Logic symbols and pin assignments for all bipolar devices are shown in 
the Product Guide section of Volume 1 with typical performance data and chip carrier information. 

While this volume offers design and specification data for bipolar programmable logic and memory components, 
complete technical data for any TI semiconductor product is available from your nearest TI field sales office, 
local authorized TI distributor, or by calling Texas Instruments at 1-800-232-3200, ext. 951. 
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GLOSSARY 

INTRODUCTION 

These symbols, terms and definitions are in accordance with those currently agreed upon 
by the JEDEC Council of the Electronic Industries Association (EIA) for use in the USA and 
by the International Electrotechnical Commission (lEC) for intijrnational use. 

PART 1 - GENERAL CONCEPTS AND CLASSIFICATIONS OF CIRCUIT COMPLEXITY 

Chip-Enable Input 

A control input that when active permits operation of the integrated circuit for input, internal transfer, 
manipulation, refreshing, and/or output of data and when inactive causes the integrated circuit to be in 
reduced-power standby mode. 
NOTE: See "chip-select input." 

Chip-Select Input 

A gating input that when inactive prevents input or output of data to or from an integrated circuit. 
NOTE: See "chip-enable input." 

Field-Programmable Logic Array (FPLA) 

A user-programmable integrated circuit whose basic logic structure consists of a programmable AND array 
and whose outputs feed a programmable OR array. 

Gate Equivalent Circuit 

A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that 
number of individual logic gates that would have to be interconnected to perform the same function. 

Large-Scale Integration (LSI) 

A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. 
In this context a major subsystem or system, whether digital or linear, is considered to be one that contains 
100 or more equivalent gates or circuitry of similar complexity. 

Mask-Programmed Read-Only Memory 

A read-only memory in which the data content of each cell is determined during manufacture by the use 
of a mask, the data content thereafter being unalterable. 

Medium-Scale Integration (MSI) 

A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The 
subsystem or system is smaller than for LSI, but whether digital or linear, is considered to be one that 
contains 12 or more equivalen't gates or circuitry of similar complexity. 

Memory Cell 

The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it 
is or can be stored, and from which it can be retrieved. 

Memory Integrated Circuit 

An integrated circuit consisting of memory cells and usually including associated circuits such as those 
for address selection, amplifiers, etc. 
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GLOSSARY 

Output-Enable Input 

A gating input that when active permits the integrated circuit to output data and when inactive causes 
the integrated circuit output(s) to be at a high impedance (off). 

Programmable Array logic (PAL) 

A user-programmable integrated circuit which utilizes proven fuse link technology to implement logic 
functions. Implements sum of products logic by using a programmble AND array whose outputs feed a 
fixed OR array. 

Programmable Read-Only Memory (PROM) 

A read-only memory that after being manufactured can have the data content of each memory cell altered 
once only. 

Random-Access Memory (RAM) 

A memory that permits access to any of its address locations in any desired sequence with similar access 
time for each location. 
NOTE: The term RAM, as commonly used, denotes a read/write memory. 

Read/Write Memory 

A memory in which each cell may be selected by applying appropriate electronic input signals and the 
stored data may be either (a) sensed at appropriate output terminals, or (b) changed in response to other 
similar electronic input signals. 

Small-Scale Integration (551) 

Integrated circuits of less complexity than medium-scale integration (MSI). 

Typical (TVP) 

A calculated value representative of the specified parameter at nominal operating conditions (Vee = 5 V, 
T A = 25 Ce), based on the measured value of devices processed, to emulate the process distribution. 

Very-large-Scale Integration (VlSI) 

A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a 
system, whether digital or linear, is considered to be one that contains 3000 or more gates or circuitry 
of similar complexity. 

Volatile Memory 

A memory the data content of which is lost when power is removed. 
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GLOSSARY 

PART 2 - OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY lETTER SYMBOLS) 

fmax Maximum clock frequency 

ICC 

ICCH 

ICCl 

The highest rate at which the clock 'input of a bistable circuit can be driven through its required 
sequence while maintaining stable transitions of logic level at the output with input conditions 
established that should cause changes of output logic level in accordance with the specification. 

Supply current 
The current into* the Vee supply terminal of an integrated circuit. 

Supply current, outputs high 
The current into* the Vee supply terminal of an integrated circuit when all (or a specified number) 
of the outputs are at the high level. 

Supply current, outputs low 
The current into* the Vee supply terminal of an integrated circuit when all (or a specified number) 
of the outputs are at the low level. 

High-level input current 
The current into* an input when a high~level voltage is applied to that input. 

III low-level input current 
The current into* an input when a low-level voltage is applied to that input. 

10H High-level output current 
The current into * an output with input conditions applied that, according to the product 
specification, will establish a high level at the output. 

10l low-level output current 
The current into * an output with input conditions applied that, according to the product 
specification, will establish a low level at the output. 

lOS (10) Short-circuit output current 
The current into * an output when that output is short-circuited to ground (or other specified 
potential) with input conditions applied to establish the output logic level farthest from ground 
potential (or other specified potential). 

10ZH Off-state (high-impedance-state) output current (of a three-state output) with high-level voltage 
applied 
The current flowing into* an output having three-state capability with input conditions established 
that, according to the production specification, will establish the high-impedance state at the output 
and with a high-level voltage applied to the output. 
NOTE: This parameter is measured with other input conditions established that would cause the 

output to be at a low level if it were enabled. 

10Zl Off-state (high-impedance-state) output current (of a three-state output) with low-level voltage 
applied 
The current flowing into * an output having three-state capability with input conditions established 
that, according to the product specification, will establish the high-impedance state at the output 
and with a low-level voltage applied to the output. 
NOTE: This parameter is measured with other input conditions established that would cause the 

output to be at a high level if it were enabled. 

*Current out of a terminal is given as a negative value. 
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GLOSSARY 

VIH High-level input voltage 

VIK 

VIL 

VOH 

VOL 

ta 

tdis 

An input voltage within the more positive (less negative) of the two ranges of values used to 
represent the binary variables. 
NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which 

operation of the logic .element within specification limits is guaranteed. 

Input clamp voltage 
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage 
swing. 

Low-level input voltage 
An input voltage level within the less positive (more negative) of the two ranges of values used to 
represent the binary variables. 
NOTE: A minimum is specified that is the most-positive value of low-level input voltage for which 

operation of the logic element within specification limits is guaranteed . 

High-level output voltage 
The voltage at an output terminal with input conditions applied that, according to the product 
specification, will establish a high level at the output. 

Low-level output voltage 
The voltage at an output terminal with input conditions applied that, according to the product 
specification, will establish a low level at the output. 

Access time 
The time interval between the application of a specific input pulse and the availability of valid signals 
at an output. , 

Disable time (of a three-state output) 
The time interval between the specified reference points on the input and output voltage waveforms, 
with the three-state output changing from either of the defined active levels (high or low) to a high­
impedance (off) state. (tdis = tpHZ or tPLZ). 

ten Enable time (of a three-state output) 
The time interval between the specified reference points on the input and output voltage waveforms, 
with the three-state output changing from a high-impedance (off) state to either of the defined active 
levels (high or low). (ten = tpZH or tpzU. 

th Hold time 

tpd 

The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal. ' 
NOTES: 1 . The hold time is the actual time interval between two signal events and is determined by 

the system in which the digital circuit operates. A minimum value is specified that is the 
shortest interval for which correct operation of the digital circuit is guaranteed. 

2 . The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct 
operation of the digital circuit is guaranteed., 

Propagation delay time 
The time between the specified reference points on the input and output voltage waveforms with 
the output changing from one defined level (high or low) to the other defined level. (tpd = tpHL or 
tPLH)· 
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GLOSSARY 

tPHL Propagation delay time, high-to-Iow level output 
The time between the specified reference points on the input and output voltage waveforms with 
the output changing from the defined high level to the defined low level. 

tpHZ . Disable time (of a three-state output) from high level 
The time interval between the specified reference points on the input and the output voltage waveforms 
with the three-state output changing from the defined high level to a high-impedance (off) state. 

Propagation delay time, low-to-high-Ievel output 
The time between the specified reference points on the input and output voltage waveforms with 
the output changing from the defined low level to the defined high level. 

Disable time (of a three-state output) from low level 
The time interval between the specified reference points on the input and output voltage waveforms 
with the three-state output changing from the defined low level to a high-impedance (off) state. 

Enable time (of a three-state output) to high level 
The time interval between the specified reference points on the input and output voltage waveforms 
with the three-state output changing from a high-impedance (off) state to the defined high level. 

tpZL Enable time (of a three-state output) to low level 
The time interval between the specified reference points on the input and output voltage waveforms 
with the three-state output changing from a high-impedance (off) state to the defined low level. 

tsr Sense recovery time 
The time interval needed to switch a memory from a write mode to a read mode and to obtain valid 
data signals at the output. 

tsu Setup time 
The time interval between the application of a signal at a specified input terminal and a subsequent 
active transition at another specified input terminal. 
NOTES: 1 . The setup time is the actual time interval between two signal events and is determined 

by the system in which the digital circuit operates. A minimum value is specified that is 
the shortest interval for which correct operation of the digital circuit is guaranteed. 

2 . The setup time may have a negative value in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for 
which correct operation of the digital circuit is guaranteed. 

tw Pulse duration (width) 
The time interval between specified reference points on the leading and trailing edges of the pulse 
waveform. ' 
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EXPLANATION OF FUNCTION TABLES 

The following symbols are used in function tables on TI data sheets. 

H 

L 
i 

~ 

Y' 
x 
Z 

a ... h 

QO 

00 

Qn 

JL 
Lr 

TOGGLE 

high level (steady state) 

low level (steady state) 

transition from low to high level 

transition from high to low level 

value/level or resulting value/level is routed to indicated destination 

valuellevel is reentered 

irrelevant (any input, including transitions) 

off (high impedance) state of a 3-state output 

the level of steady-state inputs A through H respectively 

the level of Q before the indicated steady-state input conditions were established 

complement of QO or level of a before the indicated steady-state input conditions were 
established • 

level of Q before the most recent active transition indicated by ~ or i 

one high-level pulse 

one low-level pulse 

each output changes to the complement of its previous level on each transition indicated by 
~ or i. 

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is 
valid whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The 
output persists so long as the input configuration is maintained. 

If, in the input columns, a row contains H, L, and/or X together with i and/or~, this means the output is valid 
whenever the input configuration is achieved but the transition(s) must occur following the achievement of 
the steady-state levels. If the output is shown as a level (H, L, QO, or (0), it persists so long as the steady-state 
input levels and the levels that terminate indicated transitions are maintained. Unless otherwise indicated, input 
transitions in the opposite direction to those shown have no effect at the output. (If the output is shown as 
a pulse, SL or 1.5 ' the pulse follows the indicated input transition and persists for an interval 
dependent on the circuit.) 
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SERIES 1 AND 2 PROMs, RAMs, MEMORY-BASED CODE CONVERTERS 

PARAMETER MEASUREMENT INFORMATION 

FOR THREE-STATE OUTPUTS AND BI-STATE TOTEM-POLE OUTPUTS FOR OPEN-COLLECTOR OUTPUTS 

FROM OUTPUT 
UNDER TEST 

Vl 

Rl 

V2 

FROM OUTPUT 
UNDER TEST 

, iRL 
1 CL IS" No" AI R2 CL~ 

(See Note AIJ.. 

-=-
LOAD CIRCUIT THEVENIN EQUIVALENT 

CIRCUIT 

VOLTAGE VALUES 

MEASUREMENTS VCC Vl V2 

5.5 V 5.5 V 3.7 V 

5.25 V 5.25 V 3.5 V 
tpLH and tpHL 

4.75 V 4.75 V 3.2 V 

4.5 V 4.5 V 3V 

tpHZ and tpZH ALL OV OV 

tpLZ and tpZL ALL 5V 3.3 V 

RESISTOR VALUES 

IOLMAXt Rl R2 RL 

24 mA 200 n 400 n 133 Q 

20 mA 240 n 480 n 160 n 
16 mA 300 n 600 n 200 n 
12 mA 400 n 800 n 267 n 

8 mA 600 n 1.2 kn 400 n 
tSee Recommended Operating Conditions. 

NOTE A: CL includes probe and jig capacitance. 

~~~~~G ___ -'~,.:-~-.---------- :: 
"'tsu~th"" 

~
I -:----3V 

DATA 1.5 V 1.5 V 
INPUT OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

VCC 

FROM OUTPUT 
UNDER TEST 

CLI 
(See Note Al ":" 

RL2 

TEST CIRCUIT FOR USE WHEN 
RL1 AND RL2 ARE SPECIFIED 

FROM OUTPUT 
UNDER TEST i

VCCRL 

rCL (See Note Al 

TEST CIRCUIT FOR USE WHEN 
SINGLE RL IS SPECIFIED 

HIGH.LEVEL ~----3V 
PULSE I 1.5 V 1.5 V I 

I I OV 
......- tw ---. 

~'. tWl 3V 
LOW-LEVEL ' 1•5 V 1.5 V 
PULSE --- _ OV 

VOLTAGE WAVEFORMS 
PULSE WIDTHS 

. TEXAS -Ii} 
INSTRUMENTS 
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SERIES 1 AND 2 PROMs, RAMs, MEMORY·BASED CODE CONVERTERS 

INPUT 

IN-PHASE 
OUTPUT 

OUT .()F-PHASE 
OUTPUT 

OUTPUT CONTROL 
(Low-level enabling) 

WAVEFORM 1 
(See Note B) 

WAVEFORM 2 
(See Note B) 

PARAMETER MEASUREMENT INFORMATION 

-1,.1.-5-V-----------~\ ~ ~--- - - - - - :: 

j..-tPLH ---+I j4-- tPHL ----.! 
'I I : 1.5v \:~ - - VOH 

: • VOL 

. j...-tPHL --+j r tpLH --.I 
I VOH 

'\:.5 V f.5~ __ 
• • VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

~_ 3V 

"f\"'1,_5_V __________ 1_,_5
J
i -- --___ --_ _ _ 0 V 

I I 
!+-tPZL --+I !+= tPLZ --...! 

_________ I _ ... V2 I (See Note C) I ... V2 

i \Vt=tSV: Y':" ______ VOL 

~tPZH~ 
__________ J~rV-t-=-1-,5-V-------:---------~~ 

• I..-tPHZ-=---i ----
,- (See Note C) 

- - -- VOH 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C, TI normally measures tpLZ and tpHZ by reading at the 1 .5-volt (Vt ) point on the waveform and subtracting the RC time from 
the reading, . 
For tpLZ, RCin V2 - VOL max is subtracted from the reading. 

V2 - Vt 

For tpHZ, RCin VOHmin is subtracted from the reading. 
Vt . 

D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
E. All input pulses are supplied by generators having the following characteristics: PRR :5 1 MHz, Zout '" 50 n, tr :5 2.5 ns, 

tf :5 2.5 ns. 
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SERIES 3 PROMs 

PARAMETER MEASUREMENT INFORMATION 

VCC 

b 
S1 VCC 

R1 R1 

FROM OUTPUT_ .... _ ... _._- TEST 
UNDER TEST POIN.T 

FROM OUTPUT 
UNDER TEST 

CL 

(See Note A~_ 
R2 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

RESISTOR VALUES 

IOL MAXt R1* 

24 mA 200 fl 

20 mA 240 fl 

16 mA 300 fl 

12 mA 400 fl 

8 mA 600 fl 

R2* 

400 fl 

480 fl 

600 fl 

800 fl 

1.2 kfl 

R2 

LOAD CIRCUIT FOR 
OPEN-COLLECTOR OUTPUTS 

tSee Recommended Operating Conditions . 
• Unless otherwise specified. 

NOTE A: CL includes probe and jig capacitance. 

TIMING ./. 3 V 

INPUT ___ ~7:_1~ ~ _____ 0 V 

.. tsu~th"" 

~
I -:----3V 

DATA 1.5 V 1.5 V 
INPUT 0 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~----'" ---3V 
INPUT J,1.5V ~1.5V OV 

t -!..--... ~tPHL 
PLH 1- -j 1:1"-- VOH 

IN-PHASE I f I )L 1.1, \ 
OUTPUT I 1.5V 1 ~ 

I I VOL 
tPHL -14--+t ~tpLH 

OUT-OF-PHASE 1•5V 1.5V \' F' VOH 
OUTPUT. VOL 
(See Note D) 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

HIGH-LEVEL ~----3V 
PULSE I 1.5 V 1.5 V I 

I I OV 
..- tw ---. 

~ 
.. tWl 3V 

' 1•5V 1.5V _ 
--- - OV 

LOW-LEVEL 
PULSE 

VOLTAGE WAVEFORMS 
PULSE WIDTHS 

OUTPUT 3 V 
CONTROL 1.5 V . 1.5 V 

(low-level I -i-- -- ---- 0.3 V 
enabling) tPZL __ --toI It- tPLZ 

I I I I 

I I I: '" 3.5 V 
WAVEFORM1~ 1.5V i:~3V 
S1 CLOSED i ~--------::.:=-= VOL 
(See Note B) tpZH ~ -.: ~tPHZ T 

WAVEFORM 2 1 ~~{~' VOH 
S10PEN 1.5 V 0.3 V 
(See Note B) "'0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES. THREE-STATE OUTPUTS 

NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR :5 1 MHz, tr = tf = 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch S1 is open. 
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SERIES TIBPAL', PAL', TIFPLA DEVICES 

PARAMETER MEASUREMENT INFORMATION 

7V 

VCC ~ RL = R1 = R2 

S1 

UNDER TEST POINT FROM OUTPUTU-.TEST FROM OUTPUT TEST f L 

UNDER TEST POINT R1 
CL RL FROM OUTPUT TEST 

(See Note AI UNDER TEST POINT CLI 
(See Note AI -= CL R2 

(See Note A) 

LOAD CIRCUIT FOR 
BI-STATE LOAD CIRCUIT FOR LOAD CIRCUIT FOR 

THREE-STATE OUTPUTS TOTEM-POLE OUTPUTS OPEN-COLLECTOR OUTPUTS 

NOTE A: CL includes probe and jig capacitance. 

TIMING 

~.3V 
3.5V 

INPUT 
1- - - - - - -- 0.3 V 

14- t ~th"" 
1 su 1 . 

DATA ~3.5V 
1.3 V 1.3 V INPUT 

0.3V 

VOL TAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT ~-1.;V- - - 3.5V 

---/f".lV ~.0.3V 
. ~tPLH~ !otPHLOt 

IN-PHASE~: I -:- - VOH 
OUTPUT : 1.3 V : 1.3 V 

I VOL 
1 I 
jOtPHLOI ~tpLHOt 

1 I V 
OUT-OF-PHASE~' OH 
OUTPUT 1.3 V 1.3 V 

-- - VOL 
(See Note DI 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

HIGH-LEVEL 

~ 
3.5V 

PULSE 
I . I 0.3V 
4-- tw ----to 

3.5V 
LOW-LEVEL '1.3V 1.3V __ , __ 
PULSE 0.3V 

VOL TAGE WAVEFORMS 
PULSE WIDTHS 

OUTPUT 3.5 V 

CONTROL 1.3 V 1.3 V 

How-level I -l-------- 0.3V 
enabling) tPZL ___ ..... It-tpLZ 

I I II 
I I ( : "" 3.5 V 

WAVEFORM1~1.3V j :~3V 
S1 CLOSED I ~-------=-~=-,; VOL 
(See Note BI tPZH ~ -.: rt-tPHZ T I _____ t __ V 
WAVEFORM 2 I ----"l-- OH 
S1 OPEN 1.3 V 0.3 V 
(See Note BI ""0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR :5 1 MHz, tr = tf = 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch S1 is open. 
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ORDERING INFORMATION 

RAM AND MEMORY-BASED CODE CONVERTERS NUMBERING SYSTEM 
AND ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for circuit type(s) listed 
in the page heading regardless of package. the availability of a circuit function in a particular package is denoted 
by an alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to 
mechanical outline drawings shown in this section. 

Factor orders for circuits described in this catalog should include a four-part type number as explained in the 
following example. 

EXAMPLE: SN 

Prefix ________________ ..J/ 
Must contain two to four letters 

SN = Standard Prefix 

Unique Circuit Description ---------/ 

Must contain four to eight characters 

Examples: 

7489 
54185A 
74LS319A 
54S189B 

Package---------------J 

Must contain one or two letters 

J. JD. JT. JW. N. NT. NW (Dual-in-line packages) t 

(From pin-connection diagram on individual data sheet) 

Instructions (Dash No.) _____________ -J 

Must contain two numbers 

- 00 No special instructions 

- 10 Solder-dipped leads (N and NT packages only) 

54LS189A J -00 

tThese circuits in dual-in-line packages are shipped in one of the carriers shown below. Unless a specific method of shipment is specified 
by the customer (with possible additional costs). circuits will be shipped in the most practical carrier. Please contact your TI sales 
representative. for the method that will best suit your particular needs. 

Dual-in-line (J. JD. JT. JW. N. NT. NW) 

- Slide Magazines 

- A-Channel Plastic Tubing 

- Barnes Carrier (N only) 

- Sectioned Cardboard Box 

- Individual Plastic Box 

c: 
o 

"';:; 
CU 

E ... 
o 

'Po 

.5 
CO ... 
Q) 

c: 
Q) 

C!J 
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ORDERING INFORMATION 

III 

1-18 

PROM NUMBERING SYSTEM AND ORDERING INSTRUCTIONS 

To complement Texas Instruments continually expanding line of bipolar PROMs, a new numbering system is 
being implemented. This system provides the user with information regarding the generic programming family, 
bit density, organization, temperature range, and the size and type of package without the necessity of looking 
up this information in tables. Below is a guide for use of this new numbering system. 

Factory orders for PROMs described in this book should include a type number as explained in the following 
example. 

EXAMPLE: TBP 

prefix------------T..J 

TBP = standard prefix 

MBP = MACH IV 

SNM processing 

CPB = MIL-STD-883B 

vendor-equivalent 

SNC processing 

JBP JEDEC standard 

MIL-STD-883B 

SNJ processing 

Military 

Product 

Versions t 

tSee TI publication CB233A for detailed 

explanation and 'processing flow diagrams. 

These two digits 
comprise the 

series designation 

SA 

Generic Programming Family --------' 

Output Word Width 

Output Type---_____________ --J 

S standard three-state 

low-power three-state 

R 

SA 

LA 

RA 

SR 

registered three-state 

standard open-collector 

low-power open-collector 

registered open-collector 

shadow register 

8 

Bit Complexity -------------------' 

03 = 256 bits 

1 = 1,024 bits 

2 = 2,048 bits 

4 = 4,096 bits 

8 = 8,192 bits 

16 = 16,384 bits 

32 = 32,768 bits 

6 M J 

L Package Type 

J,JT,JW = ceramic dual-in-line 

N,NT,NW = plastic dual-in-line 

FK = ceramic chip carrier 

FN = plastic chip carrier 

'-----Temperature Range 

No designator (commercial) O°C to 70°C 

M - 55°C to 125°C 

'------- Package Size t 

No. of 

Pins 

16 

18 

20 

22 

24 

28 

40 

Row Spacing in 

Inches (Millimeters) 

0.300 0.400 0.600 

(7,62) (10,16) (15,24) 

o 
1 

2 

3 4 

6 

7 

8 

f Package-size designation is not applicable with chip 
carrier (FE or FN), and should be replaced with the 
letter X for this package type. 
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ORDERING INFORMATION 

PAL® NUMBERING SYSTEM AND ORDERING INSTRUCTIONS 

Factory orders for leadership PAL ® circuits described in this catalog should include a nine-part type number 
as explained in the example below. Exclude the prefix when ordering standard PALs. 

EXAMPLE: TIB 

Prefix ------____ ,.,/ 

TI Bipolar Leadership 

PAL Circuit Designator 

Product Family Designator ----' 

Input Register Type -----------/ 

No Designator = No Input Register 

R = D-Type Register 

T = Transparent Latch Register 

Number of Array Inputs ________ J 

PAL 

Output Configuration Designator ________ --J 

R = Registered 

L = Active Low 

X = Exclusive-OR 

Number of Outputs in the 
Designated Configuration ------------' 

Performance Designator ______________ -1 

HIGH SPEED 

A 

LOW-POWER 

A-2 

-15 -25 

Temperature Range ------------------' 

C = Commerical (0 DC to 70 DC) 

M = Military (- 55 DC to 125 ec) 

Package Type-----------------------J 

N = 20-Pin Plastic DIP 

J = 20-Pin Ceramic DIP 

NT = 24-Pin. 300-mil Plastic DIP 

JT = 24-Pin. 300-mil Ceramic DIP 

JW = 24-Pin. 600-mil Ceramic DIP 

NW= 24-Pin. 600-mil Plastic DIP 

FN = ~Iastic Chip Carrier' 

FK = Ceramic Chip Carrier 

PAL is a registered trademark of Monolithic Memories Inc. 

16 R 8 -15 C N 

s:: 
o 

'';:; 
CO 

E ... 
o -s:: 

cti ... 
Q) 

s:: 
Q) 

(!) 
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HARDWARE/SOFTWARE MANUFACTURERS 

ADDRESS FOR PAL AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS* 

HARDWARE MANUFACTURERS 

Citel 
3060 Raymond St. 
Santa Clara, CA 95050 
(408) 727-6562 

DATA I/O 
10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 

DIGITAL MEDIA 
3178 Gibralter Ave. 
Costa Mesa, CA 92626 
(714) 751-1373 

Kontron Electronics 
630 Price Avenue 
Redwood City, CA 94063 
(415) 361-1012 

Stag Micro Systems 
528-5 Weddell Drive 
Sunnyvale, CA 94086 
(408) 745-1991 

Storey Systems 
3201 N. Hwy 67, Suite H 
Mesquite, TX 75150 
(214) 270-4135 

SOFTWARE MANUFACTURERS 

Assisted Technologies (CUPL) 
2381 Zanker Road, Suite 1 50 
Santa Clara, CA 95050 
(408) 942-8787 

DATA I/O (ABEL) 
10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 

Structured Design 
1700 Wyatt Dr., Suite 7 
Santa Clara, CA 95054 
(408) 988-0725 

Sunrise Electronics 
524 S. Vermont Avenue 
Glendora, CA 91740 
(213) 914-1926 

Valley Data Sciences 
2426 Charleston Rd. 
Mountain View, CA 94043 
(415) 968-2900 

Varix 
1210 Campbell Rd. 
Richardson, TX 75081 
(214) 437-0777 

Wavetec/Oigelec 
586 Weddel Dr. Suite 1 
Sunnyvale, CA 94089 
(408) 745-0722 

Monolithic Memories Inc. (PALASM) 
2175 Mission College Blvd. 
Santa Clara, CA 95050 
(408) 970-9700 

"Texas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA 1/0, Sunrise, 
Structured Design and Digital Media. Other programmers are now in the certification process. For a current list of certified programmers, 
please contact your local TI sales representative. 
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HARDWARE/SOFTWARE MANUFACTURERS 

1-22 

ADDRESS FOR PROM PROGRAMMING AND SOFTWARE MANUFACTURERS* 

HARDWARE MANUFACTURERS 

Citel 
3060 Raymond St. 
Santa Clara, CA 95050 
(408) 727-6562 

DATA I/O 
10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 

DIGITAL MEDIA 
3178 Gibralter Ave. 
Costa Mesa, CA 92626 
(714) 751-1373 

Kontron Electronics 
630 Price Avenue 
Redwood City, CA 94063 
(415) 361-1012 

Stag Micro Systems 
528-5 Weddell Drive 
Sunnyvale, CA 94086' 
(408) 745-1991 

SOFTWARE MANUFACTURERS 

Assisted Technologies (CUPL) 
2381 Zanker Road, Suite 150 
Santa Clara, CA 95050 
(408) 942-8787 

DATA I/O (ABEL), (PROMLlNK) 
10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 

Sunrise Electronics 
524 S. Vermont Avenue 
Glendora, CA 91740 
(213) 914-1926 

Valley Data Sciences 
2426 Charleston Rd. 
Mountain View, CA 94043 
(415) 968-2900 

Varix 
1210 Campbell Rd. 
Richardson, TX 75081 

. (214) 437-0777 

Wavetec/Digelec 
586 Weddel Dr., Suite 1 
Sunnyvale, CA 94089 
(408) 745-0722 

Monolithic Memories Inc. (PLEASM) 
2175 Mission College Blvd. 
Santa Clara, CA 95050 
(408) 970-9700 

*Texas Instruments does' not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA 110. Other 
programmers are now in the certification process. For a current list of certified programmers, please contact your local TI sales representative. 
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FUNCTIONAL INDEX 

GATES AND INVERTERS 

POSITIVE·NAND GATES AND INVERTERS 

TECHNOLOGY 

DESCRIPTION TYPE 
STD 

TTL 
ALS AS H L LS S VOLUME 

Hex 2-lnput Gates 'S04 · · Hex Inverters 
'04 

'1004 

· · · · Quadruple 2-lnput Gates 
'00 

'1000 

· · · · Triple 3-lnput Gates 
'10 

A 

'1010 A · · · · Dual 4-lnput Gates 
'20 

'1020 · · · · 8-lnput Gates '30 
A 

13-lnput Gates '133 

Dual 2-lnput Gates 'S003 

POSITIVE·NAND GATES AND INVERTERS WITH OPEN· COLLECTOR OUTPUTS 

TECHNOLOGY 

DESCRIPTION 
STD 

TYPE TTL ALS AS H L LS S VOLUME 

Hex Inverters 
'OS f--=-+-:---jf-+=++-=--t--=-jf-~-l 

'1005 

'01 f--=-+-:---If-+=++-=--t--jf-~-l 

Quadruple 2-lnput Gates 
'03 f--=--+---II-+-+=+-=-+~I-~---1 

'1003 

Triple 3-lnput Gates '1 2 f--=--+---II-+-++=-+-II-~---1 

Dual 4-lnput Gates '22 r-=-+---jf-+=++-=--t--=-jf-~-l 

POSITIVE·AND GATES 

TECHNOLOGY 

DESCRIPTION TYPE 
STD 

ALS 
TTL 

AS H LS S VOLUME 

Hex 2-lnput Gates 'SOS 

Quadruple 2-lnput Gates 
'OS . 

'100S A 

Triple 3-lnput Gates 
'11 

A 

'lOll A 

'21 · · Dual 4-lnput Gates 

Tr;ple 4·lnput AND/NAND 'SOO ... 

• Denotes available technology, 
~ Denotes planned new products, 
A Denotes" AU suffix version available in the technology indicated, 
8 Denotes "8" suffix version available in the technology indicated, 

POSITIVE·AND GATES WITH OPEN·COLLECTOR OUTPUTS 

DESCRIPTION TYPE 

Quadruple 2-lnput Gates '09 

Triple 3-lnput Gates '15 

STD 

TTL 

TECHNOLOGY 

ALS AS H LS S VOLUME 

POSITIVE·OR GATES 

TECHNOLOGY 

OESCRIPTION 
STD 

TYPE TTL ALS AS LS S VOLUME 

Hex 2-lnput Gates 'S32 

Quadruple 2-lnput Gates 
'32 1---+--+--+--+-+--=--1 

'1032 

Triple 4-lnput OR/NOR 'S02 ... 

POSITIVE·NOR GATES 

TECHNOLOGY 

DESCRIPTION TYPE 
STD 

TTL 
ALS AS L LS S VOLUME 

Hex 2-lnput Gates 'S05 

Quadruple 2-lnput Gates 
'02 

'1002 

Tnple 3-lnput Gates '27 

Dual 4-lnput Gates with Strobe '25 

Dual 5-lnput Gates '260 

SCHMITT·TRIGGER POSITIVE·NANO GATES AND INVERTERS 

TECHNOLOGY 

DESCRIPTION 
STD 

TYPE TTL ALS AS LS S VOLUME 

'14 • 
Hex Inverters 

'19 

Octal Inverters '619 

'13 • 
Dual 4·lnput Positive-NAND 

'1S 

Triple 4-lnput Positive·NAND '61S 

Quadruple 2-lnput Positive-NAND 
'24 

'132 • 

CURRENT·SENSING GATES 

DESCRIPTION 

Hex 

DELAY ELEMENTS 

DESCRIPTION 

Inverting and Noninverting Elements. 

2~lnput NAND Buffers 
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FUNCTIONAL Ir~DEX 

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS 

AND-OR-INVERT GATES 

TECHNOLOGY 

STD 
DESCRIPTION TYPE 

TTL 
ALS AS H L LS S VOLUME 

2-Wide 4-lnput -55 

4-Wide 4-2-3-2 Input - -64 

4-Wide 2-2-3-2 Input '54 

4-Wide 2-lnput '54 . 
4-Wide 2-3-3-2 Input '54 

Dual 2-Wide 2-lnput '51 

AND-OR-INVERT GATES WITH OPEN-COLLECTOR OUTPUTS 

DtSCRIPTION 

4-Wide 4-2-3-2 Input 

EXPANDABLE GATES 

TECHNOLOGY 

STD 
DESCRIPTION TYPE 

TTL 
ALS AS H L LS VOLUME 

'23 
Dual 4-lnput Positive-NOR 

with Strobe 

4-Wide AND-OR '52 

4-Wide AND-DR-INVERT '53 

2-Wide AND-DR-INVERT '55 

Dual 2-Wide AND-DR-INVERT '50 

EXPANDERS 

DESCRIPTION TYPE 

Dual 4-lnput '60 

Triple 3-lnput '61 

3-2-2-3 Input AND-OR '62 

• Denotes available technology_ 

ADenotes planned new products, 

TECHNOLOGY 

STD 
ALS AS 

TTL 
H VOLUME 

A Denotes" A" suffix version available in the technology indicated. 

BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS 

TECHNOLOGY 

DESCRIPTION STD 
TYPE ALS AS LS S VOLUME 

TTL 

'07 • 

Hex 
'17 • 

'35 3 . 

'1035 

'06 • 

Hex Inverter '16 • 

'1005 

'26 • 

Quad 2-lnput Positive-NAND 
'38 I-=---+---l--l-=-+~---I 

'39 • 

'1003 

Quad 2-lnput Positive-NOR 

BUFFERS, DRIVERS, AND BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS 

TECHNOLOGY 

DESCRIPTION 

Noninverting 

Octal Buffers/Drivers 

Inverting Octal 

Buffers/Drivers 

Inverting and Noninverting 

Octal Buffers/Drivers 

Noninverting Quad Transceivers 

Inverting Quad Transceivers 

TYPE 
STD 

TTL 
ALS AS LS S VOLUME 

'743 

'757 

'760 

'742 " '756 

'763 

'762 

'759 

'758 

TEXAS "!} 
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FUNCTIONAL INDEX 

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS 

GATES, BUFFERS, DRIVERS, AND BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

DESCRIPTION 

Noninverting 10·Bit Buffers/Drivers 

Inverting 10-Bit Buffers/Drivers 

Noninverting 1 O-Bit Transceivers 

Inverting 10-Bit Transceivers 

Nanmverting 9-Blt Transceivers 

Inverting 9-Bit Transceivers 

Noninverting 

Octal Buffers/Drivers 

Inverting Octal 

Buffers/Drivers 

Inverting and Noninverting 

Octal Buffers/Drivers 

Octal Transceivers 

Nonlnvertmg 

Hex Buffers/Drivers 

Inverting 

Hex Buffers/Drivers 

Quad Buffers/Drivers 

with Independent 

Output Controls 

Noninverting 

Quad Transceivers 

Inverting 

Quad Transceivers 

Quad Transceivers with Storage 

12-lnput NAND Gate 

TYPE 

'29827 

'29828 

'29861 

'29862 

'29863 

'29864 

'241 

'244 

'465 

'467 

'541 

'1241' 

'1244' 

'231 

'240 

'466 

'468 

'540 

'1240' 

'230 

'245 

'1245 

'365 

'367 

'366 

'368 

'125 

'126 

'425 

'426 

'243 

'1243' 

'242 

'1242' 

'226 

'134 

• Denotes available technology, 
.... Denotes planned new products, 
( Denotes very low power, 

TECHNOLOGY 

STD 
ALS 

TTl 
AS LS 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A A 

A 

A 

A 

S VOLUME 

LSI 

A Denotes" A" suffix version available in the technology indicated, 
8 Denotes "8" suffix version available in the technology indicated. 

DESCRIPTION 

Hex 2-lnput Positive-NAND 

Hex 2-lnput Positive-NOR 

Hex 2-lnput Positive-AND 

Hex 2-lnput Positive-OR 

Quad 2-lnput Positive-NOR 

Dual 4-lnput Positive-NAND 

TEXAS .. 
INSTRUMENTS 
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FUNCTIONAL INDEX 

BUFFERS, DRIVERS, TRANSCEIVERS, AND CLOCK GENERATORS 

BUFFERS, CLOCK/MEMORY DRIVERS OCTAL BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS 

TECHNOLOGY 

DESCRIPTION TYPE 
STD 

TTL 
ALS AS H LS S VOLUME 

Hex 2-lnput Positive-NAND '804 

Hex 2-lnput Positive-NOR '80S 

Hex 2-lnput Positive-AND '808 

Hex 2-lnput Positive-OR '832 

Hex Inverter '1004 

Hex Buffer 
'34 

'1034 

'37 
Quad 2-lnput Positive-NAND 

'1000 

'28 

Quad 2-lnput Positive-NOR 
'1002 

'1036 

Quad 2-lnput Positive-AND '1008 

Quad 2-lnput Positive-OR '1032 

Triple 3-lnput Positive-NAND '1010 

Triple 3-lnput Positive-AND 'lOll 

Tnple 4-1nput AND-NAND '800 

Triple 4-lnput OR-NOR '802 

'40 
Dual 4-lnput Positive-NAND 

'1020 

Line Driver/Memory Driver 

with Series Damping Resistor 
'436 

Une Driver/Memory Driver '437 

BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS AND DRIVERS 

TYPE TECHNOLOGY 

DESCRIPTION 
OF 

TYPE ALS 
OUTPUT 

AS LS S VOLUME 

Quad with Bit Direction 3-St.t. '446 

Controls 3-5tate '449 

OC '440 

OC '441 

3-St.t. '442 
Quad Tridirection 

3-St.t. '443 

3-5tate '444 

OC '448 

4-8it with Storage 3-St.t. '226 

OCTAL BUS TRANSCEIVERS/MOS DRIVERS 

TECHNOLOGY 

DESCRIPTION 
STD 

TYPE ALS AS LS S VOLUME 
TTL 

Inverting Outputs, 3-5tate 
'2620 

'2640 

True Outputs, 3-5tate 
'2623 

'2645 

OCTAL BUFFERS AND LINE DRIVERS WITH INPUT/OUTPUT RESISTORS 

DESCRIPTION TYPE 

1 Inverting Outputs '746 
Input Resistors I Noninverting Outputs '747 

.1 Inverting Outputs '2540 
Output Resistors I Noninverting Outputs '2541 

• Denotes available technology, 
• Denotes planned new products, 

STD 

TTL 

TECHNOLOGY 

ALS AS LS S VOLUME 

A Denotes" A" suffix version available in the technology indicated, 
S Denotes "S" suffix version available in the technology indicated, 

DESCRIPTION 

, 2 rnA'24 rnA 48 rnA 64 rnA 

Sink.. True Outputs 

, 2 mA 24 rnA 48 rnA 64 rnA 

Sink. Inverting Outputs 

12 mA 24 rnA 48 rnA 64 rnA 

Smk. True Outputs 

12 rnA 24 rnA 48 mA 64 rnA 

Sink.. Inverting Outputs 

12 rnA 24 rnA 48 rnA 64 mA 

Sink. True and 

InIJertlng Outputs 

Registered With Multiplex 

t 2 rnA 24 rnA 48 rnA 64 rnA 

True Outputs 

Registered With Multiplexed 

12 rnA 24 rnA 48 rnA 64 mA 

Inverting Outputs 

TEXAS -1!1 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

TECHNOLOGY 

lS 

3 State '623 

OC. 3 State 

3 & lSI 
3 State 652 

OC. 3 State 

DC 't62t 
Very Low 

3 State 1623 

OC. 3 State '1639 

3 State -620 

-622 

OC. 3 State 

3 & LSI 

OC.3·State 

3 State -'620 
Very Low 

OC. 3 State 

Very Low 

'1645 

3 State 640 

OC 

Very Low 3 State 

Very low f-"';;":=-I~-'--=--i---=-+--+-i 
Oc 

3-State 

3 & lSI 

3 & LSI 
'6481-----'--+----1-+--'------1 

3 & lSI 

3 & lSI 



FUNCTIONAL INDEX 

FLIP-FLOPS 

DUAL AND SINGLE FLIP-FLOPS QUAD AND HEX FLIP-FLOPS 

TECHNOLOGY TECHNOLOGY 

DESCRIPTION TYPE 
STD 

TTL 
ALS AS H L LS S VOLUME DESCRIPTION 

NO, OF STD 
OUTPUTS TYPE ALS AS LS S VOLUME 

FFs TTL 

'73 

'76 
• • A '174 1---+----=--+-+-+-+-.,:----1 

'78 
• • A 

'378 

'103 o Type '171 

'106 0, Q '175 1---+-+--+--1--1-----1 
'107 

Dual J K Edge-Tnggered '108 '379 

'276 
'109 J,K 

'376 

A • 
'112 

A OCTAL, 9-BIT, AND 10-BIT OoTYPE FLIP-FLOPS 

'113 
A • 

TECHNOLOGY 
A 

'114 
A • DESCRIPTION 

NO_ OF STD 
BITS OUTPUT TYPE TTL ALS AS LS S VOLUME 

Single J-K Edge- Triggered 

Dual Pulse- Triggered 

Single Pulse- Triggered 

Dual J-K with Data 

Lockout 

Single J-K with Data 

Lockout 

Dual O-Type 

'70 

'101 

'102 

'73 

'76 

'78 

'107 

'71 

'72 

'104 

'105 

'110 

'74 

• Denotes available technology, 
... Denotes planned new products, 

• • A • 

True Data Octal 

True Data with Clear Octal 

True with Enable Octal 

Inverting Octal 

Inverting With Clear Octal 

Inverting With Preset Octal 

True Octal 

Inverting Octal 

True g·811 

Inverting 9-81t 

True 10-Blt 

Inverting 10-S" 

True Octal 

Inverting Octal 

True 9·Blt 

Inverting 9·Blt 

True 10·81t 

Inverting 10-Blt 

A Denotes" A" suffix version available in the technology indicated, 
S Denotes "S" suffix version available in the technology indicated, 

TEXAS -1!1 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

3-$tate '~74 

3-5tate '574 

2-5tate '273 

3 State '575 

3-5tate '874 

3-5tate '878 

2-5tate '377 

3-5tate '534 

3-5tate '564 

3-5tate '576 

3-5tate '577 

3-5tate '879 

3·5tate '876 

3-5tate '825 

3-Slate '826 

3-5tate '823 

3-5tate '824 

3-5tate '821 

3-5tate '822 
3 & LSI 

3 State '29825 

3-5tate '29826 & 

3-5tate '29823 & 

3-5tate '29824 & 

3-5tate '29821 & 

3-5tate '29822 & 

>< 
Q) 

"C 
.E 
C6 
I: 
0 

'';::; 
(.) 

I: 
:::l 

U-
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FUNCTIONAL INDEX 

LATCHES AND MUL TIVIBRATORS 

QUAD LATCHES OCTAL, 9·BIT, AND IO·BIT LATCHES 

DESCRIPTION 

Dual2-8lt 

Transparent 

5~R 

DESCRIPTION 

Single 

Dual 

DESCRIPTION 

TECHNOLOGY 

OUTPUT 
STD 

TYPE TTL ALS AS L LS VOLUME 

2~5tat. '75 

2 State '77 

2~5tat. '375 

2~5tat. '279 

RETRIGGERABLE MONOSTABLE MULTIVIBRATORS 

TECHNOLOGY 

STD 
TYPE TTL ALS AS LS L VOLUME 

'122 

'130 

'422 

'123 

'423 

D·TYPE 

OCTAL. 9·BIT, AND IO·BIT READ·BACK LATCHES 

TECHNOLOGY 

NO. OF 
TYPE 

STD 

BITS TTL 
ALS AS LS S 

VOLUME 

Edge-Triggered Inverting 
Octal '996 • and Noninverting 

Octal '990 

Transparent True 9·Blt '992 

10·Blt '994 

TECHNOLOGY 

DESCRIPTION 
NO, OF 

BITS 
OUTPUT TYPE 

STD 

TTL 
ALS AS LS S 

'268 

Transparent Octal 
3·5tat. '373 

3-5tate '573 

Dual4-Blt 
2-5tate '100 

Octal 2-5tate '116 
Transparent 

3-5tate '873 

3-5tate 'S33 

Inverting Transparent Octal 3-5tate 'S63 

3-5tate 'S80 

Dual4-Blt 

Inverting Transparent 
Octal 3-5tate '880 

3·5tat. '604 

2-lnput Multiplexed Octal 
OC '60S 

3-5tate '606 

OC '607 

Addressable Octal 2-5tate '2S9 

Multi-Mode Buffered Octal 3-5tate '412 

True Octal 3·5tat. '84S 

Inverting Octal 3·5tat. '846 • 
True 9·Bit 3-State '843 

Inverting 9·Blt 3·5tat. '844 

True 10·Bit 3~5tat. '841 

Inverting 10·Bit 3·5tat. '842 

Octal '991 MONOSTABLE MULTIVIBRATORS WITH SCHMITT·TRIGGER INPUTS 

Transparent Noninverting 9-81t '992 

10·Bit '994 

Transparent with Clear 
Octal '666 

True Outputs 

Transparent with Clear 
Octal '667 

Inverting Outputs 

• Denotes available technology, 
A Denotes planned new products. 

3 & LSI 

DESCRIPTION 

Single 

Dual 

A Denotes" A" suffix version available in the technology indicated. 
S Denotes "S" suffix version available in the technology indicated. 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

TECHNOLOGY 

TYPE ~~~ TALS I AS I LS I S I L 

'121 • I I I I I· 
'221 • T I I • I I 

VOLUME 

3 & LSI 

VOLUME 

2 



REGISTERS 

SHIFT REGISTERS 

DESCRIPTION 
:~" - ~~ra TYPE 1---r--,T"j'EC:::.;H:;:;NO;=l=.;OG:y.Y_r-i 

BITS ~;;: 9 ~ AlS AS L S VOLUME 

Sign-Protected 

Parallel-In, 

Parallel-Out. 

Bidirectional 

Parallel-In. 

Parallel-Out. 

Registered 

Outputs 

Parallel-In, 

Parallel-Out 

Serial-In 

Parallel-Out 

Parallel-In. 

Serial-Out 

Serial-In, 

Serial-Out 

x X 

X X 

'6 

'6 

"'98 

X X "299 1--+-+--+-+-'-+-'-+---:---1 

"323 I--+-+--+-+~I-+-~-I 

"'94 

X X 

"672 

"'99 

"96 

"99 

"178 

"179 

"'95 

"295 

"395 
"3 

"673 

'674 

"' 65 1----+--+--+-+-1--+-----1 

"'66 1--+--:-+--+-+-1-+--::--1 
"9' 

"94 

SHIFT REGISTERS WITH lATCHES 

NO" TECHNOLOGY 

DESCRIPTION OF OUTPUTS TYPE VOLUME 
ALS AS lS 

Parallel-In. Parallel-Out 

with Output latches 

Serial-In, Parallel-Out 

with Output latches 

Parallel-In. Serial-Out, 

with Input latches 

Parallel 1/0 Ports with 

Input Latches, Multiplexed 

Serial Inputs 

BITS 

16 

3"State 

3-State 

2-State 

Buffered 

3-5t8te 

OC 

OC 

2-State 

3-State 

3-State 

• Denotes available technology . 
... Denotes planned new products. 

"671 

'672 

'673 

'594 

'595 

'596 

'599 

'597 

'589 

'598 

A Denotes" A" suffix version available in the technology indicated" 
8 Denotes "8" suffix version available in the technology indicated. 

DESCRIPTION 

Sign-Protected Register 

OESCRIPTION 

8 Words x 2 8its 

4 Words x 4 Bits 

Dual 16 WordS x 4 Bits 

64 Words x 40 Bits 

OESCRIPTION 

Quadruple Multiplexers 

with Storage 

8-BIt Universal Shltt 

Registers 

Quadruple Bus-Buffer 

Registers 

Octal Storage Register 

Dual-Rank 8-Blt 

Shift Registers 

8-Blt Diagnosticsl 

Pipeline Registers 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

FUNCTIONAL INDEX 

SIGN-PROTECTED REGISTERS 

REGISTER FilES 

TECHNOLOGY 

OUTPUT TYPE 
STD 

AlS AS lS 
VOLUME 

TTL 

3-5tate '172 

OC '170 

3"Slale '670 

3"Sta,e "870 
3 & lSI 

3-State '871 

3-State '8834 ... LSI 

OTHER REGISTERS 

>< 
TECHNOLOGY Q) 

TYPE 
STD 

TTl 
AlS AS l lS S 

VOLUME "C 
.E 

'98 

'298 ca 
t: 

'398 0 
'399 .~ 

0 
'299 ... t: 

::J 
'173 u.. 
'396 

'963 ... 
'964 ... 

'29818 ... 3 & LSI 

'29819 ... 

2-9 
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FUNCTIONAL INDEX 

COUNTERS 

SYNCHRONOUS COUNTERS - POSITIVE-EDGE TRIGGERED 

PARALLEL 
TECHNOLOGY 

DESCRIPTION TYPE STD VOLUME 
LOAD 

TTL 
ALS AS L LS S 

Sync '160 

Sync '162 
A · 

Decade 
Sync '560 

Sync '668 

Sync '690 

Sync '692 

Sync '168 
B · 

Async '190 

Oecade Up/Down 
Async '192 

Sync '568 

Sync '696 

Sync '698 

Oecade Rate 1 Async 
'167 

Multipler, NTci Set-to-9 

Sync '161 

A · Sync '163 

4-Bit Binary 
Sync '561 

Sync '669 

Sync '691 

Sync '693 

Sync '169 
B · 

Async '191 

4-8it Binary 

UplDown Async '193 

Sync '569 

Sync '697 

Sync '699 

6-Bit Binary 1 
'97 

Rate Multipler, Ni 

8-Bit Up/Down 
Async CLR '867 

3 & LSI 
Sync CLR '869 

• Denotes available technology, 
A Denotes" A" suffix version available in the technology indicated. 
8 Denotes "8" suffix version available in the technology indicated, 

ASYNCHRONOUS COUNTERS (RIPPLE CLOCK) - NEGATIVE-EDGE TRIGGERED 

PARALLEL 
TECHNOLOGY 

DESCRIPTION TYPE STD VOLUME 
LOAD 

TTL 
ALS AS L LS S 

Set-to 9 '90 

'68 

Decade Yes '176 

Yes '196 

Set-to-9 '290 

None '93 

'69 

4·Bit Binary Yes '177 

Yes '197 

None '293 

Olvide-by-12 None '92 

None '390 
Dual Decade 

Set-to-9 '490 

Dual 4·Bit Binary None '393 

8-BIT BINARY COUNTERS WITH REGISTERS 

TYPE TECHNOLOGY 

DESCRIPTION OF TYPE 

OUTPUT 
ALS AS LS 

VOLUME 

Parallel Register 3-State '590 

Outputs OC '591 

Parallel Register Inputs 2-State '592 

Parallel 1/0 3-State '593 . 
FREQUENCY DIVIDERS, RATE MULTIPLIERS 

TECHNOLOGY 

DESCRIPTION TYPE STD 
AS LS 

VOLUME 

TTL 
ALS 

50-to-1 Frequency Di\lIder '56 

60-to-1 Frequency Divider '57 

50-Bit Binary Rate Multiplier '97 

Decade Rate Multiplier '167 

2-10 TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



FUNCTIONAL INDEX 

DECODERS, ENCODERS, DATA SELECTORS/MUL TIPLEXERS AND SHIFTERS 

DATA SELECTORS/MULTIPLEXERS DECODERS/DEMULTIPLEXERS 

TYPE TECHNOLOGY TYPE TECHNOLOGY 

DESCRIPTION OF TYPE STD 
AlS AS l lS S 

VOLUME DESCRIPTION OF TYPE STD 
AlS AS l lS S 

OUTPUT TTL OUTPUT TTL 

2-State "50 . 
4-to-'6 

3-5tate "54 · 3-State '250 OC "59 · '6-to-' 
3-State '850 3 & lSI 4-to-' 0 BCD-to-Decimal 2-State '42 A 

3-5tate '85' 4-to- 1 0 Excess 3-to-
2-S,ate '43 A 

DuaI8-to-' 3-State '35' . Decimal 

2-State "5' 
4-to-10 Excess 3-Gray-

to-Decimal 
2-State '44 A 

2-5tate "52 A 
3-to-8 with Address 

"3' ... 
... 

8-to-' 
3-5tate '25' ... latches 2-5tate "37 

3-5tate '354 ... 
2-State '355 3-to-8 

2-5tate "38 

3-5tate '356 3-State '538 ... 
OC '357 

2-State "39 
... 

A . 
2-5tate "53 DuaI2-to-4 

2-S,ate "55 · OC "56 · 3 State '253 
Dual '-to-4 Decoders 3-State '539 ... 

OuaI4-to-' 

2-State '352 
CODE CONVERTERS 

3-5tate '353 TECHNOLOGY 

3·$tate '604 
DESCRIPTION TYPE STD 

OC '605 
TTL 

Octal 2-to-1 with Storage 
3-State '606 

6-line-BCD to 6-Une Binary. or 4-Line to 4-Line 
"84 

OC '607 
BCD 9's/BCD , O's Cenverters 

2-5tate '98 
6-Sit-Binary to 6-Bit BCD Converters "85 A 

BCD-ta-Binary Converters '484 

Guad 2-to-1 with Storage 
2-State '298 Binary-to-BCD Converters '485 

2-5tate '398 
PRIORITY ENCODERS/REGISTERS 

2-5tate '399 

2-State "57 
TECHNOLOGY 

TYPE STD DESCRIPTION 
ALS AS LS 

TTL 
2-State "58 

Full BCD "47 
Ouad 2-to-1 

B . Cascadable Octal "48 
3-State '257 

A Case ad able Octal with 3-5tate Outputs '348 

3-State '258 
B . 4-Bit Cascadable with Registers 

6-to-1 Universal 

Multiplexer 
3-State '857 

• Denotes available technology, 
... Denotes planned new products, 

DESCRIPTION 

4-Bit Shifter 

Parallel 16·Bit 

Multi-Mode 

Barrel Shifter 

32-8it Barrel Shifter 

_ A Denotes" A" suffix version available in the technology indicated, 
S Denotes "S" suffix version available in the technology indicated, 

TEXAS -I!} 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

OUTPUT 

3-State 

3-State 

3-State 

'278 

SHIFTERS 

TECHNOLOGY 

TYPE STD 

TTL 
AlS AS l 

'350 

'897 

'8838 ... 

lS S 

VOLUME 

>< 
Q,) 

"'C 
t: 

CO 
t: 
0 

VOLUME '+I 
(.) 

t: 
:::s 

U-

VOLUME 

VOLUME 

lSI 
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FUNCTIONAL INDEX 

DISPLAY DECODERS/DRIVERS, MEMORY/MICROPROCESSOR CONTROLLERS, 
AND VOLTAGE-CONTROLLED OSCILLATORS 

OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS MEMORY/MICROPROCESSOR CONTROLLERS 

OFF-STATE TECHNOLOGY 
DESCRIPTION TYPE 

TECHNOLOGY 

DESCRIPTION OUTPUT TYPE STD VOLUME ALS AS LS 

VOLTAGE TTl 
ALS AS L LS 

System Controllers !Universal or for 'S88) '890 

30 V '45 
Memory 

I Transparent. 4K. 16K '600 

BCD-to-Declmal 
60 V '141 

Refresh 
Burst Modes I 64K '601 

15 V '145 I Cycle Steal, L 4K, 16K '602 

7V '445 Controllers Burst Modes I 64K '603 

30 V '46 A Memory Cycle Controller '608 

15 V '47 A 
Memory Mappers 

13-State '612 

5.5 V '48 loc '613 

5,5 V '49 Memory Mappers 13-State '610 

30 V '246 with Output latches IOC '611 
BeD-to-Seven-Segment 

15 V '247 Multi-Mode latches (S080A Applications) '412 

7V '347 116K, 64K, 2967 & 

7V '447 256K '2968 & 

5.5 V '248 
Dynamic Memory Controllers [16K, 64K '6301 & 

5.5 V '249 256K, 1 MEG '6302 & 

OPEN COLLECTOR DISPLAY DECODERS/DRIVERS WITH COUNTERS/LATCH 

CLOCK GENERATOR CIRCUITS 
TECHNOLOGY 

DESCRIPTION TYPE STD VOLUME 
ALS AS 

TECHNOLOGV 

DESCRIPTION TVPE 

S 

BCD Counter/4-Bit Latch/BCO-ta-Decimal 

Decoder/Driver 

TTl STD 
ALS AS LS S 

TTL 
'142 

Quadruple Complementary-Output 
'265 

BCD Counter/4·Blt logic Elements 

Latch/BCO-to-Seven-Segment 
'143 

Decoder/LED Driver 

BCD Counter/4·8rt 

Dual Pulse Synchronizers/Drivers '120 

Crystal-Controlled Oscillators 
'320 

'321 

Latch/BCD-to·Seven-Segment 
'144 

Decoder/lamp Driver 

Digital Phase-lock loop '297 

Programmable Frequency '292 

DiViders/Digital Timers '294 

VOLTAGE-CONTROLLED OSCILLATORS Triple 4-lnput AND/NAND Drivers 'SOO 

DESCRIPTION TECHNOLOGY 
Triple 4-lnput OR/NOR Drivers '802 

Dual VCO '124 

No. COMP'L RANGE 'max 
TYPE VOLUME 

VCO. ZOUT 
ENABLE 

INPUT ReXI MHz 
LS 

Single Yes Ves Ves No 20 '624 

Single Ves Ves Ves Ves 20 '628 

Dual No Ves Ves No 60 '124 

Dual Ves Ves No No 20 '626 

Dual No No No No 20 '627 

Dual No Ves Ves No 20 '629 

RESULTANT DISPLAYS USING '46A, '47A, '48, '49, 'L46, 'L47, 'LS47, 'LS48, 'LS49, 'LS347 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 

RESULTANT DISPLAYS USING '246, '247, '248, '249, 'LS247, 'LS248, 'LS249, 'LS447 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 

RESULTANT DISPLAYS USING '143, '144 

• Denotes available technology. 
ADenotes planned new products, 

li:1 
o 2 3 4 

A Denotes" AU suffix version available in the technology indicated, 

5 6 7 8 9 

& 

& 

2-12 TEXAS .. 
INSTRUMENTS 
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VOLUME 

LSI 

LSI 

LSI 

VOLUME 



FUNCTIONAL INDEX 

COMPARATORS AND ERROR DETECTION CIRCUITS 

4-BIT COMPARATORS 

B-BIT COMPARATORS 

DESCRIPTION TECHNOLOGY 

PARITY GENERATORS/CHECKERS, 

ERROR DETECTION AND CORRECTION CIRCUITS 

DESCRIPTION 

Odd/Even Panty 

Generators/Checkers 

NO, , TECHNOLOGY 

OF TYPE STD 
ALS AS LS S 

BITS TTL 

'180 

'280 

'286 

P-Q p-a P>O P<Q OUTPUT OUTPUT TYPE ALS 3-$tate '636 
VOLUME 

Pull Up 

2-5 

2-5 

OC 

2-5 
Standard 

OC 

2-5 

2-5 
logiC & Anth 

LogiC & Arlth 

ADDRESS COMPARATORS 

DESCRIPTION 
OUTPUT LATCHED 

ENABLE OUTPUT 

Yes 
16-81t to 4-81t 

Yes 

Yes 
12-Bit to 4-81t 

Yes 

• Denotes available technology, 

"'Denotes planned new products, 

TYPE 

'677 

'678 

'679 

'680 

'518 

'520 

'522 

'682 

'683 

'519 

'52' 

'684 

'685 

'686 

'687 

'688 

'689 

'885 

'866 

TECHNOLOGY 

ALS AS 

3 & lSI 

VOLUME 

OC '637 

3-5tate 16 '616 

OC 16 '617 .t. 

Parallel Error 3-State 16 '630 

Detection/Correction OC 16 '631 

Circuits 3-5tate 16 '8400 .t. 

3-5tate 32 '632 A .t. 

OC 32 '633 .t. 

3-State 32 '634 .t. .t. 

OC 32 '635 .t. .t. 

FUSE-PROGRAMMABLE COMPARATORS 

DESCRIPTION 

16-81t Identity Comparator 

12-81t identity Comparator 

8 alt Identity Comparator 

and 4-81t Comparator 

TECHNOLOGY 

TYPE STD 
TTL ALS AS LS S 

'526 

'528 

'527 

A Denotes "Au suffix version available in the technology indicated, 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

VOLUME 

3 & LSI 

3 & LSI 

LSI 

3 & LSI 

VOLUME 

>< 
Q) 
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FUNCTIONAL INDEX 

ARITHMETIC CIRCUITS AND PROCESSOR ELEMENTS 

PARALLEL BINARY ADDERS 

TECHNOLOGY 

DESCRIPTION TYPE STD 

TTL 
ALS AS H LS S VOLUME 

l-Bil Gated '80 

'82 

4-B'1 
'S3 

'283 

Dual '-8It Carry-Save '1S3 

ACCUMULATORS, ARITHMETIC LOGIC UNITS, 

LOOK-AHEAD CARRY GENERATORS 

DESCRIPTION 

4-8it Parallel Binary Accumulators 

4 alt Arithmetic logiC Unlts/ 

Function Generators 

TECHNOLOGY 

TYPE STD VOLUME 
ALS AS LS S 

TTL 

'281 

'681 

'181 I--t-r_t_-t---f----; 
I---+---t---I---'--+---t--i 3 & LSI 

'11S1 

'381 I---+-+--+--+--t 

OTHER ARITHMETIC OPERATORS 

TECHNOLOGY 

DESCRIPTION TYPE STD 
ALS AS H L 

TTL 

Quad 2-lnput Exclusive-OR 
'86 

. 
Gates With Totem-Pole 

Outputs '3S6 

Quad 2-lnput Exclusive-OR 

Gates with Open-Collector '136 

Outputs 
Quad 2·lnput Excluslve- '266 

NOR Gates '810 ~ 

Ouad 2-lnput Exclusive-NOR 

Gates with Open-Collector 'S11 ~ 

Outputs 

Quad ExclUSive ORiNOR 

Gates 
'135 

4-Blt True/Complement 

Element 
'87 

BIPOLAR BIT-SLICE PROCESSOR ELEMENTS 

LS S 

A . 

." 
c: 
::J 
o 
r+ 
O· 
::J 
C) 

CASCADABLE TECHNOLOGY 

::J 
C. 
CD 
>< 

4-81t Arithmetic logic Unit 

with Ripple Carry 

Look.·Ahead Carry 116-81t 
Generators 1-=-:c-----+-,-:..::~-_t____1i-=-+__t_-+_::_:_,_:'~ 

1326il 

Quad Serial Adder'Subtractor 

MULTIPLIERS 

TECHNOLOGY 

DESCRIPTION TYPE STD VOLUME 

TTl 

2-8it-by-4-Slt Parallel Binary Multipliers '261 

'284 • 
4-Bit-by-4-Blt Parallel Binary Multipliers 

'285 • 

2S-MHl 6-81t Binary Rate Multipliers '97 • 

25-MHl Decade Rate Multipliers '167 • 

8-Bit x '-Bit 2' 5 Complement Multipliers '384 

• Denotes available technology. 

ADenotes planned new products, 

ALS AS LS S 

A Denotes" A" suffix version available in the technology indicated, 

2-14 TEXAS • 
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TO TYPE 

N-BITS 
ALS AS LS S 

No '887 

Yes 'SSB 

Yes '895 ~ 

VOLUME 

VOLUME 

LSI 



FUNCTIONAL INDEX 

MEMORIES 

USER-PROGRAMMABLE READ-ONLY MEMORIES (PROMs) REGISTERED PROMs 

STANDARD PROMs 

DESCRIPTION TYPE ORGANIZATION 
TYPE 

TYPE 
OUTPUT 

DESCRIPTION TYPE ORGANIZATION 
OUTPUT 

VOLUME T8P34R162 4096W x 4B 3-State 

T8P28S166 2048W x 88 3-5tate 
16K·Blt Arrays T8P34SR165 4096W x 48 3-State 

T8P38S165 2048W x 88 3-5tate 
T8P38R165 2048W x 88 3-State 

T8P38S166 2048W x 88 3-$tate 

16K-Bit Arrays T8P38SA165 2048W x 88 OC RANDOM-ACCESS READ-WRITE MEMORIES (RAMs) 

T8P38SA166 2048W x 88 OC 

TBP34S162 4096W x 4B 3-5tate TYPE TECHNOLOGY 

TBP34SA162 4096W x 48 OC .II. DESCRIPTION ORGANIZATION OF TYPE STD 
ALS AS LS 

T6P24S81 2048W x 4B 3-5tate OUTPUT 

T6P24SA81 2048W x 4B OC 256-81t Arrays 256)(1 
3·5tate '201 

TBP28S85A 1024W x 88 3-5tate .II. OC 

T6P28S86A 1024W x 88 3-State OC '89 

8K-Bit Arrays TBP28SA86A 1024W x 86 OC 3-5tate '189 

TBP38S85 1024W x 86 3-State .II. 64-Blt Arrays 16 )( 4 3 State '219 

TBP38S86 1024W x 88 3-5tate .II. OC '289 

TBP38SA85 1024W x 8B OC .II. ac '319 

T8P38SA86 1024W X 88 OC .II. 16-81t Multiple-Port 
8 x 2 3-5tate '172 

TBP24S41 1024W x 48 3-$tate 
Register File 

T6P24SA41 1024W x 48 OC 16-81t Register File 
ac 

T6P28S42 512W x B8 3-5tate 3-5tate '670 
4K-Bit Arrays 

TBP28SA42 512W x 88 OC Dual 64·Blt '870 
16 x 4 3-State 

TBP28S46 512W x 88 3-5tate Register Files 

TBP28SA46 512W x 8B OC 

TBP38S22 256W x 8B 3-5tate FIRST-IN FIRST-OUT MEMORIES (FIFO.) 
2K-Bit Arrays 

T6P38SA22 256W x 88 OC TECHNOLOGY 
T6P24S10 256W x 4B 3-5tate DESCRIPTION 
TBP24SA10 256W x 48 OC ALS AS LS 

lK-Bit Arrays 
TBP34S10 256W x 48 3-5tate 3-5tate 
T8P34SA10 256W x 48 OC 

T8P18S030 32W x 8B 3-5tate 

256-81t Arrays 
T8P18SA030 32W x 8B OC 

T8P38S030 32W x 8B 3-5tate 232 
T8P38SA030 32W x 88 OC 225 

LOW-POWER PROMs 
3-5tate 229 

35tate 233 

DESCRIPTION TYPE ORGANIZATION 
TYPE 

OUTPUT 
VOLUME 

T8P28L166 2048W x 8B 3-State . 
T8P38L165 2048W x 88 3-State 

Denotes available technology. 

16K-Bit Arrays .4 Denotes planned new products. 
T8P38L166 2048W x 88 3-State A Denotes "A" suffix version available In the technology indicated. 
T8P34L162 4096W x 48 3-State .II. B Denotes "B" suffix version available in the technology indicated. 

T8P28L85A 1024W x 8B 3-State .II. 

8K-Bit Arrays 
T8P28L86A 1024W x 88 3-State 

TBP38L85 1024W x 86 3-5tate .II. 

T8P38L86 1024W x 88 3-State .II. 

4K-Bit Arrays 
T8P28L42 512W x 88 3-5tate 

T8P28L46 512W x 88 3-5tate 

TBP2BL22 256W x 88 3-State 

2K-Bit Arrays TBP28LA22 256W x 88 OC 

T8P38L22 256W x 8B 3-State 

lK-Bit Arrays T8P34L10 256W x 4B 3-5tate 

256-Bit Arrays T8P38L030 32W x 88 3-State 

• Denotes available technology, 
• Denotes planned new products. 
A Denotes" A" suffix version available in the technology indicated. 
8 Denotes "8" suffix version available in the technology indicated. 

TEXAS • 
INSTRUMENTS 
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FUNCTIONAL INDEX 

PROGRAMMABLE LOGIC ARRAYS 

PROGRAMMABLE LOGIC ARRAYS 

DESCRIPTION INPUTS 
OUTPUTS TYPE 

AlS 
NO. OF 

VOLUME 
NO. TYPE NO 

Active-low 'PAL16lBA 

High-Performance PAL~ ~ 20 

~ Registered 'PALISRSA 

8 'PALlSR8A 

Active-low ·PALlSl8A·2 

Half-Power PAL~ IS 
4 ·PAl1SR4A·2 

20 re- Registered 'PAl1SRSA·2 re- 'PAL16R8A-2 

Active-Low 'PAL20lSA 

High-Performance PAL ~ 20 
4 'PAl20R4A 

lEI 
re- Registered 'PAl20RSA re- 'PAl2QR8A 

Active-low 'PAl20l8A·2 

Half-Power PAL<ll 20 
4 'PAl2QA4A·2 

24 re- Registered 'PAl20R6A·2 

"T1 re- 'PAl20R8A·2 

C Active-low 'TIBPALlSl8·12 

::J 
Impact PAl~ 1S 

4 'TlBPAl1 SR4· 12 
20 0 re- Reg'lstered 'TIBPALl6RS·12 

r+ re- 'TIBPAL16AB·12 o· Active-low 'TlBPAL16lB·15 
::J 4 'TISPAl16R4-15 

~ Impact PAl~ 1S re- Registered 'TIBPAL16RB-15 
20 

-
'TIBPALlSR8· 15 :; 8 

Active-low 'TIBPAl20LB-15 

a. 4 'TIBPAl20R4- 15 
CD Impact PAL~ --S 'TI8PAl20RS· 15 

24 

>< ---a 
Registered 

'TIBPAl20R8-'5 

10 Active-low 'TlBPAl20LlO·20 · 
Exclusive-OR PAL ~ 20 

4 'T18PAl20X4·20 
24 ---a Registered 'TIBPAl20X8·20 · --;0 'TIBPAl20X 1 0-20 

Active-Low 'TlBPAl20LlO·35 

Exclusive-OR PAL<!> 20 ~ 
'TIBPAl20X4·35 

+0- Registered 'TIBPAL2QXS-35 

'TlBPAl20X 1 0·35 · Active-Low 'Tl8PAlR19l8·25 

Registered-Input PALl!) 19 
4 'TIBPAlR 1 9R4·25 · 24 s- Registered 'Tl8PAlR19RS·25 

-T 'TlBPAlR19R8·25 · Active-Low 'TIBPAlR19l8·40 · 
Registered-Input PAL(!J 19 

4 'TIBPALR19R4-4Q · s- Registered 'TIBPALA 19A6-40 · '--s 'TIBPAlR 1 9R8·40 · Acflve-low 'TIBPAlT19l8·25 

latched-Input PAli!l 19 
4 'TlBPAlT19R4·25 · 24 '--a Registered 'TIBPAlT19A6-25 · -T 'TIBPAl T19R8·25 · Active-low 'Tl8PAlT19l8~40 

latched-Input PALe!; 19 
4 'TIBPAl T19A4-4Q · 24 '--a Registered 'TIBPAl T19R6-40 · re- 'TIBPAl T19RB-40 · Field-Programmable 3-State 'TlFPlA839 

14 x 32 x 6 logic Arrays OC 'TIFPlA84Q 

<1l PAL is a registered trademark of Monolithic Memories Incorporated_ 

• Denotes available technology, 

2-16 TEXAS .. 
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General Information • 
'"---------

___ F_u_n_ct_io_n_a_I_ln_d_e_x __________________ It __ ~ 

___ F_ie_ld_-_p_ro_9_r_a_m_m_a_b_,e __ L_o_9i_C ___________ If __ iII 
PROMs·: 

..... 
~R_A_M_S_. a_' n_d_,_M_e_m_o_rV_-_B_as_e_d_'_' _______ :_"_ Code Co'nverters . . ::-. 

Mechanical Data 

3-1 



"T1 m· 
c: 
." 
""I 
o 
cc 
""I 
Q) 

3 
3 
Q) 
e-
m 
r­
o 
cc 
(i. 

3-2 



• Standard High-Speed (25 nsl PAL Family 

• Choice of Operating Speeds 
HIGH SPEED, A Devices ... 35 MHz 
HALF POWER, A-2 Devices . . . 18 MHz 

• Choice of Input/Output Configuration 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

3·STATE REGISTERED 
DEVICE INPUTS I/O PORTS 

o OUTPUTS Q OUTPUTS 

PAL 1618 10 2 0 6 

PAl16R4 8 0 4 (3·statel 4 

PAl16R6 8 0 6 (3·statel 2 

PAL16R8 8 0 8 (3·statel 0 

description 

These programmable array logic devices feature 
high speed and a choice of either standard or 
half-power devices. They combine Advanced 
Low-Power Schottky t technology with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high-performance substitutes 
for conventional TTL logic. Their easy 
programmability allows for quick design of 
"custom" functions and typically result in a 
more compact circuit board. In addition, chip 
carriers are available for further reduction in 
board space. 

The Half-Power versions offer a choice of 
operating frequency, switching speeds, and 
power dissipation. In many cases, these Half­
Power devices can result in significant power 
reduction from an overall system level. 

The PAL 16' M series is characterized for 
operation over the full military temperature range 
of - 55°C to 125°C. The PAL 16' C series is 
characterized for operation from 0 °C to 70°C. 

tlntegrated Schottky·Barrier diode·clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 

PAL is a registered tradem-ark of Monolithic Memories Inc. 

PAL 16L8A, PAL16R4A, PAL 16R6A, PAL 16R8A 
STANDARD HIGH·SPEED PAL® CIRCUITS 

FEBRUARY 1984-REVISED JANUARY 1985 

PAL16LS' 
M SUFFIX ••. J PACKAGE 

C SUFFIX ... J OR N PACKAGE 

(TOP VIEW) 

Vee 
0 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 

I 0 
GND 

PAL16LS' 
M SUFFIX ... FH OR FK PACKAGE 

C SUFFIX •.• FN PACKAGE 

(TOP VIEW) 

U 
u ___ >0 

I/O 
I/O 
I/O 
I/O 
I/O 

Pin assignments in operating mode (pins 1 and 11 less positive than 
VIHH) 

TEXAS • 
INSTRUMENlS 

Copyright © 1984, Texas Instruments Incorporated 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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Q. 
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on 
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PAL16R4A, PAL16R6A, PAL16R8A 
STANDARD HIGH·SPEED PAL CIRCUITS 

PAL16R4' 
M SUFFIX .•• J PACKAGE 

C SUFFIX ••• J OR N PACKAGE 

(TOP VIEW) 

elK Vee 

GND 

PAL16R6' 

I/O 

I/O 
Q 

Q 

Q 

Q 

I/O 
I/O 
DE 

M SUFFIX .•. J PACKAGE 
C SUFFIX ... J OR N PACKAGE 

(TOP VIEW) 

elK 

GND 

PAL16RS' 

Vee 
I/O 
Q 

Q 

Q 

Q 

Q 

Q 

I/O 

DE 

M SUFFIX .•• J PACKAGE 
C SUFFIX .•. J OR N PACKAGE 

(TOP VIEW) 

elK Vee 
Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

GND DE -..... __ ...r-

Pin assignments in operating mode (pins 1 and 11 less positive than VIHH) 

TEXAS .. 
INSTRUMENTS 

PAL16R4' 
M SUFFIX •.. FH OR FK PACKAGE 

C SUFFIX •.. FN PACKAGE 

(TOP VIEW) 

~ u 
...J UO __ u>:::::: 

PAL16R6' 

I/O 
Q 

Q 

Q 

Q 

M SUFFIX .•• FH OR FK PACKAGE 
C SUFFIX ..• FN PACKAGE 

(TOP VIEW) 

:J ~O __ U>:::;; 

PAL16RS' 

Q 

Q 

Q 

Q 

Q 

M SUFFIX •.• FH OR FK PACKAGE 
C SUFFIX FN PACKAGE 

(TOP VIEW) 

~ u 
...J U __ U>O 
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PAL16LBA, PAL16R4A 
STANDARD HIGH·SPEED PAL CIRCUITS 

functional block diagrams (positive logic) 

'PAL16L8A 
'PAL 16L8A-2 

& EN ~1 

32 X 64 

6 

'PAL16R4A 
'PAL 16R4A-2 

0-----0 

0-----0 

0-__ ............. -1/0 

L>-411-1-........... -1/0 

~e+ ____ ....... -I/O 

D-<&+ ..... +--- I/O 

o-CH ............ -I/O 

D-a-+ ............ -I/O 

OE--------------------------------~ 
CLK----------------------------------D 

- denotes fused inputs 

TEXAS 'I.i1 
INSTRUMENTS 

1-----0 

I--~f---O 

I--~f---O 

I--~f--- 0 

0-..... -~ ...... --1---- I/O 

0-..... +-.., ...... --1---- I/O 

O-..... +-4-1~+---- I/O 

[)-........ ~ ... ~+-- I/O 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

III 
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CO 
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CO ... 
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CD 
r-
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PAL 16R6A, PAL 16R8A 
STANDARD HIGH·SPEED PAL CIRCUITS 

functional block diagrams (positive logic) 

'PAL16R6A 
'PAL 16R6A-2 

0E--------------------------~N:1--1 
CLK------------------------------~ 

OE 
CLK 

- denotes fused inputs 

2 

6 

'PAL16RSA 
'PAL 16RSA-2 

TEXAS ~ 
INSTRUMENTS 
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RODUCT i 

LINES 0 4 8 

0 · · · · · · 7 

~ 
8 

· · · · · · 
(3)';: 

16 · · · · · · 
(4) 23 

/L 

24 · · · · · · 31 
(5)':>!. 

~ 

32 · · · · · · , (6) .. 39 
..?l 
40 

· · · · · · 47 
(7)":>L 

48 · · · · · · 55 
(8) .x 

~ 

56 · · · · · · 63 
i9 )":>!. ... 

PAL16LBA 
STANDARD HIGH·SPEED PAL CIRCUITS 

logic diagram 

INPUT LINES 

12 16 20 24 28 31 
r--

~r-W r.-
r-.- (19) 
r.-
r-.-
r.-
~.-

o 

..K 

" ~ J fJ.-
~t>-- (18) 

H--
H-
~ .....J-

1/0 

.-I'. 
--, 

....... .-----, J }-
'""""'.-~ (17) 
J-..---. '-'" v 

I '""""'.-
l-' 
::J-

.A 

~ 

1/0 

--, 

-f-- J :.- (16) _.-V -.-
~f--
r-'-
-!---

1/0 

.J<. 
--, 

-r--. 1 -f---
:~C>----t> (15) 

-t---
1/0 

-t----' 
-r--. 
'=' A 

~ --, 

~t--- J r-t---
rf---~ (14) 
r-t---C-/ 
rt---
I--<f---
~t--

1/0 

A 
J(; 

r--

I--<f--- 1 r-f---
r-t---,"""" (13) 
r-t--- --'" v r-f---
r-t---
tf---

110 

J(. 
--, 

....... r--. 1 -t---
(12) -~~ 

-t---"-'"' v 
-t---
-t----' 

:::r--. (11 ) 
.A 

o 

-F.... 
-

TEXAS .. 
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PAL16R4A 
STANDARD HIGH,SPEED PAL CIRCUITS 

logic diagram 
CLK~~--------__________________________________________ ~ 

INPUT LINES 
PRODUCT,~~--~----~----------~--------------------~ 

LINES 0 4 8 12 16 20 24 28 31 
0 

I 

· · · · · · 7 

~ 
8 · • · · · · 

(3)";: 
" 
16 
• • · · · · 

(4)~ 
24 · · · · · · 

(5) 31 
.?L 
32 
• · · · · · 

(6)~ 
.... 40 

· · · · · · 47 
(7) ":x ... 

48 · · · · • · 55 
(8),,/1. 

56 · · · · · · (9)' 63 
/I.. 

TEXAS ." 
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~ 

..... f--

~ ..... f--
r-f--!=>- (19) 
r-f--

] 
..... f--
..... f--
=f--

K .... 
r--

r-.--. 

~ r-...--
r-r--'D- (18) 
t-I---< 

] r-I--
r-f--l r-.---, 
...... ..... 

Jo: 
r-- .... 
r-I----' r-f---j t---

~~J t-r-t>-r-I---< 
r-I--._r-f--l 
t-f-----I C1 
...... ~ 

r-I----' t-f---j 
r-I-- I;:l (16) t-r-t>-r-f.--, t1i ~ r-I--
r-I---' 
r-f-----I C1 
'-' ~ 

~f---l 

..... f---1 

=~C>-~ I;:l (15) 
v r't---

t:~ C1 
...... ..... 

~ 
~f------' 

.....f---j 

..... t---
~) ~~~ tt---

r-f------' C1 
...... 1------' 

r-- ~ 
'-"t---

J] 
;:1--
r-I--C> 

(13) 

r-~----' 
r-I--
r-~-
...... 1--

..... 

r-

~~W r-t---
r-I-- (12) 
r-t---

] r-I--
r-I--
tl--

rI".. ~) 

1/0 

1/0 

Q 

Q 

Q 

Q 

1/0 

1/0 

OE 



CLK1!4>-­

P RDDUCT, 
LINES 0 4 8 

0 · · · · · · 7 

~ 
8 

· · · · · · (3)~15 
.)'l 
16 · · · · · · 

(4) ... 23 
,)'I. 
24 · · · · · · (5) 31 

.;::t 
32 · · · · · · (6) 39 
::>l 

40 · · · · · · 47 
(7)~ 

V 

48 · · · · · · 
(8» 

55 

56 · · · · · · 63 

~-

PAL16R6A 
STANDARD HIGH·SPEED PAL CIRCUITS 

logic diagram 

INPUT LINES 

12 16 20 24 

TEXAS -Ij} 
INSTRUMENTS 

28 31 
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r-

I-}--

W I-}-

I-}--p- (19) 
I-}-

1 
I-}--
I-}-t:}--

liD 

,--. '" 
I-}-
I-}--

~t>-~~ ~ 
~ 
~ 
~)-, C1 

Q 

..... 
'J---; 
~ 
f-l.-f-}-t>- >-;:l (17) 
~ 

~ ~ ~ 
---~ 

b----. A 

C1 

Q 

r- '" I-}--l 
I-}--., 

I-l---t>- ~) I-}--

~ 
1-)-, 
I-l---
I-}--l C1 
1-)----. 

.~ 

Q 

-}--l 

-}--., 

'-l--- I.J (15) I-~ 

~ 
.-)-, v 
I-}--
~ 
f-r--. C1 
L..- A 

-K.. 

Q 

r-}--

I-}--
I-}--

~) I-l---t>-

~ 
I-}--
I-}--
I-}--
I-}-- C1 
...... A 

Q 

r-}--
I-l---

=t=~ ~) :l---
..... }-- C1 
,--,l--- A 

J<. 

Q 

r-

r~w I-}-
1-)- (12) 
I-l---

1 
1-)-
I-}-t:}--

..K ~) 

I/O 

DE 

CJ .0, 
0 
-I 
Q) 

:c 
co 
E 
E 
co 
110.. 
C') 
0 
110.. 

c.. 
-b 
Q) 
u:: 
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PAL16RBA 
STANDARD HIGH·SPEED PAL CIRCUITS 

CLK.!.!4>------­

"T1 
[ 
c.. 
.!a 
"'" o 

(C 

"'" Q) 

3 
3 
Q) 
C" 
m 
r­
o 

(C 

c;' 
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p RDDUCT , 
LINES 0 4 8 

0 · · · · · · 7 

~ 
8 · · · · · .' 

(3) 15 
~ 

16 · · · · · · 
(4) 23 

X 

24 · · · · · · 31 
(5),)[ 

32 · · · · · · 
(6)~ 

... 
40 · · · · · · 

(7» 
47 

48 · · · · · · 
(8) ... 

55 

56 · · · · · · 
~--

logic diagram 

INPUT LINES 

12 16 20 24 

TEXAS l!} 
INSTRUMENTS 

28 
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31 

a 

r-t-------" 
r-r---, 
r-r-

~~ 
r-_p-r-r-
r-I-
r-r-
~r- C1 

..f'.~ 

a 

~ t-'r-
t-'}--

~~ t-'r--C>-~ 1D ~ 
t-'}--
I}-.--.-c 
1-1- C1 
"- .A 

a 

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

~) I-~!=>-I-~ 

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

t:r--- C1 

a 

r-t-------" r-r---, 
r-r--

~) r-r---t> r-r--

~ r-r--
r-I-
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r-r--
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A 
STANDARD HIGH-SPEED PAL CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 1) ................................................. " 5.5 V 
Voltage applied to a disabled output (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: M suffix. . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

C suffix .............................. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 1: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

PARAMETER 
MIN 

M SUFFIX 

NOM MAX 

C SUFFIX 

MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

I OE input 2.4 5.5 2 5.5 
VIH High-level input voltage V I All others 2 5.5 2 5.5 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -2 -3.2 mA 

IOL Low-level output current 12 24 mA 

TA Operating free-air temperature -55 125 0 70 °e 

programming parameters, T A - 25°C 

MIN NOM MAX UNIT 

Vee Verify-level supply voltage 4.5 5.0 5.5 V 

VIH High-level input voltage 2 5.5 V 

VIL Low-level input voltage 0.8 V 

VIHH Program-pulse input voltage 10.25 10.5 10.75 V 

PO 20 50 

PGM ENABLE, L/R 10 ' 25 
IIHH Program-pulse input current mA 

PI, PA 1.5 5 

Vee 250 400 

tw1 Program-pulse duration at PO pins 10 50 p's 

tw2 Pulse duration at PGM VERIFY 100 ns 

Program-pulse duty cycle at PO pins 25 % 

tsu Setup time 100 ns 

th Hold time 100 ns 

td1 Delay time from Vee to 5 V to PGM VERIFYt 100 p's 

td2 Delay time from PGM VERIFY t to valid output 200 ns 

Input voltage at pins 1 and 11 to open verify-protect (security) fuse 20 21 22 V 

Input current to open verify-protect (security) fuse 400 mA 

tw3 Pulse duration to open verify-protect (security) fuse 20 50 p's 

Vee value during security fuse programming 0 0.4 V 
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PAL 16L8A, PAL 16R4A, PAL 16R6A, PAL 16R8A 
STANDARD HIGH·SPEED PAL CIRCUITS 

recommended operating conditions 

fclock Clock frequency 

I Clock high 
tw Pulse duration, see Note 2 I Clock low 

tsu Setup time, input or feedback before ClK t 
th Hold time, input or feedback after ClK t 

MIN 

0 

15 

20 

25 

0 

M SUFFIX C SUFFIX 

TVP MAX MIN TVP MAX 
UNIT 

25 0 35 MHz 

12 

16 
ns 

20 ns 

0 ns 

NOTE 2: The total clock period of ciock high and clock low must not exceed clock frequency, fclock. The minimum pulse durations specified 
are only for clock high or clock low, but not for both simultaneously. 

electrical characteristics over recommended operating free-air temperature range 

TEST CONDITIONSt 
M SUFFIX C SUFFIX 

PARAMETER 
MIN TVP* MAX MIN TVP* . MAX 

VIK VCC = MIN, II = -18 mA -1.5 -1.5 

VOH VCC = MIN, 10H = MAX 2.4 3.2 2.4 3.3 

VOL VCC = MIN, 10l = MAX 0.25 0.4 0.35 0.5 

10ZH 
Outputs 20 20 

liD ports 
VCC = MAX, Vo = 2.7V 

100 100 

Outputs -20 -20 
10Zl 

liD ports 
VCC = MAX, Vo = 0.4 V 

-250 -250 

II VCC = MAX, VI = 5.5 V 0.2 0.1 

IIH VCC = MAX, VI = 2.7 V 25 20 

I DE INPUT -0.25 -0.4 
III VCC = MAX, VI = 0.4 V I All others -0.2 -0.2 

10§ VCC = MAX, Vo = 2.25 V -30 -125 -30 -125 

ICC 
VCC = MAX, Outputs Open 

VI = 0 V 
140 185 140 180 

tFor conditions shown as MIN or MA·X, use tne appropriate value specified under recommended operating conditions. 
:tAli typical values are at VCC = 5 V, TA = 25°C. 

UNIT 

V 

V 

V 

p.A 

p.A 

mA 

p.A 

mA 

rnA 

mA 

§The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, lOS. 

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

PARAMETER FROM TEST CONDITIONS 
M SUFFIX C SUFFIX 

TO 
:rVP* TVP* 

UNIT 
MIN MAX MIN MAX 

fmax 25 45 35 45 MHz 

tpd 1,110, 0, liD 15 30 15 25 ns 

tpd . ClKt Q Rl = 500 n, 10 20 10 15 ns 

ten OE.!- Q Cl = 50 pF, 15 25 15 22 ns 

tdis OEt Q See Note 3 10 25 10 15 ns 

ten 1,110 0,110 14 30 14 25 ns 

tdis 1,110 0,1/0 13 30 13 25 ns 

:tAli typical values are at VCC = 5 V, TA = 25°C. 

NOTE 3: load circuits and voltage waveforms are shown in Section 1. 
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PAL 16LBA·2, PAL 16R4A·2, PAL 16R6A·2, PAL 16RBA·2 
STANDARD HIGH·SPEED HALF·POWER PAL CIRCUITS 

recommended operating conditions 

M SUFFIX C SUFFIX 

MIN 
UNIT 

TYP MAX MIN TYP MAX 

fclock Clock frequency 0 16 0 18 MHz 

Pulse duration, see Note 2 
I Clock high 28 25 

tw I Clock low 
ns 

28 25 

tsu Setup time, input or feedback before ClKt 35 28 ns 

th Hold time, input or feedback after ClK t 0 0 ns 

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fclock. The minimum pulse durations specified 
are only for clock high or clock low, but not for both simultaneously. 

electrical characteristics over recommended operating free·air temperature range 

TEST CONDITIONSt 
M SUFFIX C SUFFIX 

PARAMETER 
TYP* TYP* MIN MAX MIN MAX 

VIK VCC = MIN, II = -18 mA -1.5 -1.5 

VOH VCC = MIN, 10H = MAX 2.4 3.2 2.4 3.3 

VOL Vec = MIN, 10l = MAX 0.25 0.4 0.35 0.5 

10ZH 
Outputs 20 20 

1/0 ports 
Vec = MAX, Vo = 2.7 V 

100 100 

Outputs -20 -20 
10Zl 

1/0 ports 
VCC = MAX, Vo = 0.4 V 

-250 -250 

II VCC = MAX, VI = 5.5 V 0.2 0.1 

IIH Vce = MAX, VI = 2.7 V 25 20 

I OE INPUT -0.2 -0.2 
III Vec = MAX, VI = 0.4 V 1 All others -0.1 -0.1 

10§ VCC = MAX, Vo = 2.25 V -30 -125 -30 -125 

ICC 
Vee = MAX, Outputs Open 

75 95 70 90 
VI = 0 V 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*AII typical values are at Vee = 5 V, TA = 25°C. 

UNIT 

V 

V 

V 

p.A 

p.A 

mA 

p.A 

mA 

mA 

mA 

§The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, lOS. 

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

M SUFFIX C SUFFIX 
PARAMETER FROM TO TEST CONDITIONS 

TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

fmax 16 25 18 25 MHz 

tpd 1,1/0, 0,1/0 25 40 25 35 ns 

tpd elKt Q Rl = 500 fl, 11 35 11 25 ns 

ten OE. Q el = 50 pF, 20 35 20 25 ns 

tdis OEt Q See Note 3 11 30. 11 20 ns 

ten 1,1/0 0,1/0 25 40 25 35 ns 

tdis 1,1/0 0,1/0 25 35 25 30 ns 

tAli typical values are at Vee = 5 V, T A = 25°C. 
NOTE 3: load circuits and voltage waveforms are shown in Section 1. 
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PAL 16L8A, PAL 16R4A, PAL 16R6A, PAL 16R8A 
STANDARD HIGH·SPEED PAL CIRCUITS 

PRODUCT TERMS 0 THRU 31 
(TOP VIEWI 

PGM ENABLE Vee 
PIO P03 
Pll P02 
PI2 POl 
PI3 POO 
PI4 PAO 
PI5 PAl 
PI6 PA2 
PI7 LlR 

PRODUCT TERMS 32 THRU 63 
(TOP VIEW) 

PGM VERIFY Vee 
PIO LlR 
Pll PAO 
PI2 PAl 
PI3 PA2 
PI4 P03 
PI5 P02 
PI6 POl 
PI7 POO 

GND PGM VERIFY GND PGM ENABLE 

Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at VIHH) 

TABLE 1 - INPUT LINE SELECT TABLE 2 - PRODUCT LINE SELECT 

INPUT PIN NAME LINE 
PRODUCT 

LINE 
NUMBER PI7 PI6 PI5 PI4 PI3 PI2 PI1 PIO L/R NUMBER 

0 HH HH HH HH HH HH HH L Z 0,32 
1 HH HH HH HH HH HH HH H Z 1,33 
2 HH HH HH HH HH HH HH L HH 2,34 
3 HH HH HH HH HH HH HH H HH 3,35 
4 HH HH HH HH HH HH L HH Z 4,36 
5 HH HH HH HH HH HH H HH Z 5,37 
6 HH HH HH HH HH HH L HH HH 6,38 
7 HH HH HH HH HH HH H HH HH . 7,39 
8 HH HH HH HH HH L HH HH Z 8,40 
9 HH HH HH HH HH H HH HH Z 9,41 

10 HH HH HH HH HH L HH HH HH 10,42 
11 HH HH HH HH HH H HH HH HH 11,43 
12 HH HH HH HH L HH HH HH Z 12,44 
13 HH HH HH HH H HH HH HH Z 13,45 
14 HH HH HH HH L HH HH HH HH 14,46 
15 HH HH HH HH H HH HH HH HH 15,47 
16 HH HH HH L HH HH HH HH Z 16,48 
17 HH HH HH H HH HH HH HH Z 17,49 
18 HH HH HH L HH HH HH HH HH 18,50 
19 HH HH HH H HH HH HH HH HH 19,51 
20 HH HH L HH HH HH HH HH Z 20,52 
21 HH HH H HH HH HH HH HH Z 21,53 
22 HH HH L HH HH HH HH HH HH 22,54 
23 HH HH H HH HH HH HH HH HH 23,55 
24 HH L HH HH HH HH HH HH Z 24,56 
25 HH H HH HH HH HH HH HH Z 25,57 
26 HH L HH HH HH HH HH HH HH 26,58 
27 HH H HH HH HH HH HH HH HH 27,59 
28 L HH HH HH HH HH HH HH Z 28,60 
29 H HH HH HH HH HH HH HH Z 29,61 
30 L HH HH HH HH HH HH HH HH 30,62 
31 H HH HH HH HH HH HH HH HH 31,63 

L = VIL. H = VIH, HH = VIHH, Z = high impedance (e.g. 10 kG to 5 VI 
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PIN NAME 
POO P01 P02 P03 PA2 PA1 

Z Z Z HH Z Z 
Z Z Z HH Z Z 
Z Z Z HH Z HH 
Z Z Z HH Z HH 
Z Z Z HH HH Z 
Z Z Z HH HH Z 
Z Z Z HH HH HH 
Z Z Z HH HH HH 
Z Z HH Z Z Z 
Z Z HH Z Z Z 
Z Z HH Z Z HH 
Z Z HH Z Z HH 
Z Z HH Z HH Z 
Z Z HH Z HH Z 
Z Z HH Z HH HH 
Z Z HH Z HH HH 
Z HH Z Z Z Z 
Z HH Z Z Z Z 
Z HH Z Z Z HH 
Z HH Z Z Z HH 
Z HH Z Z HH Z 
Z HH Z Z HH Z 
Z HH Z Z HH HH 
Z HH Z Z HH HH 
HH Z Z Z Z Z 

HH Z Z Z Z Z 
HH Z Z Z Z HH 
HH Z Z Z Z HH 
HH Z Z Z HH Z 
HH Z Z Z HH Z 
HH Z Z Z HH HH. 
HH Z Z Z HH HH 

PAO 

Z 
HH 
Z 
HH 
Z 

HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 



PAL 16LBA, PAL 16R4A, PAL 16R6A, PAL 16RBA 
STANDARD HIGH·SPEED PAL CIRCUITS 

programming procedure for array fuses 

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate. (one of 32) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 

Step 6 

Raise PGM ENABLE to VIHH. 
Select an input line by applying appropriate levels to L/R and PI pins. 
Begin selection of the output line with appropriate conditions on PA pins. 
Raise Vee to VIHH. 
Blow the fuse by pulsing the appropriate PO pin to VIHH as shown in Table 2 for the product 
line. 
Return Vee to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than 
VOL if the fuse is open. 

Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully 
programmed (blown), but no more than four times. Verification is possible only with the verify-protect 
fuse intact. 

programming waveforms 

) 

~:-------- VIHH 

PGM ENABLE ! ! L 
I .: :"t VIL 

SELECTED 
PI, LIR,PA 
PINS (see 
Tables 1 and 2) 

~tsu II h 
: r-----------------------------------------~·-i------VIHH 

: I 

------------!.--- ------ --------- --- --- --- ---- VIHH 
VCC I 

____ -+...J I : '-, ------------------------------------ 5V 
, II ---- ~:~_;t:~~.--.i:----- ------ -------- ---- ----- OV 

~~:.:~f~~. ~ , f\---~-=,~~::: 
~~ 

!.-td1-=!1 r-tW2 
PGM VERIFY n VIH 

--------------------------~ ~----------------------------VIL 

G) A high level during the verify interval indicates that programming has not been successful. . 

® A low level during the verify interval indicates that programming has been successful. 

security fuse programming 
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• Standard High Speed (25 ns) PAL Family 

• Choice of Operating Speeds 
HIGH SPEED, A devices ... 30 MHz 
HALF POWEJ:l, A-2 devices ... 18 MHz 

• Choice of Input/Output Configuration 

• Preload Capability on Output Registers 

• DIP Options Include Both 300-mil Plastic 
and 600-mil Ceramic 

3·STATE REGISTERED 1/0 
DEVICE I INPUTS 

o OUTPUTS Q OUTPUTS PORTS 

'PAL20L8A 14 2 0 6 

'PAL20R4A 12 0 4 (3-state buffers) 4 

'PAL20R6A 12 0 6 (3-state buffers) 2 

'PAL20R8A 12 0 8 (3-state buffers) 0 

description 

These programmable array logic devices feature 
high speed and a choice of either standard or 
half-power speeds. They combine Advanced 
Low-Power Schottky t technology with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high performance substitutes 
over conventional TTL logic. Their easy 
programmability allows for quick design of 
"custom" functions and typically result in a 
more compact circuit board. In addition, chip 
carriers are also available for further reduction 
in board space. 

The Half-Power versions offer a choice of 
operating frequency, switching speeds, and 
power dissipation. In many cases, these Half­
Power devices can result in significant power 
reduction from an overall system level. 

In addition, extra circuitry has been provided to 
allow loading of each register asynchronously to 
either a high or low state. This feature simplifies 
testing because the registers can be set to an 
initial state prior to executing the test sequence. 

The PAL20' series is characterized for operation 
over the full military temperature range of 
- 55 °C to 125°C. The commercial range is 
characterized from OOC to 70°C. 

PAL is a registered trademark of Monolithic Memories Inc. 
tlntegrated Schottky-Barrier diode·clamped transistor is patented 

by Texas Instruments, U.S. Patent Number 3,463,975. 

PRODUCT PREVIEW 

PAL20LBA, PAL20R4A, PAL20R6A, PAL20RBA 
STANDARD HIGH SPEED PAL® CIRCUITS 

02706, DECEMBER 1982-REVISED JANUARY 1985 

PAl20lS' 
M SUFFIX ... JW PACKAGE 

C SUFFIX ... JW OR NT PACKAGE 

(TOP VIEW) 

GND ....... __ .....-

PAl20lS' 

VCC 
I 
o 
liD 
1/0 
liD 
liD 
liD 
liD 
o 

M SUFFIX ..• FH OR FK PACKAGE 
C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

I 6 

I 

NC 

u 
u u ___ z>_o 

4 3 2 1 28 2726 

12131415161718 

--ou--o 
zz 
(!J 

liD 
liD 
liD 
NC 

liD 
liD 
liD 

DIP pin assignments in operating mode (voltages at pins 1 and 13 
less then VIHH). PLCC pin assignments in operating mode (voltages 
at pins 2 and 16 less then VIHH). 

Copyright © 1985, Texas Instruments Incorporated 
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PAL20R4A. PAL20R6A. PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 

PAL20R4' 
M SUFFIX ..• JW PACKAGE 

C SUFFIX ••• JW OR NT PACKAGE 

(TOP VIEW) 

OUTCLK I U24 

2 23 

3 22 
4 21 

5 20 

6 19 

7 18 

8 17 

f-l 16 

10 15 

II 14 

GND 12 13 

PAL20R6' 

VCC 
I 
110 
110 
Q 

Q 

Q 

Q 

110 
110 

M SUFFIX ..• JW PACKAGE 
C SUFFIX ..• JW OR NT PACKAGE 

(TOP VIEW) 

OUTCLK I 1 U24 VCC 
II 2 23 I 

II 3 22 110 

1:=4 21 Q 

1:=5 20 Q 

I 6 19 Q 

7 18 Q 

Is 17 Q 

f-l 16 Q 

10 15 110 
I II 14 I 

GND 12 13 BE 

PAL20RS' 
M SUFFIX •.. JW PACKAGE 

C SUFFIX ... JW OR NT PACKAGE 

(TOP VIEW) 

OUTCLK 1 U24 

2 23 

3 22 
4 21 
5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 
GND 12 13 

VCC 
I 
Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

DIP pin assignments in operating mode (voltages at pins 1 and 13 less than VIHH) 
PLCC pin assignments in operating mode (voltages at pins 2 and 16 less than VIHH) 
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PAL20R4' 
M SUFFIX ..• FH OR FK PACKAGE 

C SUFFIX ••• FN PACKAGE 

I 5 
I 6 

NC 
I 9 

10 

II 

(TOP VIEW) 
::..: 
...J 
u 
f- U 
;:) U U 0 __ oz>_:::: 

4 3 2 1 282726 

12 131415161718 

- - ~ ~n~-g 
~ 

PAL20R6' 

110 
Q 

Q 

NC 
Q 

Q 

110 

M SUFFIX .•• FH OR FK PACKAGE 
C SUFFIX ••• FN PACKAGE 

NC 

5 

6 

I 9 
10 
11 

(TOP VIEW) 
::..: 
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4 3 2 1 282726 

12 1314 1516 17 18 
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PAL20RS' 

Q 

Q 

Q 

NC 
Q 

Q 

Q 

M SUFFIX ..• FH OR FK PACKAGE 
C SUFFIX ••. FN PACKAGE 

(TOP VIEW) 
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PAL20L8A, PAL20R4A 
STANDARD HIGH SPEED PAL CIRCUITS 

functional block diagrams (positive logic) 

PAL20L8A 
PAL20L8A-2 

6 

PAL20R4A 
PAL20R4A-2 

OE------------------------------~ 
OUTCLK--------------------------------D 

0 

0 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

a 

a 

a 

a 

I/O 

I/O 

I/O 

I/O 
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PAL20R6A. PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 

functional block diagrams (positive logic) 

PAL20R6A 
PAL20R6A-2 

0E--------------~----------~N:1--1 
OUTCLK----------------------------~~ 

PAL20R8A 
PAL20R8A-2 

OE 
OUTCLK 
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PAL20LBA 
STANDARD HIGH SPEED PAL CIRCUITS 

INPUT LINES 
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PAL20R4A 
STANDARD HIGH SPEED PAL CIRCUITS 
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PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 1) ................................................. " 5.5 V 
Voltage applied to a disabled output (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: M suffix. . . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 

e suffix .............................. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 

NOTE 1: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

PARAMETER 
M SUFFIX C SUFFIX 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

Vil low-level input voltage 0.8 0.8 V 

10H High-level output current -2 -3.2 mA 

10l low-level output current 12 24 mA 

TA Operating free-air temperature -55 125 0 70 °e 

programming parameters, T A 

MIN NOM MAX UNIT 

Vee Verify-level supply voltage 4.5 5.0 5.5 V 

VIH High-level input voltage 2 5.5 V 

Vil low-level input voltage 0.8 v 
VIHH Program-pulse input voltage 10.25 10.5 10.75 V 

PO 20 50 

PGM ENABLE, L/R 10 25 
IiHH Program-pulse input current mA 

PI, PA 1.5 5 

Vee 250 400 

tw1 Program-pulse duration at PO pins 10 50 /LS 

tw2 Pulse duration at PGM VERIFY 100 ns 

Program-pulse duty cycle at PO pins 25 % 

tsu Setup time 100 ns 

th Hold time 100 ns 

td1 Delay time from Vee to 5 V to PGM VERIFYt 100 /Ls 

td2 Delay time from PGM VERIFYt to valid output 200 ns 

Input voltage at pins 1 and 11 to open verify-protect (security) fuse 20 21 22 V 

Input current to open verify-protect (security) fuse 400 mA 

tw3 Pulse duration to open verify-protect (security) fuse 20 50 /LS 

Vee value during security fuse programming 0 0.4 V 
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 

recommended operating conditions 

fclock Clock frequency 

Pulse duration, clock I tw 
I 

tsu Setup time, input or feedback before OUTClKi 

th Hold time, input or feedback after OUTClKi 

High 

low 

M SUFFIX C SUFFIX 

MIN TYP MAX MIN TYP MAX 

0 20 0 30 

20 15 

20 15 

30 25 

0 0 

electrical characteristics over recommended free-air operating temperature range 

TEST CONDITIONSt 
M SUFFIX C SUFFIX 

PARAMETER 
TYP* TYP* MIN MAX MIN MAX 

VIK Vce = MIN, II = -18 mA -1.5 -1.5 

VOH Vce = MIN, 10H = MAX 2.4 3.2 2.4 3.3 

VOL Vec = MIN, 10l = MAX 0.25 0.4 0.35 0.5 
0, Q outputs 20 20 

10ZH 
I/O ports 

Vee = MAX, VIH = 2.7 V 
100 100 

0, Q outputs -20 -20 
10Zl 

1/0 ports Vee = MAX, VIH = 0.4 V 
-250 -250 

OE Input 0.2 0.2 
II Vec = MAX, VI = 5.5 V 

All others 0.1 0.1 
OE Input 40 40 

IrH Vee = MAX, V, = 2.7 V 
All others 20 20 
OE Input -0.4 . -0.4 

III Vee = MAX, VI = 0.4 V 
All others -0.2 -0.2 

lo§ Vee = MAX, Vo = 2.25 V -30 -125 -30 -125 

ICC 
Vce = MAX, VI = a V, 

150 210 150 210 
Outputs open, ill at VIH 

3 tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

UNIT 

MHz 

ns 

ns 

ns 

ns 

UNIT 

V 

V 

V 

I'A 

p.A 

mA 

I'A 

mA 

mA 

mA 

Q) tAli typical values are VCC = 5 V, T A = 25 ac. 
C'" §The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, lOS. 
Ci) 

r- switching characteristics over recommended operating free~air temperature range (unless otherwise 
~ noted) 
o· 

M SUFFIX C SUFFIX 
PARAMETER FROM TO TEST CONDITIONS 

TYP* TYP* 
UNIT 

MIN MAX MIN MAX 
fmax 20 30 MHz 

tpd I, I/O 0,1/0 15 30 15 25 ns 

tpd OUTCLKi Q Rl = 500O, 10 20 10 15 ns 

ten OE Q Cl = 50 pF 10 25 10 20 ns 

tdis OEi Q See Note 2 11 25 11 20 ns 

ten 1,1/0 0,1/0 14 30 14 25 ns 

tdis 1,1/0 0,110 12 30 12 25 ns 

t All typical values are at Vce = 5 V, T A = 25°C. 
NOTE 2: load circuits and voltage waveforms are shown in Section 1. 
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PAL20L8A·2, PAL20R4A·2, PAL20R6A·2, PAL20R8A·2 
STANDARD HIGH SPEED HALF·POWER PAL CIRCUITS 

recommended operating conditions 

M SUFFIX C SUFFIX 

MIN TYP MAX MIN TYP MAX 
UNIT 

fclock Clock frequency 0 18 0 18 MHz 

Pulse duration, clock I High ns 
tw 

I Low ns 

tsu Setup time, input or feedback before OUTCLKl ns 

th Hold time, input or feedback after OUTCLKt ns 

electrical characteristics over recommended free·air operating temperature range 

TEST CONDITIONst 
M SUFFIX C SUFFIX 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK VCC = MIN, II = -18 mA -1.5 -1.5 V 

VOH VCC = MIN, 10H = MAX 2.4 3.2 2.4 3.3 V 

VOL VCC = MIN, 10L = MAX 0.25 0.4 0.35 0.5 V 

0, Q outputs 20 20 
10ZH 

I/O ports 
VCC = MAX, VIH = 2.7 V 

100 100 
p,A 

0, Q outputs -20 -20 
10ZL 

I/O ports 
VCC = MAX, VIH = 0.4 V 

-250 -250 
p,A 

OE Input 0.2 0.2 
II VCC = MAX, VI = 5.5 V mA 

All others 0.1 0.1 

OE Input 40 40 
IIH 

All others 
VCC = MAX, VI = 2.7 V 

20 20 
p,A 

OE Input -0.4 -0.4 
IlL VCC = MAX, VI = 0.4 V mA 

All others -0.2 -0.2 
10§ VCC = MAX, Vo = 2.25 V -30 -125 -30 -125 mA 

ICC 
VCC = MAX, VI = 0 V, 

75 100 75 100 mA 
Outputs open, OE at VIH 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAli typical values are VCC = 5 V, T A = 25°C. 
§The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, lOS. 

switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

M SUFFIX C SUFFIX 
PARAMETER FROM TO TEST CONDITIONS 

TYP* TYP* 
UNIT 

MIN MAX MIN MAX 
fmax 18 18 MHz 

tpd 1,1/0 0,1/0 25 25 ns 

tpd OUTCLKl Q RL = 500 D, 20 20 ns 

ten OE Q CL = 50 pF, 15 15 ns 

tdis OEl Q See Note 2 12 12 ns 

ten 1,1/0 0,1/0 25 25 ns 

tdis 1,1/0 0,1/0 20 20 ns 

tAli typical values are at VCC = 5 V, TA = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 

PRODUCT TERMS 0 THRU 31 
(TOP VIEW) 

PGM ENABLE 
PIO 
PI' 
PI2 
PI3 
PI4 
PI5 
PI6 
PI7 
PI8 
PI9 

GND 

1 U24 

2 23 

3 22 

4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

Vee 
t 
P03 
P02 
POOl 
POO 
PAD 
PAl 
PA2 
lIR 
t 
PGM VERIFY 

tPins 14 and 23 have no programming function. Make no connection. 
Pin assignments in programming mode (PGM ENABLE at VIHHI 

TABLE 1. INPUT LINE SELECT 

INPUT PIN NAME 
LINE 

NUMBER PI9 PI8 PI7 PI6 PIS PI4 PI3 PI2 PI1 PIO L/R 

0 HH HH HH HH HH HH HH HH HH L Z 
1 HH HH HH HH HH HH HH HH HH H Z 
2 HH HH HH HH HH HH HH HH HH L HH 
3 HH HH HH HH HH HH HH HH HH H HH 
4 HH HH HH HH HH HH HH HH L HH Z 
5 HH HH HH HH HH HH HH HH H HH Z 
6 HH HH HH HH HH HH HH HH L HH HH 
7 HH HH HH HH HH HH HH HH H HH HH 
8 HH HH HH HH HH HH HH L HH HH Z 
9 HH HH HH HH HH HH HH H HH HH Z 

10 HH HH HH HH HH HH HH L HH HH HH 
11 HH HH HH HH HH HH HH H HH HH HH 
12 HH HH HH HH HH HH L HH HH HH Z 
13 HH HH HH HH HH HH H HH HH HH Z 
14 HH HH HH HH HH HH L HH HH HH HH 
15 HH HH HH HH HH HH H HH HH HH HH 
16 HH HH HH HH HH L HH HH HH HH Z 
17 HH HH HH HH HH H HH HH HH HH Z 
18 HH HH HH HH HH L HH HH HH HH HH 
19 HH HH HH HH HH H HH HH HH HH HH 
20 HH HH HH HH L HH HH HH HH HH Z 
21 HH HH HH HH H HH HH HH HH HH Z 
22 HH HH HH HH L HH HH HH HH HH HH 
23 HH HH HH HH H HH HH HH HH HH HH 
24 HH HH HH L HH HH HH HH HH HH Z 
25 HH HH HH H HH HH HH HH HH HH Z 
26 HH HH HH L HH HH HH HH HH HH HH 
27 HH HH HH H HH HH HH HH HH HH HH 
28 HH HH L HH HH HH HH HH HH HH Z 
29 HH HH H HH HH HH HH HH HH HH Z 
30 HH HH L HH HH HH HH HH HH HH HH 
31 HH HH H HH HH HH HH HH HH HH HH 
32 HH L HH HH HH HH HH HH HH HH Z 
33 HH H HH HH HH HH HH HH HH HH Z 
34 HH L HH HH HH HH HH HH HH HH HH 
35 HH H HH HH HH HH HH HH HH HH HH 
36 L HH HH HH HH HH HH HH HH HH Z 

L 
37 H HH HH HH HH HH HH HH HH HH Z 
38 L HH HH HH HH HH HH HH HH HH HH 
39 H HH HH HH HH HH HH HH HH HH HH 

L = VIL. H = VIH. HH = VIHH. Z = high impedance (e.g .. 1 0 kn to 5 VI 
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PRODUCT TERMS 32 THRU 63 
(TOP VIEW) 

PGM VERIFY 
PIO 
PI' 
PI2 
PI3 
PI4 
PI5 
PI6 
PI7 
PI8 
PI9 

GND 

1U24 

2 23 

3 22 

4 21 

5 20 

6 19 

7 18 

~ 17 

~ 16 

10 15 

11 14 

12 13 

Vee 
t 
lIR 
PAD 
PAl 
PA2 
P03 
P02 
pal 
POD 
t 
PGM ENA8LE 

TABLE 2. PRODUCT LINE SELECT 

PRODUCT PIN NAME 
LINE 

NUMBER POOP01P02P03PA2PA1PAO 

0.32 Z Z Z HH Z Z Z 
1.33 Z Z Z HH Z Z HH 
2.34 Z Z Z HH Z HH Z 
3.35 Z Z Z HH Z HH HH 
4.36 Z Z Z HH HH Z Z 
5.37 Z Z Z HH HH Z HH 
6.38 Z Z Z HH HH HH Z 
7.39 Z Z Z HH HH HH HH 
8.40 Z Z HH Z Z Z Z 
9.41 Z Z HH Z Z Z HH 

10.42 Z Z HH Z Z HH Z 
11.43 Z Z HH Z Z HH HH 
12.44 Z Z HH Z HH Z Z 
13.45 Z Z HH Z HH Z HH 
14.46 Z Z HH Z HH HH Z 
15.47 Z Z HH Z HH HH HH 
16.48 Z HH Z Z Z Z Z 
17.49 Z HH Z Z Z Z HH 
18.50 Z HH Z Z Z HH Z 
19.51 Z HH Z Z Z HH HH 
20.52 Z HH Z Z HH Z Z 
21.53 Z HH Z Z HH Z HH 
22.54 Z HH Z Z HH HH Z 
23.55 Z HH Z Z HH HH HH 
24.56 HH Z Z Z Z Z Z 
25.57 HH Z Z Z Z Z HH 
26.58 HH Z Z Z Z HH Z 
27.59 HH Z Z Z Z HH HH 
28.60 HH Z Z Z HH Z Z 
29.61 HH Z Z Z HH Z HH 
30.62 HH Z Z Z HH HH Z 
31.63 HH Z Z Z HH HH HH 
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 

programming procedure for array fuses 

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate (one of 40) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 
Step 6 

Raise PGM ENABLE to VIHH. 
Select an input line by applying appropriate levels to L/R and PI pins. 
Begin selection of the output line with appropriate conditions on PA pins. 
Raise Vee to VIHH. 
Blow the fuse by pulsing the appropriate PO pin to VIHH as shown in Table 2 for the product line. 
Return Vee to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than 
VOL if the fuse is open. 

Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully 
programmed (blown), but no more than four times. Verification is possible only with the verify-protect 
fuse intact. 

programming waveforms 

PGM ENABLE J:, ~ --- VIHH 

:~VIL 
-.I 14-tsu -+114- th 

~~LL~~~~~ PINS ~ ; ~ \: - =-= :::~ 
(See Tables 1 and 21 ~ i ~ VIL 

VCC : II ~------------------~~H 
___ :.::.+L ~tsu_ ~h~ l ___________ ..:.... ___ 0 V 

SELECTED ~: I4-tWl+1~_~ _____ G) __ = VIHH 

POPINS I VOH 

(See Table 21 I I VERIFY VOL 

I td2~ ® 
I -+I ~tw2 
J4-tdl-+1 I n ~H 

PGM VERIFY _____________ ---' L.. ______________ VIL 

(2) A high level during the verify interval indicates that programming has not been successful. 

CD A low level during the verify interval indicates that programming has been successful. 

security fuse programming 

Co) 
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 

PRELOAD PROCEDURES 

5V 
Vcc / 

ov----f 
VIH OUTPUTS DISABlE~ 

Vll ______ t \'-----------OE 

tdis -+t I+- ~ ~ ten 
I ENABLE PRELOAD I 

PIN 14 v~~~ ____ -- - T --Ii 1 .... 1 -t-r_!O_~_I~-I: _________ _ 

I I j+-- tw1 ---"1 
: : I APPlya'n 

VIH --- - - - - -+ - - --1- -_.if--,r-r-r-"T"""ii--li 
I 1 

VERIFY I 100 ns.J 
a STATE an II MIN '"1 I 

VOH JI ____ ~~~~jL~LJL-~~~~~~======== 
VOl~~~~~~ : 

VERIFY NEW 
VERIFY a'n + 1 

~ tpd 14-
PIN1 VIH h 

(OUTClK) Vll-----------------------' .... -----

FIGURE 1. PRELOAD WAVEFORMS 

preload procedure for registered outputs 

Step 1 Pin 13 to VIH, Pin 1 to VIL, and VCC to 5 volts. 
Step 2 Pin 14 to VIHH for 10 to 50 microseconds. 
Step 3 Apply VIL for a low and VIH for a high at the Q outputs. 
Step 4 Pin 14 to VIL. 
Step 5 Remove the voltages applied to the outputs. 
Step 6 Pin 13 to VIL. 
Step 7 Check the output states to verify preload. 
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TIBPAL 16L8, TIBPAL 16R4, TIBPAL 16R6, TIBPAL 16R8 
HIGH-PERFORMANCE IMPACT PAL ® CIRCUITS 

• High-Performance Operation 
Propagation Delay ... 15 ns 

, fMAX ... 50 MHz 

• Functionally Equivalent, but Faster than 
PAL16L8A, PAL16R4A, PAL16R6A, and 
PAL 16R8A 

• Power-Up Clear on Registered Devices 
(All Registered Outputs are Set Low) 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

3-STATE REGISTERED 
DEVICE INPUTS I/O PORTS o OUTPUTS Q OUTPUTS 

PAL16L8 10 2 0 6 

PAL 16R4 8 0 4 (3-state) 4 

PAL16R6 8 0 6 (3-state) 2 

PAL16R8 8 0 8 (3-state) 0 

description 

These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. They 
combine the latest Advanced Low-Power 
Schottky t technology "IMPACT" with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high-performance substitutes 
for conventional TTL logic. Their easy 
programmability allows for quick design of 
"custom" functions and typically results in a 
more compact 'circuit board. In .addition, chip 
carriers are available for further reduction in 
board space_ 

The half-power devices offer a choice of 
operating frequency, switching speeds, and 
power dissipation. In many cases, these half­
power devices are fast enough to be used where 
the high-speed, or" A", devices are used. From 
an overall system level, this can amount to a 
significant reduction in power consumption, with 
no sacrifice in speed. 

The PAL 16' M series is characterized for 
operation over the full military temperature range 
of - 55 °C to 125°C. The PAL 16' C series is 
characterized for operation from O°C to 70 oC. 

t Integrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3.463,975. 

PAL is a registered trademark of Monolithic Memories Inc. 

FEBRUARY 1984- REVISED JANUARY 1985 

TIBPAL 16LS' 
M SUFFIX ..• J PACKAGE 

C SUFFIX ... J OR N PACKAGE 

(TOP VIEW) 

Vee 
0 
lID 
lID 
lID 
lID 
lID 
lID 

I 0 
GND 

TIBPAL 16LS' 
M SUFFIX ... FH OR FK PACKAGE 

C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

u 
u _>0 

lID 
lID 
I/O 
I/O 
I/O 

Pin assignments in operating mode (pins 1 and 11 less positive than 

VIHH) 
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TIBPAL 16R4, TIBPAL 16R6, TIBPAL 16R8 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

TIBPAL 16R4' 
M SUFFIX ... J PACKAGE 

C SUFFIX ... J OR N PACKAGE 

(TOP VIEW) 

elK Vee 
I/O 
I/O 
o 
o 
o 
o 
I/O 

I I/O 
GND _________ ~OE 

TIBPAL 16R6' 
M SUFFIX ... J PACKAGE 

C SUFFIX ... J OR N PACKAGE 

(TOP VIEW) 

elK Vee 
I/O 
o 
o 
o 
o 
o 
o 

I I/O 
GND __________ ~_r- DE 

TIBPAL 16RS' 
M SUFFIX ... J PACKAGE 

C SUFFIX ... J OR N PACKAGE 

(TOP VIEW) 

elK Vee 
o 
Q 

o 
Q 

o 
Q 

o 
I Q 

GND _________ ~ DE 

Pin assignments in operating mode (pins 1 and 11 less positive than 

V,HH) 
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TIBPAL 1SR4' 
M SUFFIX ... FH OR FK PACKAGE 

C SUFFIX .•. FN PACKAGE 

(TOP VIEW) 
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TIBPAL 16RS' 

110 
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o 
o 
o 

M SUFFIX ... FH OR FK PACKAGE 
C SUFFIX .•. FN PACKAGE 

(TOP VIEW) 
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3 2 1 2019 

9 10 11 1213 

TIBPAL 16RS' 
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functional block diagrams (positive logic) 

10 16 

16 

TIBPAL16LB, TIBPAL16R4 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

'PAL 16L8 

& 

32 X 64 

6 

'PAL16R4 

EN ;;;'1 
0-----0 

0-----0 

0-__ ............ -1/0 

0--.+ ........... -1/0 

0-............... -1/0 

D-e-f-4 ..... -1/0 

o-e+ ........ -I/O 

n-e+ ........... -I/O 

OE---------------------~EN2 

CLK-------------------~O 

- denotes fused inputs 

& 

32 X 64 

4 

t----O 

t----I-- 0 

t--ir--O 

v-..... -e-i .... -t--- I/O 

v-..... i-4-i .... -t--- I/O 

o-... +--4-t .... +--- I/O 

o-.... +--o.-tl~+-- I/O 
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E 
E 
~ 
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C) 
o 
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a3 
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TIBPAL 16R6, TIBPAL 16R8 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

functional block diagrams (positive logic) 

'PAL 16R6 

OE--------------------------~~~__, 
CLK--------------------------------D 

~--+-a 

r------t---------L-J----a 
1-----'"- a 

~--+-a 

r----t--1.......l-- a 

6 

'PAL 16R8 

OE------------------------drr~--_, 
CLK------------------------------~~ 

1---- a 

r------t--------L~--a 

r---t--1---l-- a 

t---j---;'-'-:1-a 
t----j---;.-.-:1-a 
t----t---;.-.-:1-a 
r------t--------L~--a 

r----t--L..J-- a 

- denotes fused inputs 
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ROOUCT, 
LINES 0 4 8 
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8 · · · · · · (3)~ 15 
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• · · · · · (4) 23 
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24 · · · · · · 

(5) 31 
.)l 
32 · · · · · · (6) 39 

... ')t 

40 · · · · · · 47 
(7)")j. 

.... 
48 · · · · · · 55 

(8) .x 

56 

· · · · · · (9) ... 63 

\ TIBPAL 16LH 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

INPUT LINES 
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TIBPAL16R4 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 
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TIBPAL 16R6 
HIGH-PERFORMANCE IMPACT PAL CIRCUITS 

CLK~~----------------------------------------------------~ 
INPUT LINES 
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TIBPAL 16R8 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

ClK~~--------------------------------------------------~ 
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TIBPAL 16LH. TIBPAL 16R4. TIBPAL 16R6. TIBPAL 16RH 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled output (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: M suffix ......................... " - 55 DC to 125 DC 

e suffix .............................. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 

NOTE 1. These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions (see Note 2) 

PARAMETER 
M SUFFIX C SUFFIX 

UNIT 
MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

VIL Low-level input voltage O.B O.B V 

IOH High-level output current -2 -3.2 mA 

IOL Low-level output current 12 24 mA 

TA Operating free-air temperature - 55 125 0 70 °e 

NOTE 2. These recommended operating conditions apply for all device dash numbers. Also refer to additional recommended operating 
conditions information pertaining to appropriate device dash number. i.e .• -20. -15. etc. 

programming parameters,. T A =- 25 °C 

MIN NOM MAX UNIT 

Vee Verify-level supply voltage 4.5 5.0 5.5 V 

VIH High-level input voltage 2 5.5 V 

VIL Low-level input voltage O.B V 

VIHH Program-pulse input voltage 10.25 10.5 10.75 V 

PO 20 50 

IIHH Program-pulse input current 
PGM ENABLE. L/R 10 25 

PI. PA 
mA 

1.5 5 

Vee 250 400 

tw1 Program-pulse duration at PO pins 10 50 p'S 

tw2 Pulse duration at PGM VERIFY 100 ns 

Program-pulse duty cycle at PO pins 25 % 

tsu Setup time 100 ns 

th Hold time 100 ns 

td1 Delay time from Vee to 5 V to PGM VERIFYl 100 P.s 

td2 Delay time from PGM VERIFY l to valid output 200 ns 

Input voltage at pins 1 and 11 to open verify-protect (security) fuse 20 21 22 V 

Input current to open verify-protect (security) fuse 400 mA 

tw3 Pulse duration to open verify-protect (security) fuse 20 50 p.s 

Vee value during security fuse programming 0 0.4 V 
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TIBPAL 16LH, TIBPAL 16R4, TIBPAL 16R6, TIBPAL 16RH 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

recommended operating conditions 

fclock Clock frequency 

Pulse duration, clock, (see Note 3) 
I High 

tw I low 

tsu Setup time, input or feedback before ClKl 

th Hold time, input or feedback after ClKl 

M SUFFIX -20 C SUFFIX -15 

TVP 
UNIT 

MIN MAX MIN TVP MAX 

0 40 0 50 MHz 

10 8 

11 9 
ns 

20 15 ns 

0 0 ns 

NOTE 3: The total clock period of ClK high and ClK low must not exceed clock frequency, fclock' Minimum pulse durations specified 
are only for ClK high or ClK low, but not for both simultaneously. 

III 
"T1 
CD' 
c:: 
.!a ... 
e 

(Q ... 
Q) 

3 
3 
Q) 

electrical characteristics, over recommended operating free·air temperature range 

PARAMETER TEST CONDITIONSt 
M SUFFIX -20 C SUFFIX -15 

MIN TVP:I: MAX MIN TVP:I: MAX 

VIK VCC = MIN, II = -18 rnA -1.5 -1.5 

VOH VCC = MIN, 10H = MAX 2.4 3.2 2.4 3.3 

Val VCC = MIN, 10l.= MAX 0.25 0.4 0.35 0.5 

10ZH 
Outputs 20 20 

I/O ports 
VCC = MAX, Va = 2.7 V 

100 100 

Outputs -20 -20 
10Zl 

1/0 ports 
VCC = MAX, Va = 0.4 V 

-250 -250 

Pin 1, 11 0.2 0.1 
II VCC = MAX, VI = 5.5 V 

All others 0.1 0.1 

Pin 1, 11 50 20 
IIH VCC = MAX, VI = 2.7 V 

All others 20 20 

III VCC = MAX, VI = 0.4 V -0.2 -0.2 

10§ VCC = MAX, Va = 2.25 V -30 -125 -30 -125 

ICC 
VCC = MAX, Outputs Open 

140 190 140 180 
VI = 0 V, 

C'" t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

UNIT 

V 

V 

V 

p.A 

p.A 

rnA 

p.A 

rnA 

rnA 

rnA 

CD" :tAli typical values are at VCC = 5 V, TA = 25°C. 
r §The output conditions have been chosen to produce a current that closely approximates one half of the true ~hort-circuit output current, lOS. 
e 

(Q 

o' switching characteristics over recommended supply voltage and operating free-air temperature 
ranges (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
M SUFFIX -20 

FROM TO 
MIN 

fmax 40 

tpd 1,1/0 0,1/0 

tpd ClKl Q Rl = 500 n, 

ten OE! Q 
Cl = 50 pF 

See Note 4 
tdis OEl Q 

ten 1,1/0 0,1/0 

tdis 1,1/0 0,1/0 

tAli typical values are at VCC = 5 V, TA = 2~oC. 
NOTE 4: load circuits and voltage waveforms are shown in Section 1. 
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MAX 

20 

15 

15 

15 

20 

20 

C SUFFIX -15 

MIN TVP:I: MAX 
UNIT 

50 MHz 

10 15 ns 

8 12 ns 

8 12 ns 

7 10 ns 

10 15 ns 

10 15 ns 



TIBPAL 16LB, TIBPAL 16R4, TIBPAL 16R6, TIBPAL 16RB 
LOW·POWER HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

recommended operating conditions 

M SUFFIX -30 C SUFFIX -25 
UNIT 

MIN TYP MAX MIN TYP MAX 

fclock Clock frequency 0 25 0 30 MHz 

l High 15 10 
tw Pulse duration, clock, (see Note 3) .L low 20 15 

ns 

tsu Setup time, input or feedback before elKi 25 20 ns 

th Hold time, input or feedback after elKi 0 0 ns 

NOTE 3: The total clock period of elK high and elK low must not exceed clock frequency, fclock. Minimum pulse durations specified 
are only for elK high or elK low, but not for both simultaneously. ' 

electrical characteristics over recommended operating free-air temperature range 

TEST CONDITIONSt 
M SUFFIX -30 C SUFFIX -25 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, 11= -18 mA -1.5 -1.5 V 

VOH Vee = MIN, 10H = MAX 2.4 3.2 2.4 3.3 V 

Val Vee = MIN, 10l = MAX 0.25 0.4 0.35 0.5 V 

10ZH 
Outputs 20 20 

I/O ports 
Vee = MAX, Vo = 2.7 V 

100 100 
p.A 

Outputs -20 -20 
10Zl 

I/O ports 
Vee = MAX, Vo = 0.4 V 

-250 -250 
p.A 

Pin 1, 11 0.2 0.1 
II Vee = MAX, VI = 5.5 V mA 

All others 0.1 0.1 

Pin 1, 11 50 20 
IIH Vee = MAX, VI = 2.7 V p.A 

All others 20 20 

III Vee = MAX, VI = 0.4 V -0.2 -0.2 mA 

lo§ Vee = MAX, Vo = 2.25 V -30 -125 -30 -125 mA 

Ice 
Vee = MAX, Outputs Open 

75 105 75 100 mA 
VI = 0 V, 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, TA = 25°e. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

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

M SUFFIX -30 C SUFFIX -25 
PARAMETER FROM TO TEST CONDITIONS 

TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

fmax 25 30 MHz 

tpd 1,1/0 0,1/0 15 30 15 25 ns 

tpd elKi Q Rl = 500 fl, 10 20 10 15 ns 

ten OE~ Q Cl = 50 pF, 15 25 15 20 ns 

tdis OEi Q See Note 4 10 25 10 20 ns 

ten 1,1/0 0,1/0 14 30 14 25 ns 

tdis I, I/O 0,1/0 13 30 13 25 ns 

*AII typical values are at Vee = 5 V, T A = 25°e. 
NOTE 4: load circuits and voltage waveforms are shown in Section 1. 
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TIBPAL 16L8, TIBPAL 16R4, TIBPAL 16R6, TIBPAL 16R8 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

PRODUCT TERMS 0 THRU 31 

(TOP VIEW) 
PRODUCT TERMS 32 THRU 63 

(TOP VIEW) 

PGM ENABLE 
PIO 

Vee 
P03 

PGM VERIFY Vee 
PIO LlR 

PI1 P02 PI1 PAO 
PI2 P01 PI2 PA1 
PI3 POO PI3 PA2 
PI4 PAO PI4 P03 
PI5 PA1 PI5 P02 
PI6 PA2 PI6 P01 
PI7 LlR PI7 POO 

GND PGM VERIFY GND PGM ENABLE 

Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at VIHHI 

TABLE 1 - INPUT LINE SELECT TABLE 2 - PRODUCT LINE SELECT 

INPUT 
PIN NAME LINE 

PRODUCT ..-
LINE PIN NAME 

NUMBER PI7 PI6 PI5 PI4 PI3 PI2 PI1 PIO L/R NUMBER POO P01 P02 P03 PA2 PA1 

0 HH HH HH HH HH HH HH L Z 0,32 Z Z Z HH Z Z 
1 HH HH HH HH HH HH HH H Z 1,33 Z Z Z HH Z Z 
2 HH HH HH HH HH HH HH L HH 2,34 Z Z Z HH Z HH 
3 HH HH HH HH HH HH HH H HH 3,35 Z Z Z HH Z HH 
4 HH HH HH HH HH HH L HH Z 4,36 Z Z Z HH HH Z 
5 HH HH HH HH HH HH H HH Z 5,37 Z Z Z HH HH Z 
6 HH HH HH HH HH HH L HH HH 6,38 Z Z Z HH HH HH 
7 HH HH HH HH HH HH H HH HH 7,39 Z Z Z HH HH HH 
8 HH HH HH HH HH L HH HH Z 8,40 Z Z HH Z Z Z 
9 HH HH HH HH HH H HH HH Z 9,41 Z Z HH Z Z Z 

10 HH HH HH HH HH L HH HH HH 10,42 Z Z HH Z Z HH 
11 HH HH HH HH HH H HH HH HH 11,43 Z Z HH Z Z HH 
12 HH HH HH HH L HH HH HH Z 12,44 Z Z HH Z HH Z 
13 HH HH HH HH H HH HH HH Z 13,45 Z Z HH Z HH Z 
14 HH HH HH HH L HH HH HH HH 14,46 Z Z HH Z HH HH 
15 HH HH HH HH H HH HH HH HH 15,47 Z Z HH Z HH HH 
16 HH HH HH L HH HH HH HH Z 16,48 Z HH Z Z Z Z 
17 HH HH HH H HH HH HH HH Z 17,49 Z HH Z Z Z Z 
18 HH HH HH . L HH HH HH HH HH 18,50 Z HH Z Z Z HH 
19 HH HH HH H HH HH HH HH HH 19,51 Z HH Z Z Z HH 
20 HH HH L HH HH HH HH HH Z 20,52 Z HH Z Z HH Z 
21 HH HH H HH HH HH HH HH Z 21,53 Z HH Z Z HH Z 
22 HH HH L HH HH HH HH HH HH 22,54 Z HH Z Z HH HH 
23 HH HH H HH HH HH HH HH HH 23,55 Z HH Z Z HH HH 
24 HH L HH HH HH HH HH HH Z 24,56 HH Z Z Z Z Z 
25 HH H HH HH HH HH HH HH Z 25,57 HH Z Z Z Z Z 
26 HH L HH HH HH HH HH HH HH 26,58 HH Z Z Z Z HH 
27 HH H HH HH HH HH HH HH HH 27,59 HH Z Z Z Z HH 
28 L HH HH HH HH HH HH HH Z 28,50 HH Z Z Z HH Z 
29 H HH HH HH HH HH HH HH Z 29,61 HH Z Z Z HH Z 
30 L HH HH HH HH HH HH HH HH 30,62 HH Z Z Z HH HH 
31 H HH HH HH HH HH HH HH HH 31.,63 HH Z Z Z HH HH 

l = Vll, H = VIH, HH = VIHH, Z = high impedance (e.g., 10 kO to 5 V) 
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TIBPAL 16LH, TIBPAL 16R4, TIBPAL 16R6, TIBPAL 16RH 
HIGH·PERFORMANCE IMPACT PAL CIRCUITS 

programming procedure for array fuses 

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate (one of 32) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 

Raise PGM ENABLE to VIHH. 
Select an input line by applying appropriate levels to L/R and PI pins. 
Begin selection of the output line with appropriate conditions on PA pins. 
Raise Vee to VIHH. 
Blow the fuse by pulsing the appropriate PO pin to VIHH as shown in Table 2 for the product 
line. 

Step 6 Return Vee to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than 
VOL if the fuse is open. 

Steps l' through 6 may be repeated if the verification does not indicate that the fuse )Nas successfully 
programmed (blown), but no more than four times. Verification is possible only with the verify-protect 
fuse intact. 

programming waveforms 

PGMENABLE )" 
CVIHH 

th-+ll4- VIL 

SELECTED 
PI, L/R,PA 
PINS (See 
Tables 1 and 2) 

VCC 

SELECTED 
PO PINS 
(See Table 2) 

PGM VERIFY 

,----------------------'-:----- VIHH 

I 

VIL 

;-------(--------------- --- VIHH 

---I-' I I 5V 
t4-*-tsu ~th 

--- -...l--I--+----------------OV 
~tw1 I . 

~--!-----<D- ~~:HH 
VERIFY 

I V l td2~ GD OL 
I -+I I4-tw2 
I4- t d1-+1 I n VIH ________________ --J VIL 

G) A high level during verify interval indicates that programming has not been successful. 

® A low lever during verify interval indicates that programming has been successful. 

security fuse programming 
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TIBPAL16L8·12, TIBPAL16R4·12, TIBPAL16R6·12, TIBPAL16R8·12 
12·NS IMPACrM PAL® CIRCUITS 

• High·Performance Operation 
Propagation Delay ... 12 ns 
fMAX ... 62 MHz 

• Functionally Equivalent. but Faster than 
PAL16L8B. PAL16R4B. PAL16R6B. and 
PAL16R8B 

• Power-Up Clear on Registered Devices 
(All Registered Outputs are Set Low) 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

3-STATE REGISTERED 
DEVICE INPUTS 1/0 PORTS 

o OUTPUTS Q OUTPUTS 

PAL16L8 10 2 0 6 

PAL16R4 8 0 4 (3-state) 4 

PAL16R6 8 0 6 (3-state) 2 

PAL16R8 8 0 8 (3-state) 0 

description 

These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. 
These IMPAC-rm circuits combine the latest 
Advanced Low-Power Schottkyt technology 
with proven titanium-tungsten fuses to provide 
reliable. high-performance substitutes for 
conventional TTL logic. Their easy 
programmability allows for quick design of 
"custom" functions and typically results in a 
more compact circuit board. In addition, chip 
carriers are available for further reduction in 
bpard space. 

The TIBPAL 16' C series is characterized for 
operation from DoC to 75 °C. 

IMPACT is a trademark of Texas Instruments. 
PAL is a registered trademark of Monolithic Memories Inc. 
tlntegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3.463,975. 

TIBPAl16lS' 
C SUFFIX ... J OR N PACKAGE 

(TOP VIEW) 

GND --"" __ -J-

TIBPAl16lS' 

Vee 
o 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
o 

C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

U 
u _>0 

2 1 2019 

4 18 I/O 
5 17 I/O 
6 16 I/O 
7 15 I/O 
8 14 I/O 

9 10 11 1213 

-0 -og z 
(!) 

JANUARY 1986 

Pin assignments in operating mode 

Copyright © 1986, Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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TIBPAL 16R4·12, TIBPAL 16R6·12, TIBPAL 16RB·12 
12·NS IMPACrM PAL ® CIRCUITS 

TIBPAL 16R4' 
C SUFFIX ..• J OR N PACKAGE 

(TOP VIEW) 

ClK VCC 
110 
I/O 
Q 

Q 

Q 

Q 

I/O 
I/O 

GND-...... __ ~OE 

TIBPAL 16R6' 
C SUFFIX ... J OR N PACKAGE 

ClK 

I 

GND 

(TOP VIEW) 

TIBPAL 16R8' 
C SUFFIX ... J OR N PACKAGE 

(TOP VIEW) 

ClK \(CC 
Q 

Q 

Q 

Q 

Q 

Q 

Q 

I Q 

GND OE -"" __ -1""" 

Pin assignments in operating mode 
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TIBPAL 16R6' 
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TIBPAL 16R8' 
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15 Q 

14 Q 
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functional block diagram (positive logic) 

OE 
elK 

"-'denotes fused inputs 

TIBPAl16lB 

& 

32X 64 

6 

TIBPAl16R4 

& 

32X 64 

4 

EN ;;;'1 

TEXAS "'I} 
INSTRUMENTS 

TIBPAL 16LB·12, TIBPAL 16R4·12 
12·NS IMPACrM PAL® CIRCUITS 

0-----0 

0-----0 

0-............ ,.....1/0 

~~ ........... -I/O 
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o-e+ ........... -I/O 
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TIBPAL 16R6·12, TIBPAL 16R8·12 
12·NS IMPACTTM PAL ® CIRCUITS 

functional block diagram (positive logic) 

TIBPAL16R6 

~-------------------------drem~-, 
CLK------------------------------~ 

& 
32X 64 

6 

r----t----~_4--0 

t---t-- 0 

r----1----~~--0 

r----t----1-~-0 

r----r----1--4-- 0 

D--4ri-....I-I~-+- I/O 

TIBPAL16R8 

OE-------------------------o~r-__, 
CLK------------------------------~ 

t----O 

r-----t--.. ..-:l-o 

r---r-----jl--l-- 0' 

r---r-----jl--l-- 0 

r----1----~~--0 

I-I--I--=~o 

rv denotes fused inputs 
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TIBPAL 16L8·12 
12·NS IMPACrM PAL® CIRCUITS 
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TIBPAL 16R4·12 
12·NS IMPAcrM PAL ® CIRCUITS 
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12·NS IMPACrM PAL® CIRCUITS 

\ 

28 31 
I'"'"' 

f-<I--

J 1 
t:1--
f-<I--~ 

(19) 
f-<I--
f-<I--
HI--....... 1--

k"" 

I/O 

~I--

~~ _I--e>-
~~ 

~~ 
.... 1--
~f---
1-'1-- C1 
L.-~ 

~ 

Q 

r""'1--
f--o~ 
f--of--- i;:L f--ol--D- (17) 
f--of---

~ 
v 

I-'f---
f--of---
I-'~ C1 
L.- A 

-K. 

Q 

r""'r----< 
1-')--1 
f-f-

~) f--or---'p-

~ 
1-'>-- v 
f-t---
1-'1-' 
f-)----< C1 
....... A 

-K. 

Q 

~ 
~ 
~ Ir:1 ~p- (15) 
~ 

~ 
v 

~ 
~ 
t::r-- C1 

Q 

r""' .... 
f-I---' 
I-'~ 

f-:=D- ~ (14) 

~ 
f-t--- -vxr 
I-'f-
f-t---
f-f- C1 
L.- .A 

Q 

~ 
"""">----, 
}-

~ (13) 

~D-~ y-c:::r--
~ C1 ..-r-- A 

Q 

r""' 

~~D-J 

E~ I (12) 

f--of-
f-t---
f-~ 
L.- .A 

~) 

I/O 

.2 
C) 
0 

..J 
Q) 

j5 
co 
E 
E 
co ... 
C) 
0 ... 
c.. 
-0 
Q) 
u: 

TEXAS • 
INSTRUMENTS 

3-51 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



• "T1 
CD' 

9= 
"C 
"'l 

o 
(Q 
"'l 
Q) 

3 
3 
Q) 

C" 
CD 
r­
o 

(Q 

n' 

TIBPAL 16R8,12 
12,NS IMPACrM PAL ® CIRCUITS 
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TIBPAL 16LB·12, TIBPAL 16R4·12, TIBPAL 16R6·12, TIBPAL 16RB·12 
12·NS IMPACrM PAL ® CIRCUITS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 1) ................................................... 5.5 V 
Voltage applied to a disabled output (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: C suffix .............................. 0 DC to 75 DC 
Storage temperature range .................................. - 65 DC to 150 DC 

NOTE 1: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

C SUFFIX-12 
UNIT PARAMETER 

MIN NOM MAX 

Vee Supply voltage 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 V 

Vil low-level input voltage 0.8 V 

10H High-level output current -3.2 rnA 

10l low-level output current 24 mA 

fclock Clock frequency 0 62 MHz 

I High 7 
tw Pulse duration, clock (see Note 2) ns 

I low 8 

tsu Setup time. input or feedback before elKf 10 ns 

th Hold time. input or feedback after elKf 0 ns 

TA Operating free-air temperature 0 75 °e 

NOTE 2: The total clock period of ClK high and ClK low must not exceed clock frequency, fclock. Minimum pulse durations specified 
are only for elK high or ClK low. but not for both simultaneously. 

electrical characteristics over recommended operating free-air temperature range 

PARAMETER TEST CONDITIONSt 
C SUFFIX-12 

TYP1: 
UNIT 

MIN MAX 

VIK Vee = MIN. II = -18 mA -1.5 V 

VOH Vce = MIN. 10H = MAX 2.4 3.3 V 

VOL Vee = MIN. 10l = MAX 0.35 0.5 V 

10ZH 
Outputs 20 

I/O ports 
Vee = MAX. Va = 2.7 V 

100 
/LA 

10Zl 
Outputs -20 

I/O ports 
Vce = MAX. Vo = 0.4 V 

-250 
/LA 

Pin 1. 11 0.1 
II Vee = MAX. VI = 5.5 V mA 

All others 0.1 

Pin 1. 11 20 
IIH Vce = MAX. VI = 2.7 V 

All others 20 
/LA 

III Vee = MAX. VI = 0.4 V -0.2 mA 

10§ Vce = MAX. Vo = 2.25 V -30 -125 mA 

ICC 
Vcc = MAX. Outputs Open 

170 200 mA 
VI = a v. 

t For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
:I: All typical values are at Vec = 5 V. TA = 25°C. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 
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TIBPAL 16L8·12, TIBPAL 16R4·12, TIBPAL 16R6·12, TIBPAL 16R8·12 
12·NS IMPACJ1M PAL ® CIRCUITS 

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

PARAMETER FROM TO TEST CONDITIONS 
C SUFFIX-12 

MIN Typt MAX 
UNIT 

fmax 1: 62 MHz 

tpd:l= I, I/O 0, I/O 8 12 ns 

tpd elKi Q 7 10 ns 

Q 
Rl = 500 {l, 

ten DE! 8 10 ns 
el = 50 pF, 

tdis DEi Q 7 10 ns 
See Note 3 

ten I, I/O 0, I/O 8 12 ns 

tdis I, I/O 0, I/O 8 12 ns 

t All typical values are at Vee = 5 V, T A = 25 DC. 
1: Maximum operating frequency and propagation delay are specified for the basic building block. When using feedback, limits must be 

calculated accordingly. 
NOTE 3: load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 

programming parameters, T A = 25°C 

MIN NOM MAX UNIT 

Vee Verify-level supply voltage 5.0 V 

VIH High-level input voltage 2 5.5 V 

Vil low-level input voltage 0.8 V 

VIHH Program-pulse input voltage 10.25 10.5 10.75 V 

PO 20 50 

PGM ENABLE, LlR 10 25 
IIHH Program-pulse input current rnA 

PI, PA 1.5 5 

Vee 250 400 

tw1 Program-pulse duration at PO pins 10 50 Ils 

tw2 Pulse duration at PGM VERIFY 100 ns 

Program-pulse duty cycle at PO pins 25 % 

tsu Setup time 100 ns 

th Hold time 100 ns 

td1 Delay time from Vee to 5 V to PGM VERIFYi 100 Ils 

td2 Delay time from PGM VERIFY i to valid output 200 ns 

Input voltage at pins 1 and 1,1 to open verify-protect (security) fuse 20 21 22 V 

Input current to open verify-protect (security) fuse 400 rnA 

tw3 Pulse duration to open verify-protect (security) fuse 20 50 p'S 

Vee value during security fuse programming 0 0.4 V 
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TIBPAL 16L8·12. TIBPAL 16R4·12. TIBPAL 16R6·12. TIBPAL 16R8·12 
12·NS IMPACrM PAL® CIRCUITS 

pin assignments in programming mode (PGM ENABLE at VIHH) 

PRODUCT TERMS 0 THRU 31 

(TOP VIEW) 

PGM ENABLE Vee 
PIO P03 
Pil P02 
PI2 POl 
PI3 POD 
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GND PGM VERIFY 

PGM VERIFY Vee 
PIO LlR 
Pil PAD 
PI2 PAl 
PI3 PA2 
PI4 P03 
PI5 P02 
PI6 POl 
PI7 POD 

PRODUCT TERMS 32 THRU 63 

(TOP VIEWI 
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TIBPAL 16L8·12, TIBPAL 16R4·12, TIBPAL 16R6·12, TIBPAL 16R8·12 
12·NS IMPACrM PAL ® CIRCUITS 

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT 

-n 
CD' 
0: 
.!a ... 
o 

CO ... 
Q) 

3 
3 
Q) 

C" 
CD' 
r­
o 

CO 
0' 

3-56 

INPUT PIN NAME LINE 
PRODUCT 

LINE 
NUMBER PI7 PI6 PI6 PI4 PI3 PI2 PI1 PIO L/R NUMBER 

0 HH HH HH HH HH HH HH L Z 0,32 

1 HH HH HH HH HH HH HH H Z 1,33 

2 HH HH HH HH HH HH HH L HH 2,34 

3 HH HH HH HH HH HH HH H HH 3,35 

4 HH HH HH HH HH HH L HH Z 4,36 

5 HH HH HH HH HH HH H HH Z 5,37 

6 HH HH HH HH HH HH L HH HH 6,38 

7 HH HH HH HH HH HH H HH HH 7,39 

8 HH HH HH HH HH L HH HH Z 8,40 

9 HH HH HH HH HH H HH HH Z 9,41 

10 HH HH HH HH HH L HH HH HH 10,42 

11 HH HH HH HH HH H HH HH HH 11,43 

12 HH HH HH HH L HH HH HH Z 12,44 

13 HH HH HH HH H HH HH HH Z 13,45 

14 HH HH HH HH L HH HH HH HH 14,46 

15 HH HH HH HH H HH HH HH HH 15,47 

16 HH HH HH L HH HH HH HH Z 16,48 

17 HH HH HH H HH HH HH HH Z 17,49 

18 HH HH HH L HH HH HH HH HH 18,50 

19 HH HH HH H HH HH HH HH HH 19,51 

20 HH HH L HH HH HH HH HH Z 20,52 

21 HH HH H HH HH HH HH HH Z 21,53 

22 HH HH L HH HH HH HH HH HH 22,54 

23 HH HH H HH HH HH HH HH HH 23,55 

24 HH L HH HH HH HH HH HH Z 24,56 

25 HH H HH HH HH HH HH HH Z 25,57 

26 HH L HH HH HH HH HH HH HH 26,58 

27 HH H HH HH HH HH HH HH HH 27,59 

28 L HH HH HH HH HH . HH HH Z 28,60 

29 H HH HH HH HH HH HH HH Z 29,61 

30 L HH HH HH HH HH HH HH HH 30,62 

31 H HH HH HH HH HH HH HH HH 31,63 

L = VIL, H = VIH, HH = VIHH, Z = high impedance (e.g., 10 kO to 5 V) 

TEXAS .. 
INSTRUMENTS 
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PIN NAME 

POO P01 P02 P03 PA2 PA1 

Z Z Z HH Z Z 
Z Z Z HH Z Z 
Z Z Z HH Z HH 
Z Z Z HH Z HH 
Z Z Z HH HH Z 
Z Z Z HH HH Z 
Z Z Z HH HH HH 
Z Z Z HH HH HH 
Z Z HH Z Z Z 
Z Z HH Z Z Z 
Z Z HH Z Z HH 
Z Z HH Z Z HH 
Z Z HH Z HH Z 
Z Z HH Z HH Z 
Z Z HH Z HH HH 
Z Z HH Z HH HH 
Z HH Z Z Z Z 
Z HH Z Z Z Z 
Z HH Z Z Z HH 
Z HH Z Z Z HH 
Z HH Z Z HH Z 

Z HH Z Z HH Z 
Z HH Z Z HH HH 
Z HH Z Z HH HH 
HH Z Z Z Z Z 
HH Z Z Z Z Z 
HH Z Z Z Z HH 
HH Z Z Z Z HH 
HH Z Z Z HH Z 
HH Z Z Z HH Z 
HH Z Z Z HH HH 
HH Z Z Z HH HH 

PAO 

Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
z. 
HH 
Z 
HH 
Z 
HH 
Z 

HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 
Z 
HH 



TIBPAL 16L8-12. TIBPAL 16R4-12. TIBPAL 16R6-12. TIBPAL 16R8-12 
12-NS IMPACpM PAL® CIRCUITS 

programming procedure for array fuses 

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate (one of 32) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 

Raise PGM ENABLE to VIHH. 
Select an input line by applying appropriate levels to LlR and PI pins. 
Begin selection of the output line with appropriate conditions on PA pins. 
Raise Vee to VIHH. ' 
Blow the fuse by pulsing the appropriate PO pin to VIHH as shown in Table 2 for the product 
line. 

Step 6 Return Vee to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than 
VOL if the fuse is open. 

Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully 
programmed (blown). but no more than four times. Verification is possible only with the verify-protect 
fuse intact. 

programming waveforms 

PGM ENABLE 

SELECTED 
PI, L/R, PA 
PINS (See 
Tables 1 and 2) 

Vcc 

SELECTED 
POPINS 
(See Table 2) 

PGM VERIFY 

CVIHH 
th-+ll4- VIL 

,...--------------------~-:----- VIHH 

I VIH 

VIL 

i------ot--------------- --- VIHH 

__ -+_ I I 5V 
t4-+1-t su ~th 

--- -..!.--I--+----------------OV 
~tw1 I 

~
-t-----cD --=VIHH 

~ ~ VOH 
VERIFY 

I V 
~ td2~ GD OL 
I +I I4-tw2 
If-td1~ I 

n VIH 

---------------~ VIL 

CD A high level during verify interval indicates that programming has not been successful. 

(3) A low level during verify interval indicates that programming has been successful. 

security fuse programming 
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PRODUCT 
PREVIEW 

THCTPAL16L8, THCTPAL16R4, THCTPAL16R6, THCTPAL16R8 
HIGH·SPEED CMOS PAL CIRCUITS 

• Standard 20-Pin PAL Family 

• Low Standby Power CMOS Logic 

• User-Programmable Custom Designs 
Combine Many SSI and MSI Functions on 
One Chip 

• TTL- and HC-Compatible Inputs and Outputs 

• Security Cell for Proprietary Design 
Protection 

o Preload Feature to Aid Testing 

• Choice of DIP or SO (Small Outline) 
Package 

• Fully Tested for High Programming Yield 
Before Packaging 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The THCTPAL 16L8, THCTPAL 16R4, 
THCTPAL 16R6, and THCTPAL 16R8 are 
compatible with TTL and HCT logic. They are 
also compatible with HC logic over the VCC 
range of 4.5 to 5.5 volts and have electrical 
characteristics that are similar to the SN74HC 
family. The devices have negligible static power 
dissipation. 

These PAL devices implement the sum-of­
product (AND-OR) structure. The user can select 
the product terms and customize the device 
function to fit a wide variety of applications. The 
user can select any combination of the true or 
complement terms from the eight inputs and a 
variety of feedback terms of the device. 

The programming cell consists of a FAMOS 
(floating-gate) device like those used in EPROMs. 
All 32 terms of each AND gate are initially 
connected. The unwanted terms are 
programmed out by applying a high voltage to 
the programming cell of the selected term. When 
both the true and complement cells of a term are 
left unprogrammed, the output of the AND gate 
is a low logic level. When only the true term is 
programmed, its complement becomes an input 
to the AND gate. When the complement term is 
programmed, its true term becomes an input to 
the AND gate. When both the true and 
complement of a term are programmed, the term 
level is irrelevant. Up to eight products are 
summed by an OR gate. 

02927, OCTOBER 19B5 

THCTPAL 16LS-M ... J PACKAGE 
THCTPAL 16LS-C ... J OR N PACKAGE 

(TOP VIEW) 

GND~ __ r-

Vee 
o 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
o 

THCTPAL 16R4-M ... J PACKAGE 
THCTPAL 16R4-C ... J OR N PACKAGE 

(TOP VIEW) 

eLK Vee 
I/O 
I/O 
Q 

Q 

Q 

Q 

I/O 
I/O 

GND-...._----"r-

THCTPAL 16R6-M ... J PACKAGE 
THCTPAL 16R6-C ... J OR N PACKAGE 

(TOP VIEW) 

eLK Vee 
I/O 
Q 

Q 

Q 

Q 

Q 

Q 

I/O 
GND~ __ r-OE 

THCTPAL 16RS-M ... J PACKAGE 
THCTPAL 16RS-C ... J OR N PACKAGE 

(TOP VIEW) 

Q 

Q 

Q 

I 6 15 Q 

14 Q 

13 Q 

I 9 12 Q 

GND 10 11 DE 

Copyright © 1985, Texas Instruments Incorporated 
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PRODUCT PREVIEW documents contain information 
on products in the formative or design ~hase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
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THCTPAL16L8, THCTPAL16R4, THCTPAL16R6, THCTPAL16R8 
HIGH·SPEED CMOS PAL CIRCUITS 

The floating-gate programming cells allow the PALs to be fully programmed and tested before assembly 
to ensure high field-programming yield. The test program is then erased by ultraviolet light before packaging. 
When programmed with the required pattern, a security cell can be programmed to prevent the pattern 
from being read. Because the device uses floating-gate technology, the design cannot be determined by 
observing the blown fuses used in other PALs. 

During testing, the registers can be preloaded by entering the preload mode. 

The M suffix devices will be characterized for operation over the full military temperature range of - 55 DC 
to 125 DC. The C suffix devices will be characterized for operation from 0 DC to 70 DC. 

TABLE 1. INPUT/OUTPUT CONFIGURATION. 

DEVICE INPUTS 
3-STATE REGISTERED 

1/0 PORTS o OUTPUTS o OUTPUTS 

THCTPAL 16L8 10 2 0 6 
THCTPAL 16R4 8 0 4 4 
THCTPAL16R6 8 0 6 2 
THCTPAL 16R8 8 0 8 0 

3-60 TEXAS .. 
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TIBPAL20LB·15, TIBPAL20R4·15, TIBPAL20R6·15, TIBPAL20RB·15 
TIBPAL20LB·20, TIBPAL20R4·20, TIBPAL20R6·20, TIBPAL20RB·20 

HIGH·PERFORMANCE IMPACrM PAL ® CIRCUITS 

• High Performance: f max (w/o feedback) 
TIBPAL20R' C series ... 45 MHz 
TIBPAL20R' M series, .. 41.5 MHz 

• High Performance ... 45 MHz Min 

• Functionally Equivalent to, but Faster than, 
PAL20L8, PAL20R4, PAL20RS, PAL20R8 

• Preload Capability on Output Registers 
Simplifies Testing 

• Package Options Include Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

o Reduced ICC of 180 rnA Max 

DEVICE I INPUTS 
3-STATE REGISTERED 1/0 

o OUTPUTS Q OUTPUTS PORTS 
'PAl20l8 14 2 0 6 
'PAl20R4 12 0 4 (3-state buffers) 4 
'PAl20R6 12 0 6 (3-state buffers) 2 
'PAl20R8 12 0 8 (3-state buffers) 0 

description 

These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. 
These IMPACTTM circuits combine the latest 
Advanced Low-Power Schottky t technology 
with proven titanium-tungsten fuses to provide 
reliable, high performance substitutes for 
conventional TTL logic. Their easy 
programmability allows for quick design of 
custom functions and typically results in a more 
compact circuit board. In addition, chip carriers 
are also available for further reduction in board 
space. 
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TIBPAL20LS' 
M SUFFIX ... JT PACKAGE 

C SUFFIX .•• JT OR NT PACKAGE 

I 

I 

NC 

(TOP VIEW) 

Vec 
I 
o 
I/O 
liD 
liD 

liD 
liD 

liD 
o 

GND -"" __ .J-' 

TIBPAL20LS' 
M SUFFIX ••• FK PACKAGE 
C SUFFIX __ . FN PACKAGE 

10 

11 

(TOP VIEW) 

u 
u u ___ z>_o 

4 3 2 1 28 27 26 

121314 15 16 17 18 

--ou--o 
ZZ 
t:l 

25 liD 
24 liD 
23 liD 
22 NC 
21 liD 

20 liD 
19 liD 

NC-No internal connection 

Pin assignments in operating mode 

Extra circuitry has been provided to allow loading of each register asynchronously to either a high or low 
state. This feature simplifies testing because the registers can be set to an initial state prior to executing 
the test sequence. 

The TIBPAL20'M series is characterized for operation over the full military temperature range of - 55°C 
to 125°C. The TIBPAL20'C is characterized from O°C to 75°C. 

IMPACT is a trademark of Texas Instruments Incorporated 
PAL is a registered trademark of Monolithic Memories Inc. 
tlntegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U_S_ Patent Number 3.463,975. 

Copyright © 1986. Texas Instruments Incorporated 
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TIBPAL20R4·15, TIBPAL20R6·15, TIBPAL20R8·15 
TIBPAL20R4·20, TIBPAL20R6·20, TIBPAL20R8·20 
HIGH·PERFORMANCE IMPACJlM PAL ® CIRCUITS 

TIBPAL20R4' 
M SUFFIX . .. JT PACKAGE 

C SUFFIX .. . JT OR NT PACKAGE 

(TOP VIEW) 

ClK 

I 

GND 

1 U24 

2 23 

3 22 
4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 
11 14 

12 13 

TIBPAL20R6' 

VCC 
I 
I/O 
I/O 

Q 
Q 
Q 

Q 

I/O 
I/O 

M SUFFIX . .. JT PACKAGE 
C SUFFIX . .. JT OR NT PACKAGE 

(:rop VIEW) 

ClK 1 U24 

2 23 

3 22 
4 21 
5 20 
6 19 

7 18 

~ 17 

~ 16 

10 15 
11 14 

GND 12 13 

TIBPAL20R8' 

VCC 
I 
I/O 
Q 

Q 

Q 

Q 
Q 

Q 

I/O 

M SUFFIX . .. JT PACKAGE 
C SUFFIX . .. JT OR NT PACKAGE 

(TOP VIEW) 

ClK VCC 
I 
Q 

21 Q 

20 Q 

19 Q 

18 Q 

17 Q 

16 Q 

15 Q 

Pin assignments in operating mode 
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NC 

NC 

NC 

TIBPAL20R4' 
M SUFFIX . .. FK PACKAGE 
C SUFFIX . .. FN PACKAGE 

(TOP VIEW) 

:Julj 0 
--uZ>_:::: 
4 3 2 1 2827 26 

25 I/O 
24 Q 

23 Q 

22 NC 

21 Q 

20 Q 

11 19 I/O 
12131415 1617 18 

TIBPAL20R6' 
M SUFFIX ... FK PACKAGE 
C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

:Julj 0 __ uz>_:::: 

4 3 2 1 28 27 26 

5 25 Q 

6 24 Q 

23 Q 

22 NC 
21 Q 

10 20 Q 

11 19 Q 

121314151617 18 

- - ~ ~ 10 - §; 
c:J 

TIBPALZOR8' 
M SUFFIX . .. FK PACKAGE 
C SUFFIX . .. FN PACKAGE 

10 

(TOP VIEW) 

4 3 2 1 2827 26 

25 

24 

23 

22 NC 

21 

20 Q 

11 19 Q 

i2 i3 i4 i5 1617 18 
DaDDon D 

- - ~ ~Io - 0 
c:J 

NC-No internal connection 
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i 
functional block diagrams (positive logic) 

TIBPAL20LB-15, TIBPAL20R4-15 
TIBPAL20LB-20, TIBPAL20R4-20 

HIGH-PERFORMANCE IMPACrM PAL® CIRCUITS 

TIBPAL20LS' 

0-----0 

0----0 

JJ-e-............ -I/O 

JJ--o+ ............. -I/O 

IO-e-t-.............. - I/O 

1J-10+-..... 110-- I/O 

TIBPAL20R4' 

OE----------------------------~~ 
CLK----------------------------D 

12 

4 

4 

r-v denotes fused inputs 

20X C> 
20 

& 

40X 64 

4 

Q 

Q 

Q 

Q 

I/O 

I/O 

I/O 

I/O 

(.) 
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TIBPAL20R6·15, TIBPAL20R8·15 
TIBPAL20R6·20, TIBPAL20R8·20 
HIGH·PERFORMANCE IMPACrM PAL ® CIRCUITS 

functional block diagrams (positive logic) 

TIBPAL20R6' 

DE--------------------------~~--_, 
ClK----------~----------------_P 

G 

TIBPAL20R8' 

DE 
ClK 

rv denotes fused inputs 
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logic diagram (positive logic) 

(1) 

(2) .... 
v 

RODUCT P 
LI NES 0 

• 
• 
• 

(3) .... 7 
L.- 8 

• 
• 
• 

(4) 15 
>I. .. 

16 
• 
• • 

(5) ,;.. 23 
... "24 

• 
• 
• 

(6)" 31 
... 

32 
• 
• 
• 

(7) .... 39 
--t v 

40 
• 
• • 

8)~ 47 
.. 

48 
• 
• 
• 

(9) .... 55 
-j :x 

v 56 

(1 
I 

(1 
I 

0) ... 
... 

1) .... .. 

• 
• 
• 

63 

10 4 8 12 

Pin numbers shown are for JT and NT packages. 

INPUT LINES 
1\ 

16 20 

TIBPAL20LB·15 
TIBPAL20LB·20 

HIGH·PERFORMANCE IMPACrM PAL ® CIRCUITS 

24 28 32 36 \ 
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TIBPAL20R4·15 
TIBPAL20R4·20 
HIGH·PERFORMANCE IMPACrM PAL ® CIRCUITS 

'"T1 
(1). 

e: -a ... 
o 
cc ... 
Q) 

3 
3 
Q) 

logic diagram (positive logic) 
(1 ) 

CLK 4 

(2) ... -.. 
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LIN ES 0 
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15 
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10 4 8 
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logic diagram (positive logic) 
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Pin numbers shown are for JT and NT ,packages. 
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16 20 
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HIGH·PERFORMANCE IMPACrM PAL® CIRCUITS 
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TIBPAL20R8·15 
TIBPAL20R8·20 
HIGH·PERFORMANCE IMPACrM PAL® CIRCUITS 

logic diagram (positive logic) 
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Pin numbers shown are for JT and NT packages. 
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TIBPAL20LB·15, TIBPAL20R4·15, TIBPAL20R6·15, TIBPAL20RB·15 
TIBPAL20LB·20, TIBPAL20R4·20, TIBPAL20R6·20, TIBPAL20RB·20 

HIGH·PERFORMANCE IMPACTTM PAL ® CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled output (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: M SUFFIX . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 

e SUFFIX . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 75 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 

NOTE 1: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

M SUFFIX C SUFFIX 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High·level input voltage 2 5.5 2 5.5 V 

VIL Low·level input voltage O.B O.B V 

IOH High-level output current -2 -3.2 mA 

IOL Low-level output current 12 24 rnA 

fclock Clock frequency 0 41.5 0 45 MHz 

I High 12 10 ns 
tw Pulse duration. clock I Low 12 12 ns 

tsu Setup time. input or feedback before CLKt 20 10 15 10 ns 

th Hold time. input or feedback after CLKt 0 0 ns 

TA Operating free-air temperature -55 125 0 75 °c 

fclock. two tsu. and th do not apply for TIBPAL20LB·. 
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TIBPAL20L8·15, TIBPAL20R4·15, TIBPAL20R6·15, TIBPAL20R8·15 
HIGH·PERFORMANCE IMPACrM PAL ® CIRCUITS 

electrical characteristics over recommended free·air operating temperature range 

PARAMETER TEST CONDITIONS 
C SUFFIX 

Typt MIN MAX 

VIK Vee = 4.75 V, II = -18 rnA -0.8 -1.5 

VOH Vee = 4.75 V, 10H = -3.2 rnA 2.4 

VOL Vee = 4.75 V, IOL = 24 rnA 0.3 0.5 
0, Q outputs 20 

10ZH 
I/O ports 

Vee = 5.25 V, Vo = 2.7V 
100 

10Zl 
0, Q outputs -20 
I/O ports 

Vee = 5.25 V, Vo = 0.4 V 
-100 

II Vee = 5.25 V, VI = 5.5 V 1 

IIH~ Vee = 5.25 V, VI = 2.4 V 25 

III ~ Vee = 5.25 V, VI = 0.4 V -0.25 

10S§ Vee = 5.25 V, Vo = 0 -30 -70 -130 

ICC 
Vee = 5.25 V, VI = 0, 

120 180 
Outputs open, OE at VIH 

t All typical values are Vee = 5 V, TA = 25°C. 
~ For I/O ports, the parameters IIH and IlL include the off-state output current. 
§ Not more than one .output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

UNIT 

V 

V 

V 

/LA 

/LA 

rnA 

/LA 

rnA 

rnA 

rnA 

switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

C SUFFIX 
PARAMETER FROM TO TEST CONDITIONS 

Typt 
UNIT 

MIN MAX 

fmax ' 

with feedback 37 40 
MHz 

without feedback 45 50 

tpd 1,1/0 0,1/0 12 15 ns 

tpd elKl Q Rl = 200 n, R2 = 390 n, 8 12 ns 

ten OE Q el = 50 pF, See Figure 1 10 15 ns 

tdis OEl Q 8 12 ns 

ten 1,1/0 0,1/0 12 18 ns 

tdis 1,1/0 0,1/0 12 15 ns 

tAli typical values are at Vee = 5 V, TA = 25°C. 

'fmax (with feedback) = 1 , fmax (without feedback) = 1 
tsu + tpd (elK to Q) tw high + tw low 

fmax does not apply for TIBPAl20l8' 
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TIBPAL20LB-20, TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20 
HIGH-PERFORMANCE IMPACJlM PAL ® CIRCUITS 

electrical characteristics over recommended free-air operating temperature range 

PARAMETER TEST CONDITIONS 
M SUFFIX 

UNIT 
MIN Typt MAX 

VIK Vee = 4.5 V, II = -18 rnA -0.8 -1.5 V 

VOH Vee = 4.5 V, IOH = -2 rnA 2.4 3.2 V 

VOL Vee = 4.5 V, IOl = 12 rnA 0.25 0.5 V 
0, Q outputs 20 

IOZH 
I/O ports 

Vee = 5.5 V, Vo = 2.7V 
100 

p.A 

0, Q outputs -20 
10Zl 

I/O ports 
Vee = 5.5 V, Vo = 0.4 V 

-100 
p.A 

II Vee = 5.5 V, VI = 5.5 V 1 rnA 

IIHt Vee = 5.5 V, VI = 2.4 V 25 p.A 

III t Vee = 5.5 V, VI = 0.4 V -0.25 rnA 

10S§ Vee = 5.5 V, Vo = 0 -30 -70 -130 rnA 

lee 
Vee = 5.5 V, VI = 0, 

120 180 rnA 
Outputs open, DE at VIH 

t All typical values are Vee = 5 V, TA = 25°C. 
:I: For I/O ports, the parameters IIH and III include the off-state output current. 
§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER FROM TO TEST CONDITIONS 
MIN 

M SUFFIX 
Typt MAX 

UNIT 

fmax ' 
with feedback 28.5 40 

MHz 
without feedback 41.5 50 

tpd 1,1/0 0,1/0 12 20 ns 

tpd elKi Q R1 = 390 n, R2 = 750 n, 8 15 ns 

ten DE Q el = 50 pF, See Figure 1 10 20 ns 

tdis DEi Q 8 20 ns 

ten 1,1/0 0,1/0 12 25 ns 

tdis 1,1/0 0,1/0 12 20 ns 

t All typical values are at Vee = 5 V, T A = 25°e. 

'fmax (with feedback) = 1 , fmax (without feedback) 
tsu + tpd (elK to Q) tw high + tw low 

fmax does not apply for TI8PAL20L8' 
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TIBPAL20L8·15, TIBPAL20R4·15, TIBPAL20R6·15, TIBPAL20R8·15 
TIBPAL20L8·20, TIBPAL20R4·20, TIBPAL20R6·20, TIBPAL20R8·20 
HIGH·PERFORMANCE IMPACTTM PAL ® CIRCUITS 

programming information 

Texas Instruments Programmable Logic Devices can be programmed using widely available software and 
inexpensive device programmers. ' • 

Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas 
Instruments Programmable Logic is also available, upon request, from the nearest TI field sales office, local 
authorized TI distributor, or by calling Texas Instruments at (214) 995-2980. 

PARAMETER MEASUREMENT INFORMATION 

SV 

b 
Sl 

Rl 

FROM OUTPUT _ .... _ ... ____ ... - TEST 
UNDER TEST POINT 

R2 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

/. 3.S V 
./il.SV 

---- :--------0.3V 

TIMING 
INPUT 

... t su """ th"" 

DATA' 1.S V . 1.S V ~
' -:----3.SV 

INPUT 0.3 V 

VOL TAGE WAVEFORMS 
SETUP AND HOLD TIMES 

,.---_ - 3.S V 
INPUT .LI 1.S V \ 1.S V 
~ I· 0.3V 

t ~ ~tPHL 
PLH I' . i l:t-- VOH 

IN·PHASE 1 f I ~1.5\ 
OUTPUT I 1.SV I CV 

I I VOL 
tPHL-14----+i ~tpLH 

OUT-OF.pHASE 1•SV 1.5V 
\

1 FI VOH 

OUTPUT. VOL 
(See Note D) 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

HIGH.LEVEL ~----3.S V 
PULSE ,1.SV 1.SV, . 

I I 0.3 V 
. ..-- tw ---. 

LOW·LEVEL 
PULSE ~

.. tw ---: 3.SV 

'1.5V 1.SV 
--- - 0.3 V 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

OUTPUT 3.S V 

CONTROL 1.S V 1.S V 

(low·level I -1- ------- 0.3 V 
enabling) tPZL...... __ -eI It-:- tpLZ 

I I I I 

I I I : ==3.3 V 
WAVEFORM1~ 1.SV i :~SV 
Sl CLOSED i ~=-----",-,== VOL 
(See Note B) tpZH ~ -.: ~tPHZ _____ t __ V 

WAVEFORM 2 I ----'l-- OH 
S10PEN 1.5 V O.S V 
(See Note B) "'0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE·STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR ::s 1 MHz, tr = tf = 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3·state outputs, switch S1 is closed. 

FIGURE 1 

3-72 TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



TIBPAL20L 10, TIBPAL20X4, TIBPAL20XB, TIBPAL20X10 
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACrMPAL CIRCUITS 

• HIGH PERFORMANCE ... 35 MHz Min 

• Preload Capability on Output Registers 
Simplifies Testing 

• Power-Up Clear on Registered Devices 

• Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

3-STATE REGISTERED 1/0 
DEVICE I INPUTS 

o OUTPUTS a OUTPUTS PORTS 

'PAL20L10 12 2 0 8 

'PAL20X4 10 0 4 (3-state buffers) 6 

'PAL20X8 10 0 8 (3-state buffers) 2 

'PAL20X10 10 0 10 (3-state buffers) 0 

description 

These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices_ 
These IMPACr" circuits combine the latest 
Advanced Low-Power Schottky t technology 
with proven titanium-tungsten fuses to provide 
reliable. high-performance substitutes for 
conventional TTL logic. Their easy 
programmability allows for quick design of 
custom functions and typically results in a more 
compact circuit board. In addition, chip carriers 
are available for further reduction in board space. 

All of the registered outputs are set to a low level 
during power-up_ In addition, extra circuitry has 
been provided to allow loading of each register 
asynchronously to either a high or low state. This 
feature simplifies testing because the registers 
can be set to an initial state prior to executing 
the test sequence. 

02920, OCTOBER 1985 

TIBPAL20L 10' 
M SUFFIX ... JT PACKAGE 

C SUFFIX .•. JT OR NT PACKAGE 

(TOP VIEW) 

1 U24 

2 23 

3 22 
4 21 

5 ' 20 

6 19 

7 18 

8 17 

9 16 

10 15 

~11 14 

VCC 
o 
I/O 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
o 

GN [12 13 

TIBPAL20L 10' 
M SUFFIX ... FK PACKAGE 
C SUFFIX ... FN PACKAGE 

5 

6 

10 

11 

(TOP VIEW) 

u 
U U 0 ___ z>o:;:; 

4 3 2 1 28 2726 

12131415161718 

--OU-OO 
zz :;:; 
(!) 

NC-No internal connection 

25 1/0 
24 1/0 
23 1/0 
22 NC 

1/0 
1/0 

19 1/0 

Pin assignments in operating mode 

The PAL20' M series is characterized for operation over the full military temperature range of -,55°C to 
125°C. The PAL20' C series is characterized for operation from ooC to 75°C. 

IMPACT is a trademark of Texas Instruments Incorporated. 
tlntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments. U.S. Patent Number 3,463.975. 

Copyright © 1984, Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

TIBPAL20X4' 
M SUFFIX . .. . JT PACKAGE 

C SUFFIX . .. JT OR NT PACKAGE 
ITOP VIEW) 

OUTCLK 
I 

I 

GND 

1 U24 

2 23 

3 22 
4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

TIBPAL20XS' 

VCC 
I/O 

I/O 
I/O 
Q 

Q 

Q 

Q 

I/O 
I/O 
I/O 

BE 

M SUFFIX: .. JT PACKAGE 
C SUFFIX ... JT OR NT PACKAGE 

ITOP VIEW) 

OUTCLK 1 U 24 P VCC 
I 2 23 I/O 

22 Q 
21 Q 

20 Q 

19 Q 

7 18 Q 

8 17 Q 

~ 16 Q 

10 15 Q 

11 14 I/O 
GND 12 13 BE 

TIBPAL20X10' 
M SUFFIX . .. JT PACKAGE 

'c SUFFIX . .. JT OR NT PACKAGE 
ITOP VIEW) 

OUTCLK 

I 

I 
GND 

1 U24 

2 23 

3 22 

4 21 

5 20 
6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

Pin assignments in operating mode 

VCC 
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Q 

Q 
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Q 
BE 

TIBPAL20X4' 
M SUFFIX . .. FK PACKAGE 
C SUFFIX . .. FN PACKAGE 

ITOP VIEW) 

:J 
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f- U 
:JU UOO __ 02>;:;;;:;; 

4 3 2 1 28 2726 

I 5 25 

I 6 24 

I 7 23 Q 

NC 8 ,22 NC 

I 9 21 Q 

10 20 Q 

11 19 I/O 

12 1314 1516 17 18 

- - ~ ~I~ ~ ~ 
t:l 

TIBPAL20XS' 
M SUFFIX ... FK PACKAGE 
C SUFFIX . .. FN PACKAGE 

ITOP VIEW) 

4 3 2 1 28 2726 

25 Q 

24 Q 

23 Q 

22 NC 
21 Q 

20 Q 

19 Q 

12131415161718 

- - ~ ~I~ ~ 0 
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TIBPAL20X10' 
M SUFFIX . .. FK PACKAGE 
C SUFFIX ... FN PACKAGE 

ITOP VIEW) 
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TIBPAL20L 10, TIBPAL20X4 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

functional block diagrams (positive logic) 

'PAL20L 10 

0 

0 

20XI> I/O 
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TIBPAL20X8, TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACTTM PAL CIRCUITS 

functional block diagrams (positive logic) 

'PAL20X8 

OE----------------------------a 
OUTCLK----------------------------~ 

o 

.0 

o 

o 

o 

o 

o 

o 

t--~~~;-----I- I/O 

D-e.t----+- I/O 

8 

'PAL20X10 

OE--------------------------~ 
OUTCLK----------------------------;> 

t---O 

t---+--O 

t---+--- 0 

10 

~--_t----~~--O 

~--_t----~~--O 

r---_t----~~--O 

t--+--O 

r----t----~~--O 

r----t----t-~-O 

rv denotes fused inputs 
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TIBPAL20L 10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

logic diagram (positive logic) 

INPUT LINES /~ __________________ ~A~ __________________ ~\ 

I (1) 0·" 4'" 8··· 12'" 16'" 20'" 24 ••• 28'" 32", 36 .. 39 

PRODU 
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CT ? 
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Pin numbers shown are ·for JT and NT packages. 
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TIBPAL20X4 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

logic diagram (positive logic) 
INPUT LINES ~ __________________ ~A. __________________ ~ 

/ 0··· 4··· 8··· 12··· 16··· 20· • ·24· •• 28· •• 32·· • 36· ·39 \ 
1 ....... OUTCLK ( ) --V 
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48 

~©] 51 
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(8) ... ... .. .... ... 
56 -
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----I "1 .. ~ 

64 -
-e-~ tl. 

67 ~~ 
~ ..;x "'" 72 --=t:>-t1a 75 

~ .!!!.1 .... ~ .. 
0··' 4.·. 8·.·12,'·16··.20··.24 ••• 28 ••• 32 ••• 36' .39 

Pin numbers shown are for JT and NT packages. 
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TIBPAL20XB 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

logic diagram (positive logic) 
INPUT LINES ~ ____________________ ~A. ____________________ ~ 

/ 0··. 4··· 8··· 12·" 16· • • 20· • • 24 • • • 28' • • 32'" 36' • 39 \ 

OUTCLK ( ) ~ -PRODU 
LINES 

CT ? 
3 

~ 
~~ 

..K.., 

(23) 

8 

1SD A~ ;::: 
11 ...M-I 

(3) ... ..... 
A ...... ... ... 

16 -go ~ .M-J ..... ::::::: 

~ v 
19 - Cl 

(4) ... ..... 
----1,X .J( ... ~ 

24 

:~ ~ (20) 

A -yo--
27 -- Cl 

(5) ... A 
-----. A JII; ... .... 

32 

~ ~ ~ 35 Cl 

(6) ... -- .... 
A .... ..... 

40 

:RD ~ A 43 - Cl 

171 ... A 

~ .x .... 
48 

~ ~ tlJ 51 -- Cl 

(8) ... I ... 
.... -'" .... 

56 

~ ~ ©) v 
59 Cl 

(9) .. ... 
----t A .... ~ 

64 

~~ ~ 67 -t\J_ Cl 

(10) ... ...... 
----1 A. ..K.., .... 

72 -
=~ 

(14) 

75 

(11) "" ~ -----. A r-----<I'o .... 
0'" 4." 8'" 12'" 16'" 20'" 24'" 28'" 32'" 36' '39 

Pin numbers shown are for JT and NT packages. 

I/O 

a 

a 

a 

a 

a 

a 

a 

a 

I/O 

.~ 
C) 
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...J 
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E 
E 
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TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

logic diagram (positive logic) 
INPUT LINES ~ __________________ ~A~ __________________ ~ 

I 0 ••• 4 ••• 8 ••• 12 ••• 16 ••• 20 ••• 24- •• 28·.· 32··· 36·.39 \ 

OUTCLK (1) ---t> 
PRODU 
LINES 

CT 
0 

3 

1.ELt>I; 
8 

11 
(3) to. 

----, A ... 
16 

19 
(4) to. 

1----, A ... 
24 

27 
(5) ... 

----, A ... 
32 

35 
(6) to. 

A ... 
40 

43 
(7) to. 

~ 
48 

51 

..!!!..t-x .... 
56 

59 
(9) .. 

... 
64 . 
67 

(1010_ 
---v-

72 

75 

'~"'-x .. 

~ n~ Cl 

.A 

N 

15D ~ ~ 

~ "'\.J 
v 

Cl 

A 

~ -go ~ ~ n ~ Cl 

A 
JC .... 

-RD ~ -Q-' tlj ...H...J 
~ Cl 

.... 
I!' 

" -ED ~ ".:::: tJJ .... Cl 

.A 

JC ...., 

~ ~ tl1 .. ~ Cl 

.A 

~ .... 

~ ~ ~ -.- Cl 

.A 

-:lC ,...., 

~ ~ ~ ..KJ ' ..... Cl 

.A 

,...., 

~ ~ ~ ~ Cl 

.... 
~ 

~~~ .. '-' Cl 

.... ~ ~ 
o ••• 4'" 8'" 12·· • 16 ••• 20 ••• 24' •• 28-· • 32" - 36' - 39 

Pin numbers shown are for JT and NT packages. 
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TIBPAL20L 10, TIBPAL20X4, TIBPAL20XB, TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled output (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: M suffix .......................... , - 55 DC to 125 DC· 

Csuffix .............................. ODCt075 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 

NOTE 1: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

M SUFFIX C SUFFIX 
UNIT PARAMETER 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -2 . -3.2 mA 

IOL Low-level output current 12 24 mA 

fclock Clock frequency 0 25 0 35 MHz 

I High 15 10 ns 
tw Pulse duration, clock, see Note 2 I Low 20 14 ns 

tsu Setup time, input or feedback before OUTCLKi 25 20 ns 

th Hold time, input or feedback after OUTCLKi 0 0 ns 

TA Operating free-air temperature - 55 125 0 75 °e 

NOTE 2: The high and low clock pulse durations cannot both be at the minimum values specified. Their sum must be equal to or greater 
than the minimum clock period, which is the reciprocal of the maximum recommended clock frequency. 

electrical characteristics over recommended free-air operating temperature range 

PARAMETER TEST CONDITIONSt 
M SUFFIX C SUFFIX 

TYP~ TYP~ MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 -1.2 

VOH Vee = MIN, 10H = MAX 2.4 3.2 2.4 3.3 

VOL Vee = MIN, 10L = MAX 0.25 0.4 0.35 0.5 

IOZH 
Outputs 

Vee = MAX, Va = 2.7 V 
20 20 

I/O ports 100 100 

10ZL 
Outputs -20 -20 

I/O ports 
Vce = MAX, Va = 0.4 V 

-250 -250 

II Vee = MAX, VI = 5.5 V 0.1 0.1 

IIH Vee = MAX, VI = 2.7 V 20 20 

IlL Vee = MAX, VI = 0.4 V -0.25 -0.25 

10S§ Vee = 5 V, Vo = 0 -30 -130 -30 -130 

ICC 
'20X4, '20X8, '20X10 120 180 120 180 

'20L10 
VCC = MAX, VI = 0 

120 120 165 165 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
~AII typical values are Vee = 5 V, TA = 25°e. 
§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

UNIT 

V 

V 

V 

JlA 
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mA 

JlA 
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mA 
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TIBPAL20L 10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH~PERFORMANCE EXCLUSIVE·OR IMPACTTM PAL CIRCUITS 

switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER 
M SUFFIX C SUFFIX 

FROM TO TEST CONDITIONS 
Typt Typt MAX 

UNIT 
MIN MAX MIN 

fmax 25 35 MHz 

tpd I, I/O 0, I/O 12 25 12 20 ns 

tpd OUTCLKl Q R1 = 200 fl, 10 20' 10 15 ns 

ten DE Q R2 = ,390 0, 7 20 7 15 ns 

tdis DEl Q CL = 50 pF 7 20 7 15 ns 

ten I, I/O 0, I/O 15 25 15 20 ns 

tdis I, I/O 0, I/O 15 25 15 20 ns 

t All typical values are at VCC = 5 V, T A = 25°C, 
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TIBPAL20L 10, TIBPAL20X4, TIBPAL20XB, TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPAcrM PAL CIRCUITS 

PARAMETER MEASUREMENT INFORMATION 

5V 

b 
S1 

R1 

FROM OUTPUT_ .... _ .... _ .... _ TEST 
UNDER TEST POINT 

CL 

(See Note Al 

R2 

1--....,--..... 

LOAD CIRCUIT FOR 
THREE~TATEOUTPUTS 

./. 3.5 V 

/i1.5V 
___ -J :- - -- -- --0.3 V 

TIMING 
INPUT 

... tsu ..,.- th ~ 

~
I -:----3.5V 

DATA 1.5 V 1.5 V . 
INPUT 0.3 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT .LI 1.5 V \. ~ -; - - 3.5 V 

--': I· 0.3 V 

tpLH~ ~tPHL 
1- - i ,.--+I--:t - - VOH 

IN-PHASE 1 f .. )L Ui \ 
OUTPUT I ,1.5 V : C" 

I I VOL 
tpHL ~ I4--M-tpLH 

OUT -OF·PHASE 1.5 V 1.5 V 
\

1 FI VOH 

OUTPUT. VOL 
(See Note D) 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A, CL includes probe and jig capacitance. 

HIGH.LEVEL~· -----3.5V 
PULSE I 1.5 V 1.5 V I 

I I 0.3 V 

LOW·LEVEL 
PULSE 

..-- tw ----. 

~ 
.. tWl 3.5V 

' 1•5V 1.5V 
--- - 0,3 V 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

OUTPUT 3.5 V 

CONTROL 1.5 V 1.5 V 

(low·level I -:-------- 0.3V 
enabling) tpZL ...... __ ......... tPLZ 

I I II 
I I I : "'3.3 V 

WAVEFORM 1 ~ 1.5V i L"·--io.3V 
S1 CLOSED i ~-=-------=.~=-= VOL 
(See Note BI tpZH ~ ....: ~tPHZ T _____ t __ V 

WAVEFORM 2 I ----10-- OH 
S1 OPEN 1.5 V 0,3 V 
(See Note BI "'0 V 

VOLTAqE WAVEFORMS 
ENABLE AND DISABLE TIMES. THREE·STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR ~ 1 MHz, tr = tf = 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3·state outputs, switch S1 is closed. 

Co) 
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TIBPAL20L 10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

programming parameters, T A = 25°C 

PARAMETER 

Vee Verify-level supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VIHH Program-pulse input voltage 

PGM ENASLE 

IIHH Program-pulse input current PO 

Vee 

twl Pulse duration at Vee 

tw2 Pulse duration at PGM VERIFY 

Setup time 
DEl before POl (VIHH) 

tsu 
POl (VIHH) before Veel (VIHH) 

th Hold time 
PO (VIHH) after Vee! 

DE high after PO! 

tdl Delay time from DE low to PGM VERIFYl 

td2 Delay time from PGM VERIFYf to valid output 

Input voltage at pins 10 to open verify-protect (security) fuse 

Input current to open verify-protect (security) fuse 

tw3 Pulse duration to open verify-protect (security) fuse 

3-84 TEXAS .. 
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MIN NOM MAX UNIT 
4.75 5.0 5.25 V 

2 5.5 V 

O.S V 

10.25 10.5 10.75 V 

10 25 
20 50, mA 

250 500 

10 50 p's 

100 ns 

100 

100 
ns 

100 
ns 

100 

100 ns 

200 ns 

12 12.5 13 V 

100 400 mA 

20 50 p's 



JT OR NT PACKAGE 

(TOP VIEW) 

PGM VERIFY VCC 
PIO POO 
PI1 P01 
PI2 P02 
PI3 P03 
PI4 P04 
PI5 P05 

PA8 P06 
PA9 P07 

PA10 P08 
PGM ENABLE P09 

GND"""'I-_~t-'0E 

PRODUCT LINE ADDRESS 

PA8 PA9 PAlO 

L L L 

L L H 

L H L 

L H H 

TIBPAL20L 10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPAcrM PAL CIRCUITS 

PRODUCT TERMS 

PI4 
NC 
PI5 

PA8 
PA9 

7 

8 

9 

10 

11 

FK OR FN PACKAGE 

(TOP VIEW) 

>-u. 
a: 
w 
> 
~ Uo .... 

=Q(,!)UUOO 
a.. a.. a..z> a.. a.. 

4 3 2 1 282726 

12 1314 15161718 

~ ~ ~ ~ I~ gj ~ 
~~(,!) a.. a.. 

z 
w 
~ 
(,!) 
a.. 

NC-No internal connection 

TABLE 2. PRODUCT LINE SELECT 

PRODUCT LINE NUMBER 

0 8 16 24 32 40 48 56 64 

1 9 17 25 33 41 49 57 65 

2 10 18 26 34 42 50 58 66 

3 11 19 27 35 43 51 59 67 

25 P02 
24 P03 
23 P04 
22 NC 
21 P05 
20 P06 
19 P07 

72 

73 

74 

75 

(.) 
.0, 
o 

..J 

~ 
.c 
ca 
E 
E 
ca ... 
C) 
o ... 

c.. 

POQ POl P02 P03 P04 POS P06 P07 P08 P09 
~ 
Q) 

L = VIL. H = VIH 

OUTPUT PIN NAME 
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TlBPAL20L 10, TIBPAL20X4, TlBPAL20X8, TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

TABLE 1. INPUT LINE SELECT 

INPUT LINE PIN NAME 

NUMBER PIO PI1 PI2 PI3 PI4 

0 L L L L L 

1 L L L L L 

2 L L L L H 

3 L L L L H 

4 L L L H L 

5 L L L H L 

6 L L L H H 

7 L L L H H 

8 L L H L L 

9 L L H L L 

10 L L H L H 

11 L L H L H 

12 L L H H L 

13 L L H H L 

14 L L H H H 

15 L L H H H 

16 L H L L L 

17 L H L L L 

18 L H L L H 

19 L H L L H 

20 L H L H L 

21 L H L H L 

22 L H L H H 

23 L H L H H 

24 L H H L L 

25 L H H L L 

26 L H H L H 

27 L H H L H 

28 L H H H L 

29 L H H H L 

30 L H H H H 

31 L H H H H 

32 H L L L L 

33 H L L L L 

34 H L L L H 

35 H L L L H 

36 H L L H L 

37 H L L H L 

38 H L L H H 

39 H L L H H 
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TIBPAL20L 10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACyrM PAL CIRCUITS 

programming procedure for array fuses 

Array fuses are programmed by executing the following programming sequence. Each fuse can be opened 
by selecting the appropriate (one of 40) input line and (one of 80) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 

Step 1 
Step 2 
Step 3 

Step 4 
Step 5 
Step 6 
Step 7 
Step 8 
Step 9 

Raise PGM ENABLE to VIHH. 
Select an input line by applying appropriate logic levels to PI pins. 
Select a product line group by applying appropriate logic levels to PA pins. The actual product 
line selected will be determined by the PO pin (described in Step 5). 
Raise OE to VIH. 
Raise the selected PO pin to VIHH. 
Program the fuse by pulsing Vee to VIHH. 
Remove the voltage from the selected PO pin. 
Lower OE to VIL to enable device 
Verify the blowing of the fuse by checking for a VOL, at the selected PO pin. Register devices 
require a position pulse on the PGM verify pin. 

Steps 1 through 9 may be repeated if the verification does not indicate that the fuse was successfully 
programmed (blown), but no more than four times. Verification is possible only with the verify·protect 
fuse intact. 

programming waveforms 

PGMENABLE ~ 

PIO-PI5iE SELECT INPUT LINE 

PA8-PA10~ SELECT PRODUCT LINE GROUP 

OE _______ ~I I \~---.:.- - - - ---- ~:: 
I+-tsu~ . ~~h=+!. ____________ VIHH 

SELECTED ~ II. 1\ nnnxxlxxxn. ~ AIIIIi1ifiIIIII VOH 

POPIN_' j4.tw1+1 ~~VOL 
tsu~ ~th I 

VCC I 1\'"".-I----d .. ~td2 - ---- - --- :I;H 

------------ . I I 

ld1-.! I+-
PGM VERIFY n - - - - - - -- ---- VIH 

---------------------.-.I--! I4- tw2 VIL 

I I 

(.) 
.0, 
o 

....J 

Q) 

:c 
co 
E 
E 
co ... 
C) 
o ... 
a. 
-C 
Q) 
u::: 
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TIBPAL20L 10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH·PERFORMANCE EXCLUSIVE·OR IMPACrM PAL CIRCUITS 

preload procedures 

preload procedure for registered outputs 

Step 1 

Step 2 
Step 3 
Step 4 

Step 5 

With Vee at 5 volts, raise Pin 13 (OE) to VIHH to disable the outputs and clear the 
registers (output goes low). Since the outputs are low, only high levels need be preloaded. 
Raise the selected output to be preloaded high to VIHH. 
Lower Pin 13 to VIH. 
Remove the voltages applied to the outputs. (At least a 1 OO-nswait is required between step 3 
and step 4) 
Lower Pin 13 to VIL to verify preload. 

1------"'- ---- ------ - -- VIHH 

(PRELOAD PIN 13) 
I 
I 

100 ns I I 100 ns 
MIN MIN I 

~ j4---+I ~ I I VIL 

I I I I ~ 
SELECTED 
OUTPUT 

TO PRELOAD Vi I--------l~ -!~i~ ----:~~ 

Q )()()()()()()OO . ~ VOl 
VERIFY 

PRELOAD WAVEFORMS 

security fuse programming 

PIN 10 I 
---~. 

\-----'2.5V 
t w3----+.· OV 

SECURITY FUSE PROGRAMMING WAVEFORMS 

NOTE: Pin numbers shown apply only for the DIP package. If a chip carrier socket adaptor is not used, pin numbers must be changed 
accordingly. 
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T1BPALR19LB. TIBPALR19R4. TIBPALR19R6. TIBPALR19RB 
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 

• High-Performance Operation ... 30 MHz 

• Preload Capability on Output Registers 

02709, DECEMBER 1982-REVISED SEPTEMBER 1985 

• DIP Options Include Both 300-mil Plastic 
and 600-mil Ceramic 

• Dependable Texas Instruments Quality and 
Reliability 

3-STATE REGISTERED 
DEVICE 110 INPUTS I INPUTS o OUTPUTS Q OUTPUTS 

1/0 PORTS 

'PALR19L8 11 2 
'PALR19R4 11 0 
'PALR19R6 11 0 
'PALR19R8 11 0 

description 

These programmable array logic devices feature 
high speed and functionality similar to the 
TIBPAL 16L8, 16R4, 16R6, 16R8 series, but 
with the added advantage of D-type input 
registers. If any input register is not desired, it 
can be converted to an input buffer by simply 
programming the architectural fuse. 

Combining Advanced Low-Power Schottky t 
technology, with proven titanium-tungsten 
fuses, these devices will provide reliable high 
performance substitutes over conventional TTL 
logic_ Their easy programmability allows for 
quick design of custom functions and typically 
result in a more compact circuit board_ In 
addition, chip carriers are available for further 
reduction in board space. 

Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high 
or low state_ This feature simplifies testing 
because the registers can be set to an initial state 
prior to executing the test sequence. 

An M suffix designates full-temperature circuits 
that are charactedzed for operation over the full 
military temperature range of - 55°C to 125°C. 
A C suffix designates commercial-temperature 
circuits that are characterized for operation from 
DoC to 70°C. 

INPUT REGISTER FUNCTION TABLE 

INPUT OUTPUT OF 
INCLK 0 INPUT REGISTER 

t H H 
t L L 
L X Qo 

t Integrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3.463.975. 

2 
0 
0 
0 

0 6 
4 (3-state buffers) 4 
6 (3-state buffers) 2 
8 (3-state buffers) 0 

TIBPALR19LS' 
M SUFFIX. __ JW PACKAGE 

C SUFFIX _ , . JW OR NT PACKAGE 

(TOP VIEW) 

lID 

I/O 

I/O 

NC 

lID 

I/O 

lID 

110 
110 
110 
I/O 

I/O 

I/O 

I/O 

I/O 
I/O 

I/O 

1 U24 

2 23 
3 22 

4 21 
5 20 
6 19 
7 18 
8 17 

9 16 
10 15 
11 14 

VCC 
110 
o 
1/0 
1/0 
1/0 
1/0 
1/0 
I/O 

o 
INCLK 

GNO 12 13 

TIBPALR19LS' 
M SUFFIX ... FK PACKAGE 
C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

4 3 2 1 28 2726 

5 25 
6 24 

23 
22 

21 

10 20 
11 19 

12131415161718 

ClClClU-~O 
::::::::22 d 

t:l ~ 

NC - No internal connection 

110 

lID 
I/O 

NC 

I/O 

I/O 

1/0 

Pin assignments in operating mode 

Copyright © 1985, Texas Instruments Incorporated 
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TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

TIBPALR19R4' 
M SUFFIX ... JW PACKAGE 

C SUFFIX ... JW OR NT PACKAGE 

(TOP VIEW) 

OUTCLK 

l/D 
I/O 
I/O 

liD 
I/O 
I/O 
I/O 

I/O 
I/O 
I/O 

GND 

1 U24 

2 23 
3 22 
4 21 

5 20 
6 19 
7 18 
8 17 

~ 16 

:= 10 
11 ;!F 
12 13 

VCC 
I/O 
I/O 
I/O 
Q 

Q 

Q 

Q 

I/O 
I/O 
INCLK 

5E 

TIBPALR19RS' 
M SUFFIX ..• JW PACKAGE 

C SUFFIX ... JW OR NT PACKAGE 

(TOP VIEW) 

OUTCLK Vcc 
I/O I/O 
I/O I/O 
I/O Q 

I/O Q 

I/O Q 

I/O Q 
I/O Q 

I/O Q 
I/O 10 15 I/O. 

I/O 11 14 INCLK 
GND 12 13 5E 

TIBPALR 19R5' 
M SUFFIX ... JW PACKAGE 

C SUFFIX ... JW OR NT PACKAGE 

(TOP VIEW) 

OUTCLK 

I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 

I/O 
I/O 

GND 

1 U24 

2 23 

3 22 

4 21 
5 20 
6 19 
7 18 

8 17 

j9 16 

10 15 

11 14 

12 13 

Pin assignments in operating mode 

VCC 
I/O 
Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

INCLK 

3-90 TEXAS ~ 
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TIBPALR19R4' 
M SUFFIX ... FK PACKAGE 
C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

432 1 282726 

I/O 251 I/O 
I/O 241 Q 

lID 7 23 Q 

NC 8 22 NC 
I/O 9 21 Q 

I/O ]10 20 Q 

I/O ]11 19 I/O 

121314 1516 17,~ 

TIBPALR19RS' 
M SUFFIX ... FK PACKAGE 
C SUFFIX ..• FN PACKAGE 

(TOP VIEW) 

~ 
U 
I- U 

OO::::lUUOO 
::::::::02>:::::::: 

4 3 2 1 282726 

22 NC 
Q 

10 Q 

12 1314 15161718 

TIBPALR19RS' 
M SUFFIX ... FK PACKAGE 
C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

~ 
U 
I- U 

OO::::lUUO 
::::::::02>::::0 

4 3 2 1 282726 

I/O 25 Q 

I/O 24 Q 

I/O 23 Q 

NC 22 NC 
21 Q 

I/O 10 20 Q 

I/O 11 19 Q 

, 12 1314 15161718 

g g ~ ~I~ d 0 
(!] ~ 

NC-No internal connection 
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TIBPALR19L8, TIBPALR19R4 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

functional block diagrams (positive logic) 

'PALR19L8 

p----o 

p----o 

P-.-;-........... I/O 

D-~ ............... I/O 

6 

'PALR19R4 

t---- 0 

t---+- 0 

1---+-0 

0-................. -+--1/0 

O....-....+ ............ -+-- I/O 

0-... +--<1 ..... -1--- I/O 

D-..-t .............. --t-- I/O 

4 

(,) 

'0, 
o 

...J 

Q) 

:c 
ctI 
E 
E 
ctI 
a.. 
C) 
o 
a.. 

c.. 
-c 
Q) 
u::: 
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"T1 
[ 
'?-
"'C ... 
o 
cc ... 
Q) 

3 
3 
Q) 

C" 
CD 
r­
o 
cc 
(i' 

TIBPALR19R6, TIBPALR19R8 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

functional block diagrams (positive logic) 

'PAlR19R6 

oE----------------------------a 
OUTCLK----------------------------~ 

a 

INCLK ----<1> a 

a 

a 

11 a 

a 

t-_.....s~~----4r+-11/0 

0-.-+ ....... +---+- I/O 

'PALR19R8 

OE---------------dEN:r-, 

a 

INCLK ----a> a 

a 

r---~----~~~a 

11 r---~-----t~~a 

a 

a 

a 

8 
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logic diagram (positive logic) 

1(1) 

I 

I/O ~o 
4 

@. 1e2 
20 
MO 
M1 

2433 

-= PRODUCT 
LINES 

0 · · .. 
· 7 

ittJ @L 1e2 
8 20 

MO · M1 · -= 2434 · · 
~ 

15 

~ 1e2 
20 16 
MO · M1 · 2435 · 

I/O 

I/O 

· 23 

~ ~ 1e2 
20 24 
MO · M1 

-= 2436 · · 
I/O 

· 31 

~ ~ 1e2 
20 32 
MO · M1 

-= 2437 · · 
I/O 

· 
~ 

39 

ill. 1e2 
20 40 MO 
M1 · -= 2438 · · 

I/O 

· 
~ 

47 

@l 1e2 
20 48 MO 
M1 · -= 2439 · · 

I/O 

· 
~ 

55 

~ 1e2 
20 56 
MO · M1 · 

~ 
· · 63 

(.!Ql 1e2 L. 
20 
MO 
M1 

2441 

IJ @ ~g2 
MO 
M1 

_ 2442 

I/O 

I/O 

I/O 

8 12 

TIBPALR19LB 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

INPUT LINES 
/I 

\ 

16 20 24 28 32 36 J 1e2 
20 
MO 
M1 

2432 
-= 

0-J 
1--
" 

J 
L.-' 

\- J 
L.-' 

r-

1 
v 

r-

] 
L.-' 

1 -v 

-
"""\ ] 

--...... 

~ 
"~ 

" 

r-~ 
H 
>-' 

(23) 
I/O 

(22) o 

(21) 
I/O 

(20) 
I/O 

(19) 
I/O 

(18) 
I/O 

(17)1 /0 

(16) 
I/O 

(15) o 

...... (14 

~3 
)INCLK 

)1 

(.) 

'0, 
o 

..J 
(1) 

:c 
CO 
E 
E 
CO -C') 
o -0-
-C 
Q) 
u::: 

Pin numbers shown are for JW and NT packages. 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

3·93 



" (6' 

c: 
-b ., 
o 

CO ., 
Q) 

3 
3 
Q) 
C" 
CD 
r­
o 
co 
c;" 

TIBPALR19R4 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

logic diagram (positive logic) 

OUTCLK~(1L)--------------------------------------------------------------~ 

INPUT LINES I 
110 (2) ~~;2 ''-0--4---8--1-2--16-...1'1112-0--2-4--2-8--3-2--36--' ~ 

~ ~ ~ 
2433 2432 

- PRODUCT 
LINES 

o 

· 
1/0~~:f ; 

MI • 

2434 • 

· 
~

15 

I/O!& t;/ 16 

~~ : 
2435 • 

· 
~

23 

110 ~ ~g~2 24 
MO 

MI • 

2436 : 

~ 
. 
31 

110 ~ ~g;2 32 
MO 

MI • 

2437 : 

rlfJ
C2 

;9 
110 ill. ~g2 40 

MO 

MI • 

2438 : 

· 
~ 

47 

110 ~ ~~2 48 
MO 
MI • 

2439 : 

~
C2 ;5 

110 ~ ~g2 56 
MO • 
MI • 

2440 • 

(10)~':' 1~2 • 6·3 
110 '.=!. 20 

~~ 
2441 

110 (!.!l1fD,~2 
MO 
MI 

2442 

Pin numbers shown are for JW and NT packages. 
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(23) 110 

(22) 1/0 

(21) 1/0 

(14) INCLK 

~)OE 



logic diagram (positive logic) 

OUTCLK (11 

i 

I/O ~o 
4 

ill. ~g2 
MO 
MI 

2433 
-: PRODUCT 

LINES 

0 · · · · 7 

rtf) ~ le2 
20 B 
MO · MI · -:.2434 · · 

I/O 

15 

f1D 
.~ le2 

20 16 
MO · MI · -: 2435 · · 23 

rttJ @.. le2 
20 24 
MO · MI 

-: 2436 · · 

I/O 

I/O 

· 
~ 

31 

~ ~g2 32 
MO · MI 

-: 2437 · · 
I/O 

· OC2 
39 

ill. le2 
20 40 
;::~ · I/O 

243B · -: · · 47 

,!!!l ~ 
le2 
20 4B MO 
MI · -: 2439 · · 

I/O 

· 55 

~ ,~ le2 
20 56 
MO · MI · -: 2440 · · 
~ 

63 

,~ ~g2 

~~ 

~ I.!! le2 
20 
MO 
MI 

-: 2442 

I/O 

I/O 

I/O 

B 12 

TIBPAL 19R6 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

INPUT LINES 
A , 

16 20 24 2B 32 36 ~ le2 
20 

1231 I/O 
MO 
MI 

2432 
-: 

U ~ 

'\-- 1221 

.-~[J LJ-

I/O 

~ 

B~I rD-
r-

eI 

"1-

Q 

r-

~I )-

~ el r-
.A 
I--

Q 

" 

~I )-B A 

Q 

~I D-
~ el 

Q 

~I )-

~ el 

-
Q 

....... 

~I >-~ el 

I-

Q 

'\-1 
r- v J 

11511 /0 

1141 
INCLK 

DE --<}>lEI 

Pin numbers shown are for JW and NT packages. 
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(.) 

'0, 
o 

....I 

Q) 

:c 
Ctl 

E 
E 
Ctl ... 
C) 

o ... 
c. 
-6 
Cii 
u::: 
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TIBPALR 19R8 
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 

logic diagram (positive logic) 

OUTCLK (1) 

INPUT LINES 
II 

110 

, 

~o 
4 8 12 16 20 24 28 32 

~ lC2 
20 
MO 

_ ;433 

PRODUCT 
LINES 

0 · · · · 7 

~ @L lC2 
20 8 
MO · Ml · -= 2434 · · 

110 

110 

15 

~ ~ lC2 
20 16 
MO · Ml 

-= 2435 · · · 
"T1 
CD- 110 

c: 

" "'" 0 
CC 110 
"'" Q) 

3 
3 
Q) 

0'" 110 

CD 
r-

23 

~ @... lC2 
20 24 
MO · Ml 

-= 2436 · · · 31 

tiJ ~ lC2 
20 32 
MO · Ml 

-= 2437 · · · tJ 
39 

52L 20 40 
:~ · -= 2438 · · 0 

cc 
(i-

110 

· fjJ 47 

@!. lC2 
20 48 
MO · Ml 

-= 2439 · · · 55 

~ ~ lC2 
20 56 
MO · Ml · -= 2440 · · 63 

~ (~ lC2 
20 
MO 
Ml 

iJ (!!! lC2 
20 
MO 
Ml 

-= 2442 

110 

110 

110 

Pin numbers shown are for JW and NT packages. 
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, 
36 ;J 

lC2 (23) 
20 110 
MO 
Ml 

2432 
-= 

=>-~~ 
" 

~ )-

~ Cl 

A 

~ I- )-

~ H Cl 
~ 

~ )--

~ ~ 

~ 

~ J-

~ -

~ )-

~ Cl 

A 

"J-I----' 

~ )-

~ Cl 

~ >-~ Cl >-

(1 4)'NCLK 

3)Qf l-<»!!: 



TIBPALR19LB, TIBPALR19R4, TIBPALR19R6, TIBPALR19RB 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled output (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free·air temperature range: M suffix. . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

e suffix .............................. O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 1: These ratings apply except for programming pins during a programming cycle or during preload cycle. 

recommended operating conditions 

M SUFFIX C SUFFIX 

MIN NOM MAX MIN NOM MAX 
UNIT 

Vcc Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -2 -3.2 mA 

IOL Low-level output current 12 24 mA 

INCLK 0 20 0 30 
MHz fclock Clock frequency 

OUTCLK 0 20 0 30 

INCLK high 20 15 
INCLK low 20 15 

tw Pulse duration. clock 
OUTCLK high 

ns 
20 15 

OUTCLK low 20 15 

Data before INCLKi 15 10 

tsu Setup time Data before OUTCLKi 30 25 ns 

INCLKi before OUTCLKi (See Note 2) 30 25 

Data after INCLKi 5 5 
th Hold time ns 

Data after OUTCLKi 0 0 

TA Operating free-air temperature -55 125 0 70 °C 

NOTE 2: This setup time ensures the output registers will see stable data from the input registers. 

CJ 
'0, 
o 
-I 
Q) 

:c 
CO 
E 
E 
CO ... 
C') 

o ... 
c.. 
-0 
a; 
u: 
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

electrical characteristics over recommended free-air operating temperature range 

TEST CONDITIONSt 
M SUFFIX C SUFFIX 

PARAMETER 
TYP* TYP* MIN MAX MIN MAX 

VIK VCC = MIN, II = -18 rnA -1.5 -1.5 

VOH VCC = MIN, 10H = MAX 2.4 3.2 2.4 3.3 

VOL VCC = MIN, 10L = MAX 0.25 0.4 0.35 0.5 

Outputs 20 20 
10ZH 

1/0 ports 
VCC = MAX, VIH = 2.7 V 

100 100 

Outputs -20 -20 
10ZL 

1/0 ports 
VCC = MAX, VIH = 0.4 V 

-250 -250 

OE Input 0.2 0.2 

II liD Inputs VCC = MAX, VI = 5.5 V 0.1 0.1 

All others 0.1 0.1 

OE Input 40 40 

IIH liD Inputs Vce = MAX, VI = 2.7 V 20 20 

All others 20 20 

OE Input -0.4 -0.4 

IlL liD Inputs VCC = MAX, VI = 0.4 V -0.6 -0.6 

All others -0.2 -0.2 

10§ VCC = MAX, Vo = 2.25 V -30 -125 -30 -125 

ICC 
VCC = MAX, VI = 0 V, 

Outputs open 
150 210 150 210 

UNIT 

V 

V 

V 

p.A 

p.A 

rnA 

p.A 

rnA 

rnA 

rnA 

CD· c: switching characteristics over recommended operating free-air temperature range (unless otherwise 
." noted) . 

"" o 
CC 
"" Q) 

3 
3 
Q) 

C" 
CD 
r­
o 
cc c:;. 

TEST M SUFFIX C SUFFIX 
PARAMETER FROM TO 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 

fmax INCLKl 1/0,0 20 30 MHz 
fmax OUTCLKl Q 20 30 MHz 

tpd 1,1/0 1/0,0 15 30 15 25 ns 

tpd liD' 1/0,0 20 40 20 35 ns 

tpd INCLKl 1/0,0 20 40 20 35 ns 

tpd OUTCLKl Q 10 25 10 20 ns 

OE! Q 
RL = 500 n, 

10 25 10 20 ten ns 

ten 1,1/0 1/0,0 
CL = 50 pF, 

14 30 14 25 ns 

liD' 
See Note 4 

ten 1/0,0 27 45 27 40 ns 

ten INCLKl 1/0,0 27 45 27 40 ns 

tdis OEl Q 11 25 11 20 ns 

tdis 1,1/0 1/0,0 12 30 12 . 25 ns 

tdis liD' 1/0,0 13 30 13 30 ns 

tdis INCLKl 1/0,0 13 30 13 25 j-ns 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*AII typical values are VCC = 5 V, T A = 25°C. 
§The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, lOS. 
'Input configured as an input buffer. . 
NOTE 4: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 
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TIBPALR19LB, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

programming parameters, T A 

\Icc 

VIH 

VIL 

VOH 

VIHH 

IIHH 

twl 

tw2 

tsu 

th 

tdl 

td2 

td3 

tw3 

PARAMETER 

\I.:;rify-Ievel supply voltage 

High-level input voltage 

Low-level input voltage 

High-level output voltage 

Program-pulse input voltage 

PO 

Program-pulse input current 
PGM ENABLE, L/R 

PI, PA 

VCC 
Program-pulse duration at PO or I/D pins 

Pulse duration at PGM VERIFY and INCLK 

Setup time 

Hold time 

Delay time from VCC to 5 V to PGM VERIFYi 

Delay time from PGM VERI FYi to verification of output 

Delay time 

Input voltage at pins 1 and 13 to open verify-protect (security) fuse 

Input current to open verify-protect (security) fuse 

Pulse duration to open verify-protect (security) fuse 

Vee value during security fuse programming 

TEXAS ~ 
INSTRUMENTS 
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MIN 

4.5 

2 

10.25 

10 

100 

100 

100 

100 

200 

100 

15.5 

20 

NOM MAX 

5.0 5.5 

5.5 

0.8 

5.5 

10.5 10.75 

50 

25 

5 

400 

50 

16 16.5 

400 

50 

a 0.4 

UNIT 

V 

V 

V 

V 

V 

mA 

p's 

ns 

ns 

ns 

p's 

ns 

ns 

V 

mA 

p's 

V 
(.) 
.0, 
o 

...J 
Q) 

::c 
co 
E 
E 
co ... 
C) 
o ... 

0-
-C 
Qi 
li: 
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"T1 ro· 
c: 
-ll .., 
o 
(C .., 
Q) 

3 
3 
Q) 

e-
m 
r­
o 
(C 

n' 

TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TlBPALR19R8 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

pin assignments in programming mode (PGM ENABLE at VIHH) 

JW OR NT PACKAGE 

(TOP VIEW) 

PGM ENABLE VCC 
PIO 
Pll P03 
PI2 P02 
PI3 pal 

PI4 POO 
PI5 PAO 
PI6 PAl 
PI7 PA2 
PI8 LlR 
Pig INCLK 

PRODUCT TERMS 0 THRU 31 

GND PGM VERIFY 

PI2 
PI3 
PI4 
NC 

PI6 
PI7 

PRODUCT TERMS 32 THRU 63 

JW OR NT PACKAGE 

(TOP VIEW) 

PGM VERIFY VCC 
PIO 
Pll LlR 

PAO 
PAl 

PI4 PA2 
PI5 P03 
PI6 P02 
PI7 pal 

PI8 POO 
Pig INCLK 

GND PGM ENABLE 

* Must be held low throughout ProgramiVerify cycle. 

PI2 
PI3 
PI4 
NC 
PI5 
PI6 
PI7 

5 

6 

7 

8 

10 

11 

5 

6 

7 

8 

9 

10 

11 

FN PACKAGE 

(TOP VIEW) 

UJ 
...J 
a:J 
<! 
Z 
UJ 

::Q~u~ 8 
o.o.o.Z>* 0. 

4 3 2 1 282726 

12 131415161718 

FN PACKAGE 

(TOP VIEW) 

>­u. 
a: 
UJ 

> 

::Q~U~ 0: 
o.o.o.Z>* ::J 

4 3 2 1 282726 

12 1314151617 18 

CXlCl"lOUW~O 

1i:1i:zzCild~ 
(!J <!Z 

z-
w 

NC-No internal connection 
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25 P02 
24 pal 

23 POO 
22 NC 
21 PAO 
20 PAl 
19 PA2 

25 PAO 
24 PAl 
23 PA2 
-22 NC 
21 P03 
20 P02 
19 pal 



INPUT 
LINE 

NUMBER 

0 
1 
2 
3 
4 

.5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

TIBPALR19LB, TIBPALR19R4, TIBPALR19R6, TIBPALR19RB 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT 

PIN NAME PRODUCT PIN NAME 
LINE 

PI9 PIS PI7 PI6 PI5 PI4 PI3 PI2 PI1 PIO L/R NUMBER POOP01P02P03PA2PA1PAO 

HH HH HH HH HH HH HH HH HH L Z 0,32 Z Z Z HH Z Z Z 
HH HH HH HH HH HH HH HH HH H Z 1,33 Z Z Z HH Z Z HH 
HH HH HH HH HH HH HH HH HH L HH 2,34 Z Z Z HH Z HH Z 
HH HH HH HH HH HH HH HH HH H HH 3,35 Z Z Z HH Z HH HH 
HH HH HH HH HH HH HH HH L HH Z 4,36 Z Z Z HH HH Z Z 
HH HH HH HH HH HH HH HH H HH Z 5,37 Z Z Z HH HH Z HH 
HH HH HH HH HH HH HH HH L HH HH 6,38 Z Z Z HH HH HH Z 
HH HH HH HH HH HH HH HH H HH HH 7,39 Z Z Z HH HH HH HH 
HH HH HH HH HH HH HH L HH HH Z 8,40 Z Z HH Z Z Z Z 
HH HH HH HH HH HH HH H HH HH Z 9,41 Z Z HH Z Z Z HH 
HH HH HH HH HH HH HH L HH HH HH 10,42 Z Z HH Z Z HH Z 
HH HH HH HH HH HH HH H HH HH HH 11,43 Z Z HH Z Z HH HH 
HH HH HH HH HH HH L HH HH HH Z 12,44 Z Z HH Z HH Z Z 
HH HH HH HH HH HH H HH HH HH Z 13,45 Z Z HH Z HH Z HH 
HH HH HH HH HH HH L HH HH HH HH 14,46 Z Z HH Z HH HH Z 
HH HH HH HH HH HH H HH HH HH HH 15,47 Z Z HH Z HH HH HH 
HH HH HH HH HH L HH HH HH HH Z 16,48 Z HH Z Z Z Z Z 
HH HH HH HH HH H HH HH HH HH Z 17,49 Z HH Z Z Z Z HH 
HH HH HH HH HH L HH HH HH HH HH 18,50 Z HH Z Z Z HH Z 
HH HH HH HH HH H HH HH HH HH HH 19,51 Z HH Z Z Z HH HH 
HH HH HH HH L HH HH HH HH HH Z 20,52 Z HH Z Z HH Z Z 
HH HH HH HH H HH HH HH HH HH Z 21,53 Z HH Z Z HH Z HH 
HH HH HH HH L HH HH HH HH HH HH 22,54 Z HH Z Z HH HH Z 
HH HH HH HH H HH HH HH HH HH HH 23,55 Z HH Z Z HH HH HH 
HH HH HH L HH HH HH HH HH HH Z 24,56 HH Z Z Z Z Z Z 
HH HH HH H HH HH HH HH HH HH Z 25,57 HH Z Z Z Z Z HH 
HH HH HH L HH HH HH HH HH HH HH 26,58 HH Z Z Z Z HH Z 

HH HH HH H HH HH HH HH HH HH HH 27,59 HH Z Z Z Z HH HH 
HH HH L HH HH HH HH HH HH HH Z 28,60 HH Z Z Z HH Z Z 
HH HH H HH HH HH HH HH HH HH Z 29,61 HH Z Z Z HH Z HH 
HH HH L HH HH HH HH HH HH HH HH 30,62 HH Z Z Z HH HH Z 
HH HH H HH HH HH HH HH HH HH HH 31,63 HH Z Z Z HH HH HH 
HH L HH HH HH HH HH HH HH HH Z 
HH H HH HH HH HH HH HH HH HH Z 
HH L HH HH HH HH HH HH HH HH HH 
HH H HH HH HH HH HH HH HH HH HH 
L HH HH HH HH HH HH HH HH HH Z 
H HH HH HH HH HH HH HH HH HH Z 

.~ 
C') 

o 
....J 
Q) 

:c 
CO 

E 
E 
CO 
~ 

C') 
o 
~ 

a.. 
-0 
Q) 
u: 

L = VIL, H = VIH, HH = VIHH, Z = high impedance (e.g., 10 kfl to 5 V) 
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III 

TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

programming procedure for array fuses 

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate (one of 38) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 
Step 6 
Step 7 

Raise PGM ENABLE to VIHH. 
Select an input line by applying appropriate levels to L/R and PI pins. 
Begin selection of the output line with appropriate conditions on PA pins. 
Pulse INCLK to VIH. 
Raise VCC to VIHH. 
Blow the fuse by pulsing the appropriate PO pin to VIHH as shown in Table 2 for the product line. 
Return VCC to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 6 wilf be less than 
VOL if the fuse is open. 

Steps 1 thru 7 may be repeated if the verification does not indicate that the fuse was successfulfy 
programmed (blown), but no more than 4 times. Verification is possible only with the verify-protect fuse 
intact. 

To prevent further verification, two last fuses may be blown by raising PGM ENABLE and PGM VERIFY 
to 16 ± 0.5 volt. VCC is required to be at 0 during this operation. 

programming waveforms for array fuses 

VIHH 

.GM ENABLE ): ~----- V" 

tsu """'f++f +t I- th 

PI.~;~~;~E~NS~: i \r--l------- :::H 
(SEE TABLES I I 

1 AND 21 -.: :-tsu VIL 1-: r-tw 
INCLK ----!-n------------------------------------------ ::~ 

I 
I 

: .j: K 
___ -+jJ I I"", -------------------- 6 v 
----~~u~---t-t~~t_--------------------- OV 

Vcc 
-------------------------- VIHH 

I r+-tw1-+j I 

(S:'~;:!2( ;xcl-f\---T~ :::" 
I td21--'l. @ L -t r+- t w2 

tci1~ I VIH 

PGMVERIFY n 
-----------------~ ~------------------------------- VIL 

CD A high level during the verify interval indicates that programming has not been successful. 

@ A low level during the verify interval indicates that programming has been successful. 
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TIBPALR19LB, TIBPALR19R4, TIBPALR19R6, TIBPALR19RB 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

programming procedure for architectural fuses (see Notes 5 and 6) 

Program: 
Step 1 
Step 2 
Step 3 
Step 4 
Step 5 

Verify: 
Step 6 
Step 7 
Step 8 
Step 9 

Step 10 

Step 11 

Apply VIL to all I/D pins and pins 1, 13 and 14; and 5 volts to the VCC pin. 
Raise VCC pin to VIHH. 
Raise INCLK pin to VIHH. 
To program a D input pin into an I input pin, pulse the selected pin to VIHH. 
Lower INCLK to VIL and VCC to 5" volts. 

Raise pin 13 and I/D input pins 2 thru 11 to VIHH. 
Set pin 22 to Z to select pins 2 thru 11 or set pin 22 to VIHH to select pin 23. 
Raise INCLK to VIHH. 
To verify architectural fuses at pins 2 thru 11 lower one of these pins to VIH. When verifying 
pin 23, lower pin 2 to VIH. 
Clock pin 1, then lower the pin at VIH in step 9 to VIL. Clock pin 1. If pin 15 is high, fuse is 
intact. If pin 15 is low, fuse is blown. Note, only the first clock is needed for pin 23. 
Repeat above steps 1 thru 10 for each D input to be programmed into an I input. 

programming waveforms for architectural fuses (see Note 6) 

vCCv�HH?------~ PROGRAM ~ 
5 V _ _ _ I I \~------V-E-R-IF-Y------__ 

I I I \ 
I +114- II 

o v I tw1 I ~ I4-t~3 I "-----
t~3~ II I I~ 

VIHH - - - - - - -;1 -r, I I I I 
I I I I I I 

110 INPUTS I I I I I I I 

VIL ------... 1 --+1..., I I I 

td3-.l ~ td3+114-: ~ ~td3 
VIHH -- - - - - -in II II ~r ::~ III ,.-....;....--..:...----...,. 

PIN 14 (lNCLK) \ 

VIL t--ill-----~ ~I -----

td3-+1 I+",.--i-__ -I-__ -+ _____ i-I ~L 
eoN ",O"V'HH ---------- ---TI ,,,J 1"-1 

VIL -------------.....ff I I I 

VIHH ________ H~~':.:::'E~ PIN 23~ I ~ll4-td3 
PIN 22 (LlR) I I ~ 

Z LOW TO SELECT PINS 2 THRU n tpd~ ~tpd 
" tsu-+l i4- I I I " 

PIN1(OUTCLK) VIH------------------n: n: 

VIL I Lf---I 1 .... 1 --------

PIN 15 (OUTPUT) 
Z 

Z = high impedance (e.g., 10 k!l to 5 V). 

I I 
DON'T CARE FOR PINS 2 THRU 11 14 _I 

VOH -L-J.I---L.FUSE INTACT 

VOL--~ FUSE BLOWN 

DON'T CARE FOR PIN 23 14 ~I 

NOTES: 5. Refer to pin assignments in operating mode when programming selected lID pins from D inputs to I inputs. 
6. Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed 

accordingly. 

(,) 

'0, 
o 

...J 

Q.) 

:c 
CO 

E 
E 
CO 
a.. 
C) 

o 
a.. 

c.. 
-6 
Q) 
u:: 
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TIBPALR19L8, TIBPALR19R4, TlBPALR19R6, TIBPALR19R8 
HIGH·PERFORMANCE REGISTERED·INPUT PAL CIRCUITS 

preload procedure for registered outputs (see Note 6) 

Step 1 Pin 13 to VIH, Pin 1 to VIL, and VCC to 5 volts. 
Step 2 Pin 14 to VIHH 
Step 3 At Q outputs, apply VIL to preload a low and VIH to preload a high. 
Step 4 Pin .14 to VIL. 
Step 5 Remove the voltages applied to the outputs. 
Step 6 Pin 13 to VIL 
Step 7 Check the output states to verify preload. 

preload waveforms (see Note 6) 

5V --.-I vee 
ov 

OUTPUTS DISABLED 
VIH 

VIL ----.If 1"'-----------
tdis~ ~ten 

PIN 13 (DE) 

V I ENABLE PRELOAD I 

PIN '4 IINCLK, IHH - - - - - - : - - ~ \ : 

VIL I· I '-. --......;:~--------
I I 
I I ~tw1~ I 

100 ns -if+! VIH I 
v I MIN I I : I VERIFY 

Q V:~ XXXXXXXXX) I( ~"'-......;..;~--xm 
J 

VIL 

secruity fuse programming (see Note 6) 

Vee ~ Il:ll& 0 v 
I ~tw3-.1 . : 
~th"~ r---\.---------- -----,----- 16V 

PIN 1 I V \ I OV 

: I.-tW3..1 : 
~th-+l }-----\j.th.J- - - -- 16 V 

PIN 13 I 1/ \1 I 0 V 

NOTE 6: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed 
accordingly. 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

• High·Performance Operation ... 30 MHz 

o Preload Capability on Output Registers 

DEVICE I/O INPUTS I INPUTS 

'PALT19L8 11 2 
'PALT19R4 11 0 
'PALT19R6 11 0 
'PALT19R8 11 0 

description 

These programmable array logic devices feature 
high speed and functionality similar to the 
TIBPAL 1GL8, 16R4, 16R6, 16R8 series, but 
with the added advantage of D-type transparent 
latches on the inputs. If any input register is not 
desired, it can be converted to an input buffer 
by simply programming the architectural fuse. 

Combining Advanced Low-Power Schottky t 
technology, with proven titanium-tungsten 
fuses, these devices will provide reliable high 
performance substitutes over conventional TTL 
logic. Their easy programmability allows for 
quick design of custom functions and typically 
result in a more compact circuit board. In 
addition, chip carriers are available for further 
reduction in board space. 

Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high 
or low state. This feature simplifies testing 
because the registers can be set to an initial state 
prior to executing the test sequence. 

An M suffix designates full-temperature circuits 
that are characterized for operation over the full 
military temperature range of - 55 DC to 125 DC. 
A C suffix designates commercial-temperature 
circuits that are characterized for operation from 
ODC to 70 DC. 

INPUT LATCH FUNCTION TABLE 

INLE 0 LATCH OUTPUT 

L L L 

L H H 

H X Qo 

t Integrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3.463,975. 

02709, DECEMBER 19B2-REVISED SEPTEMBER 19B5 

o DIP Options Include Both 300·mil Plastic 
and GOO· mil Ceramic 

o Dependable Texas Instruments Quality and 
Reliability 

3-STATE REGISTERED 
I/O PORTS o OUTPUTS 

2 
0 
0 
6 

Q OUTPUTS 
0 6 

8 (3-state buffers) 4 
6 (3-state buffers) 2 
4 (3-state buffers) 0 

TIBPAL T19LS' 
M SUFFIX .•. JW PACKAGE 

C SUFFIX ... JW OR NT PACKAGE 

(TOP VIEW) 

110 
110 
I/O 
NC 
I/O 
110 
I/O 

VCC 
110 110 
110 0 
110 1/0 
lID 1/0 
110 1/0 
110 1/0 
110 1/0 
lID 1/0 
110 0 
lID INLE 

GND 

TIBPALT19LS' 
M SUFFIX •.. FK PACKAGE 
C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

U 
ClCl UUCl 
::::::::-Z>::::O 

4 3 2 1 282726 

5 25 

6 24 

23 

22 

9 21 

10 20 

11 19 

12131415161718 

::::::::::Z2 ....J 
ClClClU-rJO 

l? ~ 

1/0 
1/0 
1/0 

NC 
I/O 
I/O 
1/0 

NC - No internal connection 

Pin assignments in operating mode 

Copyright © 1985, Texas Instruments Incorporated 

Co) 

'6> 
o 

...J 

~ 
.c 
ctI 
E 
E 
ctI 
100 
C) 

o 
100 

c.. 
-0 
Q) 
u::: 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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TIBPALT19R4, TIBPALT19R6, TIBPALT19RB 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

TIBPALT19R4' 
M SUFFIX ... JW PACKAGE 

C SUFFIX ..• JW OR NT PACKAGE 

(TOP VIEW) 

OU,TCLK 
lID 
I/O 
I/O 
lID 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 

GND 

1 U24 

2 23 
3 22 

4 21 

5 20 
6 19 

7 18 

8 17 

~ 16 

10 15 

11 14 

12 13 

VCC 
I/O 
I/O 
I/O 
Q 

Q 

Q 
Q 

I/O 
I/O 
iNIT 
DE 

TIBPAL T19RS' 
M SUFFIX •.• JW PACKAGE 

C SUFFIX ... JW OR NT PACKAGE 

(TOP VIEW) 

OUTCLK Vcc 
lID I/O 
I/O I/O 

Q 
I/O Q 
I/O Q 
I/O Q 
I/O Q 
I/O Q 
I/O I/O 
I/O INLE 

GND BE 

TIBPAL T19RS' 
M SUFFIX ..• JW PACKAGE 

C SUFFIX ... JW OR NT PACKAGE 

(TOP VIEW) 

OUTCLK 

I/O 
I/O 
I/O 
I/O 
I/O 
lID 
I/O 
lID 
I/O 
I/O 

GNO 

1 U24 

2 23 
3 22 
4 21 
5 20 
6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

Pin assignments in operating mode 

VCC 
I/O 
Q 

Q 

Q 
Q 
Q 

Q 

Q 

Q 

INLE 

DE 

3-106 TEXAS ~ 
INSTRUMENTS 

I/O 
I/O 
I/O 
NC 
I/O 
I/O 
I/O 

I/O 
I/O 
I/O 
NC 
I/O 
I/O 
I/O 

TIBPALT19R4' 
M SUFFIX ..• FK PACKAGE 
C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

]5 

]6 

~7 
]8 

~9 
~10 
]11 

~ 
U 
I- U 

ClCl:JUUClO ::::::::oz>:::::::: 

4 3 2 1 282726 

121314 1516 17,~ 

Cl Cl Cl U lUI lUI 0 
::::::::ZzO~:::: 

(!) -

TIBPAL T19RS' 

25~ 
24( 

23 

22 

21 

20 

19 

M SUFFIX ... FK PACKAGE 
C SUFFIX ... FN PACKAGE 

(TOP VIEW) 

~ 
U 
I- U 

gg5~~gg 

4 3 2 1 282726 

5 25 

6 24 

23 

22 

21 

10 20 

11 19 

12 1314 15161718 

Cl Cl Cl U lUI lUI 0 ::::::::ZzO~:::: 
(!) -

TIBPAL T19RS' 
M SUFFIX ... FK PACKAGE 
C SUFFIX ... FN PACKAGE 

(TOP VIEW) 
:..:: 
...J 
U 
I- U 

gg5~~go 
4 3 2 1 282726 

I/O 
Q 
Q 

NC 
Q 
Q 

I /0 

Q 

Q 

Q 

NC 
Q 

Q 
Q 

I/O 5 25 Q 

I/O 6 24 Q 

I/O 23 Q 

NC 22 NC 
I/O 21 Q 

I/O 10 20 Q 

I/O 11 19 Q 

12 1314 1516 17 18 

Cl Cl Cl UIUI lUI 0 
::::::::~zog 

NC - No internal connection 
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functional block diagrams (positive logic) 

TIBPALT19L8, TIBPALT19R4 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

'PALT19L8 

0----0 

0----0 

0---. ......... .-1/0 

o-tt+ ..... ..-I/O 

6 

'PALT19R4 

t----o 

1---+- 0 

I-I-.,..----=~ 0 

,--r-4---=1- 0 

0-...... ---... .... -1-- I/O 

D-.. ~...-. __ I--- I/O 

0-................... .-.1-- I/O 

0-....,--4-+--+- I/O 

4 

4 

CJ 
'0, 
O . 

....J 

~ 
.c 
co 
E 
E 
co 
:r... 
C) 
o 
:r... 

C. 
-0 
(i; 
i.i: 
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TIBPALT19R6, TIBPALT19R8 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

functional block diagrams (positive logic) 

'PALT19R6 

oE--------------------------O 
OUTCLK----------------------------;> 

INLE---a 

11 

1,2C3 
2C3 

3D 

,....--7'--1 M2 

6 

'PALT19R8 

8 

Q 

Q 

Q 

Q 

Q 

Q 

l-_...:2:p-~-. ....... 111/0 
D-&+ .......... -+---I/O 

r;;;-I'--~~-- Q 

Q 

Q 

Q 

Q 

Q 

r--r-Q 

3·108 TEXAS -1.!1 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



logic diagram (positive logic) 

1(1) 

f 

110 

0 4 8 

~ 531. lC2 
20 
MO 
Ml 

2433 
'-: PRODUCT 

LINES 

0 · · · · 7 

~ ~ lC2 
20 8 
MO · Ml · -: 2434 · · 
~ 

15 

~ lC2 
20 16 
MO · Ml · 

~ 
· · 23 

~ lC2 
20 24 
MO · Ml 

-: 2436 · · 

110 

110 

110 

· 
r1lJ 

31 

~ lC2 
20 32 
MO · Ml 

-: 2437 · · 
110 

· 
~ 

39 

!..?l lC2 
20 40 MO · Ml 

-: 2438 · · 
110 

· 
fJ 

47 

~ lC2 
20 48 MO · Ml 

-= 2439 · · 
110 

· 
1lJ 

55 

i2l lC2 
20 56 
~~ · · 

jiJ 
· · 63 

(.!Ql lC2 
20 
MO 
Ml 

j (.!!) ~g2 
MO 
Ml 

-= 2442 

110 

110 

110 

Pin numbers shown are for JW and NT packages. 

12 

TIBPALT19L8 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

INPUT LINES J A 
\ 

16 20 24 28 32 36 

1i~ (23) 
110 

MO 
Ml 

2432 
-: 

J H (22) 
"1--" v a 

-r--

-J (21) 
./ 110 

;1 -

>~ (20) 
I/O 

J (19) 

r-

~ r-

I/O 

-J (18) 
./ I/O 

r-

r-J (17) 
I/O 

~ (16) 
I/O 

>-
,r---

1 (15) 

'f--/ v a 

~ 
~ 

.~ 
C) 
0 

....J 

~ 
.c 

CO 

E 
E 
CO 
"-
C) 
0 
"-c.. 

I 

"C 
Q) 
u::: 
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TIBPAL T1 9R4 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

logic diagram (positive logic) 

OUTCLK~(lL)--------------------------------------------------------------, 

I 

I/Dl3l..~'~2 0 
~o 

2433 

- PRODUCT 
LINES 

o · · · · 
I/D @.LfttJ'~~2 ; 

MO • M, • 
2434 • 

· 
lID ~ ~~2 16 =w 

15 

~~ : 
2435 • 

· 
lID @... ~g~2 24 

ftfD 
23 

lID ~ 

lID ill. 

lID ~ 

MO 
Ml • 
2436 : 

~ ,e2 
20 
MO 
Ml 

';' 2437 

~ ~~ 
M' 

';' 2438 

~ ,e2 
~~ M, 

';' 2439 

· 31 

32 

· · · 39 

40 · · · · 47 

48 

lID ~ ~g~2 56 IJ 
5·5 

MO • M, • 
2440 • · 
~ 

63 

lID (!£l. ~g.2 
~~ 
2441 

I/D(.!.!.!~'~2 
MO 
M' 
2442 

8 

Pin numbers shown are for JW and NT packages. 

INPUT LINES . 
12 16 20 

\ 
24 28 32 36 ;J 

le2 (23) 
lID 20 

MO 
M, 

2432 
';' 

W J (22) 
~ I/O 

H ~D 
) (21) 

1/0 
.-/ '" 

J 1---

)-8~ Q 

>-

H 

~ )-

~ 
Q 

r- e, 

I- --

../-

~ 
~I Q 

el 

.... 

)-rEt--~Q 
r-~ 

" 
r- ~ ) 

~ 
(16) 1/0 

~ "j, (15) 1/0 

(14) INLE 

~)OE 
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logic diagram (positive logic) 

TIBPAL T19R6 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

OUTCLK~(l~)--------------------------------------------------------------, 

I/OE!.~'~' " 
MO 
Ml 

2433 
-: PRODUCT 

LINES 

o · · · · 
liD ~ Ftt'Jf

2 

; 

Ml • 

2434 • 

~
15 

I/O~ ~~2 16 

~~ : 
2435 • 

· fj 
23 

liD.@... ~~2 24 
~~ . 
2436 : 

ftiJ
· 31 

I/O~ ~~2 32 

Ml • 
2437 : 

· 
~ 

39 
(7) 1~2 

I/O~ ~ ~O 

2438 : 

· 
~ 

47 

liD!!!!" ~2 48 

Ml • 

2439 : 

· 
~ 

55 
(9) 1~2 

liD=- 20 56 
MO • 
Ml • 

2440 • · 
~ 

63 
(10) 1~2 

I/O '--' ~~ 
Ml 

2441 

(11)~~2 110·...:....:,: 20 
MO 
Ml 

2442 

4 8 

Pin numbers shown are for JW and NT packages. 

INPUT LINES 
A 

\ 

12 16 20 24 28 32 36 J lC2 
20 
MO 
Ml 

2432 
-: 

'\-

~ 

\-, 

)-

" 
)-

~ 

'" 

(23) 
I/O 

LA (22) 
I/O 

J 
B~ Q 

Cl 

Cl B ~) Q 

114)1NIT 

~)5E 

.~ 
C) 
o 
-I 

Q) 

:c 
CO 
E 
E 
CO ... 
C) 
o ... 

c.. 
-C 
Q) 
u::: 
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TIBPALT19RB 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

logic diagram (positive logic) 

OUTCLK~(1L)--------------------------------------------------------------~ 

" CD' 

~ 
"'tI ... 
o 
cc ... 
III 
3 
3 
III 
C" 
CD 
r­
o 
cc 
n' 

, 

lID ~W=20~y 0 
;::0 
2433 

- PRODUCT 
LINES 

o · · · · 
I/D@LJtJ:f; 

Ml • 

2434 • 

· 
JtJ 

15 

lID (4) 1~C22 16 
'-'- ~~ . 

Ml • 

2435 • · 
~ 

23 

lID ~ ~g~2 24 
MO 
Ml • 

2436 : 

~ 
. 
31 

lID ~ ~2 32 

Ml • 

2437 : 

· 
1D 

39 
lID (7) log 
~ ~~ 4~ 

2438 : 

· 
~ 

47 

lID (8) 19~2 
~ ~ 48 

Ml • 

2439 : 

lID !&f.Jl~2 :: 
MO • 
Ml • 

2440 • · 
~ 

63 

l ID 
(lQl 1~2 
- ~~ 

2441 

lID (11)1J~2 .~ ~ 

Ml 

2442 

INPUT LINES 
A 

12 16 20 24 28 32 

Pin numbers shown are for JW and NT packages. 
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TIBPALT19LB, TIBPALT19R4, TIBPALT19R6, TIBPALT19RB 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ............................................. " 7 V 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled output (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: M suffix. . . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125°C 

e suffix .............................. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°C 

NOTE 1: These ratings apply except for programming pins during a programming cycle or during preload cycle. 

recommended operating conditions 

M SUFFIX C SUFFIX 

MIN NOM MAX MIN NOM MAX 
UNIT 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High·level output current -2 -3.2 mA 

IOL Low-level output current 12 24 mA 

fclock Clock frequency OUTCLK 0 20 0 30 MHz 

INLE low 20 15 ns 

tw Pulse duration OUTCLK high 20 15 
OUTCLK low 20 15 

ns 

Data before INLE t 15 10 

tsu Setup time Data before OUTCLKt 30 25 ns 

INLE low before OUTCLKt (See Note 2) 35 30 

Hold time 
Data after INLE t 5 5 

th 
Data after OUTCLKt 0 0 

ns 

TA Operating free-air temperature -55 125 0 70 °c 

NOTE 2: This setup time ensures the output registers will see stable data from the input latches. 
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TIBPALT19L8. TIBPAL T19R4. TIBPAL T19R6. TIBPAL T19R8 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

electrical characteristics over recommended free-air operating temperature range 

TEST CONDITIONSt 
M SUFFIX C SUFFIX 

PARAMETER 
TYP* TYP* MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.5 -1.5 
VOH Vee = MIN, 10H = MAX 2.4 3.2 2.4 3.3 
VOL Vee = MIN, 10L = MAX 0.25 0.4 0.35 0.5 

Outputs 20 20 
10ZH 

I/O ports 
Vee = MAX, VIH = 2.7 V 

100 100 
Outputs 

VIH = 0.4 V 
-20 -20 

10ZL 
I/O ports 

Vee = MAX, 
-250 -250 

DE Input 0.2 0.2 
II Vee = MAX, VI = 5.5 V 

All others 0.1 0.1 
OE Input 

VI = 2.7 V 
40 40 

IIH 
All others 

Vee = MAX, 
20 20 

DE Input 
VI = 0.4 V 

-0.4 -0.4 
IlL Vee = MAX, 

All others -0.2 -0.2 
lo§ Vee = MAX, Vo = 2.25 V -30 -125 -30 -125 

lee 
Vee = MAX, VI = 0 V, 

150 210 150 210 
Outputs open 

UNIT 

V 

V 

V 

/lA 

/lA 

mA 

/lA 

mA 

mA 

mA 

switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST M SUFFIX C SUFFIX 
PARAMETER FROM TO 

TYP* TYP* 
UNIT 

CONDITIONS MIN MAX MIN MAX 
fmax OUTCLKl Q 20 30 MHz 

tpd 1,110 110,0 15 30 15 25 ns 

tod liD' 1/0,0 25 45 25 40 ns 

tpd INLE! 1/0,0 28 45 28 40 ns 

tpd OUTeLKi Q 10 25 10 20 ns 

ten DE! Q RL = 500 fl, 10 25 10 20 ns 

ten 1,110 110, 0 eL = 50 pF, 14 30 14 25 ns 

ten liD' 110,0 See Note 4 30 45 30 40 ns 

ten INLE! 1/0,0 30 45 30 40 ns 

tdis DEl Q 11 25 11 20 ns 

tdis 1,110 liD, 0 12 30 12 25 ns 

tdis liD' I/O, 0 14 30 14 25 ns 

tdis INLE! I/O, 0 14 30 14 25 ns 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
* All typical values are Vee = 5 V, T A = 25 ce. ' 
§ The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, lOS. 
, Input configured as an input buffer or INLE low. -
NOTE 4: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

programming parameters, T A 

PARAMETER MIN 

Vee Verify-level supply voltage 4.5 

VIH High-level input voltage 2 

VIL Low-level input voltage 

VOH High-level output voltage 

VIHH Program-pulse input voltage 10.25 

PO 

IIHH Program-pulse input current 
PGM ENABLE, L/R 

PI, PA 

Vee 

tw1 Program-pulse duration at PO or liD pins 10 

tw2 Pulse duration at PGM VERIFY and INeLK 100 

tsu Setup time 100 

th Hold time 100· 

td1 Delay time from Vee to 5 V to PGM VERIFYi 100 

td2 Delay time from PGM VERI FYi to verification of output 200 

td3 Delay time 100 

Input voltage at pins 1 and 13 to open verify-protect (security) fuse 15.5 

tw3 Input current to open verify-protect (security) fuse 

Pulse duration to open verify-protect (security) fuse 20 

Vee value during security fuse programming 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

NOM MAX 
5.0 5.5 

5.5 

0.8 

5.5 

10.5 10.75 

50 

25 

5 

400 

50 

16 16.5 

400 

50 

0 0.4 

UNIT 
V 

V 

V 

V 

V 

mA 

p's 

ns 

ns 

ns 

p's 

ns 

ns 

V 

mA 

p's 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPAL T19R8 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

pin assignments in programming mode (PGM ENABLE at VIHH) 

JW OR NT PACKAGE 

(TOP VIEW! 

PGM ENABLE VCC 
PID 
PI1 P03 

PI2 P02 

PI3 P01 
POD 

PI5 PAD 
PA1 
PA2 

PI8 L/R 

Pig INLE 

PRODUCT TERMS 0 THRU 31 

PI2 
PI3 
PI4 
NC 
PI5 

Gi\lD PGM VERIFY PI6 

JW OR NT PACKAGE 

(TOP VIEW! 

PGM VERIFY VCC 
PID 
PI1 L/R 
PI2 PAD 

PI3 PA1 

PI4 PA2 

PI5 P03 

PI6 P02 
PI7 P01 
PI8 POD 
Pig INLE 

PI7 

PRODUCT TERMS 32 THRU 63 

PI2 
PI3 
PI4 
NC 
PI5 

GND PGM ENABLE PI6 
PI7 

5 

6 

7 

8 

9 

10 

11 

5 

6 

7 

8 

9 

10 

11 

FN PACKAGE 

(TOP VIEW! 

W 
...J 
m 
<I: 
Z 
W 

:::::Q~u~ 8 
a.a.a.Z>* a. 

4 3 2 1 282726 

12 1314 1516 1718 

FN PACKAGE 

(TOP VIEW! 

>-u. 
a: 
W 

> 
::::: Q ~ u ~ c:: 
a.a.a.Z>* :::J 

4 3 2 1 282726 

12 131415161718 

m 0) Cl U W IW 0 
c::c::zzal~~ 

(!) <1:-
z 
W 

~ 
(!) 
a. 

* Must be held low throughout Program/Verify cycle. NC-No internal connection 
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25 P02 
24 P01 

23 POD 
22 NC 
21 PAD 
20 PA1 
19 PA2 

25 PAD 
24 PA1 
23 PA2 
22 NC 
21 P03 
20 P02 
19 P01 



INPUT 
LINE 

NUMBER 

0 
1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1B 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
34 
35 
36 
37 

TIBPALT19LH, TIBPALT19R4, TIBPALT19R6, TIBPALT19RH 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT 

PIN NAME PRODUCT PIN NAME 
LINE 

PI9 PIS PI7 PI6 PIS PI4 PI3 PI2 PI1 PIO L/R NUMBER POOP01P02P03PA2PA1PAO 

HH HH HH HH HH HH HH HH HH L Z 0.32 Z Z Z HH Z Z Z 
HH HH HH HH HH HH HH HH HH H Z 1.33 Z Z Z HH Z Z HH 
HH HH HH HH HH HH HH HH HH L HH 2.34 Z Z Z HH Z HH Z 
HH HH HH HH HH HH HH HH HH H HH 3.35 Z Z Z HH Z HH HH 
HH HH HH HJ-I HH HH HH HH L HH Z 4.36 Z Z Z HH HH Z Z 
HH HH HH HH HH HH HH HH H HH Z 5.37 Z Z Z HH HH Z HH 
HH HH HH HH HH HH HH HH L HH HH 6.3B Z Z Z HH HH HH Z 
HH HH HH HH HH HH HH HH H HH HH 7.39 Z Z Z HH HH HH HH 
HH HH HH HH HH HH HH L HH HH Z B.40 Z Z HH ?- Z z Z 
HH HH HH HH HH HH HH H HH HH Z 9.41 Z Z HH Z Z Z HH 
HH HH HH HH HH HH HH L HH HH HH 10.42 Z Z HH Z Z HH Z 
HH HH HH HH HH HH HH H HH HH HH 11.43 Z Z HH Z Z HH HH 
HH HH HH HH HH HH L HH HH HH Z 12.44 Z Z HH Z HH Z Z 
HH HH HH HH HH HH H HH HH HH Z 13.45 Z Z HH Z HH Z HH 
HH HH HH HH HH HH L HH HH HH HH 14.46 Z Z HH Z HH HH Z 
HH HH HH HH HH HH H HH HH HH HH 15.47 Z Z HH Z HH HH HH 
HH HH HH HH HH L HH HH HH HH Z 16.4B Z HH Z Z Z Z Z 
HH HH HH HH HH H HH HH HH HH Z 17.49 Z HH Z Z Z Z HH 
HH HH HH HH HH L HH HH HH HH HH lB. 50 Z HH Z Z Z HH Z 
HH HH HH HH HH H HH HH HH HH HH 19.51 Z HH Z Z Z HH HH 
HH HH HH HH L HH HH HH HH HH Z 20.52 Z HH Z Z HH Z Z 
HH HH HH HH H HH HH HH HH HH Z 21.53 Z HH Z Z HH Z HH 
HH HH HH HH L HH HH HH HH HH HH 22.54 Z HH Z Z HH HH Z 
HH HH HH HH H HH HH HH HH HH HH 23.55 Z HH Z Z HH HH HH 
HH HH HH L HH HH HH HH HH HH Z 24.56 HH Z Z Z Z Z Z 
HH HH HH H HH HH HH HH HH HH Z 25.57 HH Z Z Z Z Z HH 
HH HH HH L HH HH HH HH HH HH HH 26.5B HH Z Z Z Z HH Z 
HH HH HH H HH HH HH HH HH HH HH 27.59 HH Z Z Z Z HH HH 
HH HH L HH HH HH HH HH HH HH Z 2B.60 HH Z Z Z HH Z Z 
HH HH H HH HH HH HH HH HH HH Z 29.61 HH Z Z Z HH Z HH 
HH HH L HH HH HH HH HH HH HH HH 30.62 HH Z Z Z HH HH Z 
HH HH H HH HH HH HH HH HH HH HH 31.63 HH Z Z Z HH HH HH 
HH L HH HH HH HH HH HH HH HH Z 
HH H HH HH HH HH HH HH HH HH Z 
HH L HH HH HH HH HH HH HH HH HH 
HH H HH HH HH HH HH HH HH HH HH 
L HH HH HH HH HH HH HH HH HH Z 
H HH HH HH HH HH HH HH HH HH Z 
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L = VIL. H = VIH. HH = VIHH. Z = high impedance (e.g .. 10 kO"to 5 V) 
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TIBPAL T19L8. TIBPALT19R4. TIBPALT19R6. TIBPALT19R8 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

programming procedure for array fuses 

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate (one of 38) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 
Step 6 
Step 7 

Raise PGM ENABLE to VIHH. 
Select an in~ut line by applying appropriate levels to L/R and PI pins. 
Begin selection of the output line with appropriate conditions on PA pins. 
Pulse INLE to VIH. 
Raise Vee to VIHH. 
Blow the fuse by pulsing the appropriate PO pin to VIHH as shown in Table 2 for the product line. 
Return Vee to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 6 will be less than 
VOL if the fuse is open. 

Steps 1 thru 7 may be repeated if the verification does not indicate that the fuse was successfully 
programmed (blown). but no more than 4 times. Verification is possible only with the verify-protect fuse 
intact. 

To prevent further verification, two last fuses may be blown by raising PGM ENABLE and PGM VERIFY 
to 16±O.5 volts. Vee is required to ,be at 0 during this operation. 

programming waveforms 

3-118 

PGM ENABLE )1, ~------ VIHH 

:L-VIL 
tsu -t++l +11- th 

SELECTED ~I 1 \cl------- VIHH 
PI. L/R. PA PINS : : 1 VIH 

(SEE TABLES 

1 AND 21 -.: :- tsu VIL 1-: r-tw 
INLE ~------------------------------------------ VIH 

I VIL 

VCC ----:;...,J/: K -------------------------- :I~H 

:tsu-i-J t-th-ll . -----,---1- --,---t--------- ------ ------- OV 

I j+" tw1 -J I. 

Is:~7~~:21 ~---T~xxxxxxxxx :~: 
I I--l-td2 @ OL 
I -1 jtw2 
I.-td1~ n VIH 

PGM VERIFY 
--------------------~ ~-------------------------- VIL 

CD A high level during the verify interval indicates that programming has not been successful. 

@ A low level during the verify interval indicates that programming has been succ~ssful. 
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TIBPALT19LB, TIBPALT19R4, TIBPALT19R6, TIBPALT19RB 
HIGH·PERFORMANCE LATCHED·INPUT PAL CIRCUITS 

programming procedure for architectural fuses (see Notes 5 and 6) 

Program: 
Step 1 
Step 2 
Step 3 
Step 4 
Step 5 

Verify: 
Step 6 
Step 7 
Step 8 
Step 9 

Step 10 

Step 11 

Apply VIL to all I/D pins and pins 1, 13 and 14; and 5 volts to the VCC pin. 
Raise VCC pin to VIHH. 
Raise INLE pin to VIHH. 
To program a D input pin into an I input pin, pulse the selected pin to VIHH. 
Lower INLE to VIL and VCC to 5 volts. 

Raise pin 13 and I/D input pins 2 thru 11 to VIHH, with I/D pin 23 at VIL. 
Set pin 22 to Z to select pins 2 thru 11 or set pin 22 to VIHH to. select pin 23. 
Raise INLE to VIHH. 
To verify architectural fuses at pins 2 thru 11, lower one of these pins to VIH. 'When verifying 
pin 23, lower pin 2 to VIH. 
Clock pin 1, then lower the pin at VIH in step 9 to VIL. Clock pin 1. If pin 15 is high, fuse is 
intact. If pin 15 is low, fuse is blown. 
Repeat above steps 1 thru 10 for ea"ch D input to be programmed into an I input. 

programming waveforms for architectural fuses (see Note 6) 

vCCvIHH?------~ PROGRAM ~ 
5 V _ _ _ I I \~-------V-E-R-IF-Y-------_ 

I I I \ 
I +II+- I! 

o v I tw1 I ~ M-t~3 I '-----
t~3~ II I I~ 

VIHH ---- -- ""1
1

- il I I I I 
I I I I I I 

I/O INPUTS I I I I 1 I I 
I I I I I 

VIL -------+-1 -+.-f .... II 
td3-.t I4i td3~ ~ -+t I4-t d3 

PIN '4 "NLE'V:~ --- -- - -~ \,..! -+-1 ____ I -f(,..-......:..--.......:.----~\'-I ____ _ 
td3--.t 14-_-:----I----+------iI:--i~ 

PIN '3IOE,VIHH --- - - - ---- - - - TI 'dlJ !4-
i
, 

VIL ---------------fl~ I I 1----
VIHH _______ HIG~T~S::.~~N23~ -;.t l4-td3 

PIN 22 (UR) ~ 
Z LOW TO SELECT PINS 2 THRU 11 tpd--i+-+l I4-+1-tpd 

tsu-+l ,... I I 1 

PIN1(OUTCLK) VIH----------- ---- ---nLSl
' VIL I +1----------
~ 

Z--------------------------------------~\J t=i~------
VOH -. 1_- - - -FUSE INTACT 

VOL - - - - - - - FUSE BLOWN 

PIN 15 (OUTPUT) 

Z = High-impedance (e.g., 10 kO to 5 V). 
NOTES: 5. Refer to pin assignments in operating mode for programming selected I/D pins from D input to be programmed into I inputs. 

6. Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed 
accordingly. 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH·PERFORMANCE LATCHED·INPUT PAL. CIRCUITS 

preload procedure for registered outputs (see Note 6) 

Step 1 Pin 13 to VIH, Pin 1 to VIL, and VCC to 5 volts. 
Step 2 Pin 14 to VIHH 
Step 3 At Q outputs, apply VIL to preload a low and VIH to preload a high. 
Step 4 Pin 14 to VIL. . 
Step 5 Remove the voltages applied to the outputs. 
Step 6 Pin 13 to VIL 
Step 7 Check the output states to verify preload. 

preload waveforms (see Note 6) 

5V ---.I Vee 
ov 

VIH 

VIL ----,.,( )""-----------
tdiS~ ~ten 

OUTPUTS DISABLED 

PIN 13 (OE) 

V I ENABLE PRELOAD I 

PIN 14 IINClKI IHH -- - -- -r --fi \ ! 
VIL I I "----;-, ---------

I I 
I I jf--tw1--./ I 

100ns~ VIH I 
V I MIN I I : I VERIFY 

Q V:~ XXXXXXXXX) Ie r,-<,--....... ----xm: 
secruity fuse programming (see Note 6) 

I 
VIL 

vcc~ !!5fl& ov 
I /+tw3-.1 . : . 
j.-th .. 1 r---\---------- -----,----- 16V 

PIN 1 ____ I~_.JV \ '0 V 

I i..tw3..1: . 

II.-th~ )-----\j.th.j- - - -- 16 V 
PIN 13 ____________ -..J'I \' ' 0 V 

NOTE 6: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed 
accordingly. 
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TI882S1058 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEQUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

• 50·MHz Clock Rate 

• Power-On Preset of All Flip-Flops 

• 6-Bit Internal State Register with 8-Bit 
Output Register 

• Power Dissipation ... 600 mW Typical 

• Programmable Asynchronous Preset or 
Output Control 

• Functionally Equivalent to, but Faster than 
82S105At 

description 

The TI882S 1058 is a TTL field-programmable 
state machine of the Mealy type. This state 
machine (logic sequencer) contains 48 product 
terms (AND terms) and 14 pairs of sum terms 
(OR terms). The product and sum terms are used 
to control the 6-bit internal state register and the 
8-bit output register. 

The outputs of the internal state register 
(PO- P5) are fed back and combined with the 16 
inputs (10-115) to form the AND array. In 
addition a single sum term is complemented and 
fed back to the AND array, which allows any of 
the product terms to be summed, 
complemented, and used as an input to the AND 
array. 

The state and output registers are positive-edge­
triggered SIR flip-flops. These registers are 
unconditionally preset high on power-up. Pin 19 
can be used to preset both registers or, by 
blowing the proper fuse, be converteq to an 
output control function. 

The TI882S 1 058M is characterized for operation 
over the full military temperature range of 
-55°C to 125°C. The TI882S1058C is 
characterized for operation from OOC to 75°C. 

t Power-up preset and asynchronous preset functions are not 
identical to 82S 1 05A. See Recommended Operating Conditions. 

02897. SEPTEM8ER 1985-REVISED MAY 1986 

M SUFFIX ... JD PACKAGE 
C SUFFIX ... JD OR N PACKAGE 

(TOP VIEW) 

elK Vee 
17 18 
16 19 
15 110 
14 111 
13 112 
12 113 
11 114 
10 115 

07 PRE/DE 

06 00 
05 01 
04 02 

GND 03 

M SUFFIX ... FK PACKAGE 
C SUFFIX ... FK OR FN PACKAGE 

(TOP VIEW) 

4 3 2 1 282726 

14 5 25 110 
13 6 24 111 
12 7 23 112 
11 8 22 113 
10 9 21 114 

07 10 20 115 
06 11 19 PRE/DE 

12 131415161718 

Copyright © 1985. Texas Instruments Incorporated 

.2 
C) 
o 

...J 

~ 
..c 
ca 
E 
E 
ca ... 
C) 

o ... 
a. -c 
Q) 
u: 

PRODUCTION DATA documents contain information 
currant as of publication date. Products conform to 
specifications par the terms of Texas Instruments 
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TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

functional block diagram (positive logic) 

PRE/DE ----........---, 

'"V denotes fused inputs. 

timing diagram 

vee .J 
I 
I 

~8,tL--00-07 

PRE I II 
---+I------------~ ~~--t-su---.~I----------

OPTIONAL I m 
--~I----------------------~I I --------, , 

10-11& --+-< X I : I '--______ --I. ______ ..J. !+=tsu~ 

. I I , ~;.-.... , elK 

, I 

INTERNAL I Iii ~-i!~------STATE REG ---lI 
PO-P5 I 

I I , I I 
. 'Ir--~~------7--------_'----{' I~----00-07 ------3 ----
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logic diagram (positive logic) 

10 

11 

12 

13 

14 

15 
16 

17 

18 

19 

110 

111 

112 

113 

114 

115 

o 

(9) 

(8) 

(7) 

(6) 

.1.5) 
14) 
(3) 

12) 

(27) 

(26) 

(25) 

124) 

123) 

122) 

121) 

(20) 

PO 

Pl 

P2 

P3 

P4 

P5 

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

TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SE(lUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

P, 
I 

(19) 

.!, 
p ) 

PRE/OE 

~ PO 

-tj~ --D- 1~1 
'"' ~Pl 

-tj ~hr: '"' 1R S 
;::: ;;:;;:::;P2 

'"' ~ :::-

~ ;::: 
1R S 

'1S'P4 

:::- t-t,~~ 
;::: 
~ ~ ~h ;::: :;;:: (18) 

~~ I ...., 1R S 
, (17) 

1S ;:- ~~~ I 

-D :rr 1 (16) 

-'"' ~ I 

-D ' (15) 

....... ~ I 

;::: 1 (13) 

;:: ~ I ;:: 1R S 
(112) 

1S"' """1.J 

~ I -D-
'Ill) ,..., 

,..., ~ I ...., 
, (10) 

;:-- :@J: 
~ 

H;~1 
(1) ....... . ....... . ........ ...... . 

00 

01 

02 

03 

04 

05 

06 

07 

eLK 

INPUT LINES 

NOTES: 1. All AND gate inputs with a blown link float to a logic 1. 
2. All OR gate inputs with a blown link float to a logic O. 
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TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEQUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 3) ................................... : . . . . . . . . . .. 7 V 
Input voltage (see Note 3) .................................................. , 5.5 V 
Voltage applied to a disabled output (see Note 3) ................................. , 5.5 V 
Operating free-air temperature range: TI882S 1 058M . .. . . . . . . . . . . . . . . . . . .. - 55 °e to 125°C 

T1882S1058C .......................... DoC to 75°C 
Storage temperature range ................................... . 

NOTE 3: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

M SUFFIX C SUFFIX 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -2 -3.2 mA 

IOL Low-level output current 12 24 mA 

1 thru 48 product terms 
0 40 0 50 

fclock Clock frequency t 
without C-arrayt 

MHz 
1 thru 48 product terms 

0 25 0 30 
with C-array 

Clock high or low 12 10 
tw Pulse duration ns 

Preset 18 15 

Setup time before CLKi, Without C-array 20 15 
tsu 

1 thru 48 product terms With C-array 35 30 
ns 

tsu Setup time, Preset low (inactive) before CLKt § 10 8 ns 

th Hold time, input after CLKt 0 0 ns 

TA Operating free-air temperature -55 125 0 75 DC 

t The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input, 
the maximum clock frequency must be calculated. 

t The C-array is the single sum term that is complemented and fed back to the AND array. 
§ After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition. 
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TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
M SUFFIX C SUFFIX 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 -1.2 V 

VOH Vee = MIN, 10H = MAX 2.4 3.2 2.4 3 V 

VOL Vee = MIN, 10l = MAX 0.25 0.4 0.37 0.5 V 

II Vee = MAX, VI = 5.5 V 25 25 p.A 

IIH Vee = MAX, VI = 2.7 V 20 20 p.A 

III Vee = MAX, VI = 0.4 V -0.25 -0.25 mA 

lo§ Vee = MAX, Vo = 2.25 V -30 -112 -30 -112 mA 

10ZH Vee = MAX, Vo = 2.7 V 20 20 p.A 

10Zl Vee = MAX, Vo = 0.4 V -20 -20 p.A 

ICC 
Vee = MAX, VI = 4.5 V, 

120 180 120 180 mA 
PRE/OE input at GND, Outputs open 

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

M SUFFIX C SUFFIX 
PARAMETER FROM TO TEST CONDITIONS 

TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

fmax ' : ::~~o~~a~~a:ray 40 70 50 70 
MHz 

25 45 30 45 

tpd elKt Q 8 20 8 15 ns 

tpd PREt Q 
Rl = 500 fl, 

12 25 12 20 ns 

tpd Vee t Q 
el = 50 pF 

0 10 0 10 ns 

ten OE~ Q 10 25 10 20 ns 

tdis OEt Q 5 15 5 10 ns 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, TA = 25°C. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, lOS. 
, fmax is independent of the internal programmed configuration and the number of product terms used. 
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TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

pin assignment in programming mode (pin 

JD OR N PACKAGE 

(TOP VIEW) 

PGM ENABLE Vee 
17 18 
16 19 
15 110 
14 111 
13 112 
12 113 
11 P/v 
10 PGM 

07 PRE/OE 
06 00 
05 01 
04 02 

GND 03 

14 

13 

12 

11 

10 

07 

06 

." c;;. programming parameters, T A 

c:: 
-tJ 
"" o 
(C 

"" Q) 

3 
3 
Q) 

C'" 
CD 
r­
o 
(C 

0' 

VCC 

VIHH 

IIHH 

VIX 

VCCl 

ICCl 

VIH 

VIL 

VOH 

VOL 

twl 

tw2 

td 

tr 
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PARAMETER 

Verify-level supply voltage 

Program high-level input voltage 

Program level input current 

Program level input voltage 

Programming supply voltage 

Programming supply current 

High-level input voltage 

Low-level input voltage 

High-level output voltage 

Low-level output voltage 

Program-pulse duration 

Verify-pulse duration 

Program-pulse duty cycle 

Delay time 

Rise time 
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FK OR FN PACKAGE 

(TOP VIEW) 

W 
...J 
III 
<t 
Z 
w 

~ u 
~~t:~~~~ 
4 3 2 1 282726 

25 

24 

23 

22 

21 

20 

19 

12 1314 151617 18 

MIN NOM 

4.75 5 

14.5 15 

250 

10.25 10.5 

8.25 8.5 

550 

2 

2.4 3 

0.35 

10 

5 

10 

17 20 

110 

111 

112 

113 

P/V 
PGM 

PRE/OE 

MAX 

5.25 

15.5 

500 

10.75 

8.75 

100Q 

0.8 

0.45 

25 

10 

25% 

25 

25 

UNIT 

V 

V 

mA 

V 

V 

mA 

V 

V 

V 

V 

J.ls 

J.ls 

J.ls 

J.ls 



array fuse addresses 

TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEGUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

TABLE 1. INPUT LINE AND SUM·OF·PRODUCTS LINE SELECT 

ROW 

HEX ADDRESS 

113.112.111 11 O. 19. 18. 17 

0 0 

0 1 

0 2 

0 3 

0 4 

0 5 

0 6 

0 7 

0 B 

0 9 

0 A 

0 B 

0 C 

0 D 

0 E 

0 F 

1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 B 

1 9 

1 A 

1 B 

1 C 

1 D 

~r ~ 

3 F 

SELECTED 
ROW 

VARIABLE 
HEX ADDRESS 

113.112.111 
SET 

NO RESET 
4 

4 
SET 

N1 RESET 
4 

4 
SET 

N2 RESET 
4 

4 
SET 

N3 RESET 
4 

4 
OR SET 

N4 RESET Array 
4 

4 
SET 

N5 RESET 
4 

4 
SET 

00 RESET 
4 

4 
SET 

01 RESET 
4 

4 
SET 

02 RESET 
5 

5 
SET 

03 mru 
5 

5 
SET 

04 RESET 
5 

5 
SET 

05 ""Fi'ESET 
5 

5 
SET 

06 REm 
5 

5 
SET 

07 ""Fi'ESET 
5 

5 
Complement 

C 
5 

Array 5 

5 

5 

6 

6 

6 

6 

6 
Empty Address 6 

Space 6 

6 

6 

6 

6 

6 

6 
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SELECTED 

VARIABLE 

10 

io 
I--

11 

i1 

72 
i2 

~ 

~ 
14 

i4 

~ 

~ 
16 

i6 

~ 
i7 

~ 
iB 

"is 
i9 

110 
AND i10 

Array m 
i11 

"i12 
i12 

Ii3 
i13 

"i"i4" 
i14 

liS 
i15 

PO 
PO 

~ 
P1 

P2 
P2 
rpJ 

~ 
P4 

P4 
I--
P5 

P5 

Complement 

Array 
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TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

'WITH 3·STATE OUTPUTS OR PRESET 

TABLE 2. PRODUCT LINE SELECT 

COLUMN 

HEX ADDRESS 
SELECTED 

15.14 13.12.11.10 
TRANSITION TERM 

0 0 0 
0 1 1 
0 2 2 
0 3 3 
0 4 4 
0 5 5 
0 6 6 
0 7 7 
0 8 8 
0 9 9 
0 A 10 
0 B 11 
0 C 12 
0 D 13 
0 E 14 
0 F 15 
1 0 16 
1 1 17 
1 2 18 
1 3 19 
1 4 20 
1 5 21 
1 6 22 
1 7 23 
1 8 24 
1 9 25 
1 A 26 
1 B 27 
1 C 28 
1 D 29 
1 E 30 
1 F 31 
2 0 32 
2 1 33 
2 2 34 
2 3 35 
2 4 36 
2 5 37 
2 6 38 
2 7 39 
2 8 40 
2 9 41 
2 A 42 
2 B 43 
2 C 44 
2 D 45 
2 E 46 
2 F 47 
3 0 Test Col 48 
3 1 Test Col 49 
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TIB82S1058 
16 x 48 x 8FIElD·PROGRAMMABlE lOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

programming procedure for array fuses (see Note 4) 

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the 
appropriate input line or sum of products line (row address) and product line (column address). The addresses 
for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2. 

SETUP 
Step 1: Set PGM ENABLE to GND. 
Step 2: Apply address to inputs. 
Step 3: Set PGM to VIH. 
Step 4: Set PIV to VIL. 
Step 5: Wait td, set VCC to VCC1. 

PROGRAM 
Step 1: Wait td, raise PIV to VIH. 
Step 2: Wait td, raise PGM ENABLE to VIHH. 
Step 3: Wait td, pulse PGM to VIL for tw1. 
Step 4: Wait td, return PGM ENABLE to GND. 
Step 5: Wait td, return PIV to VIL. 

VERIFY 
Step 1:. Wait td, lower PGM to VIL. 
Step 2: After t w 2, read sense: A VIH level indicates a blown fuse. 
Step 3: Raise PGM to VIH. 

NEXT ADDRESS SELECT 
Step 1: After td, lower VCC to GND. 
Step 2: For the same product line wait td, then apply new input line or sum-of-products line address. 
Step 3: For different product line wait td, apply new input line or sum-of-products line address, then apply 

new product line address. 
Step 4: Wait td, set VCC at VCC1. 
Step 5: Continue with program or verify sequence. 

NOTE 4: Input lines and sum of product lines are also referred to as variables. Product lines are also referred to as transition terms. 
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TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

programming waveforms for array fuses 

---""\ ,.-----------------.... ,,---V,H 
FUSE ADDRESS x: x: 

----'::~---VIL 
---+t td 14- --+I td 14--

VCC _____ -'!~ :\:-- ----:::1 
--.! td ---+t :+-

~ ---1 i - - - - - --V,H 

td---+t 14-1 1 i V,L 

P/v 

1 ill 
i---~,-+-I--- .,_1--- ----v 

1 I I I I IHH 

I I I i I 
1 I i I I 

I td-+/:'- I 1 

PGM ENABLE 

GND 
I+- 1 -+I )4-td I I 

-------1~--_\' 1 I 1 I: V,H 

: U ! \-I-'~-I:- - - -- - -V'L 

PGM 

I i I I 1 
1 tw1--+1 r.- I~ \4-- t w2 

I I I 
1r.. .. ---PROGRAM--.. ~II4 .. -VERIFY -+t 

programming procedure for PRE/OE option 

PROGRAM 
Step 1: With PRE/OE at GND, raise Vee to Vee1 . 
Step 2: Wait td, pulse PRE/OE to VIX for a duration of t w 1. 
Step 3: A td delay after PRE/OE has returned to GND, lower Vee to 5 volts or GND. 

VERIFY 
Step 1: With PRE/OE at GND, set Vee to 5 volts. 
Step 2: After a delay of td, raise PRE/OE to VIX for a minimum duration of tw 2. 
Step 3: Return PRE/OE to GND. 
Step 4: Wait td, pulse PRE/OE to VIH for a duration of tw2. 
Step 5: After a td delay, 00 indicates VOH if the PRE option is selected and VOL if the OE option is 

programmed. 

programming waveforms for PRE/OE option 

Vee ~ ~'d~ - ~~d-::- -- - -- --- -~~~' 
--.! td 14- I-"ltd I+- I I 

PRE/DE 

I I I 1 I I 
i - T - - - - - - - - - - - V,X 
1 1 +I td 14-
I -1- - - - - - - ~ - V,H 

----i'I.....,J '--+1-------V,L 

: !+tw1-+1 I 
aD 
1_ VOH 

See Note A 
---~~~~~~~~~~~~~~-------VOL 

NOTE A: After programming if the preset option is selected. 00 will be high; if the output-enable option is selected, 00 will be low. 
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diagnostics 

TIBB2S105B 
16 x 4B x B FIELD·PROGRAMMABLE LOGIC SEGUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

A diagnostics mode is provided with ~hese devices that allows the user to inspect the contents of the 
state register. When 10 (pin 9) is held at 10 V, the state register bits PO-P5 will appear at the 00-05 
outputs and 06-07 will be high. The contents of the output register will remain unchanged. 

diagnostics waveforms 

~~------------------------------------------------------VIH 

11-115 --A 
I ...... ---------------------------------------------------- VIL 

I 
I r------,-- - - - - ----+10V 

I + ","8.0 v 

~------------~'I I'~--------------
10 =x ·i I '1'\ VIH 

I 'I I I ' VIL 

INTERNAL 

I I+-th--.l I . 
I I I I i 1 i\-------r----,------V,H 
I I I I I VIL 
t+---tsu ~14 tw~ I 

-4 --)( +- - - - - - -f - - - - - - -VOH 

I I NS I 
--I - I -+ - - - - - --1 - - - - - - - VOL 

eLK 

PS 

---- -
STATE REGISTER 

PO-P5- - - -- -

: l k--tpd----': \+-tpd4 
QO-Q5--------Q-n------~: ---* an+' 'f.. NS E vaH 

I I VOL 

/4-tpd-+l 

OPTIONAL 
OE --------------------------------------------------------0 V 

PS = Present state, NS = Next state 
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TIB82S1058 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

test array 

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing 
prior to programming. The test array is factory programmed as shown below. Testing is accomplished 
by connecting 00-07 to 18-115, PRE/OE to GND, and applying the proper input signals as shown in the 
timing diagram. Product lines 48 and 49 MUST be deleted during user programming to avoid interference 
with the programmed logic function. 

TEST ARRAY PROGRAM 

OPTION PRE/OE lH 
AND OR 

INPUT PRESENT STATE NEXT STATE OUT 
PRODUCT 

LINE C C 1 1 1 1 1 1 (In) (PS) (NS) (an) 

5 4 3 2 1 o 9181716151413121110 51 41312111 0 5 14 1 3 1 2 11 \0 7 1615141312 J 1 JO 
48 X - H H H H H H HIHIHIHIHIHIHIHIHIH HIHIHIHIHIH LI LI L 1 L 1 L 1 L LILILILILILILIL 
49 - X L L L L L L LILILILILILIL ILILIL LILILILILIL HIHIHIHIHIH HIHIHIHIHIHIHIH 

test array waveforms 

r-------------------------------------------~-----5V 

Vee .-J ___ _ 
- - - - - - - - - - - - - - - - - - - -0 v 

I4-tw--+l 

hL..: __________ ~ILVIH 
---....;..---------~I - I V,L 

14- tsu ~ th.....J 1 
I I I 

10-17 ____ -+1 ________ , ! '-I-----------+i----J~::: 

eLK 

1+ tpd +j I4---+f- tpd tpd ~ 

00-07 ___ --Jt.~i -----~~ /:~i--.------::: 
INTERNAL 1 1 I 

STATE RE~~~!= I ~,-: __________ J/~_-_--_--_:~: 

TEST ARRAY DELETED 

OPTION PRE/OE IH 
AND OR 

INPUT PRESENT STATE NEXT STATE OUT 
PRODUCT 

LINE C C 1 1 1 1 1 1 (In) (PS) (NS) (an) 

5 4 3 2 1 0 9181716151413121110 51413121110 51413121110 716151413121110 
48 - - H H H H H H HIHIHIHIHIHIHIHIHIH HIHIHIHIHIH -1-1-1-1-1- -1-1-1-1-1-1-1-
49 - X L L L L L L LILILIL1L1LIL ILILIL LILILILILIL -1-1-1-1-1- -1-1-1-1-1-1-1-

X = Fuse intact. - = Fuse blown 
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TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

TIB82S105B, 82S105A COMPARISON 

The Texas Instruments 82S 1 05A and T1882S 1 05B are functionally equivalent 16 x 48 x 8 Field-Programmable' 
Logic Sequencers. The TI 82S 1 05A is designed to be a direct replacement to the Signetics 82S 1 05A. However, 
the TIB82S 1 05B is designed for a maximum speed of 50 MHz with the preset function being made conventional. 
As a result the TIB82S 1 05B differs from the 82S 1 05A in speed and in the preset recovery function. 

The TIB82S 1 05B is a high-speed version of the original 82S 1 05A. The TIB82S 1 05B features increased switching 
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz 
and does not decrease as more product terms are connected to each sum (OR) line. For instance, if all 4B product 
tems were connected to a sum line on the original 82S 1 05A, the fmax would be about 15 MHz. The fmax 
for the TIB82S 1 05B remains at 50 MHz regardless of the programmed configuration. In addition, the preset 
recovery sequence was changed to a conventional recovery sequence, providing quicker clock recovery times. 
This is explained in the following paragraph. 

The TIBB2S105B and the 82S105A are equipped with power-up preset and asynchronous preset functions. 
The power-up preset causes the registers to go high during power-up. The asynchronous preset inhibits clocking 
and causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs, 
the minimum setup time from power-up to the first clock pulse must be met in order to assure that clocking 
is not inhibited. In a similar manner after an asynchronous preset, the preset input must return low (inactive) 
for a given time, tsu, before clocking. 

The Texas Instruments 82S 1 05A and the Signetics 82S 1 05A were designed in such a way that after both 
power-up preset and asynchronous preset they require that a high-to-Iow clock transition occur before a clocking 
transition (low-to-high) will be recognized. This is shown in Figure 1. The Texas Instruments TIB82S105B does 
not require a high-to-Iow clock transition before clocking can be resumed, it only requires that the preset be 
inactive 8 ns (preset inactive-state setup time) before the clock rising edge. See Figure 2. 

The TIB82S 1 05B, with an fmax of 50 MHz, is ideal forsys'tems in which the state machine must run several 
times faster than the system clock. It is recommended that the TIB82S 1 05B be used in new designs and the 
TI 82S 1 05A be used as a second source to the Signetics 82S 1 05A. However, if the TI882S1058 is used to 
replace the 82S105A, then the customer must understand that clocking will begin with the first clock rising 
edge after preset. 

TABLE 3. SPEED DIFFERENCES 

82S105A TIB82S105B 
PARAMETER 

TI AND SIGNETICS TI ONLY 

fmax 20 MHz 50 MHz 

tpd. eLK to Q 20 ns 15 ns 
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TIB82S105B 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEQUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

Vee J,: 
: I4-tsu-+\ 
j4--tsu-+j I I 

PRE I I n I 
--~------~I------------~I , I , 

I eLK 
I I 

REGISTERS :J ,'-___ xJJ ,'--_._x:: 
FIGURE 1. 82S 1 05A PRESET RECOVERY OPERATION 

Vee --1'l 
I ~tsu 
I I I 

PRE __ ~l ____________________ ~~~~: __________________ __ 

eLK 

REGISTERS J ____ x ___ XJl 'I---.--JX ___ C 
FIGURE 2. TIB82S105B PRESET RECOVERY OPERATION 
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TI882S1678 
14 x 48 x 6 FIELD·PROGRAMMA8LE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

• Programmable Asynchronous Preset or 
Output Control 

• Power·On Preset of All Flip·Flops 

• 8·Bit Internal State Register with 4·Bit 
Output Register 

• Power Dissipation . . . 600 mW Typical 

• Functionally Equivalent to, t but Faster than 
82S167A 

description 

The TI882S1678 is a TTL field·programmable 
state machine of the Mealy type. This state 
machine (logic sequencer) contains 48 product 
terms (AND terms) and 12 pairs of sum terms 
(OR terms). The product and sum terms are used 
to control the 8-bit internal state register and the 
4-bit output register. 

The outputs of the internal state register (PO-P7) 
are fed back and combined with the 14 inputs 
(10-113) toform the AND array. In addition the 
first two bits of the internal state register (PO-P1) 
are brought off-chip to allow the output register 
to be extended to 6 bits if desired. A single sum 
term is complemented and fed back to the AND 
array, which allows any of the product terms to 
be summed, complemented, and used as inputs 
to the AND array. 

The state and output registers are positive-edge­
triggered SIR flip-flops. These registers are 
unconditionally preset high on power-up. PRE/OE 
can be used as PRE to preset both registers or, 
by blowing the proper fuse, be converted to an 
output control function, OE. 

The TI882S1678M is characterized for operation 
over the full military temperature range of 
- 55°C to 125°C. The TI882S1678C is 
characterized for operation from 0 °C to 75°C. 

t Power up preset and asynchronous preset functions 
are not identical to 828167 A. 

D2896, JANUARY 1985-REVISED JUNE 1986 

M SUFFIX ... JT PACKAGE 
C SUFFIX ... JT OR NT PACKAGE 

(TOP VIEW) 

VCC 
)7 
)8 
19 
110 
111 

11 112 
113 
PRE/DE 

01 P1 
02 PO 

GND 03 

M SUFFIX ... FK PACKAGE 
C SUFFIX ... FK OR FN PACKAGE 

ITOP VIEW) 

4 3 2 1 28 2726 

25 19 
24 110 

12 7 23 111 
NC 8 22 NC 

11 9 21 112 
10 10 20 113 

00 11 19 PRE/DE 
12 1314 151617 18 

~NClUMO~ 
OOzzoa..a.. 

(!) 

NC-No internal connection 

Copyright © 1985, Texas Instruments Incorporated 
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TIB82S167B 
14 >< 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

functional block diagram (positive logic) 
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ClK 

& ;;'1 4 ... 
45 X 48 48 X 25 ~ 
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timing diagram 

TIB82S167B 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

Vee J 
I 
1 

PRE 1 II 
--~I--------~ ~~-t-su~.I-------
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OE : m 

--~I ------------------~---------~I I ~--------
I I 
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TIB82S167B 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 
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NOTES: 1. All AND gate inputs with a blown link float to the high level. 
2. All OR gate inputs with a blown link float to the low level. 
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TIB82S167B 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled output (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: TIB82S 167BM·. . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 

TIB82S167Be .......................... oDe to 75 De 
Storage temperature range ......................................... - 65 DC to 150 DC 

NOTE 3: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

M SUFFIX C SUFFIX 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -2 -3.2 mA 

IOL Low-level output current 12 24 mA 

1 thru 48 product terms 
0 40 0 50 

fclock Clock frequency t 
without C-array:l: 

MHz 
1 thru 48 product terms 

0 25 0 30 
with C-array 

Clock high or low 12 10 
tw Pulse duration ns 

Preset 18 15 

Setup time before CLKt. Without C-array 20 15 
tsu ns 

1 thru 48 product terms With C-array 35 30 

tsu Setup time. Preset low (inactive) before CLKt § 10 8 ns 

th Hold time. input after CLKt 0 0 ns 

TA Operating free-air temperature -55 125 0 75 °c 

t The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input. 
the maximum clock frequency must be calculated. 

:I: The C-array is the single sum term that is complemented and fed back to the AN D array. 
§ After Preset goes inactive. normal clocking resumes on the first low-to-high clock transition. 

(.) 

't:n 
o 

...J 
Q,) 

:c 
ctI 
E 
E 
ctI 
~ 

C) 
o 
~ 

c.. 
-C 
Q) 
u:: 

TEXAS .. 
INSTRUMENTS 

3-139 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



.." 
CD' 
c: 

" ""I 

o 
CC 
""I 
Q) 

3 
3 
Q) 
C" 
CD 
r­
o 

CC 
n' 

TIB82S167B 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH a·STATE OUTPUTS OR PRESET 

electrical characteristics over recommended operating free·air temperature range (unless otherwise 
noted) 

TEST CONDITIONS t 
'M SUFFIX C SUFFIX 

PARAMETER 
Typt Typt 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 -1.2 V 

VOH Vce = MIN, 10H = MAX 2.4 3.2 2.4 3 V 

VOL Vce = MIN, 10l = MAX 0.25 0.4 0.37 0.5 V 

II Vee = MAX, VI = 5.5 V 25 25 p.A 

IIH Vce = MAX, VI = 2.7 V 20 20 p.A 

III Vcc = MAX, VI = 0.4 V -0.25 -0.25 mA 

10§ Vcc = MAX, Vo = 2.25 V -30 -112 -30 -112 mA 

10ZH Vec = MAX, Vo = 2.7 V 20 20 p.A 

10Zl VCC = MAX, Vo = 0.4 V -20 -20 p.A 

lee 
Vee = MAX, VI = 4.5 V, 

90 160 90 160 mA 
PRE/OE input at GND, Outputs open 

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

M SUFFIX C SUFFIX 
PARAMETER FROM TO TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

, I Without C-array 40 70 50 70 

fmax I With C-array 25 
MHz 

45 30 45 

tpd elKi Q 10 20 10 15 ns 

tpd PREi Q 
Rl = 500 fl, 

8 25 8 20 ns 

tpd Veei Q 
Cl = 50 pF 

0 10 0 10 ns 

ten OE~ Q 10 25 10 20 ns 

tdis OEi Q 5 15 5 10 ns 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
t All typical values are at Vec = 5 V, T A = 25°C. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, lOS. 
, fmax is independent of the internal programmed configuration and the number of product terms used. 
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TIB82S167B 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEQUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

pin assignment in programming mode (PGM ENABLE :5 VIHH) top view 

PGM ENABLE VCC 
w 
....I 
ro 

16 17 <t: 
15 18 

z 
w 

14 19 :2 U 

13 110 !e~a:~~~~ 
12 111 4 3 2 1 282726 
11 112 14 25 19 
10 PN 13 6 24 110 

00 PGM 12 23 111 
01 VER NC 8 22 NC 
02 PO 11 9 21 112 

GND 03 10 10 20 PN 
00 11 19 PGM 

12 1314 15161718 

.-NOUMOa: 
ddzzdc.w 

c.9 > 

NC-No internal connection 

programming parameters, T A = 25°C 

PARAMETER MIN TYP MAX UNIT 

Vee Verify-level supply voltage 4.75 5 5.25 V 

VIHH Program high-level input voltage 14.5 15 15.5 V 

IIHH Program level input current 250 500 mA 

VIX Program level input voltage 10.25 10.5 10.75 V 

Vee1 Programming supply voltage 8.25 8.5 8.75 V 

leel Programming supply current 550 1000 mA 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VOH High-level output voltage 2.4 3 V 

VOL Low-level output voltage 0.35 0.45 V 

twl Program-pulse duration 10 25 p's 

tw2 Verify-pulse duration 5 10 p's 

Program-pulse duty cycle 25% 

td Delay time 10 25 p's 

tr Rise time 17 20 25 p's 
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TIB82S167B 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEQUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

programming procedure for array fuses 

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the 
appropriate input line or sum of products line (row address) and product line (column address!. The ad­
dresses for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2. 

SETUP 
Step 1: Set PGM ENABLE to GND. 
Step 2: Apply address to inputs. 
Step 3: Set PGM to VIH. 
Step 4: Set P/V to VIL. 
Step 5: Wait td, set VCC to VCC1. 

PROGRAM 
Step 1: Wait td, raise P/V to VIH. 
Step 2: Wait td, raise PGM ENABLE to VIHH. 
Step 3: Wait td, pulse PGM to VIL for tw 1. 
Step 4: Wait td, return PGM ENABLE to GND. 
Step 5: Wait td, return P/V to VIL. 

VERIFY 
Step 1: Wait td, lower PGM to VIL. 
Step 2: After tw 2, wait td and read sense at QO. A VIH level indicates a blown fuse. A VIL level indicates 

fuse is intact. 
Step 3: Raise PGM to VIH. 

NEXT ADDRESS SELECT 
Step 1: After td, lower VCC to GND. 
Step 2: For the same product line wait td, then apply new input line or sum-of-products line address. 
Step 3: For different product line wait td, apply new input line or sum-of-products line address, then app-

ly new product line address. 
Step 4: Wait td, set VCC at VCC1. 
Step 5: Continue with program or verify sequence. 

NOTE 4: Input lines and sum of product lines are also referred to as variables. Product lines are also referred to as transition terms. 
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TIB82S167B 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

programming waveforms 

---"'" r--------------------, ,.---VIH 
FUSE ADDRESS X X 
----':: ~---VIL 

~ td 14- --.t td 14--

VCC _____ J!i: ~l- -----:::' 
-+I td~ :+-

~ ---1 i - - - - - - -VIH 

td~ 14-1 i I VIL 

P/v 

1 I 1 1 
i---~- -I- -1- - - -; _1- - - - - - - VIHH 

1 I 1 1 
I I I I I 
I I I I I 

I 1 td--.l:'- 1 I GND 

PGM ENABLE 

td~ 14- I -+I J4-td 1 1 
______ --111-__ """'1 1 I 1 I: v 

: U ! \-J-:-------v:~ PGM 

1 'I 1 1 1 I 
I tw'~ i+- ,--.. J+-tw2 
1 1 I 
1oiI14f----PROGRAM--.. _1144-VERIFY -+t 

programming procedure for PRE/OE option 

PROGRAM 
Step 1: With PGM at GND, raise Vee to Vee1. 
Step 2: Wait td, pulse PGM to VIX for a duration of t w 1. 
Step 3: A td delay after PGM has returned to GND, lower Vee to 5 volts or GND. 

VERIFY 
Step 1: With PGM at GND, set Vee to 5 volts. 
Step 2: After a delay of td, raise PGM to VIX for a minimum duration of t w 2. 
Step 3: Return PGM to GND. 
Step 4: Wait td, pulse PGM to VIH for a duration of t w 2. 
Step 5: After a td delay, 00 indicates VOH if the PRE option is selected and VOL if the OE option is 

programmed. 

programming waveforms for PRE/OE option 

vcc~ 

PGM 

---.! td 14-
I 1 
I 
I 
1 
I 

I - - - - - - - - - - - - - - - ~~~' 

I 
~ td r4"" -+t td I+-

l~tdl4- I I 
I I 1 I 

- T - - - - - - - - - - - VIX , 
- - - - - - - - - - VIH 

~-------VIL 

---;~~~~~~~~~~~~~--------VOH 

00 See Note A 

NOTE A: After programming if the PRE option is selected. 00 will be high; if the output-enable option is selected. the output will be low. 
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TIB82S167B 
14 X 48 X 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH a·STATE OUTPUTS OR PRESET 

array fuse addresses 

TABLE 1. INPUT LINE AND SUM OF PRODUCT LINE SELECT 
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ROW 

HEX ADDRESS 

112.111.110 19.18.17.16 

0 0 

0 1 

0 2 

0 3 

0 4 

0 5 

0 6 

0 7 

0 8 

0 9 

0 A 

0 B 

0 C 

0 D 

0 E 

0 F 

1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

1 A 

1 B 

1 C 

1 D 
~ 

, 
3 F 

SELECTED 
ROW 

VARIABLE 
HEX ADDRESS 

112.111.110 

SET 4 
N7 t---

RESET 4 

~ 4 
N6 

RESET 4 

~ 4 
N5 

RESET 4 

~ 4 
N4 

RESET 4 

OR SET 4 
N3 

I RESET Array 4 

~ 4 
N2 

RESET 4 

SET 4 
Pl f---

RESET 4 

SET 4 
PO 

I RESET 4 

SET 5 
03 f---

RESET 5 

UNUSED 
5 

5 

SET 5 
02 

I RESET 5 

~ 5 
01 

RESET 5 

~ 5 
00 

RESET 5 

UNUSED 
5 

5 

Complement 
C 

5 

Array 5 

5 

5 

6 

6 

6 

6 

6 

Empty Address 6 

Space 6 

6 

6 

6 

6 

6 

6 
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VARIABLE 
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~ 
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t---
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t---
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TIBB2S167B 
14 x 4B x 6 FIELD·PROGRAMMABLE LOGIC SEBUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

TABLE 2. PRODUCT LINE SELECT 

COLUMN 
SELECTED 

HEX ADDRESS 
TRANSITION TERM 

15.14 13.12.11.10 

0 0 0 
0 1 1 
0 2 2 
0 3 3 
0 4 4 
0 5 5 
0 6 6 
0 7 7 
0 8 8 
0 9 9 
0 A 10 
0 B 11 
0 C 12 
0 D 13 
0 E 14 
0 F 15 
1 0 16 
1 1 17 
1 2 18 
1 3 19 
1 4 20 
1 5 21 
1 6 22 
1 7 23 
1 8 24 
1 9 25 
1 A 26 
1 B 27 
1 C 28 
1 D 29 
1 E 30 
1 F 31 
2 0 32 
2 1 33 
2 2 34 
2 3 35 
2 4 36 
2 5 37 
2 6 38 
2 7 39 
2 8 40 
2 9 41 
2 A 42 
2 B 43 
2 C 44 
2 D 45 
2 E 46 
2 F 47 
3 0 Test Col 48 
3 1 Test Col 49 
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TIB82S167B 
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEOUENCER 
WITH 3-STATE OUTPUTS OR PRESET 

diagnostics 

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the 
state register. When 10 (pin 9) is held at 10 V, the state register bits P2-P7 will appear at the 00-03 and 
PO-P1 outputs. The contents of the registers, 00-03, and PO-P1 remain unchanged. 

diagnostics waveforms 

~------------------------------------------------------VIH 

11-113-.ft\ 

1 -----------------------------------------Vll 
I ., r------""\-- - - - - ----+10V 

1 -I- ~8.0V 
,....--------------~II I~~---------------

10 ~ .(.' , I '\ VIH 

I 'I 1 I ' Vil 

STATE REGISTER 

I I+----th ---+I 1 1 
, 1 1 : I I,,\-------r---------:'H 
I I I Il 
t4-- tsu ~14 tw~ I 

I 1 I "I -- y- T - ~S- - - 1 - - - - - - -VOH 

~ - '""""- -+ - - - - - --t - - ~ - - - - VOL 

elK 

INTERNAL 

PS 

P2-P7 - - - -- -

: l k--tpd----+J I4----tpd4 
QO-Q3. PO-P1 -------Qn------~: ------,.>K Qn + 1 X NS ~ ~OH 

1 1 VOL 

OPTIONAL 
OE 

PS = Present State 
NS = Next State 

\4-tpd-+l 

------------------------------------------------0 V 
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test array 

TIB82S167B 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing 
prior to programming. The test array is factory programmed as shown· below. Testing is accomplished 
by connecting 00-03 to 110-113, PRE/DE to GND, and applying the proper input signals as shown in the 
timing diagram. Product lines 48 and 49 must be deleted during user programming to avoid interference 
with the programmed logic function. 

test array program 

OPTION PRE/OE IH 
AND OR 

INPUT PRESENT STATE NEXT STATE OUTPUT 
PRODUCT 

LINE C C 1 1 1 1 1 1 
(In) (PS) (NS) (an) 

5 4 3 2 1 0 9181716151413121110 5 14 13 1·2 11 1 0 5141312 11 10 716151413121110 
48 X - H H H H H H HIHIHIHIHIHIHIHIHIH HIHIHIHIHIH LILlLILlllL LIL'ILILILJLJLJL 
49 - X L L L L L l LILILILILILILILILll LlllLILILIL H/H/HIHIHIH H /H I H I H I H I H IH J H 

test array waveforms 

Vee ~r-------_---_--_-_--_-_-_--_-_-_-_--_-_-_-_-_-_-_:: 
1 I+-tw--+l 

! h.l. _________ ILVIH 
I I V~ 

I I4-tsu~th-J I 
I I I I 

I I! ... 1---------!I-----1~::: 

ClK 

10-19 

I+t~d+l ~tpd tpd~ 

00-03 ___ -.l!.i-: ------""~ ~;-:I----~-_-::: 
I I 

~n~~ I I I 
STATE REG~~~:; _____ I ~ / ____ ::: 

test array deleted 

OPTION PRE/OE H 
AND OR 

INPUT PRESENT STATE NEXT STATE OUTPUT 
PRODUCT 

LINE C C 1 1 1 1 1 1 
(In) (PS) (NS) (an) 

5 4 3 2 1 0 9181716151413121110 51413 211 10 5 4 3 2 1 0 7 6 5 4 3 2 1 0 
48 - - H H H H H H HIHIHIHIHIHIHIHIHIH HIHIH HIHIH - - - - - - - - - - - - - -

49 - X L L L L l L LILILILILILILILILIL LILIL LILIL - - - - - - - - - - - - - -

X = Fuse intact, - = Fuse blown 
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TIB82S167B 
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEOUENCER 
WITH 3-STATE OUTPUTS OR PRESET 

TIB82S167B, 82S167A COMPARISON 

The Texas Instruments 82S 167 A and TI882S 1678 are functionally equivalent 14 x 48 x 6 Field-Programmable 
Logic Sequencers. The TI 82S167A is designed to be a direct replacement to the Signetics 82S167 A. However, 
the TI882S 1678 is designed for a maximum speed of 50 MHz with the preset function being made conventional. 
As a result the TI882S1678 differs from the 82S167A in speed and in the preset recovery function. 

The TI882S 1678 is a high-speed version of the original 82S 167 A. The TI882S 1678 features increased switching 
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz 
and does not decrease as more product terms are connected to each sum (OR) line. For instance, if all 48 product 
tems were connected to a sum line on the original 82S 167 A, the fmax would be about 15 MHz. The fmax 
for the TI882S1678 remains at 50 MHz regardless of the programmed configuration. In addition, the preset 

, recovery sequence was changed to a conventional recovery sequence, providing quicker clock recovery times. 
This is explained in the following paragraphs. 

The TI882S 1678 and the 82S 167 A are equipped with power-up preset and asynchronous preset functions. 
The power-up preset causes the registers to go high during power-up. The asynchronous preset inhibits clocking 
and causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs, 
the minimum setup time from power-up to the first clock pulse must be met in order to assure that clocking 
is not inhibited. In a similar manner after an asynchronous preset, the preset input must return low (inactive) 
for a given time, tsu, before clocking. 

The Texas Instruments 82S 167 A and the Signetics 82S 167 A were designed in such a way that after both 
power-up preset and asynchronous preset they require that a high-to-Iow clock transition occur before a clocking 
transition (low-to-high) will be recognized. This is shown in Figure 1. The Texas Instruments TI882S1678 does 
not require a high-to-Iow clock transition before clocking can be resumed, it only requires that the preset _be 
inactive 8 ns (preset inactive-state setup time) before the clock rising edge. See Figure 2. 

The T1882S1678, with an fmax of 50 MHz, is ideal for systems in which the state machine must run several 
times faster than the system clock. It is recommended that the TI882S1678 be used in new designs and the 
TI 82S167 A be used as a second source to the Signetics 82S167 A. However, if the TIB82S1678 is used to 
replace the 82S167A, then the customer must understand that clocking will begin with the first clock rising 
edge after preset. 

TABLE 3. SPEED DIFFERENCES 

82S167A TIB82S167B 
PARAMETER 

TI AND SIGNETICS TIONlY 

fmax 20 MHz 50 MHz 

tpd, elK to Q 20 ns 15 ns 
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TIB82S167B 
14 X 48 x 6 FIELD·PROGRAMMABLE LOGIC SEGUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

Vee J: 
I \4-- tsu-.t 
I4--tsu~ I I 

PRE I I II I 
--~------~I------------~I 

eLK 

REGISTERS :J 

I I 
I 
I 
I 
I ____ XY 

FIGURE 1. 825167 A PRESET RECOVERY OPERATION 

Vee .-Il 
I ~tsu 
I I I 

_x:: 

. PRE I II : 
--~--------------------~I ~~------------------

eLK 

REGISTERS J 

I 

I 
I 

I : , _____ X ___ XY , ___ x __ ........ c 
FIGURE 2. TIB82S167B PRESET RECOVERY OPERATION 
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PRODUCT 
PREVIEW 

TIFPGA529 
FIELD-PROGRAMMABLE GATE ARRAY (8 x 8 x 8) 

• High Speed ... tpd 12 ns Typical, 
20 ns Maximum 

• Low Power ... ICC 28 mA Typical, 
45 mA Maximum 

• Ideal for High-Speed Decoding 

• Package Options Include B01h Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 

description 

This field-programmable gate array device 
features a high-speed AND array. It combines 
Advanced Low-Power Schottky technology with 
proven titannium-tungsten fuses. These devices 
will provide reliable high-performance substitutes 
for conventional TTL logic. Applications include 
address decoders, code detectors, peripheral 
selectors, fault monitors, and machine-state 
decoders. Their easy programmability allows for 
quick design of custom functions and typically 
result in a more compact circuit board. 

The TIFPGA529 M suffix is characterized for 
operation over the full military temperature range 
of - 55 DC to 125 DC. The TIFPGA529 C suffix 
is characterized for operation from 0 DC to 70 DC. 

& 

16X8 

8X t> ·8 
rv 

8 
--f--

8 
1.0. rv r-- , 

rv denotes fused inputs. 

D2895. SEPTEM8ER 1985 

M SUFFIX ... J PACKAGE 
C SUFFIX ... J OR N PACKAGE 

(TOP VIEW) 

OE1 
I 

Vee 
5E2 

° o 
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o 

GND--..... __ .-O 

M SUFFIX •.. FK PACKAGE 
C SUFFIX ... FN PACKAGE 

...J EN 
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(TOP VIEW) 
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PRODUCT PREVIEW documents contain information 
on products in the formative or design Jlhase of 
development. Characteristic data Inil other 
spaciflcatlonl ara delign goals. Tuas Instruments 
resarves tha right to changa or discontinua thasa 
products without notica. 
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TIFPGA529 
FIELD·PROGRAMMABLE GATE ARRAY (8 x 8 x 8) 

logic diagram (positive logic) 
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TIFPGA529 
FIELD·PROGRAMMABLE GATE ARRAY (8 x 8 x 8) 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage, VI (see Note 1) ................................................ 5.5 V 
Voltage applied to a disabled output (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: M suffix ......................... " - 55 DC to 125 DC 

e suffix .............................. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 

NOTE 1: These ratings apply except for programming pins during a p~ogramming cycle. 

recommended operating conditions 

M SUFFIX C SUFFIX 
UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -2 -3.2 mA 

10L Low-level output current 12 24 mA 

TA Operating free-air temperature -55 125' 0 70 °c 

programming parameters, T A 

MIN NOM MAX UNIT 

VCC Verify supply voltage 4.75 5 5.25 V 

VCCP Programming supply voltage 8.75 9 9.25 V 

VIH High-level input voltage 4 4.5 5 V 

VIL Low-level input voltage 0 0 0.5 V 

VIHH Program pulse input voltage 11.75 12 12.25 V 

IIHH Program pulse input current 
I 10 through 17 2 5 

I 00 through 07 
mA 

2 5 

ICCp Programming supply current 200 mA 

tw1 Pulse duration, VCC 50 200 P.S 

tw2 Pulse duration, 00 through 07 10 50 !IS 

VCC pulse duty cycle 10% 20% 

tsu Setup time 100 ns 

th Hold time 100 ns 
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TIFPGA529 
FIELD·PROGRAMMABLE GATE ARRAY (8 x 8 x 8) 

electrical characteristics over recommended operating free-air temperature range 

PARAMETER 
M SUFFIX C SUFFIX 

TEST CONDTIONS 
Typt Typt 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.5 -1.5 V 

VOH Vee = MIN, IOH = MAX 2.4 3.3 2.4 3.3 V 

VOL Vee = MIN, IOL = MAX 0.35 0.4 0.35 0.5 V 

10ZH Vee = MAX, Vo = 2.7 V 20 20 JlA 

10ZL Vee = MAX, Vo = 0.4 V -20 -20 JlA 

II Vee - MAX, VI - 5.5 V 0.1 0.1 mA 

IIH Vee = MAX, VI = 2.7 V 20 20 JlA 

IlL Vee = MAX, VI = 0.4 V -0.2 -0.2 mA 

10 Vee = MAX, Vo = 2.25 V -30 -112 -30 -112 mA 

lec 
Vee = MAX, 

Outputs open 

VI = 4.5 V, 
28 45 28 45 mA 

switching characteristics over recommended supply voltage and operating free-air temperature ranges, 
RL = 500 n, CL = 50 pF (unless otherwise noted) 

FROM TO M SUFFIX 
PARAMETER 

(INPUT) (OUTPUT) MIN 

tpd I 0 

ten OE Q 

tdis OE Q 

tAli typical values are at Vee = 5 V, TA = 25°e . 

PROGRAMMING PROCEDURE 

pin assignments in programming mode 

DUAL-IN-liNE PACKAGE 

DEi Vee 
PIO 5E2 
PI1 poo 
PI2 P01 PI2 
PI3 P02 PI3 
PI4 P03 PI4 
PI5 P04 PI5 
PI6 P05 PI6 
PI7 P06 

GND P07 

Typt MAX MIN 

12 

12 

8 

CHIP CARRIER 

,..- UIN ::::QwUw 
0.0.0>0 

I'oCll'o(Ol!) 
a::zooo 

(!) 0. 0.0. 

C SUFFIX 
Typt MAX 

12 

12 

8 

POO 
P01 
P02 
P03 
P04 

UNIT 

ns 

ns 

ns 
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TIFPGA529 
FIELD·PROGRAMMABLE GATE ARRAY (8 x 8 x 8) 

PROGRAMMING PROCEDURE (Continued) 

A linear .select method is used to program array fuses. Each fuse can be opened by selecting the appropriate 
(one to 16) input line and then pulsing the correct (one of 8) product line. The levels for selecting input and 
product lines are shown in Tables 1 and 2. 

Step 1: 
Step 2: 
Step 3: 
Step 4: 
Step 5: 
Step 6: 

Step 7: 

Raise OE1 and OE2 to VIH. 
Raise not-selected inputs to VIH. 
Raise the selected input to VIH or VIL in accordance with Table 1. 
Raise VCC from 5 V to Vccp. 
Blow the fuse by pulsing the appropriate output to VIHH in accordance with Table 2. 
Return VCC to 5 V and pulse the sel~cted input. The appropriate output will switch from VOL 
to VOH. 
Return OE1 and OE2 to VIL. 

Steps 1 through 7 may be repeated if the verification does not indicate that the fuse was successfully programmed 
(blown), but no more than four times. 

TABLE 1. INPUT SELECT LINE 

INPUT PIN NAME 

LINE PIO Pil PI2 PI3 PI4 PI5 PI6 

0 L HH HH HH HH HH HH 
1 H HH HH HH HH HH HH 
2 HH L HH HH HH HH HH 
3 HH H HH HH HH HH HH 
4 HH HH L HH HH HH HH 
5 HH HH H HH HH HH HH 
6 HH HH HH L HH HH HH 
7 HH HH HH HH HH HH HH 
8 HH HH HH HH L HH HH 
9 HH HH HH HH H HH HH 

10 HH HH HH HH HH L HH 
11 HH HH HH HH HH H HH 
12 HH HH HH HH HH HH L 

13 HH HH HH HH HH HH H 
14 HH HH HH HH HH HH HH 
15 HH HH HH HH HH HH HH 

TABLE 2. PRODUCT TERM SELECT 

PRODUCT 

TERM 

0 

1 

2 

3 

4 

5 

6 

7 

H = VIH 
L = VIL 

POO 

HH 
X 

X 

X 

X 

X 

X 

X 

POl P02 

X X 

HH X 

X HH 
X X 

X X 

X X 

X X 

X X 

HH = Program pulse input voltage 
X = Don't care 

PIN NAME 

P03 P04 P05 

X X X 

X X X 

X X X 
HH X X 

X HH X 

X X HH 
X X X 

X X X 

PI7 OEl OE2 

HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
HH H H 
L H H 
H H H 

P06 P07 

X X 

X X 

X X 

X X 

X X 

X X 

HH X 

X HH 
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TIFPGA529 
FIELD·PROGRAMMABLE GATE ARRAY (8 x 8 x 8) 

"T1 
(ii' 
c: 

I 

"C 
~ 

o 
cc 
~ 
Q) 

3 

NOT-SELECTED 
INPUT 

SELECTED 
INPUT 

VCC 

SELECTED 
OUTPUT 

PROGRAMMING PROCEDURES (Continued) 
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___ -.c __ t_su-f~ ~ 'h ~-------------- :~p 
I I 
I I 

-----~----~----------------OV 
I f4tw2~ 

-.I tsu ~I I 

~-;-i_~~~~ VOH 

3 QSelected output will be low , 

~ @selected output will go high when selected input is switched 

m 
r­
o 

CC 
0' 

3-156 

FIGURE 1. PROGRAMMING WAVEFORMS 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



FIELD 
PROGRAMMABLE 
LOGIC 

TIFPLA839, TIFPLA840 
14 x 32 x 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

• Input·to-Output Propagation Delay ... 
10 ns Typical . 

• 24-Pin, 300-mil Slim Line Packages 

• Power Dissipation ... 650 mW Typical 

• Programmable Output Polarity 

description 

The 'FPLA839 (3-state outputs) and the 'FPLA840 
(open-collector outputs) are TTL field-programmable 
logic arrays containing 32 product terms (AND terms) 
and six sum terms (OR terms). Each of the sum-of­
products output functions can be programmed either 
high true or low true. The true condition of each output 
function is activated by the programmed logical 
minterms of 14 input variables. The outputs are 
controlled by two chip-enable pins to allow output 
inhibit and expansion of terms. 

These devices provide high-speed data-path logic 
replacement where several conventional 551 functions 
can be designed into a single package. 

The 'FPLA839M and 'FPLA840M are characterized for 
operation over the full military temperature range of 
- 55 °e to 125 °e. The 'FPLA83ge and 'FPLA840e 
are characterized for operation from ooe to 70 oe. 

JUNE 1984-REVISED NOVEMBER 1984 

LOGIC FUNCTION 

f(1) = PO + P1 ... P31 for polarity link intact 

f(1) = Po* Pi * ... *P31 for polarity link open 

where PO through P31 are product terms 

TIFPLA839M, TIFPLA840M ... JT PACKAGE 
TIFPLA839C, TIFPLA840C ... JT OR NT PACKAGE 

(TOP VIEW) 

Vee 
I 

I 

I I 
a a 
a a 
a a 

GND _____ f-' 0E2 

TIFPLA839M, TIFPLA840M •.. FH OR FK PACKAGE 
TIFPLA839C, TIFPLA840C ... FN PACKAGE 

(TOP VIEW) 

,... u 
_I~ ~ ~-

4 3 2 1 

12 1314151617 18 

OOOU~oo 
aZIo 

I 
NC 

a 

Pin assignments in operating mode (pin 1 is less positive than VIHH) 

Copyright © 1984, Texas Instruments Incorporated 
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TIFPLA839. TIFPLA840 
14 x 32 x 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

functional block diagram (positive logic) 

0E1 ----<:1 

0E2 ---0 

14 

14 

14 

-denotes fused inputs. 

& 
28 X 32 

32 

;>1 
32 X 6 

t,FPLA839 has 3-state ('VI outputs; FPLA840 has open·collector (~I outputs. 

absolute maxim~m ratings 

o 

o 

o 

o 

o 

o 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 1) .................................................. , 5.5 V 
Off-state output voltage (see Note 1) .... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: 'FPLA839M, 'FPLA840M . . . . . . . . . . . . .. - 55°C to 125°C 

'FPLA83ge, 'FPLA840e .................. ooe to 70°C 
Storage temperature ......... ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 

NOTE 1: These ratings apply except for programming pins during a programming cycle, 
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TIFPLA839. TIFPLA840 
14 x 32 x 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

LOGIC DIAGRAM 
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TIFPLA839, TIFPLA840 
14 x 32 x 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

recommended operating conditions 

M SUFFIX C SUFFIX 

MIN NOM MAX NOM 
UNIT 

MIN MAX 

Supply voltage, Vee 4.5 5 5.5 4.75 5 5.25 V 
High-level input voltage, VIH 2 2 V 

Low-level input voltage, VIL 0.8 0.8 V 
High-level output voltage, VOH I 'FPLA840 5.5 5.5 V 

High-level output current, IOH I 'FPLA839 -2 -3.2 rnA 

Low-level output current, IOL 12 24 rnA 
Operating free-air temperature, T A -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

"T1 
(ii' 
e: 
.!g ... 
o 

(Q ... 
Q) 

3 
3 
Q) 
e-m 
r­o 

(Q 

n' 

PARAMETER TEST CONDITIONS t 
M SUFFIX 

TVP; MIN MAX MIN 

VIK Vee = MIN, II = -18 rnA -1.5 

IOH 'FPLA840 Vee = MIN, VOH = 5.5 V 0.1 

VOH 'FPLA839 Vee = MIN, IOH = MAX 2.4 3.2 2.4 

VOL Vee = MIN, IOL = MAX 0.25 0.5 

II Vee = MAX, VI = 5.5 V 0.1 

IIH Vee = MAX, VI = 2.7V 20 

IlL Vee = MAX, VI = 0.4 V -0.5 

IO§ Vee = MAX, Vo = 2.25 V -30 -112 -30 

IOZH Vee = MAX, Vo = 2.7 V 20 

IOZL Vee = MAX, Vo = 0.4 V -20 

lee 
Vee = MAX, 

VI = 0 V, 130 190 BE inputs at VIH 

'FPLA839 switching characteristics 

PARAMETER FROM TO 
M SUFFIX 

TEST CONDITIONS 
TVP* MIN MAX MIN 

tpd Input Output 
RL = 500 to GND, 

eL = 50 pF to GND 
- 10 25 

ten 
Pin 1 RL1 = 500 to 7 V, 10 25 

or Output RL = 500 to GND, 
tdis Pin 13 eL = 50 pF to GND 8 20 

'FPLA840 switching characteristics 

PARAMETER FROM TO TEST CONDITIONS 
M SUFFIX 

TVP:I: MIN MAX MIN 

tpd Input Output 
RL = 500 to Vee, 

10 30 
eL = 50 pF to GND 

ten 
Pin 1 RL1 = 500 to 7 V, 10 25 

or Output RL = 500 to GND, 
tdis Pin 13 eL = 50 pF to GND 8 20 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*AII typical values are at Vee = 5 V, TA = 25°e. 

C SUFFIX 

TVP:t MAX 

-1.5 

0.1 

3 

0.37 0.5 

0.1 

20 

-0.5 

-112 

20 

-20 

130 180 

C SUFFIX 

TVP* MAX 

10 20 

10 20 

8 15 

C SUFFIX 

TVP:I: MAX 

10 25 

10 20 

8 15 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current. lOS-
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UNIT 

ns 

ns 
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OUTPUT POLARITY 

(PGM ENABLE - VILLI 

TIFPLA839, TIFPLA840 
14 x 32 x 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

AND MATRIX 

(VCC31 

OR MATRIX 

(VCC1. PAS - VILI 

PGM ENABLE Vee t PGM ENABLE Vee PGM ENABLE Vee 

Pll PIO Pll PIO PAl PAO 

PI2 PI13 PI2 PI13 PA2 PI13 

PI3 PI12 PI3 PI12 PA3 PI12 

PI4 Pill PI4 Pill PA4 Pill 

P(5 Pll0 PI5 Pll0 PA5 Pll0 
PI6 P(g PI6 Pig PI6 Pig 

PI7 PIS PI7 PIS PI7 PIS 

P05 POO - PO PAO P05 PO~ 

P04 POl PA4 PAl P04 POl 

P03 P02 PA3 PA2 P03 P02 

GND OE2 
""-i..';;"'_~f-' 

GND'""1.. __ ~PGM GND PGM ___ -.I.-

tvcc = VCC2 for program and VCCl for verify 
Pin assignment in programming mode (pin 1 ~ VIHH) top views 

programming parameters, T A = 25°C 

PARAMETER MEASURED AT PROGRAMMING MODE MIN TYP MAX UNIT 

VIHH Program high-level input voltage 
PGM ENABLE AND. OR 

PO pins 
16.5 17 17.5 V 

Polarity 

VILL Program low-level input voltage PGM ENABLE Any 0 0.4 V 

IIHH Program-level input current 
PO pins Polarity 100 

PGM ENABLE AND. OR 
mA 

150 

VIX Program-level input voltage 
POO thru P05 Polarity 

9.5 10 10.5 V 
PGM AND. OR 

PI pins AND 0.6 2 

IIX Program-level input current 0E2 Polarity 5 rnA 

POO thru P05 OR 5 10 

VCCl Programming supply voltage VCC OR 8.5 8.75 9 V 

ICCl Programming supply current VCC OR 250 400 mA 

VCC2 Programming supply voltage VCC Polarity 0 0.4 V 

VCC3 Programming supply voltage VCC AND 4.75 5 5.25 V 

VIH High-level input voltage Any Any 2 V 

VIL Low-level input voltage Any Any 0 0.8 V 

VOH High-level output voltage Any Any 2.4 3.2 V 

VOl Low-level output voltage Any Any 0.25 0.5 V 

Program pulse duration 
POO thru P05 Polarity 

tw 
PGM AND,OR 

50 1000 fls 

Program pulse duty cycle 
POO thru P05 Polarity 

PGM AND,OR 
10 50 0/0 

td Delay time Any Any 10 fls 

tr Rise time Any Any 25 fls 
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TIFPLA839, TIFPLA840 
14 x 32 x 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

PROGRAMMING PROCEDURE 

OUTPUT POLARITY 

Program 

Load all output pins with a 10-kn resistor to 5 V and set pin 12 (GND) to 0 V. Program the output polarity before 
programming either the AND matrix or the OR matrix. An unprogrammed device has all six outputs noninverting. When 
the polarity link of an output is opened, the output function becomes inverting. Program one output at a time as follows: 

Step 1: 
Step 2: 
Step 3: 
Step 4: 

Verify 

Step 1: 
Step 2: 
Step 3: 
Step 4: 

Step 5: 

Set PGM ENABLE (pin 1) to VILL. 
Set Vee (pin 24) to Vee2; set OE2 (pin 13) to VIi-! and PIO through PI13 to VIH. 
Ramp the appropriate output to VIHH and remove after two 
Repeat step 3 for each output to be programmed low. 

Set PGM ENABLE (pin 1) to VILL; set Vee (pin 24) to Vee2; set PIO through PI13 to VIH. 
Wait td and raise Vee (pin 24) to Vee1. 
Enable the device by applying VIL to 0E2 (pin 13f. 
Sense the logic state of all six outputs. An output at VOH has been programmed to be inverting, while an 
output at VOL has remained noninverting. 

Remove Vee 1 . 

,....--------------------- - v/H 

ALL PI/PINS ---~ 

Vee ----,........--------~ ,- - - - - - = =~~~: 
tcr~ II 

0E2 ----~--------___,;.....__i V 

~tw~td !--~:~-------- V:: 

/
. I: il~ 11 I_ -+1 ___ .: V~H- - - VIHH 

I r¥l-.J.--VOL 
POO THRU POS -----:~~I I:@:--VIL 

td ~ PROGRAM +\ /4--VERIFY---+\ 

<D A high level during the verify interval indicates that programming has been successful. 

® A low level during the verify interval indicates that programming has not been successful. 

FIGURE 1. OUTPUT POLARITY PROGRAMMING WAVEFORMS 

AND MATRIX 

Program 

Program the output polarity before programming either the AND matrix or the OR matrix. Load all output pins with 
a 10-kn resistor to 5 V and set pin 12 (GND) to VrL. Program each input separately for each product term, one fuse 
at a time. Unused terms do not require fusing, however, all input variables of a selected product term must be 
programmed either true, complement, or don't care-(both links are blown), as follows: 

Step 1: 
Step 2: 
Step 3: 
Step 4: 

Set PGM ENABLE (pin 1) to VILL; set Vee (pin 24) to Vee3. 
Disable all outputs by applying VIH to PGM (pin 13). 
Disable all inputs by applying VIX to the I inputs. 
Address the product term to be programmed (0 through 31) by applying its binary code (VIH for a high and 
VIL for a low) to outputs PAO through PA4 with PAO as the least significant bit. 
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Step 5: 
Step 6: 
Step 7: 
Step 8: 
Step 9: 
Step 10: 
Step 11: 

Verify 

Step 1: 
Step 2: 
Step 3: 
Step 4: 

Step 5: 

Step 6: 
Step 7: 
Step 8: 

· TIFPLA839, TIFPLA840 
14 x 32 x 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

PROGRAMMING PROCEDURE 

Lower the voltage on the first input to VIH for a true. or to VIL for the complement. 
After td. raise PGM ENABLE to VIHH. 
After additional td. pulse the PGM input to VIH for two 
After additional td delay. lower PGM ENABLE to VILL. 
Disable programmed input by raising it back to VIH. 
Repeat steps 5 through 9 for each input. 
Repeat steps 4 through 10 for each product term. 

Set PGM ENABLE (pin 1) to VILL; set Vee (pin 24) to Vee3. 
Enable PO output by setting PGM to VIX. 
Disable all inputs by applying VIX to the I inputs. 
Address the product term to be verified (0 through 31) by applying its binary code on outputs'PAO through 
PA4. 

Lower the input voltage on the first input to VIH and check the logic level of output PO. then lower the 
same input to VIL and again check the level of PO. The input variable state contained in the product term 
is determined from the following table. Two tests are required to verify the programmed state of each variable. 

STATE 

TRUE 

COMPLEMENT 

DON'T CARE 

INACTIVE 

Disable verified input by raising it back to VIX. 
Repeat steps 5 and 6 for all other inputs. 

I 

L 

H 

L 

H 

L 

H 

L 

H 

Repeat steps 4 through 7 for all other product terms. 

PO 

L 

H 

H 

L 

H 

H 

L 

L 

tr~ tdH 

PGMENABlE ________ 0 I-T-----~~~~~~~ :::: 
: td~tW~~ ________ VIX 

____ ~-:::..--~I I I __ VIH 

~H I I . 

~
--------VIX 

----.J ------- - VIH 

~ : : : -------- Vil 
~td I . I I 
ro---"'1 • I I V f%J: I: -- IH 

I I I -- Vil 

PGM 

PIO THRU PI13 

All PA PINS 

--------~I~-------------~I-_T~~Ir_------VOH 
All PO PINS I@ 

-------~I~------------------~.~~~~.~-------VOl 

\+--- PROGRAM ----.+_1 •• --"_I VERIFY 

FIGURE 2. AND MATRIX PROGRAMMING WAVEFORMS 
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TIFPLA839, TIFPLA840 
14 x 32 x 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

OR MATRIX 

Program 

PROGRAMMING PROCEDURE 

Program the output polarity before programming either the AND matrix or the OR matrix. Load all output pins with 
a 1 O-kO resistor to 5 V and set pin 12 (GND) to 0 V. If the product term is contained in the output function, no fusing 
is required. Unwanted terms are deleted by programming one at a time, as follows: 

Step 1: 

Step 2: 
Step 3: 

Step 4: 
Step 5: 
Step 6: 
Step 7: 
Step 8: 
Step 9: 
Step 10: 
Step 11: 

Verify 

Step 1: 

Step 2: 
Step 3: 
Step 4: 
Step 5: 

Set PGM ENABLE (pin 1) to VILL. Disable the outputs by setting PGM (pin 13) to VIH. Set Vee to Vee3. 
Set PI6 through PI13 and PAO through PA5 to VIH. 
Wait td and raise Vee (pin 24) to the program level, Vee1. 
Use the inputs PAO through PA5 to address the product term (0 through 31) that is to be removed by applying 
the corresponding binary code with input PAO as the least significant bit. 
Raise the output pin to VIX. 
Wait td, then raise PGM ENABLE to VIHH. 
Wait td, then pulse PGM to VIX for a period of tp. 
Wait td, then lower PGM ENABLE to VILL. 
Wait td, then remove VIX from output pin. 
Repeat steps 4 through 8 for all other output functions. 
Repeat steps 3 through 9 for all other product terms. 

Lower Vee to Vee3. 

Set PGM ENABLE (pin 1) to VILL. Disable the outputs by setting PGM (pin 13) to VIH. Set Vee to Vee3. 
Set PI6 through PI13 and PAO through PA5 to VIH. 
Wait td and set Vee (pin 24) to the verify level, Vee1. 
Address the product term to be verified (0 through 31) by applying its binary code to inputs PAO through PA5. 
Wait td, and set PGM (pin 13) to VIL. 
Monitor the state of all six outputs (POD through P05) and determine the status of the OR matrix from the 
following table: 

OUTPUT 
OR 

ACTIVE ACTIVE 
FUSE LINK 

HIGH LOW 

L H FUSED 

H L PRESENT 

r------------------------ VIH 
ALLPIPINS ~ 

r----------------------- -- VCC1 
VCC3 .-J 

trH 
v:r!-------,\--------------VIHH 

PGM ENABLE 

PGM -------~ "H<-r-9-=j_" _____ ========= :::L 

I I 
: ~I--I----- VIL 

: :: 
, '" --VIH 
• I I I __ vlL 

"~~-bL ____ =~ox 
POQ THRU P05 ~; ~ OH __ ..... _""""UJ.'.L.&._-...:~ _______ ....,_--_!"""""--- - - VOL 

/4--- PROGRAM ----+l H VERIFY 

ALL PAPINS 

FIGURE 3. OR MATRIX PROGRAMMING WAVEFORMS 
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PRODUCT 
PREVIEW 

82S105A 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

• Programmable Asynchronous Preset or 
Output Control 

• Power-On Preset of All Flip-Flops 

• 6-Bit Internal State Register with 8-Bit 
Output Register 

• Power Dissipation ... 650 mW Typical 

• Programmable Asynchronous Preset or 
Output Control 

• Designed to be Interchangeable with 
Signetics 82S105A 

description 

The 82S 1 OSA is a TTL field-programmable state 
machine of the Mealy type. This state machine 
(logic sequencer) contains 48 product terms 
(AND terms) and 14 pairs of sum terms (OR 
terms). The product and sum terms are lIsed to 
control the 6-bit internal state register and lhe 
8-bit output register. 

The outputs of the internal state register 
(PO- P5) are fed back and combined with the 16 
inputs (l0-11S) to form the AND array. In 
addition a single sum term is complemented and 
fed back to the AND array, which allows any of 
the product terms to be summed, 
complemented, and used as an input to the AND 
array. 

The state and output registers are positive-edge­
triggered . SIR flip-flops. These registers are 
unconditionally preset high on power-up. Pin 19 
can be used to preset both registers or, by 
blowing the proper fuse, be converted to an 
output control function. 

The 82S 1 OSAM is characterized for operation 
over the full military temperature range of 
-S5°C to 12SoC. The 82S105AC is 
characterized for operation from OOC to 70°C. 

D2897,JANUARY 1985- REVISED JUNE 1986 

M SUFFIX ... JD PACKAGE 
C SUFFIX ... JD OR N PACKAGE 

(TOP VIEW) 

elK Vee 
17 18 
16 19 
15 110 
14 111 
13 112 
12 113 
11 114 
10 115 

07 PRE/OE 
06 00 
05 01 
04 02 

GND 03 

M SUFFIX ... FK PACKAGE 
C SUFFIX ... FK OR FN PACKAGE 

(TOP VIEW) 

::£ u 
~~~d~~~ 
4 3 2 1 28 2726 

5 25 110 
24 111 

12 7 23 112 
11 8 22 113 
10 9 21 114 

07 10 20 115 
06 11 19 PRE/OE 

12 1314 1516 17 18 

LOq-OC"1('o,1..--0 
OOzOOOO 

<.9 

Copyright © 1985, Texas Instruments Incorporated 
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PRODUCT PREVIEW documents contain information 
on products in the formative or design IIhase of 
development. Characteristic data an~ other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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82S105A 
16 x 48 X 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

functional block diagram (positive logic) 

PRE/OE -----41.-..-

EN 

S 

CLK----------------------------+-.~> 

16xI> 
10-1 15_.-r-1:..;;.6_-t 

6xI> 

I> 

r'\J denotes fused inputs. 

timing diagram 

VCC~ 
I 
1 

& 8 

48 

6 

t---.;;,6 ;'-----11 R 

6 

1--"~-QO-Q7 

: r--l~~ ________ _ 
I ten~ I+-

PRE 

OPTIONAL : I n-
OE I I 
~~------~--~--~ I 

I 1 1 

10-115 ~'-____ --+-__ --Ir i 
I (Rtsu 

I I 

ClK I I 

~~~ I I I 
INTERNAL Ii 0.1 & I XCi 

STATE REG ----I . \ 
PO-P5 I :: I I I 
QO_Q7---Yr------~~~--~~--------~ 
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82S105A 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

logic diagram (positive logic) 

10 

11 

12 

13 

14 

15 
16 

17 

18 

19 

110 

111 
112 
113 

114 
115 

a 

(91 

(81 

(71 

(61 

(51 

(41 

(31 

(21 

(271 

(261 
(251 

(241 

(231 

(221 

(211 

(201 

PO 

PI 

P2 

P3 

P4 

P5 

41 ••••••• ....... . ........ ....... . 
INPUT LINES 

NOTES: 1. All AND gate inputs with a blown link float to a logic" 1 ". 
2. All OR gate inputs with a blown link float to a logic "0". 

. WITH 3·STATE OUTPUTS OR PRESET 

;;;h 
I 

(191 
PRE/Of 

P d 

-
~ IS 

PO 

~ rt,~1L 
~it: -...... Cl 

-D-~. 
~:t,EC 
~ ~h 

-::: 

~ :::. :t,~IS 
- ~ :::. ""§l :::. :t.n: ~ :::. (181 

- ~ I ..., :ttJ..-
1(171 

IS ::- H>~ I 

::. IS 
1(161 

...... 
Ff~ I 

~ 

:::. ~ 1(151 ..., 
~ I ~ 

- ~ 
1(131 

::. ~ I 

:::. IS 
1(121 

- tttJ..- I ...... 
~(111 - ~ :::. ~ I -..., 

- 1(101 

:- IS 

..... ~ (11 ........ • •••••• 0 

00 

01 

02 

03 
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05 

06 
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82S105A 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET . 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 3) ............................................... 7 V 
Input voltage (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled output (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: 82S105AM . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

82S105Ae ............................ ooe to 70°C 
Storage temperature range .......................................... - 65°C to 150°C 

NOTE 3: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

PARAMETER 
M SUFFIX C SUFFIX 

UNIT 
MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -2 -3.2 mA 

IOL Low-level output current 12 24 mA 

48 product terms 

fclock Clock frequency 
without C-array t 

MHz 
48 product terms 

with C-array 

Clock high .. 

Pulse duration, clock Clock low 
tw 

high or low With C-array 
ns 

Preset 

25 thru 48 Without C-array 

tsu 
Setup time product terms With C-array 

ns 
before CLKt 1 thru 24 I Without C-array 

product terms· With C-array 

tsu Setup time, Preset low (inactive) before CLK~ t ns 

th Hold time, input after CLKt ns 

TA Operating free-air temperature -55 125 0 70 DC 

~ tThe C-array is the single sum term.that is complemented and fed back to the AND array. 
C;' t After Preset goes inactive, normal clocking resumes following a high-to-Iow clock transition. 
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B2S105A 
16 x 4B x B FIELD·PROGRAMMABLE LOGIC SEQUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

electrical characteristics over recommended operating free·air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
M SUFFIX C SUFFIX 

PARAMETER 
Typi Typi 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, 11= -18 mA -1.2 -1.2 V 

VOH Vee = MIN, IOH = MAX 2.4 3.2 2.4 3 V 

VOL Vee = MIN, IOl = MAX 0.25 0.4 0.37 0.5 V 

II Vee = MAX, VI = 5.5 V 0.1 0.1 mA 

IIH Vee = MAX, VI = 2.7 V 20 20 p.A 

III Vee = MAX, VI = 0.4 V -0.5 -0.5 mA 

lo§ Vee = MAX, Va = 2.25 V -30 -112 -30 -112 mA 

IOZH Vee = MAX, Va = 2.7 V 20 20 p.A 

IOZl Vee = MAX, Va = 0.4 V -20 -20 p.A 

lee 
Vee = MAX, VI = 4.5 V, 

PRE/OE input at GND, Outputs open 
120 120 mA 

switching characteristics over recommended supply voltage and operating free· air temperature ranges 
(unless otherwise noted) 

M SUFFIX C SUFFIX 
PARAMETER FROM TO TEST CONDITIONS 

Typi Typi MIN MAX MIN MAX 

, I Without C-array 20 

fmax I With C-array 12.5 

tpd ClKi Q 15 15 
Rl = 500 fl, 

tpd PREi Q 18 18 
el = 50 pF 

tpd VCCi Q 0 0 

ten OEt Q 20 20 

tdis OEi Q 20 20 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
iAIl typical values are at VCC = 5 V, TA = 25°e. 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, lOS. 
, Measured with 48 product terms connected in the OR-array. 
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82S105A 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

pin assignment in programming mode (pin 

JD OR N PACKAGE 

(TOP VIEW) 

PGM ENABLE Vee 
17 18 
16 19 
(5 (10 

14 111 
13 112 
12 113 

11 P/V 
10 PGM 

07 PRE/OE 
06 00 
05 01 
04 02 

GND 03 

programming 'parameters, T A == 25°C 

PARAMETER 

Vce Verify-level supply voltage 

VIHH Program high-level input voltage 

IIHH Program level input current 

VIX Program level input voltage 

Veel Programming supply voltage 

leel Programming supply current 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

twl Program-pulse duration 

tw2 Verify-pulse duration 

Program-pulse duty cycle 

td Delay time 

tr Rise time 

14 

11 

10 

07 

06 
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FK OR FN PACKAGE 

(TOP VIEW) 

W 
-l 
co 
<! 
Z 
w 
~ u 

~~!:::~~~~ 
4 3 2 1 282726 

25 

24 

23 

22 

21 

20 

19 

12 1314 15161718 

MIN NOM 

4.75 5 

14.5 15 

250 

10.25 10.5 

8.25 8.5 

550 

2 

2.4 3 

0.35 

10 

5 

10 

17 20 

110 

111 

112 

113 

P/v 

PGM 

PRE/OE 

MAX UNIT 

5.25 V 

15.5 V 

500 mA 

10.75 V 

8.75 V 

1000 mA 

V 

0.8 V 

V 

0.45 V 

25 .p.s 

10 p's 

25% 

25 p's 

25 p's 



array fuse addresses 

82S105A 
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEOUENCER 

WITH 3-STATE OUTPUTS OR PRESET 

TABLE 1. INPUT LINE AND SUM-OF-PRODUCTS LINE SELECT 

ROW 
SELECTED 

ROW 

HEX ADDRESS 
VARIABLE 

HEX ADDRESS 

113.112.111 110. 19. 18. 17 113.112.111 110.19.18.17 

0 0 SET 4 0 
NO 

IRESET 0 1 4 1 

0 2 SET 4 2 
N1 I

RESET 0 3 4 3 

0 4 SET 4 4 
N2 

IRESET 0 5 4 5 

0 6 SET 4 6 
N3 I---

0 7 RESET 4 7 

0 B, OR SET 4 B 
N4 

IRESET 0 9 Array 4 9 

0 A SET 4 A 
N5 I---

0 B RESET 4 B 

0 C SET 4 C 
00 

I RESET 0 D 4 D 

0 E SET 4 E 
01 I---

0 F RESET 4 F 

1 0 SET 5 0 
02 

IRESET 1 1 5 1 

1 2 SET 5 2 
03 

I RESET 1 3 5 3 

1 4 SET 5 4 
04 

I RESET 1 5 5 5 

1 6 SET 5 6 
05 

IRESET 1 7 5 7 

1 8 SET 5 8 
06 I----

1 9 RESET 5 9 

1 A SET 5 A 
07 I---

1 B RESET 5 B 
-

Complement 5 C 
1 C C 

Array 5 D 

1 D 5 E 

5 'F 

6 0 

6 1 

6 2 

6 3 

6 4 

Empty Address 6 5 

Space 6 6 

6 7 

6 B 

6 9 

6 A 

6 B 

~ ~ 6 C 
3 F 
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SELECTED 

VARIABLE 
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16 

i6 

TI 
i7 

~ 
iB 

'"i9 
~ 
110 

AND 

* Array 

*" i12 
I--

113 

i13 
T,4 
i14 
I--

115 

i15 rpo 
PO 

f-p, 
P1 

~ 
P2 

I-pJ 

~ 
P4 

\ * ,P5 

Complement 
C 

Array 
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82S105A 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

TABLE 2. PRODUCT LINE SELECT 

COLUMN 

HEX ADDRESS 

15.14 13.12.11.10 

SELECTED 

TRANSITION TERM 

0 0 0 
0 1 1 
0 2 2 
0 3 3 
0 4 4 
0 5 5 
0 6 6 
0 7 7 
0 8 8 
0 9 9 
0 A 10 
0 B 11 
0 C 12 
0 D 13 
0 E 14 
0 F 15 
1 0 16 
1 1 17 
1 2 18 
1 3 19 
1 4 20 
1 5 21 
1 6 22 
1 7 23 
1 8 24 
1 9- 25 
1 A 26 
1 B 27 
1 C 28 
1 D 29 
1 E 30 
1 F 31 
2 0 32 
2 1 33 
2 2 34 
2 3 35 
2 4 36 
2 5 37 
2 6 38 
2 7 39 
2 8 40 
2 9 41 
2 A 42 
2 B 43 
2 C 44 
2 D 45 
2 E 46 
2 F 47 
3 0 Test Col 48 
3 1 Test Col 49 
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82S105A 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

programming procedure for array fuses 

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the 
appropriate input line or sum of products line (row address) and product line (column address). The addresses 
for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2. 

SETUP 
Step 1: Set PGM ENABLE to GND. 
Step 2: Apply address to inputs. 
Step 3: Set PGM to VIH. 
Step 4: Set P/V to VIL. 
Step 5: Wait td, set VCC to VCC1. 

PROGRAM 
Step 1: Wait td, raise P/V to VIH. 
Step 2: Wait td, raise PGM ENABLE to VIHH. 
Step 3: Wait td, pulse PGM to VIL for tw1. 
Step 4: Wait td, return PGM ENABLE to GND. 
Step 5: Wait td, return P/V to VIL. 

VERIFY 
Step 1: Wait td, lower PGM to VIL. 
Step 2: After t w 2, read sense: A VIH level indicates a blown fuse. 
Step 3: Raise PGM to VIH. 

NEXT ADDRESS SELECT 
Step 1: After td, lower VCC to GND. 
Step 2: For the same product line wait td, then apply new input line or sum-of-products line address. 
Step 3: For different product line wait td, apply new input line or sum-of-products line address, then apply 

new product line address. 
Step 4: Wait td, set VCC at VCe1. 
Step 5: Continue with program or verify sequence. 

NOTE'4: Input lines and sum of product lines are also referred to as variables. Product lines are also referred to as transition terms. 
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82S105A 
. 16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEQUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

programming waveforms 

---""" ~------------------ ,.---VIH 
FUSE ADDRESS X X 

___ ..I: : '----VIL 

~ td 14- ~ td I+-

VCC-'-____ .J:i: N----u:::' 
-+I td -+t :+-

~ ---1 i - - - - - - -VIH 

td ---+11+-1 i i VIL 

P/V 

I 1 I I -t -:- -- ~-:- ---- -·-VIHH 

iii i I PGM ENABLE 
I 1 1 I I 

I I td~ :'-' 1 GND 
td ---+I I+- 1 -+I r+- td I I 

--------11---'"'1 I I I ': VIH 

: U ! WI--:,-------VIL 

PGM 

1 1 I I I 
1 tw1--+1 I+-- 1-+1 If--tw2 
I I I 
141"---PROGRAM--"'~I~"-. VERIFY-+I 

programming procedure for PRE/OE option 

PROGRAM 
Step 1: With PRE/OE at GND, raise Vee to Vee1 . 
Step 2: Wait td, pulse PRE/OE to V,X for a duration of t w 1. 
Step 3: A td delay after PRE/OE has returned to GND, lower Vee to 5 volts or GND. 

VERIFY 
Step 1: With PRE/OE at GND, set Vee to 5 volts. 
Step 2: After a delay of td, raise PRE/OE to V,X for a minimum duration of t w 2. 
Step 3: Return PRE/OE to GND. 
Step 4: Wait td, pulse PRE/OE to V,H for a duration of t w 2. 
Step 5: After a td delay, 00 indicates VOH if the PRE option is selected and VOL if the OE option is 

programmed. 

programming waveforms for PRE/OE option 

vcc~ 
I - - - - - - - - - '- - - - - - vee1 

i vee 
~tdJ+- ~ td 14-

PGM 

00 

--+! td 14-
, 1 

i 
1 
I· 
I 

I-.Pd I+- I I 
ill i 

- T - - - - - - - - - - - VIX 

i 
- - - - - - - - - - VIH 

'----------VIL 
1 ~~~ 

----~_~~~~~~~~~~~~r----------VOH 
See Note A 

----~~~~~~~~~~~~~~-------------VOl 

NOTE A: After programming if the preset option is selected. 00 will be high; if the output-enable option is selected. 00 will be low. 
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diagnostics 

82S105A 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the 
state register. When 10 (pin 9) is held at 10 V, the state register bits PO-P5 will appear at the 00-05 
outputs and 06-07 will be high. The contents of the output register will r~main unchanged. 

diagnostics waveforms 

~
~------------------------------------------------~----+3V 

11-115 

I ·--------------------------------~----------------------ov 
I 
I r---------"'\- - - - - - - ---+10V 

I + -t a.o v 
I .------------------/1 I I ~ +3 V 10' 4' I I', 

-.lj\ 'I I : ' ov 

INTERNAL 

I I+--th-+l - I I 
1 I I : 1: I\-------r----uu

-:: 

1 I 1 
t+-- tsu .1111 tw----1.i I 

-4 -- V- +- -- - - - - -i - -- - - - - -VOH 

J __ fi\... -t ___ N:" -- - ~ -- -- - - - - - Val 

elK 

PS 

---- -
STATE REGISTER 

PO-05- -- -- -- --

: ~ I+--tpd~ I4--tpd4 

00-05 -------o-n------:-: --->K Co., X NS ~ VOH 

I 1 VOL 

OPTIONAL 
OE 

PS = Present state, NS = Next state 

J+-tpd-+l 
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82S105A 
16 x 48 x 8 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

test array 

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing 
prior to programming. The test array is factory programmed as shown below. Testing is accomplished 
by connecting 00-07 to 18-115, PRE/OE to GND, and applying the proper input signals as shown in the 
timing diagram. Product lines 48 and 49 MUST be deleted during user programming to avoid interference 
with the programmed logic function. 

TEST ARRAY PROGRAM 

OPTION PRE/OE IH 
AND OR 

INPUT PRESENT STATE NEXT STATE OUT 
PRODUCT 

LINE C C , , , , , , (In) (PS) (NS) (On) 

5 4 3 2 , 0 9181716151413121' 10 51 41312 1'1 0 51 413121'1 0 716151413121'10 
48 ·X - H H H H H H HIHIHIHIHIHIH IHIHIH HIHIHIHIHIH LILILILILIL LILILILILILILIL 
49 - X L L L L L L LIL IL ILILIL IL ILILIL LILILILILIL HIHIHIHIHIH HIHIHIHIHIHIHIH 

test array waveforms 

~---------------------------------------------------5V 

vcc~ ___ _ 
--------------ov 

1 \*-tw-+/ 

: hI-I ________________ ---!iC VIH 

----...;....--------------~I . I VIL 

I I+-tsu~th_J I 
I I I I 

i I! LI ____________ --+: __ --'r=-= ::: 

CLI< 

10-17 

I+tpd~ ~tpd tpd~ 

00-07 _____ -J"~:------~~ ~~:I_-_-_--_::~ 
I 1 

INTERNAL 1 I I 

STA TE RE~~S~!: ______ -J1 \: ji-_--_--_--_ ~~: 

TEST ARRAY DELETED 

OPTION PRE/OE IH 
AND OR 

INPUT PRESENT STATE NEXT STATE OUT 
PRODUCT 

LINE C C , , , , , , (In) (PS) INS) (On) 

5 4 3 2 , 0 9181716151413121' 10 51 41312 1'1 0 51 41312 1'1 0 716151413121'10 
48 - - H H H H H H 
49 - X L L L L L L 

X = Fuse intact, - = Fuse blown 

3-176 

HIHIHIHIHIHIHIHIHIH HIHIHIHIHIH 
L ILILILILILILILILIL LILILILILIL 

TEXAS -II} 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

-1-1-1-1-1- -1-1-1-1-1-1-1-
-1-1-1-1-1- -1-1-1-1-1-1-1-



PRODUCT 
PREVIEW 

82S167A 
14 X 48 X 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

• Programmable Asynchronous Preset or 
Output Control 

• Power-On Preset of All Flip-Flops 

• 8-Bit Internal State Register with 4-Bit 
Output Register 

• Power Dissipation ... 600 mW Typical 

• Designed to be Interchangeable with 
Signetics 82S 167 A 

description 

The 82S 167 A is a TTL field-programmable state 
machine of the Mealy type. This state machine 
(logic sequencer) contains 48 product terms 
(AND terms) and 12 pairs of sum terms (OR 
terms). The product and sum terms are used to 
control the 8-bit internal state register and the 
4-bit output register. 

The outputs of the internal state register (PO-P7) 
are fed back and combined with the 14 inputs 
(10-113) to form the AND array. In addition the 
first two bits of the internal state register (PO-P1) 
are brought off-chip to allow the output register 
to be extended to 6 bits if desired. A single sum 
term is complemented and fed back to the AND 
array, which allows any of the product terms to 
be summed, complemented, and used as inputs 
to the AND array. 

The state and output registers are positive-edge­
triggered SIR flip-flops. These registers are 
unconditionally preset high on power-up. PRE/OE 
can be used as PRE to preset both registers or, 
by blowing the proper fuse, be converted to an 
output control function, OE 

The 82S 167 AM is characterized for operation 
over the full military' temperature range of 
- 55°C to 125°C. The 82S 167 AC is 
characterized for operation from 0 °C to 75°C. 

02896. JANUARY 1911b- REVISED OCTOBER 1985 

M SUFFIX ... JT PACKAGE 
C SUFFIX ... JT OR NT PACKAGE 

(TOP VIEW) 

ClK VCC 
16 17 

18 

19 
13 110 
12 111 
11 112 
10 113 

00 PRE/DE 
01 P1 
02 PO 

GND 03 

M SUFFIX ... FK PACKAGE 
C SUFFIX ... FK OR FN PACKAGE 

(TOP VIEW) 

4 3 2 1 282726 

5 25 19 
13 6 24 110 
12 7 23 111 

NC 8 22 NC 

11 9 21 112 
10 10 20 113 

00 11 19 PRE/DE 
12 1314151617 18 

... NOUMO ... 
OOzzOa.a. 

t:J 

NC-No internal connection 

Copyright © 1985. Texas Instruments Incorporated 
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PRODUCT PREVIEW documents contain information 
on products in the formative or design ~hase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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82S167A 
14 x 48x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

functional block diagram (positive logic) 

PRE/OE -~ 

..... 

elK 

& :>, 

LEN 
.~8 ,C1 

r 
4X 4 

,45 X 48 48X 25 18 I = 1 V 
4 

"T1 
CD· 

~ 
"'C .. 
o 

co .. 
D) 

10-113 .1.14 

--

.r 

14X[> 
~ rv 
~ tV 

2X[> 

P- rv 
~ rv 

6X[> 

~ tV 

~ tV 

t> 
I--- tV 

1R 

2X 
2 ... 

18 I='V 
2 ... 1R 

~ tV y' 
6 6X 

18 1=1 
6 ... 1R 

~ 
6 

2 , 3 
3 
D) rv denotes fused inputs 
e-
eD'" timing diagram 
r-
o 

CO 
n' 
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VCC~ 
I 
I 

PRE II r--1 __ ~ ______ ~J I~~ ________ _ 
I I tsu -+I I+-

OPTIONAL : I rI 
OE --III--------i----:..1 ----~ l-

I I I 

10-113 -+-<"-------10----1 "--"'T"'""-...... -~!~. _ 
I 

CLK I I 

~~~ I I 
INTERNAL II ~ I 

STATE REG --J
I 

\ vr-
P2-P7 1 I 1 "t-

~--~~----~ r 
QO-Q3, POop, ----Y ~ 
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logic diagram (positive logic) 

181 

171 

161 

151 

141 

131 

121 

.l231 

1221 

1211 

1201 

1191 

(181 

1171 

PO 

P1 

P2 

P3 

P4 

P5 

P6 

P7 

C 

C 

47 ... 40 39 ... 32 31 . .. 

82S167A 
14 x 48 x 6 FIElD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

IOPTIONI 

~ 
I 

,6 
1161 

P 

E( 

RE/OE 

-D---
...... 1S 

~~ 

~n= ~ C1 
-D- >-+,~ S 

~ C1 tEl: -D- rt,R S 

~a 
. -D- Ft,h 
-D-Fi@: 
8 1RS 

U: ;::: ~.c1 
~ 

1151 

=~ I -D- 1R S I 1141 'is'""'' 
;:::H>~ I 

_r-. 'is'""'' 
I 1131 

;::: ~ I 

;::, 'is'""'' 
I (111 

;::: ~ I - I 1101 'is'""'' 

::-~ I 
~ 1R S I 191 

-D- ~~ -D-~ 
111 

02 

01 

24 23 ... 16 15 ... 8 7 ... 0 

NOTES: 1. All AND gate inputs with a blown link float to the high level. 
2. All OR gate inputs with a blown link float to the low level. 
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82S167A 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage. Vee (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Voltage applied to a disabled output (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free·air temperature range: 82S167 AM . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

82S167Ae ............................ ooe to 75°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 3: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

M SUFFIX C SUFFIX 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

Vil low-level input voltage 0.8 0.8 V 

IOH High-level output current -2 -3.2 mA 

IOl low-level output current 12 24 mA 

48 product terms 

fclock Clock frequency 
without C-array t 

MHz 
48 product terms 

with C-array 

Clock high 

Pulse duration, clock Clock low 
tw 

high or low With C-array 
ns 

Preset 

25 thru 48 Without C-array 

tsu 
Setup time product terms With C-array 

ns 
before ClKi 1 thru 24 Without C-array 

product terms With C-array 

tsu Setup time, Preset low (inactive) before ClK~ t ns 

th Hold time, input after ClKi ns 

TA Operating free-air temperature -55 125 0 70 °C r­
o cc tThe C-array is the single sum term that is complemented and fed back to the AND array. 
c:;' t After Preset goes inactive. normal clocking resumes following a high-to-Iow clock transition. 
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B2S167A 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEDUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

electrical characteristics over recommended operating free·air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
M SUFFIX C SUFFIX 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, 11= -18 rnA -1.5 -1.5 V 

VOH Vee = MIN, IOH = MAX 2.4 3.2 2.4 3 V 

VOL Vee = MIN, IOl = MAX 0.25 0.5 0.37 0.5 V 

II Vee = MAX, VI = 5.5 V 0.1 0.1 rnA 

IIH Vee = MAX, VI = 2.7 V 20 20 /lA 

III Vee = MAX, VI = 0.4 V -0.5 -0.5 rnA 

IOS§ Vee = MAX, Vo = 0 -20 -70 -20 -70 rnA 

IOZH Vee = MAX, Vo = 2.7 V 20 20 /lA 

IOZl Vee = MAX, Vo = 0.4 V -20 -20 /lA 

ICC 
Vee = MAX, VI = 4.5 V 

120 120 rnA 
PRE/OE input at GND, Outputs open 

switching characteristics over recommended supply voltage and operating free·air temperature ranges 
(unless otherwise noted) 

M SUFFIX C SUFFIX 
PARAMETER FROM TO TEST CONDITIONS 

MIN TYP* MAX MIN TYP* MAX 

I With e-array 12.5 
fmax'i Without e-array 20 

tpd elKi Q Fl1 = 470 n, 15 

tpd PREi Q R2 = 1 kn, 18 

tpd Vee i Q el = 30 pF 0 

ten OEt Q 20 

tdis OEi Q 20 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
* All typical values are at Vee = 5 V, T A = 25 ae. 
§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
, fmax is measured with 48· product terms connected in the OR-array and is independent of internal registered feedback. 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

.~ 
C) 
o 

...J 
Q) 

:0 
CO 
E 
E 
CO 
~ 

C) 
o 
~ 

a.. 
I 

"C 
Q) 
u:::: 

TEXAS -I.!} 
INSTRUMENTS 

3-181 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



"T1 
[ 
c. 
-b ... 
o 
cc ... 
Q) 

3 
3 
Q) 
C'" 
m 
r­
o 

CC 
Ci' 

82S167A 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

pin assignment in programming mode (PGM ENABLE ::5 VIHH) top view 

PGM ENABLE VCC 

16 17 
15 18 

14 19 
13 110 
12 111 
11 112 
10 PN 

00 PGM 

01 VER 

02 PO 

GND 03 

NC - No internal connection 

programming parameters, T A = 25 °C 

PARAMETER 

VCC Verify-level supply voltage 

VIHH Program high-level input voltage 

IIHH Program level input current 

VIX Program level input voltage 

VCCl Programming supply voltage 

ICCl Programming supply current 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

twl Program-pulse duration 

tw2 Verify-pulse duration 

Program-pulse duty cycle 

td Delay time 

tr Rise time 

5 

12 7 

NC 8 

11 9 

10 10 

00 11 

UJ 
..J 
co 
« z 
UJ 
~ U 

~~~~~t:~ 
4 3 2 1 282726 

12 131415161718 

...-NQUMOa: 
OOzzoa.UJ 

t!) > 

MIN 

14.5 

10.25 

8.25 

550 

2 

2.4 

10 

5 

10 

17 
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25 19 
24 110 
23 111 
22 NC 

21 112 
20 PN 
19 PGM 

TYP MAX UNIT 

5 V 

15 15.5 V 

250 500 mA 

10.5 10.75 V 

8.5 8.75 V 

1000 mA 

V 

0.8 V 

3 V 

0.35 0.45 V 

25 p's 

10 p's 

25% 

25 p's 

20 25 p.S 



B2S167A 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEQUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

programming procedure for array fuses 

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the 
appropriate input line or sum of products line (row address) and product line (column address). The addresses 
for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2. 

SETUP 
Step 1: Set PGM ENABLE to GND. 
Step 2: Apply address to inputs. 
Step 3: Set PGM to VIH. 
Step 4: Set P/V to VIL. 
Step 5: Wait td, set VCC to VCC 1. 

PROGRAM 
Step 1: Wait td, raise P/V to VIH. 
Step 2: Wait td, raise PGM ENABLE to VIHH. 
Step 3: Wait td, pulse PGM to VIL for tw 1. 
Step 4: Wait td, return PGM ENABLE to GND. 
Step 5: Wait td, return P/V to VIL. 

VERIFY 
Step 1: Wait td, lower PGM to VIL. 
Step 2: After tw2, wait td and read sense at QO. A VIH level indicates a blown fuse. A VIL level indicates 

fuse is intact. 
Step 3: Raise PGM to VIH. 

NEXT ADDRESS SELECT 
Step 1: After td, lower VCC to GND. 
Step 2: For the same product line wait td, then apply new input line or sum-ot-products line address. 
Step 3: For different product line wait td, apply new input line or sum-of-products line address, then apply 

new product line address. 
Step 4: Wait td, set VCC at VCC1. 
Step 5: Continue with program or verify sequence. 

NOTE 4: Input lines and sum of product lines are also referred to as variables. Product lines are also referred to as transition terms. 
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82S167A 
14 X 48 X 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

programming waveforms 

---""\ r----------------~ r---VIH 
FUSE ADDRESS X X 

___ oJ: : '----VIL 

---+t td 14- ---+t td I+-

vcc ____ --J!/l ,\:- - - -- -:::' 
~ td~ ~ 

~ ---1 i - - - - - - -VIH 

td-+/ 1+-1 I i VIL 
1 1 I 1 

P/v 

i----'"\-+ -1- -- -1-1- - - - - - -VIHH 
I I I 1 1 
i I I I I 
I I 1 I 1 

I I td-+l:'- I I 
td-+l 14- I ...., (4-td 1 1 

--------+1---""'1 I I I I: v 

: U ! \-I--:-------v:~ 
1 I 1 I I I I 
I tw1-+/ I+- 1---" I4-tw2 

GND 

PGM ENABLE 

PGM 

I I I 
II+III---PROGRAM --~~II+III-VERIFY-+l 

9- programming procedure for PRE/DE option 
""C ., 
o 
c.c ., 
Q) 

3 
3 
Q) 

C'" 
Ci) 

r­
o 
c.c o· 

PROGRAM 
Step 1: With PGM at GND, raise Vee to Vee1 . 
Step 2: Wait td, pulse PGM to VIX for a duration of tw1. 
Step 3: A td delay after PGM has returned to GND, lower Vee to 5 volts or GND. 

VERIFY 
Step 1: 
Step 2: 
Step 3: 
Step 4: 
Step 5: 

With PGM at GND, set Vee to 5 volts. 
After a delay of td, raise PGM to ViX for a minimum duration of tw2. 
Return PGM to GND. 
Wait td, pulse PGM to ViH for a duration of tw2. 
After a td delay, 00 indicates VOH if the PRE option is selected and VOL if the OE option is 
programmed. 

programming waveforms for PRE/DE option 

vcc~ 

PGM 

ao 

----.! td l+­
I 1 
i 
1 
I 
I 

I - - - - - - - - - - - - - - - ~~~1 

I 
~ td j4- -+! td 14-

I-"Pd I+- I i 
I I I 1 

- T - - - -'- - - - - - - - VIX 

1 
- - - - - - - - - - VIH 

NOTE A: After programming if the PRE option is selected, GO will be high; if the output-enable option is selected, the output will be low. 

3-184 TEXAS -I!} 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



array fuse addresses 

82S167A 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEQUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

TABLE 1. INPUT LINE AND SUM-OF-PRODUCTS LINE SELECT 

ROW 

HEX ADDRESS 

112.111.110 19.18.17.16 

0 0 

0 1 

0 2 

0 3 

0 4 

0 5 

0 6 

0 7 

0 8 

0 9 

0 A 

0 B 

0 C 

0 D 

0 E 

0 F 

1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

1 A 

1 B 

1 C 

1 D 

, 
3 F 

ROW 
SELECTED 

HEX ADDRESS 
VARIABLE 

112.111.110 

~ 4 
N7 

ReSET 4 

~ 4 
N6 

RESET 4 

~ 4 
N5 

RESET 4 

~ 4 
N4 

RESET 4 

OR SET 4 
N3 f---

Array RESET 4 

SET 4 
N2 f---

RESET 4 

SET 4 
Pl f---

RESET 4 

SET 4 
PO ~ 4 

I R~~:T 
5 

03 
5 

UNUSED 
5 

5 

SET 5 
02 '---

RESET 5 

~ 5 
01 

RESET 5 

SET 5 
00 -

RESET 5 

UNUSED 
5 

5 

Complement 
C 

5 

Array 5 

5 

5 

6 

6 

6 

6 

6 

Empty Address 6 

Space 6 

6 

6 

6 

6 

6 

6 
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6 

7 

8 
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A 

B 
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E 

F 
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6 
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B 
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SELECTED 

VARIABLE 

10 

io -
11 

il -
12 

i2 
I-

13 

~ 
14 

i4 

~ 
i5 -

Po 
PO 

~ 
i6 

17 
i7 -18 

is 

19 
AND i9 

Array IiO 
.!!Q.. 
111 

ill -
112 

i12 

7i3 
i13 

~ 
Pl ---P7 

P7 
I-
P6 

P6 
I-
P5 

P5 -P4 

P4 
I-
P3 

P3 

P2 
P3 

Complement 
C 

Array 

CJ .0, 
o 

..J 

~ 
..0 

CO 
E 
E 
CO ... 
C) 
o ... 

0.. 
-6 
Q) 
u: 
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82S167A 
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEOUENCER 
WITH 3-STATE OUTPUTS OR PRESET 

TABLE 2. PRODUCT LINE SELECT 

COLUMN 

HEX ADDRESS 
SELECTED 

TRANSITION TERM 
15.14 13.12.11.10 

0 0 0 
0 1 1 
0 2 2 
0 3 3 
0 4 4 
0 5 5 
0 6 6 
0 7 7 
0 8 8 
0 9 9 
0 A 10 
0 B 11 
0 C 12 
0 D 13 
0 E 14 
0 F 15 
1 0 16 
1 1 17 
1 2 18 
1 3 19 
1 4 20 
1 5 21 
1 6 22 
1 7 23 
1 8 24 
1 9 25 
1 A 26 
1 B 27 
1 C 28 
1 D 29 
1 E 30 
1 F 31 
2 0 32 
2 1 33 
2 2 34 
2 3 35 
2 4 36 
2 5 37 
2 6 38 
2 7 39 
2 8 40 
2 9 41 
2 A 42 
2 B 43 
2 C 44 
2 D 45 
2 E 46 
2 F 47 
3 0 Test Col 48 
3 1 Test Col 49 
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82S167A 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEOUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

diagnostics 

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the 
state register. When 10 (pin 9) is held at 10 V, the state register bits P2-P5 and P6-P7 will appear at the 
00-03 and PO-P1 outputs. The contents of the registers, 00-03, and PO-P1 remain unchanged. 

diagnostics waveforms 

~ __ ----------------------------------------------------VIH 

11-113 ---A 
I ---------------------------------------------------- Vil 

I 
I r---------,----------+10V 

I 1- *a,ov 
~--------------~'I I~~-----'---------~ 4' I I '\ VIH 

10~1 'I I I , I '--------------- Vil 
I I+--th--+l I I 
I I I I : I :\ ----- --r --- ------VIH 

, I I , I Vil 
I4-- tsu ~4 tw--t.j I 

-4 -x +- -- -- - - - -+ - -- - - - - -VOH J __ I ~ ___ N~ ___ ~ __________ VOL 

elK 

INTERNAL -----
STATE REGISTER 

PS 

P2-P7-------

: I ~tpd~ I+--tpd 4 
00-03. PO-P1-----0-n---~:--* On+1 X NS EvaH 

I I VOL 

OPTIONAL 
OE 

PS = Present State 
NS = Next State 

I+-tpd~ 

----------------------------------------------------0 v 
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82S167A 
14 x 48 x 6 FIELD·PROGRAMMABLE LOGIC SEQUENCER 
WITH 3·STATE OUTPUTS OR PRESET 

test array 

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing 
prior to programming. The test array is factory programmed as shown below. Testing is accomplished 
by connecting 00-03 to 110-113, PRE/OE to GND, and applying the proper input signals as shown in the 
timing diagram. Product lines 48 and 49 must be deleted during user programming to avoid interference 

. with the programmed logic function. 

test array program 

OPTION PRE/OE IH 
AND OR 

INPUT PRESENT STATE NEXT STATE OUTPUT 
PRODUCT 

LINE C C 1 1 1 1 1 1 
(lnl (PSI (NSI (Onl 

5 4 3 2 1 0 9181716151413121110 51413121110 51413121110 716 51413121110 
48 X - H H H H H H HIHIHIHIHIHIHIHIHIH HIHIHIHIHIH LILILILILIL LIL LILILILILIL 
49 - X L L L L L L LILILILILILILILILIL LILILILILIL HIHIHIH1HTH H1H HIHIHIHIHIH 

test array waveforms 
~ ______________ ~ __________________________________ 5V 

vcc~ ___ _ 
-- -- -- -"7 - - - -- - - - ----ov 

I4-tw -+/ 

h ... ' _______________ .... ILVIH 

--~------------..... , I VIL 
i+-tsu.......-th--J 1 
I I I 

10-19 ___ -+
1 

____ ---.1, ! ... I _____________ -+: ___ ..."r= ::: 
ClK 

1+ tpd +I I+-+t- tpd tpd ~ 

00-03 ___ --J!.i-

j 
-------..,~ ;:;-:-------::: 

INTERNAL I 1 I 

STATE REG~~~:; I \J\;"I ____ ...;.... ____________ --J/ ____ ::: 
test array deleted 

OPTION PRE/OE IH 
AND OR 

INPUT PRESENT STATE NEXT STATE OUTPUT 
PRODUCT 

LINE C C 1 1 1 1 1 1 
(lnl (PSI (NSI (Onl 

5 4 321 o 9181716151413121110 51413121110 51413 2 1 o 71615 4 3 2 1 10 
48 - - H H H H H H HIHIHIHIHIHIHIHIHIH HIHIHIHIHIH -1-1- - - - "":T-I- - - - -1-
49 - X L L L L L L LILILILILILILILILIL LILILILILIL -1-1- - - - -1-1- - - -1-1-

x = Fuse intact. - = Fuse blown 
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82S167A 
14 x 48 x 6 FIELD·PROGRAMMABLE LOmC SEQUENCER 

WITH 3·STATE OUTPUTS OR PRESET 

PARAMETER MEASUREMENT INFORMATION 

5V 

b 
S1 

R1 

FROM OUTPUT_ ... _ .. _-o __ TEST 
UNDER TEST POINT 

R2 

LOAD CIRCUIT FOR 
THREE~TATEOUTPUTS 

TIMING 
INPUT 

./. 3.0 V 

/,1.5V 
----- :--------OV 

14- tsu ...,.- th ..., 

~
: -:----3.OV 

DATA 1.5 V 1.5 V 
INPUT 0 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT J1.5V \~-;--3.OV 
I I 0 V 

tpLH~ ~tPHL 
Ir---+I--"'I:t-- VOH 

IN-PHASE I /1 5 I ~ Pi \ 
OUTPUT I , . V I ~ 

I I VOL 
tpHL~ I4---+i--tpLH 

OUT-OF-PHASE 
OUTPUT 

r VOH 

T 1
.
5V 

VOL 
(See Note D) 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

HIGH.LEVEL ~----3.OV 
PULSE I 1.5 V 1.5 V I 

I I 0 V 

LOW·LEVEL 
PULSE 

14-- tw ~ 

~ tw ---: 3.0 V 
~1.5V "1.5 V V­
~---OV 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

OUTPUT 3.0 V 

CONTROL 1.5 V 1.5 V 

(low·level -:- ___ - - _ - 0 V 

enabling) tpZL --.: 10-- --01 10- tpLZ 
I I I I 

I I I : ",3.0 V 
WAVEFORM1----y\! 1.5V i :~3V 
S1 CLOSED ; ~-------=-.=-= VOL 
(See Note B) tpZH ~ ~ ro-

tPHZ _____ t. __ V 

WAVEFORM 2 I -----.-- OH 
S10PEN 1.5 V 0.3 V 
(See Note B) ",0 V 

VOL TAG E WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE·STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR =:; 1 MHz, tr = tf = 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 

(.) 

'0, 
o 

...J 

~ 
.c 

CO 

E 
E 
CO 
:... 
C') 
o 
:... 
c.. 

I 

"C 
Q) 
u::: 
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BIPOLAR PROM CROSS·REFERENCE GUIDE 

DEVICE MANUFACTURER TI DEVICE MANUFACTURER TI 
27S18 AMD TBP18SA030 7122 FUJITSU TBP24S41 
27S18A AMD TBP38SA030 7123 FUJITSU TBP28SA42 
27S19 AMD TBP18S030 7124 FUJITSU TBP28S42 
27S19A AMD TBP38S030 7127 FUJITSU TBP24SA81 
27S20 AMD TBP24SA10 7128 FUJITSU TBP24S81 
27S21 AMD TBP24S10 7131 FUJITSU TBP28SA86A 
27S28 AMD TBP28SA42 7132 FUJITSU TBP28S86A 
27S29 AMD TBP28S42 7138 FUJITSU TBP285166 
27S30 AMD TBP28SA46 74S188 NATIONAL TBP185A030 
27S31 AMD TBP28S46 74S287 NATIONAL TBP24S10 
27S32 AMD TBP24SA41 74S288 NATIONAL TBP185030 
27S33 AMD TBP24S41 74S387 NATIONAL TBP24SA10 
27S180 AMD TBP28SA86A 74S470 NATIONAL TBP28LA22 
27S181 AMD TBP28S86A 74S471 NATIONAL TBP28L22 
27S184 AMD TBP24SA81 74S472 NATIONAL TBP28S42 
27S185 AMD TBP24S81 74S473 NATIONAL TBP28SA42 
27S191 AMD TBP38S 166-45 74S474 NATIONAL TBP28S46 
27S191A AMD TBP38L 166-35 74S475 NATIONAL TBP28SA46 
3601 INTEL TBP24SA10 74S572 NATIONAL TBP24SA41 
3604 INTEL TBP28SA46 74S573 NATIONAL TBP24S41 
3605 INTEL TBP24SA41 7602 HARRIS TBP18SA030 
3608 INTEL TBP28SA86A 7603 HARRIS TBP18S030 

III 3621 INTEL TBP24S10 7608 HARRIS TBP28S2708A 
3624 INTEL TBP28S46 7610 HARRIS TBP24SA10 
3625 INTEL TBP24S41 7611 HARRIS TBP24S10 
3628 INTEL TBP28S86A 76161 HARRIS TBP28S166 U) 

3636 INTEL TBP28S166 76161 MOTOROLA TBP28S166 2 
6300-1 MMI TBP24SA10 7640 HARRIS TBP28SA46 0 
6301-1 MMI TBP24S10 7640 MOTOROLA TBP28SA46 a: 
6308-1 MMI TBP28LA22 7641 HARRIS TBP28S46 c.. 
6309-1 MMI TBP28L22 7641 MOTOROLA TBP28S46 
6330-1 MMI TBP18SA030 7642 HARRIS TBP24SA41 
6331-1 MMI TBP18S030 7642 MOTOROLA TBP24SA41 
6340-1 MMI TBP28SA46 7643 HARRIS TBP24S41 
6341-1 MMI TBP28S46 7643 MOTOROLA TBP24S41 
6348-1 MMI TBP28SA42 7648 HARRIS TBP28SA42 
6349-1 MMI TBP28S42 7649 HARRIS TBP28S42 
6352-1 MMI TBP24SA41 7680 MOTOROLA TBP28SA86A 
6353-1 MMI TBP24S41 7680 HARRIS TBP28SA86A 
6380-1 MMI TBP28SA86A 7681 HARRIS TBP28S86A 
6381-1 MMI TBP28S86A 7681 MOTOROLA TBP28S86A 
6388-1 MMI TBP24SA81 7684 HARRIS TBP24SA81 
6389-1 MMI TBP24S81 7684 MOTOROLA TBP24SA8.1 
635081 MMI TBP38S030 7685 HARRIS TBP24S81 
6351681 MMI TBP28S166 7685 MOTOROLA TBP24S81 
63S1681A MMI TBP38L 166-35 82523 SIGNETICS TBP18SA030 
7117 FUJITSU TBP28LA22 82S23A SIGNETICS TBP38SA030 
7118 FUJITSU TBP28L22 825123 SIGNETICS TBP18S030 
7121 FUJITSU TBP24SA41 82S123A SIGNETICS TBP38S030 
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BIPOLAR PROM CROSS·REFERENCE GUIDE 

DEVICE MANUFACTURER TI DEVICE MANUFACTURER TI 

82S126 SIGNETICS TBP24SA10 87S184 NATIONAL TBP24SA81 

82S129 SIGNETICS TBP24S10 87S185 NATIONAL TBP24S81 

82S136 SIGNETICS TBP24SA41 87S191 NATIONAL TBP28S166 

82S137 SIGNETICS TBP24S41 87S191A NATIONAL TBP38S 166-45 

82S140 SIGNETICS TBP28SA46 87S191B NATIONAL TBP38S166-35 

82S141 SIGNETICS TBP28S46 93417 FAIRCHILD TBP24SA10 

82S146 SIGNETICS TBP28SA42 93427 FAIRCHILD TBP24S10 

82S147 SIGNETICS TBP28S42 93438 FAIRCHILD TBP28SA46 

82S180 SIGNETICS TBP28SA86A 93448 FAIRCHILD TBP28S46 

82S181 SIGNETICS TBP28S86A 93450 FAIRCHILD TBP28SA86A 

82LS181 SIGNETICS TBP28L86A 93451 FAIRCHILD TBP28S86A 

82S184 SIGNETICS TBP24SA81 93452 FAIRCHILD TBP24SA41 

\82S185 SIGNETICS TBP24S81 93453 FAIRCHILD TBP24S41 

82S191 SIGNETICS TBP28S166 93511 FAIRCHILD TBP28S166 

82S191B SIGNETICS TBP38L 166-45 93511C FAIRCHILD TBP38L 166-45 

8252708 51GNETICS TBP28S2708A 93514 FAIRCHILD TBP24SA81 

87S180 NATIONAL TBP28SA86A 93515 FAIRCHILD TBP24S81 

87S181 NATIONAL TBP28S86A 

III 
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• Titanium-Tungsten (Ti-W) Fuse Link for 
Reliable Low-Voltage Full Family Compatible 
Programming 

• Full Decoding and Fast Chip Select Simplify 
System Design 

• P-N-P Inputs for Reduced Loading on 
System Buffers/Drivers 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

• Choice of 3-State or Open-Collector Outputs 

description 

TBP18S030, TBP18SA030 
256 BITS (32 WORDS BY 8 BITS) 

PROGRAMMABLE READ-ONLY MEMORIES 
SEPTEMBER 1979-REVISED AUGUST 1984 

TBP18SA030. TBP18S030 ... JaR N PACKAGE 

(TOP VIEW) 

00 Vee 
01 G 
02 A4 
03 A3 
04 A2 
05 A1 
06 AO 

GND 07 

These monolithic TTL programmable read-only memories (PROMs) feature titanium-tungsten (Ti-W) fuse 
links with each link designed to program in 20 microseconds. The Schottky-clamped versions 9f these 
PROMs offer considerable flexibility for upgrading existing designs or improving new designs as they feature 
full Schottky clamping for improved performance, low-current MaS-compatible p-n-p inputs, choice of 
bus-driving three-state or open-collector outputs, and improved chip-select access times. 

Data can be electronically programmed, as desired, at any bit location in accordance with the programming 
procedure specified. All PROMs are supplied with a low-logic level output condition stored at each bit 
location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level 
at selected locations. The procedure is irreversible; once altered, the output for that bit location is 
permanently programmed. Outputs that have never been altered may later be programmed to supply the 
opposite output level. Operation of the unit within the recommended operating conditions will not alter 
the memory content. 

A low level at the chip-select input(s) enables each PROM. The opposite level at any chip-select input causes 
the outputs to be off. 

The three-state output offers the convenience of an open-collector with the speed of a totem-pole output; 
it can be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL 
totem-pole output. The open-collector output offers the capability of direct interface with a data line having 
a passive pull up. 

A MJ suffix designates full-temperature circuits (formerly 54 Family) and are characterized for operation 
over the full military temperature range of - 55°C to 125°C. A J or N suffix designates commercial­
temperature circuits (formerly 74 Family) and are characterized for operation from OOC to 70°C. 

TEXAS .. 
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TBP18S030, TBP18SA030 
256 BITS (32 WORDS BY 8 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 

logic symbol 

AO 
A1 
A2 

A3 

A4 

G 

(10) 
(11) 

(12) 

(13) 

(14) 

(15) r-..... 

TBP18S030 

PROM 32 X 8 

A\l 
A\l 

}Af. A\l 

A\l 

A\l 
A\l 

EN 
A\l 

A\l 

schematics of inputs and outputs 

(1) 
00 

(2) 
01 

(3) 
02 

(4) 
03 

(5) 
04 

(6) 
05 

(7) 
06 

(9) 
07 

AO 
(10) 

A1 
A2 

(11) 
(12) 

A3 
(13) 

A4 
(14) 

G 
(15) .J'..... 

TBP18SA030 

PROM 32 X 8 

AQ 
AQ 

}Af. AQ 

AQ 

AQ 

AQ 

AQ 
EN 

AQ 

(1) 

(2) 

(3) 

(4) 

(5) 
(6) 

(7) 

(9) 

00 
Q1 

02 

03 

04 

05 

06 

07 

EOUIVALENT OF INPUTS 

VCC -----.... -~t-

TYPICAL OF ALL 
TBP18SA030 OUTPUTS 

TYPICAL OF ALL TBP18S030 OUTPUTS 

----.... --VCC 

INPUT ~H ....... -+--I 

__ ~OUTPUT 

OUTPUT 

PROGRAMMING CIRCUIT 
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) .............................................................................. 7V 
Input voltage .......................................................................................... 5.5V 
Off-state output voltage ................................ : .........................•.................... 5.5V 
Operating free-air temperature range: Full-temperature-range circuits ......................... -55°C to 125°C 

Commercial-temperature-range circuits ..................... OOC to 70°C 
Storage temperature range ............ , .................................................... -65°C to 150°C 

recommended conditions for programming TBP18S', TBP18SA PROMs 

MIN NOM MAX UNIT 

Steady state 4.75 5 5.25 
Supply voltage, Vee (see Note 1 ) V 

Program pulse 9 9.25 9.5 

High level, VIH 2.4 5 
Input voltage V 

Low level, VIL 0 0.5 

Termination of all outputs except the one to be programmed 
See load circuit 

(Figure 1) 

Voltage applied to output to be programmed, VO(pr) (see Note 2) 0 0.25 0.3 V 

Duration of Vee programming pulse X (see Figure 2 and Note 3) 15 25 100 ps 

Programming duty cycle for Y pulse 25 35 % 

Free-air temperature 20 25 30 °e 

NOTES: 1. Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
2. The TBP18S030, TBP18SA030 are supplied with all bit locations containing a low logic level, and programming a bit changes 

the output of the bit to high logic level. 
3. Programming is guaranteed if the pulse applied is 98 p's in duration. 

TEXAS .. 
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programming procedure 

TBP18S030, TBP18SA030 
256 BITS (32 WORDS BY 8 BITS) 

PROGRAMMABLE READ·ONLY MEMORIES 

1. Apply steady-state supply voltage (Vee = 5 V) and address the word to be programmed. 

2. Verify that the bit location needs to be programmed. If not. proceed to the next bit. 

3. If the bit requires programming. disable the outputs by applying a high-logic level voltage to the chip-select 
input(s). 

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 
3.9 kO and apply the voltage specified in the table to the output to be programmed. Maximum current into the 
programmer output is 150 mA. 

5. Step Vee to 9.25 nominal. Maximum supply current required during programming is 750 mA. 

6. Apply a low-logic-level voltage to the chip-select input(s). This should occur between 1 /1S and 1 ms after Vee 
has reached its 9.25 level. See programming sequence of Figure 2. 

7. After the X pulse time is reached. a high logic level is applied to the chip-select inputs to disable the outputs. 

8. Within the range of 1 ps to 1 ms after the chip-select input(s) reach a high logic level. Vee should be stepped 
down to 5 V at which level verification can be accomplished. 

9. The chip-select input(s) may be taken to a low logic level (to permit program verification) 1 ps or more after Vee 
reaches its steady-state value of 5 V. 

10. At a Y pulse duty cycle of 35% or less. repeat steps 1 through 8 for each output where it is desired to program a 
bit. 

11. Verify accurate programming of every word after all words have been programmed using Vee values of 4.5 and 
5.5 volts. 

5V 

J 3.9kfl 
OUTPUT 

LOAD CIRCUIT FOR EACH OUTPUT 
NOT BEING PROGRAMMED OR FOR 
PROGRAM VERIFICATION 

FIGURE 1 - LOAD CIRCUIT 

VERIFY f- Y 'I' 3Y TYPICAL ,I 
NEED T~ I' I VER,FY PROGRAM r-'== 9.25 V 
PROGRAM I I i REMOVHoc TO __ 

V ~ 4 [REDUCE AVERAGE 5V , 
CC ~ POWER OV 
1jlsto1ms ~ 1jlsto1ms ---

, I-x-l I 

APPLY 

VO(prl 

REMOVE 

VO(prl 

FIGURE 2 - VOL TAGE WAVEFORMS FOR PROGRAMMING 
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TBP18S030 
256 BITS (32 WORDS BY 8 BITS) 
PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

recommended operating conditions (see Note 4) 

PARAMETER 
TBP18S030 

UNIT 
MIN NOM MAX 

MJ 4.5 5 5.5 
V Supply voltage, Vee 

J,N 4.75 5 5.25 

MJ -2 
mA High-level output current, IOH 

J,N -6.5 

Low-level output current, 10L 20 mA 

MJ -55 125 
°e Operating free-air temperature, TA 

J,N 0 70 

electrical characteristics over recommended operating free·air temperature range (unless otherwise noted) 
(see Note 4) 

FULL TEMP COMM. TEMP 

PARAMETER TEST CONDITIONSt (MJ) (J,N) 

MIN TYp:j: MAX MIN TYp:j: MAX 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 0.8 

VIK Input clamp voltage Vee = MIN, 11=-18 mA -1.2 -1.2 

VOH High-level output voltage 
Vee = MIN, VIH = 2V, 

VIL =0.8V, 10H= MAX 
2.4 3.4 2.4 3.2 

VOL Low-level output voltage 
Vee = MIN, 

VIL =0.8V, 

VIH = 2V, 

10L = MAX 
0.5 0.5 

10ZH 
Off-state output current, Vee = MAX, VIH = 2 V, 

50 50 
high-level voltage applied Va = 2.4 V 

10ZL 
Off-state output current, Vee = MAX, VIH = 2 V, 

-50 -50 
low-level voltage applied VO=0.5 V 

I Input current at maximum 
II Vee = MAX, VI = 5.5 V, 1 1 

input voltage 

IIH High-level input current Vee = MAX, VI = 2.7 V 25 25 

IlL Low-level input current Vee = MAX, VI = 0.5 V -0.25 -0.25 

lOS Short-circuit output currenr§ Vee = MAX, -30 -100 ....:.30 -100 

Vee = MAX, 

lee Supply current 
ehip select(s) at 0 V, 

Outputs open, 
80 110 80 110 

See Note 5 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

talA) tarS) tdis 

TYPE 
TEST ACCESS TIME FROM ACCESS TIME FROM CHIP DISABLE TIME FROM 

CONDITIONS ADDRESS SELECT (ENABLE TIME) HIGH OR LOW LEVEL 

MIN TYp:j: MAX MIN TYp:j: MAX MIN TYp:j: MAX 

TBP18S030MJ eL = 30 pF for 
25 50 12 30 8 30 

talA) and ta(S), 

TBP18S030 5 pF for tdis' 
25 40 12 25 8 20 

See Note 6 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, TA = 25°e. 
§Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

UNIT 

V 

V 

V 

V 

V 

JlA 

JlA 

mA 

JlA 

mA 

mA 

mA 

UNIT 

ns 

ns 

NOTES: 4. MJ designates full-temperature circuits (formerly 54 Family). J and N designate commercial-temperature circuits (formerly 
74 Family). 

5. The typical values of lee are with all outputs low. 
6. Load circuits and voltage waveforms are shown in Section 1. 
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TBP18SA030 
256 BITS (32 WORDS BY 8 BITS) 

PROGRAMMABLE READ·ONLY MEMORIES WITH OPEN·COLLECTOR OUTPUTS 

recommended operating conditions (see Note 4) 

TBP18SA030 
UNIT PARAMETER 

MIN NOM MAX 

Supply voltage, Vee 
MJ 4.5 5 5.5 

V 
J,N 4.75 5 5.25 

High-level output voltage, VOH 5.5 V 

Low-level output current, IOL 20 mA 

Operating free-air temperature, TA 
MJ -55 125 

J,N 0 70 
°e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

V,H High-level input voltage 2 V 

V,L Low-level input voltage 0.8 V 

V,K Input clamp voltage Vee = MIN, 1,=-lBmA -1.2 V 

Vee = MIN, I VOH= 2.4 V 50 
IOH High-level output current V,H = 2 V, 

I VOH = 5.5 V 100 
pA 

V,L =O.B V 

VOL Low-level output voltage 
Vee- MIN, V,H = 2 V, 

0.5 V. V,L = O.B V, IOL= MAX 

" 

Input current at maximum 
Vee = MAX, V,=5.5V 1 mA 

input voltage 

I'H High-level input current Vce= MAX, V,- 2.7 V 25 pA 

I,L Low-level input current Vee = MAX, V,=0.5V -0.25 rnA 
Vee = MAX, 

lee Supply current Chip select(s) at 0 V, Outputs open, BO 110 mA 

See Note 5 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

tpLH 

t(A) 
tarS) PROPAGATION DELAY 

TEST ACCESS TIME FROM 
ACCESS TIME FROM 

TIME, LOW-TO-HIGH-LEVEL 

TYPE CONDITIONS ADDRESS 
CHIP SELECT 

OUTPUT FROM CHIP UNIT 
(ENABLE TIME) 

SELECT (DISABLE TIME) 

MIN TYpt: MAX MIN TYPt MAX MIN TYpt MAX 

TBP1BSA030MJ 
CL = 30pF, 

25 50 
RU = 300 n, 12 30 12 30 ns 

TBP1BSA030 
RL2= 600 n, 
See Note 6 

25 40 12 25 12 25 ns 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, TA = 25°e. . 
NOTES: 4. MJ designates full-temperature circuits (formerly 54 Family), J and N designate commercial-temperature circuits (formerly 

74 Family). 
5. The typical v,alues of ICC are with all outputs low. 
6. Load circuits and voltage waveforms are shown in Section 1. 
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SERIES 24 AND 28 
STANDARD AND LOW POWER PROGRAMMABLE READ-ONLY MEMORIES 

• Expanded Family of Standard and Low 
Power PROMs 

.. Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Full-Family-Compatible 
Programming 

• Full Decoding and Fast Chip Select Simplify 
System Design 

description 

SEPTEMBER 1979-REVISED AUGUST 19B4 

• P-N-P Inputs for Reduced Loading On 
System Buffers/Drivers 

o Each PROM Supplied With a High Logic 
Level Stored at Each Bit Location 

o Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

The 24 and 28 Series of monolithic TTL programmable read-only memories (PROMs) feature an expanded 
selection of standard and low-power PROMs. This expanded PROM family provides the system designer 
with considerable flexibility in upgrading existing designs or optimizing new designs. Featuring proven 
titanium-tungsten (Ti-W) fuse links with low-current MaS-compatible p-n-p inputs, all family members utilize 
a common programming technique designed to program each link with a 20-microsecond pulse. 

The 4096-bit and 8192-bit PROMs are offered in a wide variety of packages ranging from 18-pin 300 mil­
wide thru 24 pin 600 mil-wide. The 16,384-bit PROMs provide twice the bit density of the 8192-bit PROMs 
and are provided in a 24 pin 600 mil-wide package. 

All PROMs are supplied with a logic-high output level stored at each bit location. The programming procedure 
will produce open-circuits in the Ti-W metal links, which reverses the stored logic level at the selected 
location. The procedure is irreversible; once altered, the output for that bit location is permanently 
programmed. Outputs that have never been altered may later be programmed to supply the opposite output 
level. Operation of the unit within the recommended operating conditions will not alter the memory content. 

Active level(s) at the chip-select input(s) (S or 5) enables all of the outputs. An inactive level at any chip­
select input causes all outputs to be in the three-state, or off condition. 

standard PROMs 

The standard PROM members of Series 24 and 28 offer high performance for applications which require 
the uncompromised speed of Schottky technology. The fast chip-select access times allow additional 
decoding delays to occur without degrading speed performance. 

PACKAGEt AND TYPICAL PERFORMANCE 

TYPE NUMBER TEMPERATURE RANGE 
OUTPUT BIT SIZE 

CONFIGURATION:!: 
ACCESS TIMES POWER 

DESIGNATORS 
(ORGANIZATION) 

ADDRESS SELECT DISSIPATION 
TBP24S10 MJ, J, N 'V 1024 Bits 

TBP24SA10 MJ, J, N Q (256W x 4B) 
35 ns 20 ns 375 mW 

TBP28S42 MJ,J, N 'V 
TBP28SA42 MJ,.J, N Q 4096 Bits 

TBP28S46 MJW, JW, NW 'V 
35 ns 20 ns 500 mW 

(512W x 8B) 

TBP28SA46 MJW, JW, NW 0 
TBP24S41 MJ, J, N 'V 4096 Bits 

TBP24SA41 MJ, J, N 0 40 ns 20 ns 475 mW 
(1024 x 4B) 

TBP24S81 MJ, J, N 'V 8192 Bits 

TBP24SA81 MJ, J, N 0 (2048 x 4B) 
45 ns 20 ns 625 mW 

TBP28S86A MJW, JW. NW 'V 
TBP28SA86A MJW, JW, NW Q 8192 Bits 

45 ns 20 ns 625 mW 

TBP28S2708A NW 'V 
(1024 x 8B) 

TBP28S166 NW 'V 16,384 Bits 
35 ns 15 ns 650mW 

(2048W x 8B) 

tMJ and MJW designates full-temperature-range circuits (formerly 54 Family). J, JW, N, and NW designates commercial-temperature­
range circuits (formerly 74 Family). 

:I: \J = three state, Q= open collector. 

Copyright © 1985, Texas Instruments Incorporated 
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SERIES 24 AND 28 
STANDARD AND LOW·POWER PROGRAMMABLE READ·ONLY MEMORIES 

low power PROMs 

To upgrade systems utilizing MaS EPROMs or MaS PROMs, or when designing new systems which do 
not require maximum speed, the low-power PROM family offers the output drive and speed performance 
of bipolar technology, plus reduced power dissipation. 

PACKAGEt AND 
BIT SIZE 

TYPICAL PERFORMANCE 
OUTPUT 

ACCESS TIMES POWER TYPE NUMBER TEMPERATURE RANGE 
COrJFIGURATIDrJ* 

DESIGNATORS 
(ORGArJIZATION) 

ADDRESS SELECT DISSIPATION 

TBP28L22 MJ, J,N 'V 2048 Bits 
20 ns 375 mW Q 45 ns 

TBP28LA22 MJ, J, N (256W x 8B) 

TBP28L42 MJ, J, N 'V 4096 Bits 
60 ns 30 ns 250 mW 

TBP28L46 MJW, JW, NW 'V (512W x 8B) 

'V 
8192 Bits 

TBP28L86A MJW, JW, NW 
(1024W x 8B) 

80 ns 35 ns 350 mW 

TBP28L166 NW 'V 
16,384 Bits 

(2084W x 8B) 
65 ns 30 ns 350 mW 

tMJ and MJW designates full-temperature-range circuits (formerly 54 Family), J, JW, N, and NW designates commercial-temperature­
range circuits (formerly 74 Family). 

:t Q = three state, {} = open collector. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC---------__ ~--4~ 

INPUT 

Programming circuit not shown 

EQUIVALENT OF 3-STATE OUTPUTS 

--.... ---VCC 

.----OUTPUT 

Programming circuits not shown 

EQUIVALENT OF OPEN-COLLECTOR 
OUTPUTS 

Programming circuit not shown 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note. 1) ................................................... 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Chip-select peak input voltage (S, S 1, S2) (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 11 V 
Off-state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Off-state peak output voltage (see Note 2) ................................ ~ . . . .. 16.25 V 
Operating free-air temperature range: Full-temperature-range circuits (M suffix) .. - 55 °C to 125°C 

Commercial-temperature-range circuits. . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. These ratings apply only under the conditions described in the programming procedure. 

4-12 TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



TBP24S10 
1024 BIT (256 WORDS BY 4 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 
TBP24S10 

PROM 256 X 4 

AO 
(5) 

0 

A1 
(6) 

A2 
(7) 

A\l 
(12) 

00 

A3 
(4) 

A\l 
(11) 

01 
A4 

(3) 
A\l 

(10) 
02 

A5 
(2) 

A\l 
(9) 

03 

A6 
(1) 

A7 
(15) 

G2 
(14) 

G1 
(13) EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air temperature range 

pin assignment 

TBP24S10 
J or N PACKAGE 

(TOP VIEW) 

A6 Vee 
A5 A7 
A4 <32 
A3 <31 
AO 00 
A1 01 
A2 02 

GND 03 

MJ J OR N 

MIN NOM MAX MIN NOM 

4.5 5 5.5 4.75 5 

2 2 

0.8 

-2 

16 

-55 125 0 

MAX 
UNIT 

5.25 V 

V 
0.8 V 

-6.5 mA 

16 mA 

70 °e 

electrical characteristics over recommended operating free-air temperature range ( .... nless otherwise noted) 

TEST CONDITIONS t 
MJ 

PARAMETER 
TYP* MIN MAX 

J OR N 

MIN TYP* MAX 
UNIT 

VIK Vee = MIN. II = -18 mA -1.2 -1.2 V 

VOH Vee = MIN. IOH = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN. IOL = 16 mA 0.5 0.5 V 

IOZH Vee = MAX. Vo = 2.4 V 50 50 p.A 

IOZL Vee = MAX. Vo = 0.5 V -50 -50 p.A 

II Vee = MAX. VI = 5.5 V 1 1 mA 

IIH Vee = MAX. VI = 2.7 V 25 25 p.A 

IlL Vee = MAX. VI = 0.5 V -0.25 -0.25 mA 

IOS§ Vee = MAX -30 -100 -30 -100 mA 

lee Vee = MAX 75 100 75 100 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST MJ J OR N 

CONDITIONS MIN TYP* MAX MIN TYP* MAX 

talA) Access time from address eL = 30 pF 35 75 35 

ta(S) Access time from chip select (enable time) See Note 3 20 40 20 

tdis Disable time 
eL = 5 pF 

See Note 3 
15 40 15 

tFor conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions. 
:tAli typical values are at Vee = 5 V. TA = 25°e. 
§Not more than one output should be shorted at a time. and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1 . 
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35 

UNIT 

ns 

ns 

ns 
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TBP24SA10 
1024 BITS (256 WORDS BY 4 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 

logic symbol 

AO 

A1 

A2 

A3 

A4 
A5 

A6 

A7 
62 
.61 

(5) 

(6) 

(7) 

(4) 

(3) 
(2) 

(1) 

(15) 

(14) ,......" 

(13) ,......... 

TBP24SA10 

PROM 256 X 4 

0 

AQ 
(12) 

AQ 
(11) 

0 
>A 255 AQ 

(10) 

AQ 
(9) 

7' 

MEN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

IOL Low-level output current 

TA Operating free-air temperature range 

00 

01 

02 
03 

pin assignment 

TBP24SA10 
J OR N PACKAGE 

(TOP VIEW) 

A6 Vee 
A5 A7 
A4 <32 
A3 <31 
AO 00 
A1 01 
A2 02 

GND 03 

MJ J OR N 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

16 16 rnA 

-55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST CONDITIONS t 
MJ J OR N 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 rnA -1.2 -1.2 V 

I VOH = 2.4 V 0.05 0.05 
rnA IOH Vee = MIN, 

I VOH = 5.5 V 0.1 0.1 

VOL Vee = MIN, IOL = 16 rnA 0.5 0.45 V 

II Vee = MAX, VI = 5.5 V 1 1 rnA 

IIH Vee = MAX, VI = 2.7 V 25 25 p.A 

IlL Vee = MAX, VI = 0.5 V -0.25 -0.25 rnA 

lee Vee = MAX 75 100 75 100 rnA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

TEST MJ J OR N 
PARAMETER 

TYP* TYP* CONDITIONS MIN MAX MIN 

talA) Access time from address eL = 30 pF 35 75 35 

ta(S) Access time from chip select (enable time) RL1 = 3000 20 40 20 

tpLH 
Propagation delay time low-to-high-Ievel RL2 = 6000 

15 40 20 
output from chip select See Note 3 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
*AII typical values are at Vee = 5 V, TA = 25°e. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

UNIT 
MAX 

65 ns 

35 ns 

35 ns 
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TBP28S42 
4096 BITS (512 WORDS BY 8 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 

AO 
Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

G 

(1) 

(2) 

(3) 

(4) 

(5) 

(16) 

(17) 

(18) 

(19) 

(15) "" 

TBI>28S42 

PROM 512 X 8 

0 (6) 
A\l 

A\l 
(7) 

A\l 
(8) 

0 A\l 
(9) 

> A511 A\l 
(11) 

A\l 
(12) 

A\l 
(13) 

8 
A\l 

(14) 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

Vil low-level input voltage 

IOH High-level output current 

IOL low-level output current 

TA Operating free-air temperature range 

pin assignment 

TBP28S42 
J OR N PACKAGE 

(TOP VIEW) 

00 AO Vee 
Q1 A1 A8 
02 A2 A7 
03 A3 A6 
04 A4 A5 
05 00 G 
06 01 07 
07 02 06 

03 05 
GND 04 

MJ J OR N 

MIN NOM MAX MIN NOM MAX 
UNIT 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

-2 -6.5 rnA 

16 16 rnA 

-55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST CONDITIONSt 
MJ J OR N 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 -1.2 V 

VOH Vee = MIN, IOH = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, IOl = 16 mA , 0.5 0.5 V 

IOZH Vee = MAX, Vo = 2.4 V 50 50 /LA 

IOZl Vee = MAX, Vo = 0.5 V -50 - 50 /LA 

II Vee = MAX, VI = 5.5 V 1 1 mA 

IIH Vee = MAX, VI = 2.7 V 25 25 /LA 

III Vee = MAX, VI = 0.5 V -0.25 -0.25 mA 

IOS~ Vee = MAX -30 -100 -30 -100 mA 

lee Vee = MAX 100 135 100 135 mA 

switching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 

PARAMETER 
TEST MJ J OR N 

CONDITIONS MIN TYP* MAX MIN TYP* MAX 

ta(A) Access time from address el = 30 pF 35 70 35 

tatS) Access time from chip select (enable time) See Note 3 20 45 20 

tdis Disable time 
el - 5 pF 

15 45 15 
See Note 3 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
:i All typical values are at Vee = 5 V, T A = 25°e. 
§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: load circuits and voltage waveforms are shown in Section 1. 
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TBP28SA42 
4096 BITS (512 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH OPEN·COLLECTOR OUTPUTS 

logic symbol 

AO 
Al 
A2 

A3 

A4 

A5 

AS 

A7 

AS 

G 

(1) 

(2) 

(3) 

(4) 

(5) 

(lS) 

(111 
(18) 

(19) 

(15) r-..... 

TBP28SA42 

PROM 512 X 8 

0 
ASL 

(S) 

ASL 
(7) 

ASL 
(8) 

0 ASL 
(9) 

>Asn ASL 
(11) 

ASL 
(12) 

ASL 
(13) 

ASL 
(14) 

S 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

ViL Low-level input voltage 

VOH High-level output voltage 

IOL Low-level output current 

TA Operating free-air temperature range 

pin assignment 
TBP28SA42 

J OR N PACKAGE 

(TOP VIEW) 

00 AO Vee 
01 A1 A8 
02 A2 A7 
03 A3 A6 
04 A4 A5 
05 00 IT 
os 01 07 
07 02 06 

03 05 
GND 04 

MJ J OR N 

MIN NOM MAX MIN NOM MAX 
UNIT 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

16 16 rnA 

-55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MJ J OR N 

TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

VIK Vee = MIN. II = -18 rnA -1.2 -1.2 V 

IOH Vee = MIN. I VOH = 2.4 V 0.05 0.05 

I VOH = 5.5 V 0.1 
rnA 

0.1 

VOL Vee = MIN. IOL = 16mA 0.5 0.5 V 

II Vee = MAX. VI = 5.5 V 1 1 rnA 

IIH Vee = MAX. VI = 2.7 V 25 25 p.A 

IlL' Vee = MAX. VI = 0.5 V -0.25 -0.25 rnA 

lee Vee = MAX 105 135 105 135 rnA 

switching ct:Jaracteristics over recommended ranges of T A and Vee (unless otherwise noted) 

TEST MJ J OR N 
PARAMETER 

TYP* TYP* CONDITIONS MIN MAX MIN 

talA) Access time from address eL = 30 pF 35 75 35 

ta(SJ Access time from chip select (enable time) RL1 = 300 {} 20 45 20 

.tPLH 
Propa~ation delay time low-to-high-Ievel RL2 = 600 {} 

output from chip select See Note 3 
15 45 15 

tFor conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions. 
,tAli typical values are at Vee = 5 V. TA = 25°e. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28S46 
4096 BITS (512 WORDS BY 8 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 

AO 

Al 

A2 

A3 

A4 

AS 
A6 

A7 

AS 

G4 
G3 

G2 

Gl 

(S) 

171 
(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(21) ,.........." 

(19) 

(lS) 

(20) I"-... 

TBP28S46 

PROM 512 X S 

0 

A\} 
(9) 

A\} 
(10) 

A\} 
(11) 

0 (13) 
>A511 A\} 

(14) 
A\} 

(15) 
A\1 

(16) 
A\} 

s'" A\} 
(17) 

& 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air temperature range 

00 

01 

02 

03 

04 

05 

06 

07 

pin assignment 
TBP28S46 

JW OR NW PACKAGE 

(TOP VIEW) 

A7 Vcc 
A6 AS 

A5 NC 

A4 <34 

A3 <31 

A2 G3 

A1 G2 

AO 07 

00 06 

01 05 

02 04 

GND 03 

MJW JW OR NW 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

-2 -6.5 mA 

16 16 mA 

-55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST CONDITIONS t 
MJW JW OR NW 

PARAMETER 
TYP; TYP; 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, 11=-18mA -1.2 -1.2 V 

VOH Vee = MIN, IOH = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, IOL = 16 mA 0.5 0.5 V 

IOZH Vee = MAX, Vo = 2.4 V 50 50 p.A 

IOZL Vee = MAX, Va = 0.5'V -50 -50 p.A 

II Vee = MAX, VI = 5.5 V 1 1 mA 

IIH Vee = MAX, VI = 2.7 V 25 25 p.A 

IlL Vee = MAX, VI = 0.5 V -0.25 -0.25 mA 

IOS~ Vee = MAX -15 -100 -20 -100 mA 

lee Vee = MAX 100 135 100 135 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST MJW JW OR NW 

CONDITIONS MIN TYP; MAX MIN TYP; MAX 

talA) Access time from address eL = 30 pF 35 70 35 

ta(S) Accesstime from chip select (enable time) See Note 3 20 45 20 

tdis Disable time 
eL = 5 pF 

See Note 3 
15 40 15 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
t All typical values are at Vee = 5 V, T A = 25°e. 
§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28SA46 
4096 BITS (512 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH OPEN·COLLECTOR OUTPUTS 

logic symbol 

AO 

Al 

A2 

A3 

A4 

AS 
A6 

A7 

A8 

04 
G3 

G2 

01 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 
(2) 

(1) 

(23) 

(21) r-...... 
(19) 

(18) 

(20) ,........, 

0 

8 

TBP28SA46 

PROM 512 X 8 

AO 
(9) 

AO 
(10) 

AO 
(11) 

0 (13) 
>A511 AO 

AO 
(14) 

AO 
(15) 

AQ (16) 

AO 
(17) 

& 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

IOL Low-level output current 

TA Operating free-air temperature range 

pin assignment 

TBP28SA46 
JW OR NW PACKAGE 

(TOP VIEW) 

A7 VCC 
00 

A6 AS 
01 

A5 NC 
02 A4 (34 
03 

A3 (31 
04 A2 G3 
05 A1 G2 
06 AO 07 
07 00 06 

01 05 
02 04 

GND 03 

MJW JW OR NW 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

16 16 mA 

-55 125 0 70 °e 

"tJ electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

lJ 
o 
S 
en 

PARAMETER 

VIK 

IOH 

VOL 

II 

IIH 

IlL 

lee 

TEST CONDITIONst 
MJW 

TYP+ MIN 

Vee = MIN, II = -18 mA 

I VOH = 2.4 V 
Vee = MIN, 

I VOH - 5.5 V 

Vee = MIN, IOL = 16 mA 

Vee = MAX, VI = 5.5 V 

Vee = MAX, VI = 2.7 V 

Vee = MAX, VI = 0.5 V 

Vee = MAX 100 

JW OR NW 

TYP+ 
UNIT 

MAX MIN MAX 

-1.2 -1.2 V 

0.05 0.05 
mA 

0.1 0.1 

0.5 0.5 V 

1 1 mA 

25 25 /lA 

-0.25 -0.25 mA 

135 100 135 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

TEST MJW JW OR NW 
PARAMETER 

CONDITIONS MIN TYP~ MAX MIN TYP~ 

talA) Access time from address eL = 30 pF 35 75 35 

tatS) Access time from chip select (enable time) RLl = 300 {} 20 45 20 

tpLH 
Propagation delay time low-to-high-Ievel RL2 = 600 {} 

15 40 15 
output from chip select See Note 3 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
t All typical values are at Vee = 5 V, T A = 25 De. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP24S41 
4096 BITS (1024 WORDS BY 4 BllS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

02 
G1 

(5) 

(6) 

(7) 

(4) 

(3) 

(2) 

(1) 

(17) 

(16) 
(15) 

(10) 

(8) 

TBP24S41 

PROM 1024 X 4 

0 

(14) 
A\l 

(13) 0 A\l > A 1023 (12) 
A\l 

A\l 
(11) 

9 

rJEN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

10L Low-level output current 

TA Operating free-air temperature range 

00 
01 

02 

03 

pin assignment 
TBP24S41 

J OR N PACKAGE 

(TOP VIEW) 

A6 Vee 
A5 A7 
A4 AS 
A3 A9 
AO QO 
A1 Q1 
A2 Q2 
G1 Q3 

GND 132 

MJ J OR N 

MIN NOM MAX MIN NOM 

4.5 5 5.5 4.75 5 

2 2 

0.8 

-2 

16 

-55 125 0 

MAX 
UNIT 

5.25 V 

V 

0.8 V 

-3.2 rnA 

16 rnA 

70 ae 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
MJ J OR N 

TYP:I: TYP:I: 
UNIT 

MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 rnA -1.2 -1.2 V 

VOH Vee = MIN, 10H = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, 10L = 16 rnA 0.5 0.5 V 

10ZH Vee = MAX, Vo = 2.4 V 50 50 p.A 

10ZL Vee = MAX, Vo = 0.5 V -50 -50 p.A 

I, Vee = MAX, VI = 5.5 V 1 1 rnA 

IIH Vee = MAX, VI = 2.7 V 25 25 p.A 

IlL Vee = MAX, V, = 0.5 V -0.25 -0.25 rnA 

IOS§ Vee = MAX -15 -100 -20 -100 rnA 

lee Vee = MAX 95 140 95 140 rnA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

TEST MJ J OR N 
PARAMETER 

CONDITIONS MIN TYP:I: MAX MIN TYP+ MAX 

talA) Access time from address eL = 30 pF 40 75 40 

tatS) Access time from chip select (enable time) See Note 3 20 40 20 

tdis Disable time 
eL = 5 pF 

See Note 3 
20 40 20 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
:tAli typical values are at Vee = 5 V, T A = 25 ae. 
§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP24SA41 
4096 BITS (1024 WORDS BY 4 BITS) 
STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH OPEN·COLLECTOR OUTPUTS 

logic symbol 

AO 
A1 
A2 

A3 

A4 

AS 

AS 

A7 

AS 

A9 

G2 
01 

(5) 

(S) 

(7) 

(4) 

(3) 

(2) 

(1) 

(17) 

(1S) 
(15) 

(10) 

(8) 

TBP24SA41 

PROM 1024 X 4 

0 

(14) 
Ao. 

(13) 0 AQ > A 1023 (12) 
Ao. 

Ao. 
(11) 

9 

MEN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

IOL Low-level output current 

TA Operating free-air temperature range 

\ 

00 
01 

02 

03 

pin assignment 

MIN 

4.5 

2 

-55 

. TBP24SA41 
J OR N PACKAGE 

(TOP VIEW) 

A6 Vee 
AS A7 
A4 A8 
A3 AS 
AO 00 
A1 01 
A2 02 
G1 03 

GND G2 

MJ J OR N 
UNIT 

NOM MAX MIN NOM MAX 

5 5.5 4.75 5 5.25 V 

2 V 

0.8 0.8 V 

5.5 5.5 V 

16 16 rnA 

125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
MJ J OR N 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 rnA -1.2 -1.2 V 

IOH Vee = MIN, I VOH = 2.4 V 0.05 0.05 

I VOH = 5.5 V 0.1 
rnA 

, 0.1 

VOL Vee = MIN, IOL = 16 rnA 0.5 0.5 V 

II Vee = MAX, VI = 5.5 V 1 1 rnA 

IIH Vee = MAX, VI = 2.7 V 25 25 itA 

IlL Vee = MAX, VI = 0.5 V -0.25 -0.25 rnA 

ICC Vee = MAX 95 140 95 140 rnA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST MJ J OR N 

Typt Typt CONDITIONS MIN MAX MIN 

talA) Access time from address eL = 30 pF 40 75 40 

ta(S) Access time from chip select (enable time) RL1 = 300 (} 20 40 20 

tpLH 
Propagation delay time low-to-high-Ievel RL2 = 600 (} 

20 40 20 
output from chip select See Note 3 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, TA = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

UNIT 
MAX 

60 ns 

30 ns 

30 ns 
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TBP24S81 
8192 BITS (2048 WORDS BY 4 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

Al0 

G 

(5) 

(6) 

171 
(4) 

(3) 

(2) 

(1) 

(17) 

(16) 

(15) 

(B) 

(10) I"--.... 

TBP24SBl 

PROM 2048 X 4 

0 

A\l 
(14) 

0 A\l 
(13) 

> A 2047 
A\l 

(12) 

A\l 
(11) 

10 .... 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

10H High-level output current 

10L Low-level output current 

TA Operating free-air temperature range. 

00 

01 

02 

03 

pin assignment 
TBP24SBl 

J OR N PACKAGE 

(TOP VIEW) 

A6 Vee 
A5 A7 
A4 A8 
A3 A9 
AO 00 
A1 01 
A2 02 

A10 03 
GND IT 

MJ J OR N 

MIN NOM MAX MIN NOM 

4.5 5 5.5 4.75 5 

2 2 

O.B 

-2 

16 

-55 125 0 

UNIT 
MAX 

5.25 V 

V 

0.8 V 

-3.2 rnA 

16 rnA 

70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MIN 

MJ 
TYP; MAX 

J OR N 

MIN TYP; 
UNIT 

MAX 

VIK Vee = MIN. II = -lB rnA -1.2 -1.2 V 

VOH Vee = MIN. 10H = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN. IOL = 16 rnA 0.5 0.5 V 

IOZH Vee = MAX. Vo = 2.4 V 50 50 pA 

10ZL Vee = MAX. Vo = 0.5 V -50 -50 pA 

II Vee = MAX. VI = 5.5 V 1 1 rnA 

IIH Vee = MAX. VI = 2.7 V 25 25 pA 

IlL Vee = MAX. VI = 0.5 V -0.25 -0.25 rnA 

10S~ Vee = MAX -15 -100 -20 -100 rnA 

lee Vee = MAX 125 175 125 175 rnA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

TEST MJ J OR N 
PARAMETER 

CONDITIONS MIN Typi MAX MIN TYP; MAX 

talA) Access time from address eL = 30 pF 45 85 45 

ta(S) Access time from chip select (enable time) See Note 3 20 50 20 

tdis Disable time 
eL = 5 pF 

See Note 3 
20 50 20 

tFor conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions. 
iAIl typical values are at Vee = 5 V. TA = 25°e. 
§Not more than one output should be shorted at a time. and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP24SA81 
8192 BITS (2048 WORDS BY 4 BITS) 
STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH OPEN·COLLECTOR OUTPUTS 

logic symbol 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

AS 
A9 

A10 

G 

(5) 

(6) 

(7) 

(4) 

(3) 

(2) 

(1) 

(17) 

(16) 

(15) 

(8) 

(101 r-...... 

TBP24SA81 

PROM 2048 X 4 

0 

Ao. 
(14) 

0 Ao. 
(13) 

> A 2047 
Ao. 

(12) 

Ao. 
(11) 

10 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

IOL Low-level output current 

TA Operating free-air temperature range 

00 

01 

02 

03 

pin assignment 
TBP24SAB1 

J OR N PACKAGE 

ITOP VIEW) 

A6 Vee 
A5 A7 
A4 A8 
A3 A9 
AO 00 
Al 01 
A2 02 

A10 03 
GND IT 

MJ J OR N 

MIN NOM MAX MIN NOM 

4.5 5 5.5 4.75 5 

2 2 

0.8 

5.5 

16 

-55 125 0 

UNIT 
MAX 

5.25 V 

V 

0.8 V 

5.5 V 

16 mA 

70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MJ J OR N 

TVP* TVP* 
UNIT 

MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 -1.2 V 

IOH Vee = MIN, 
I VOH = 2.4 V 0.05 0.05 

VmA I VOH - 5.5 V 0.1 0.1 

VOL Vee = MIN, 10L = 16 mA 0.5 0.5 V 

II Vee = MAX, VI = 5.5 V 1 1 mA 

IIH Vee = MAX, VI = 2.7 V 25 25 p.A 

IlL Vee = MAX, VI = 0.5 V -0.25 -0.25 mA 

lee Vee - MAX 125 175 125 175 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST MJ J OR N 

TVP* TVP* CONDITIONS MIN MAX MIN 

talA) Access time from address eL = 30 pF 45 95 45 

ta(SI Access time from chip select (enable time) RLl = 3000 20 50 20 

tpLH 
Propagation delay time low-to-high-Ievel RL2 = 6000 

20 50 20 
output from chip select See Note 3 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
*AII typical values are at Vee = 5 V, T A = 25°e. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 

UNIT 
MAX 

70 ns 

40 ns 

40 ns 
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TBP28S86A 
8192 BITS (1024 WORDS BY·8 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 
TBP28S86A 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

G4 

G3 

G2 
Gl 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(22) 

(21) f".... 

(19) 

(18) 

(20) I"'--. 

PROM 1024 X 8 

° 

A\j 
(9) 

A\j 
(10) 

A\j 
(11) 

A\j 
(13) 

> A 10°23 A\j 
(14) 

A\j 
(15) 

A\j 
(16) 

A\j 
(17) 

9 
--s;-

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

Vil low-level input voltage 

IOH High-level output current 

IOl low-level output current 

TA Operating free-air temperature range 

00 

01 

02 

03 

04 

05 

06 

07 

pin assignment 
TBP28S86A 

JW OR NW PACKAGE 

(TOP VIEW) 

A7 Vee 
A6 A8 
A5 A9 
A4 <34 
A3 <31 
A2 G3 
A1 G2 
AO 07 
00 06 
01 05 
02 04 

GND 03 

MJW JW OR NW 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

-2 -3.2 mA 

12 12 mA 

-55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
MJW JW OR NW 

TYP; TYP; 
UNIT 

MIN MAX MIN MAX 

VIK Vee = MIN. II = -18 mA -1.2 -1.2 V 

VOH Vee = MIN. IOH =' MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN. IOl = 12 mA 0.5 0.5 V 

IOZH Vee = MAX. Va = 2.4 V 50 50 p.A 

IOZl Vee = MAX. Va = 0.5 V -50 -50 p.A 

II Vee = MAX. VI = 5.5 V 1 1 mA 

IIH Vee = MAX. VI = 2.7 V 25 25 p.A 

III Vee = MAX. VI - 0.5 V -0.25 -0.25 mA 

IOS~ Vee = MAX -15 -100 -20 -100 mA 

lee Vee = MAX 110 170 110 165 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST MJW JW OR NW 

CONDITIONS MIN TYP; MAX MIN TYP; MAX 

taA) Access time from address el = 30 pF 35 80 35 

tatS) Access time from chip select (enable time) See Note 3 20 50 20 

tdis Disable time 
eL = 5 pF 

See Note 3 
15 40 15 

tFor conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V. TA = 25°e. 
§Not more than one output should be shorted at a time. and duration of the short circuit should not exceed one second. 
NOTE 3: load circuits and voltage waveforms are shown in Section 1. 
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TBP28SA86A 
8192 BITS (1024 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH OPEN·COLLECTOR OUTPUTS 

logic symbol 

,AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

G4 
G3 

G2 

G1 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(22) 

(21) """ 
(19) 

(18) 

(20) ,...... 

TBP28SA86A 

PROM 1024 X 8 

0 

AQ 
(9) 

Ao. 
(10) 

A52 
(11) 

AQ 
(13) 

0 
> A 1023 A52 

(14) 

A52 
(15) 

AQ 
(16) 

A52 
(17) 

~ 
& 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

IOL Low-level output current 

TA 'Operating free-air temperature range 

00 

01 

02 

03 

04 

05 

06 

07 

pin assignment 

MIN 

4.5 

2 

-55 

TBP28SA86A 
JW OR NW PACKAGE 

(TOP VIEW) 

A7 Vee 
A6 AS 
A5 A9 
A4 G4 
A3 G1 
A2 G3 
A1 G2 
AO Q7 
QO Q6 
Q1 Q5 

Q2 Q4 
GND Q3 ......... __ .......... 

MJW JW OR NW 

NOM MAX MIN NOM MAX 

5 5.5 4.75 5 5.25 

2 

0.8 0.8 

5.5 5.5 

12 12 

125 0 70 

UNIT 

V 

V 

V 

V 

mA 

°e 

"'C :c electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
o 
s: 
en 

PARAMETER 

VIK 

IOH 

VOL 

II 

IIH 

IlL 

lee 

TEST CONDITIONSt 
MJW 
Typt MIN 

Vee = MIN, II = -18 mA 

Vee = MIN, L VOH = 2.4 V 

J VOH = 5.5 V 

Vee = MIN, IOL = 12 mA 

Vee = MAX, VI = 5.5 V 

Vee = MAX, VI = 2.7 V 

Vee = MAX" VI = 0.5 V 

Vee = MAX 125 

JW OR NW 
Typt 

UNIT 
MAX MIN MAX 

-1.2 -1.2 V 

0.05 0.05 
mA 

0.1 0.1 

0.5 0.5 V 

1 1 mA 

25 25 p.A 

-0.25 -0.25 mA 

175 125 175 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

TEST MJW JW OR NW 
PARAMETER 

CONDITIONS MIN Typt MAX MIN Typt 

talA) Access time from address eL = 30 pF 35 80 35 

ta(S) Access time from chip select (enable time) RL1 = 300 {} 20 50 20 

tpLH 
Propagation delay time low-to-high-Ievel RL2 = 600 {} 

output from chip select See Note 3 
15 40 15 

tFor conditions shown as MIN or MAX, use appropri<lte value specified under recommended operating conditions. 
:t: All typical values are at Vee = 5 V, T A = 25°e. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28S2708A 
8192 BITS (1024 WORDS BY 8 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

G 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(22) 

(20) f"-...... 

TBP2SS270SA 

PROM 1024 X 8 

0 

AV' 
(9) 

AV' 
(10) 

AV' 
(11) 

AV' 
(13) 

0 
>A 1023 AV' 

(14) 

AV' 
(15) 

AV' 
(16) 

AV' 
(17) 

9--

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

10H High-level output current 

10L Low-level output current 

TA Operating free-air temperature range 

pin assignment 
TBP2SS270SA 
NW PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 AS 

00 A5 A9 
01 

A4 NC 
02 A3 IT 
03 

A2 NC 
04 

A1 NC 
05 AD Q7 
06 QO Q6 
Q7 Q1 Q5 

Q2 Q4 
GND Q3 

NW 
UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

2 V 

O.S V 

-3.2 mA 

12 mA 

0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN 

NW 
Typt MAX 

UNIT 

VIK Vee = 4.75, II = -1S mA -1.2 V 

VOH Vee = 4.75, 10H = -3.2 mA 2.4 3.1 V 

VOL Vee = 4.75, 10L = 12 mA 0.5 V 

10ZH Vee = 5.25, Vo = 2.4 V 50 JlA 

10ZL Vee = 5.25, Vo = 0.5 V -50 JlA 

II Vee = 5.25, VI = 5.5 V 1 mA 

IIH Vee = 5.25, VI = 2.7 V 25 p.A 

IlL Vee = 5.25, VI = 0.5 V -0.25 mA 

10S+ Vee = 5.25 -20 -100 mA 

lee Vee = 5.25 110 165 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST NW 

CONDITIONS MIN Typt MAX 

talA) Access time from address eL = 30 pF 45 

ta(S) Access time from chip select (enable time) See Note 3 20 

tdis Disable time 
eL = 5 pF 

See Note 3 
20 

t All typical values are at Vee = 5 V, T A = 25°e. 
+Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28S166 
16,384 BITS (2084 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 
TBP28S166 

AO 
A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 
A10 

G3 

G2 

G1 

(8) 
.(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(22) 

(21) 

(19) 

(18) 

(20) r---... 

PROM 2048 X 8 

0 

A\l 
(9) 

A\l (10) 

A\l 
(11) 

>A 20~7 
A\l 

(13) 

A\l 
(14) 

A\l 
(15) 

A\l 
(16) 

(17) 
A\l 

10 

I'N 
recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air te>mperature range 

pin assignment 
TBP28S166 

NW PACKAGE 

(TOP VIEW) 

A7 Vee 
00 A6 A8 
01 A5 A9 
02 A4 A10 
03 

A3 IT 
04 

A2 G3 
05 

A1 G2 
06 

07 AO Q7 
QO Q6 
Q1 Q5 
Q2 Q4 

GND Q3 

NW 

MIN NOM 

4.75 5 

2 

0 

MAX 
UNIT 

5.25 V 

V 

0.8 V 

-3.2 rnA 

16 rnA 

70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN 

NW 
Typt 

UNIT 
MAX 

VIK Vee = 4.75, II = -18 rnA -1.2 V 

VOH Vee = 4.75, IOH = -3.2 rnA 2.4 3.1 V 

VOL Vee = 4.75, IOL = 16 rnA 0.5 V 

IOZH Vee = 5.25, Va = 2.4 V 50 IlA 

IOZL Vee = 5.25, Va = 0.5 V -50 IlA 

II Vee = 5.25, VI = 5.5 V 1 rnA 

IIH Vee = 5.25, VI = 2.7 V 25 IlA 

IlL Vee = 5.25, VI = 0.5 V -0.25 rnA 

10S~ Vee = 5.25 -20 -100 rnA 

lee Vee = 5.25 130 175 rnA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

TEST NW 
PARAMETER 

CONDITIONS MIN Typt MAX 

talA) Access time from address eL = 30 pF 35 

tarS) Access time from chip select (enable time) See Note 3 15 

tdis Disable time 
eL = 5 pF 

See Note 3 
15 

t All typical values are at Vee = 5 V, T A = 25°e. 
~Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28L22 
2048 BITS (256 WORDS BY 8 BITS) 

LOW·POWER PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 

AO 
Al 

A2 

A3 

A4 

AS 

AS 

A7 

02 
01 

(1) 

(2) 

(3) 

(4) 

(5) 

(17) 

(18) 

(19) 

(lS) f'.... 
(15) .......... 

TBP28L22 

PROM 25S X 8 

0 
A\l 

(S) 

A\l 
(7) 

A\l 
(8) 

0 > A '255 A\l 
(9) 

A\l 
(11) 

A\l 
(12) 

A\l 
(13) 

~ A\l 
(14) 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

10H High-level output current 

10L Low-level output current 

TA Operating free-air temperature range 

00 
Q1 

02 

03 

04 

05 

OS 

07 

pin assignment 
TBP28L22 

J OR N PACKAGE 

(TOP VIEW) 

AO Vee 
A1 A7 
A2 A6 
A3 A5 
A4 (32 
00 (31 
01 07 
02 06 
03 05 

GND 04 

MJ J OR N 

MIN NOM MAX MIN NOM MAX 
UNIT 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

-2 -6.5 mA 

16 16 mA 

-55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST CONDITIONS t 
MJ J OR N 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN. II = -18 mA -1.2 -1.2 V 

VOH Vee = MIN. 10H = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN. 10L = 16mA 0.5 0.5 V 

10ZH Vee = MAX. Vo = 2.4 V 50 50 p.A 

10Zl Vee = MAX. Vo = 0.5 V -50 -50 p.A 

II Vee = MAX. VI = 5.5 V 1 1 mA 

IIH Vee = MAX. VI = 2.7 V 25 25 p.A 

IlL Vee = MAX. VI = 0.5 V -0.25 -0.25 mA 

lOS!! Vee = MAX -25 -100 -30 -100 mA 

lee Vee = MAX 75 100 75 100 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST MJ J OR N 

CONDITIONS MIN TYP* MAX MIN TYP* MAX 

taA) Access time from address eL = 30 pF 45 75 45 

ta(S) Access time from chip select (enable time) See Note 3 20 40 20 

tdis Disable time 
eL = 5 pF 

15 35 15 
See Note 3 

tFor conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V. TA = 25°e. 
§Not more than one output should be shorted at a time. and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28LA22 
2048 BITS (256 WORDS BY 8 BITS) 
LOW·POWER PROGRAMMABLE READ·ONL Y MEMORIES WITH OPEN·COLLECTOR OUTPUTS 

logic symbol 

AO 

Al 

A2 

A3 

A4 

A5 
A6 

A7 

62 
61 

(1) 

(2) 

(3) 

(4) 

(5) 

(11) 

(18) 

(19) 

(16) J"o.... 

(15) '" 

TBP28LA22 

PROM 256 X 8 

0 
AO 

(6) 

AO 
171 

AO 
(8) 

0 
>A2s"5 AO 

(9) 

AO 
(11) 

AO 
(12) 

AO 
(13) 

7 (14) 

MEN 

AO 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

IOL Low-level output current 

TA Operating free-air temperature range 

00 

01 

02 

03 

04 

05 

06 
07 

pin assignment 
TBP28LA22 

J OR N PACKAGE 

(TOP VIEW) 

AO Vee 
A1 A7 
A2 A6 
A3 A5 
A4 <32 
ao <31 
01 07 
02 06 
03 05 

GND 04 

MJ J OR N 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

5.5 5.5 V 

16 16 mA 

-55 125 0 70 De 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST CONDITIONSt 
MJ J OR N 

UNIT PARAMETER 
TVP* TVP* MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 -1.2 V 

I VOH = 2.4 V 0.05 0.05 
IOH Vee = MIN, mA 

I VOH = 5.5 V 0.1 0.1 

VOL Vee = MIN, IOL = 16 mA 0.5 0.5 V 

II Vee = MAX, VI = 5.5 V 1 1 mA 

IIH Vee = MAX, VI = 2.7 V 25 25 p.A 

IlL Vee = MAX, VI = 0.5 V -0.25 -0.25 mA 

lee Vee = MAX 75 100 75 100 mA 

switching characteristics over recommende~ ranges of TA and Vee (unless otherwise noted) 

TEST MJ J OR N 
PARAMETER 

TVP* TVP* CONDITIONS MIN MAX MIN 

taAl Access time from address eL = 30 pF 40 80 45 

ta(S) Access time from chip select (enable time) RLl = 300 n 20 40 20 

tpLH 
Propagation delay time low-to-high-Ievel RL2 = 600 n 

15 35 15 
output from chip select See Note 3 

"' 
tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
*AII typical values are at Vee = 5 V, TA = 25 De. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28L42 
·4096 BITS (512 WORDS BY 8 BITS) 

LOW·POWER PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol pin assignment 

AO 
A1 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

G 

(1) 

(2) 

(3) 

(4) 

(5) 

(16) 

(17) 

(18) 

(19) 

(15) f'.... 

TBP28l42 

PROM 512 X 8 

0 (6) 
A\l 

(7) 
A\l 

(8) 
A\l 

(9) 
0 A\} 

>A511 A\l 
(11) 

A\l 
(12) 

A\l 
(13) 

8 
A\l 

(14) 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

V,L low-level input voltage 

IOH High-level output current 

IOL low-level output current 

TA Operating free-air temperature range 

00 

01 

02 

03 

04 

05 

06 

07 

TBP28L42 
J OR N PACKAGE 

(TOP VIEW) 

AO Vee 
A1 A8 
A2 A7 
A3 A6 
A4 A5 
00 IT 
01 07 
02 06 
03 05 

GND 04 

MJ J OR N 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

-1 -1.6 rnA 

8 8 rnA 

-55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) • 

MJ J OR N 
PARAMETER TEST CONDITIONSt 

MIN TYP* MAX MIN TYP* 
UNIT 

MAX 

V,K Vee = MIN, I, = -18 rnA -1.2 -1.2 V 

VOH Vee = MIN, IOH = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, IOl = 8 rnA 0.5 0.5 V 

IOZH Vee = MAX, Vo = 2.4 V 50 50 p.A 

IOZl Vee = MAX, Vo = 0.5 V -50 -50 p.A 

" 
Vee = MAX, VI = 5.5 V 1 1 rnA 

IIH Vee = MAX, VI = 2.7V 25 25 p.A 

',L Vee = MAX, VI = 0.5 V -0.25 -0.25 rnA 

IOS§ Vee = MAX -10 -100 -10 -100 rnA 

lee Vee = MAX 50 85 50 85 rnA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise ·noted) 

PARAMETER 
TEST MJ J OR N 

CONDITIONS MIN TYP* MAX MIN TYP* MAX 

talA) Access time from address eL = 30 pF 55 110 55 

ta(S) Access time from chip select (enable time) See Note 3 25 60 25 

tdis Disable time 
eL = 5 pF 

See Note 3 
25 50 25 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, TA = 25°e. . 
§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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III 

TBP28L46 
4096 BITS (512 WORDS BY 8 BITS) 
LOW·POWER PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 

AO 
A1 

A2 

A3 

A4 

AS 
A6 

A7 

AS 

G4 
G3 

G2 

G1 

IS) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(21) r--.... 
(19) 

(1S) 

(20) '" 

TBP28L46 

PROM 512 X 8 
0 

A\l 
(9) 

A\l 
(10) 

A\l 
(11) 

- 0 (13) 
>A511 A\l 

(14) 
A\l 

(15) 
A'\l 

A\l 
(16) 

s" A\l 
(17) 

& 

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air temperature range 

pin assignment 
TBP28L46 

JW OR NW PACKAGE 

ITOP VIEW) 

00 A7 Vcc' 
01 A6 A8 

02 A5 NC 

03 A4 <34 

04 A3 <31 

05 A2 G3 

06 A1 G2 

07 AO 07 

00 06 

01 05 

02 04 

GND 03 

MJW JW OR NW 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 

2 2 

0.8 0.8 

-1 -1.6 

8 8 

-55 125 0 70 

UNIT 

V 

V 

V 

rnA 

rnA 
De 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST CONDITIONS t 
MJW JW OR NW 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 rnA -1.2 -1.2 V 

VOH Vee = MIN, IOH = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, IOl = 8 rnA 0.5 0.5 V 

IOZH Vee = MAX, Vo = 2.4 V 50 50 pA 

IOZl Vee = MAX, Vo = 0.5 V -50 -50 pA 

II Vee = MAX, VI = 5.5 V 1 1 rnA 

IIH Vee = MAX, VI = 2.7 V 25 25 pA 

III Vee = MAX, VI = 0.5 V -0.25 -0.25 rnA 

IOS§ Vee = MAX -10 -100 -10 -100 rnA 

lee Vee = MAX 50 85 50 85 rnA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST MJW JW OR NW 

CONDITIONS MIN TYP* MAX MIN TYP* MAX 

talA) Access time from address el = 30 pF 55 110 55 

t a(5) Access time from chip select (enable time) See Note 3 25 60 25 

tdis Disable time 
el = 5 pF 

See Note 3 
25 50 25 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
fAil typical values are at Vee = 5 V, TA = 25 De. 
§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed orie second. 
NOTE 3: load circuits and voltage waveforms are shown in Section 1. 
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T8P28L86A 
8192 BITS (1024 WORDS BY 8 BITS) 

LOW·POWER PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 

AO 
Al 

A2 
A3 

A4 

AS 

AS 

A7 

AS 

A9 

G4 
G3 

G2 

Gl 

(8) 

(7) 

(S) 

(5) 
(4) 

(3) 
(2) 

(1) 

(23) 

(22) 

(21) f"-... 

(19) 

(18) 

(20) f"-... 

TBP28L86A 

PROM 1024 X 8 

0 

A\l 
(9) 

A\l 
(10) 

A\l 
(11) 

A\l 
(13) 

;> A 1~23 A\l 
(14) 

A\l 
(15) 

A\l 
(lS) 

A\l 
(17) 

9 
--g;--

EN 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

Vil Low-level input voltage 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air temperature range 

00 

01 

02 

03 

04 

05 

os 
07 

pin assignment 
TBP28L86A 

JW OR NW PACKAGE 

(TOP VIEW) 

A7 Vee 
A6 A8 
A5 A9 
A4 G4 
A3 G1 
A2 G3 
A1 G2 
AO 07 
00 06 
01 05 
02 04 

GND 03 

MJW JW OR NW 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 V 

2 2 V 

0.8 0.8 V 

-1 -1.6 mA 

8 8 mA 

-55 125 0 70 °e 

electrical characteristics over recommended operating free-air temper~ture range (unless otherwise noted) 

TEST CONDITIONS t 
MJW JW OR NW 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 -1.2 V 

VOH Vee = MIN, IOH = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, 10L = 8 mA 0.5 0.5 V 

10ZH Vee = MAX, Vo = 2.4 V 50 50 p.A 

IOZl Vee = MAX, Va = 0.5 V -50 -50 p.A 

II Vee = MAX, VI = 5.5 V 1 1 mA 

IIH Vee = MAX, VI = 2.7 V 25 25 p.A 

III Vee = MAX, VI = 0.5 V -0.25 -0.25 mA 

IOS§ Vee = MAX -10 -100 -10 -100 mA 

lee Vee = MAX 55 95 55 80 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST MJW JW OR NW 

CONDITIONS MIN TYP* MAX MIN TYP* MAX 

tqLA) Access time from address eL = 30 pF 65 200 65 

ta(S) Access time from chip select (enable time) See Note 3 40 125 40 

tdis Disable time 
eL = 5 pF 

See Note 3 
25 100 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, TA = 25°e. 

25 

§Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28L166 
16,384 BITS (2084 WORDS BY 8 BITS) 
LOW·POWER PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

logic symbol 

AO 
Al 

A2 
A3 

A4 

A5 

A6 

A7 

AB 
A9 

Al0 

G3 

G2 

Gl 

(B) 

171 
(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(22) 
(21) 

(19) 

\1B) 

(20) ("-..... 

TBP28L166 

PROM 2048 X B 

0' 

A\l 
(9) 

A\l ---'..!QL 

A\l 
(11) 

> A 
20

0
47 

A\l 
(13) 

A\l 
(14) 

A\l 
(15) 

A\l 
(16) 

(17) 
A\l 

10 

lEN 
recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air temperature range 

00 
01 

02 
03 
04 

05 
06 
07 

pin assignment 
TBP28L166 

NW PACKAGE 

(TOP VIEW) 

A7 Vee 
A6 A8 
A5 A9 

A4 A10 
A3 IT 
A2 G3 
A1 G2 
AO 07 
00 06 
01 05 
02 04 

GND 03 -.....----

NW 

MIN NOM 

4.75 5 

2 

0 

MAX 
UNIT 

5.25 V 

V 

0.8 V 

-1.6 mA 

8 mA 

70 De 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

NW 
PARAMETER TEST CONDITIONS 

MIN Typt MAX 
UNIT 

VIK Vee = 4.75, II = -18 mA -1.2 V 

VOH Vee = 4.75, IOH = -1.6 mA 2.4 3.1 V 

VOL Vee = 4.75, IOL = 8 mA 0.5 V 

loZH Vee = 5.25, Vo = 2.4 V 50 p.A 

IOZL Vee = 5.25, Vo = 0.5 V -50 p.A 

II Vee = 5.25, VI = 5.5 V 1 mA 

IIH Vee = 5.25, VI = 2.7 V 25 p.A 

IlL Vee - 5.25, VI - 0.5 V 0.25 mA 

lost Vee = 5.25 -10 -100 mA 

lee Vee = 5.25 75 110 mA 

switching characteristics over recommended ranges ofTA and Vee (unless otherwise noted) 

TEST NW 
PARAMETER 

Typt CONDITIONS MIN MAX 

talA) Access time from address eL = 30 pF 80 125 

tatS) Access time from chip select (enable time) See Note 3 40 65 

tdis Disable time 
eL = 5 pF 

See Note 3 
30 65 

t All typical values are at Vee = 5 V. T A = 25 De. 
t Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SERIES 24 AND 28 
PROGRAMMABLE READ·ONLY MEMORIES 

recommended operating conditions for programming (see Figure 1 ) 

MIN NOM MAX UNIT 

Steady-state supply voltage Vee 4.75 5 5.25 V 

VIH -' 3 4 5 
Input voltage V 

VIL 0 0 0.5 

Voltage at all outputs except the one to be programmed 0 0 0,5 V 

Supply voltage level to program a bit VeC(pr) 5.75 6 6.25 V 

Select or enable level to program a bit VS(pr) 9.75 10 11 V 

Output level during interval t5 VO(pr) 15.75 16 16.25 V 

Low 4.4 4.5 4.6 
Supply voltage during verification (see step 14) V 

High 5.4 5.5 5.6 

Time from Vee to settle and to verify need to program tl 0 5 10 JlS 

Time from Vee = 6 V until chip select (enable) is at 10 V t2 5 5 10 JlS 

Time from chip select (enable) high to start of program ramp t3 0.1 5 10 JlS 

Ramp time, output program pulse t4 10 15 20 JlS 

Duration of output program pulse t5 15 20 20 JlS 

Time from end of program pulse to chip select (enable) low t6 5 5 10 JlS 

Time from chip select (enable) Vee = 0 V t7 0.1 5 5 JlS 

Time for cooling between bits t8 30 50 100 JlS 

Time for cooling between words t9 30 50 JlS 

Free-air temperature TA 20 25 30 °e 

step-by-step programming instruction (see Figure 1 ) 
1. Address the word to be programmed, apply 5 volts to Vee and active levels to all chip select (S and 5) or chip 

enable (E and E) inputs. 

2. Verify the status of a bit location by checking the output level. 

3. Decreass Vee to 0 volts. 

4. For bit locations that do not require programming, skip steps 5 through 11. 

5. Increase Vee to VeC(pr) with a minimum current capability of 250 milliamperes. 

6. Apply VS(pr) to all the S, E or G inputs. II::; 25 milliamperes. Active-high enables may be left high. 

7. Connect all outputs, except the one to be programmed, to VIL. Only one bit is to be programmed at a time. 

8. Apply the output programming pulse for 20 microseconds. Minimum current capability of the programming 
supply should be 250 milliamperes. 

9. After terminating the output pulse, disconnect all outputs from VIL conditions. 

10. Reduce the voltage at 5, E, or G inputs to VII. 

11. Decrease Vee to 0 volts. 

12. Return to step 4 until all outputs in the word have been programmed. 

13. Repeat steps 2 through 11 for each word in memory. 

14. Verify programming of every word after all words have been programmed using Vee values of 4.5 and 5.5 volts. 
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SERIES 24 AND 28 
PROGRAMMABLE READ·ONL V MEMORIES 

ADDRESS :SS S~SNEWWORD VIH WORD ADDRESS VALID �NPUTS._....L-________________ ---( ~---(S f ADDRESS VIL 

H-t1 

VCC~--5V I ~s-, ~VCC(pr) 
-T-OV r-U-1 ~ I 

t--+- t2 te-- ts ---1 I-- tg---i 

I 
t7~ L 

- - VS(pr) START NEXT BIT 
S.E.G I 
---~ s S Sf---H~---VIL I ~t4~t5~t6 

I I I 

PROGR~!~i ~41-' t3~V"O/(Pr) L---~ 
-----LlZ:,IL .:S \-S ----\~ ~\-S ----VOL 

NOTE 4: Rise and fall times should be :5 1 p.s. 

4-34 

FIGURE 1. TIMING DIAGRAM AND VOLTAGE 
WAVEFORMS FOR PROGRAMMING SEQUENCE 
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TBP34R162 t TBP34R16X 
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED 

PROGRAMMABLE READ-ONLY MEMORY 

• Fastest Schottky PROM Family 

• High-Speed Access Times 

• Allows Storage of Output Data 

• Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 

description 

The TBP34R16' is a series-3 IMPACTTM TTL 
programmable read-only memory (PROM) 
featuring high-speed access times and 
dependable titanium-tungsten fuse link program 
elements. It is organized as 4096 words by 4 
bits, providing 16,384 bits. 

The output register receives data from the PROM 
array on the rising edge of RCLK. Data is 
programmed at any bit location with the 
standard series 3 programming algorithm. The 
program elements store a low logic level before 
any programming, and are permanently set to a 
high logic level after programming. After 
execution of the programming procedure, the 
output for that bit location cannot be reversed. 
The series 3 programming procedure should be 
referred to for further details. Additional circuits 
have been designed into these devices to 
improve testability and ensure high 
programmability . 

These PROMs are offered with a choice of setup 
times (dash numbers). these dash numbers are 
found in the recommended operating conditions 
table, and are included in the part numbers. 

02863, NOVEMBER 1984-REVISED DECEMBER 1985 

TBP34R162 ... J OR N PACKAGE 

(TOP VIEW) 

A8 VCC 
A7 A9 
A6 A10 
A5 A11 
A4 G 
A3 RCLK 
A2 QO 
A1 Q1 
AD Q2 

GND Q3 

TBP34R16X ... FN OR FK PACKAGE 

(TOP VIEW) 

3 2 1 2019 

A5 4 18 A10 
A4 5 17 A11 
A3 6 16 G 
A2 7 15 RCLK 
A1 8 14 QO 

9 10 11 1213 

0 QC"'lN..-
4: zOOO 

c.9 

An MFK or MJ suffix designates full-temperature circuits that are characterized for operation over the full 
military temperature range of - 55°C to 125°C. An FN or N suffix designates commercial-temperature 
circuits that are characterized for operation from OOC to 70°C. 

IMPACT is a trademark of Texas Instruments. 

Copyright © 1985, Texas Instruments Incorporated 
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This document contains information on products in 
more than one phase of development. The status of 
each device is indicated on the pagels) specifying its 
electrical characteristics. TEXAS • 

INSTRUMENTS 
4-35 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



"tJ 
::D o 
S 
en 

TBP34R162, TBP34R16X 
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED 
PROGRAMMABLE READ-ONLY MEMORY 

logic symbol t 

G (16) 
[REGISTERED PROM] 

EN 
RCLK -,(..;.;15;;':')_C>Cl 

AO 

Al 

A2 

A3 
(5) 

A4 
A5 (4) 

A6 (3) 

A7 (2) 
(1) 

A8 
A9 (19) 

Al0 (18) 

A11 

A 10 

A10 

A 10 

A10 

(12) 02 

(11) 03 

logic diagram (positive logic) 

G (16) 

RCLK-,(~15~)--------------~ 

AO (9) 

Al (8) 

A2 (7) 

A3 (6) 

A4 (5) 

AS (4) 

A6 (3) 

(2) 
A7 
A8 (1) 

A9 (19) 

A10 (18) 

All (17) 

PROM 4096 X 4 

o 

11 

o 
A 4ii95 

A 

A 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 

TERMINAL FUNCTIONS 

TERMINALS FUNCTION 

AO - All Address inputs for data from PROM array 

IT 
If G fs high, 00 thru 03 are in high-impedance state. 

If IT is low, ao thru 03 are enabled. 

RCLK 
Low-to-high transition loads output register from 

PROM array. 

ao - 03 Register outputs under control of G 

10 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) .............................................. , 7 V 
Input voltage, VI .................................................... . . . . .. 5.5 V 
Off-state output voltage, VO(off) ............................................ " 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits . . . . . .. - 55°C to 125°C 

eommercial-temperature-range circuits. . . . . . .. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 1: All voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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PRODUCT 
PREVIEW 

recommended operating conditions 

PARAMETER 

VCC Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

10H High-level output current 

10L Low-level output current 

tw Pulse duration. RCLK high or low 

tsu Setup time. address before RCLK 

th Hold time. address after RCLK 

TA Operating free-air temperature range 

TBP34R162, TBP34R16X 
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED 

PROGRAMMABLE READ-ONLY MEMORY 

MILITARY 

MIN NOM MAX 
UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 
-2 mA 

16 mA 

12 ns 

ns 

ns 

- 55 125 °c 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS 
MIN 

MILITARY 
TYpt MAX 

UNIT 

VIK VCC = MIN. II = -18 mA -1.2 V 

VOH VCC = MIN. 10H = -2mA 2.4 3.1 V 

VOL VCC = MIN. 10L = 16 mA 0.5 V 

10ZH VCC = MAX. Va = 2.4 V 50 p.A 

10ZL VCC - MAX. Va - 0.5 V -50 p.A 

II VCC = MAX. VI = 5.5 V 0.1 mA 

IIH VCC = MAX. VI = 2.7 V 20 p.A 

IlL VCC = MAX. VI = 0.5 V -0.25 mA 

10i VCC = MAX. Va = 2.25 V -30 -112 -mA 

ICC VCC = MAX mA 

switching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 

TEST 
FROM TO 

CONDITIONS 
MILITARY 

PARAMETER UNIT 
(INPUT) (OUTPUT) 

(See Note 2) MIN Typi MAX 

tpd CLK Any Q R1 = 300 n. 8 ns 

ten G Any Q R2 = 600 n. 8 ns 

tdis G Any Q CL = 50 pF 6 ns 

t All typical values are at VCC = 5 V. TA = 25°C. 
i The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book. Volume 4. 1985. 
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PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data an~ other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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TBP34R162, TBP34R16X 
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED 
PROGRAMMABLE READ-ONLY MEMORY 

recommended operating conditions 

PARAMETER 

VCC Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

10H High-level output current 

10L Low-level output current 

tw Pulse duration. RCLK high or low 

tsu Setup time. address before RCLKi I -30 Suffix 

th Hold time. address after RCLK 

TA Operating free-air temperature range 

COMMERCIAL 

MIN NOM MAX 
UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

-3.2 mA 

24 mA 

12 ns 

30 ns 

ns 

0 70 °c 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER 
COMMERCIAL 

TEST CONDITIONS 
Typt 

UNIT 
MIN MAX 

VIK VCC = MIN. 11= -18 mA -1.2 V 

VOH VCC = MIN. 10H = -3.2 mA 2.4 3.1 V 

VOL VCC = MIN. 10L = 24 mA 0.5 V 

10ZH VCC = MAX. Va = 2.4 V 50 p.A 

10ZL VCC = MAX. Va = 0.5 V -50 p.A 

II VCC = MAX. VI = 5.5 V 0.1 mA 

IIH VCC = MAX. VI = 2.7 V 20 p.A 

IlL VCC = MAX. VI = 0.5 V -0.25 mA 

lot VCC = MAX. Va = 2.25 V -30 -112 mA 

ICC VCC = MAX 120 160 mA 

." :JJ switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

o 
S 
CI'I 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

tpd CLK Any Q 

ten G Any Q 

tdis G Any Q 

t All typical values are at VCC = 5 V. T A = 15 °c. 

TEST COMMERCIAL 

CONDITIONS -30 SUFFIX UNIT 

(See Note 2) MIN TYP* MAX 

R1 = 300 n. 8 12 ns 

R2 = 600 n. 8 12 ns 

CL = 50 pF 6 10 ns 

t The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book. Volume 4. 1985. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

4-38 standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TBP34R162, TBP34R16X 
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED 

PROGRAMMABLE READ-ONLY MEMORY 

recommended operating conditions for programming (see Figure 1) 

MIN NOM MAX UNIT 

VCC Supply voltage during verification 4.5 5 5.5 V 

VIH High-level input voltage 3 3 4 \5 

VIL Low-level input voltage 0 0.2 0.4 V 

Enable G voltage during verification 0 0.2 0.4 V 

Enable G inactive voltage during programming 4.5 5 5.5 V 

VCC(pr) Supply voltage program pulse amplitude 12 12.5 13 V 

twl VCC program pulse duration, 1 st attempt 10 11 12 I'-s 

tw2 VCC program pulse duration, 2nd attempt 20 22 25 I'-s 

tw3 VCC program pulse duration, 3rd attempt 20 22 25 I'-s 

tsu Setup time, enable G low before VCC(pr) t 0.1 0.5 1 I'-s 

th Hold time, enable G low before VCC(pr)t 0.1 0.5 1 I'-s 

tr(VCC) Rise time, VCC(pr) (5 V to 12 V) 0.3 0.4 0.5 I'-s 

tf(VCC) Fall time, VCC(pr) (12 V to 5 V) 0.05 0.1 0.2 I'-s 

td Delay time between successive VCC(pr) pulses 10 20 30 I'-s 

tcool Cooling time between words 100 150 200 I'-s 

TA Free-air temperature 20 35 30 °c 

t Measured from 1.5 V on enable pin to 5.5 V on VCC(pr)' 
t Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin. 

step-by-step programming instructions (see Figure 1) 

1. Address the word to be programmed, apply 5 V to Vee and a low logic level to the G input. 
2. Verify the selected bit location that requires programming. Note: The only bit positions that require 

programming are outputs to be at a high logic level. 
3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for the 

next word. 
4. Deselect PROM by applying 5 V to G. 
5. Connect a 4-mA current source (clamped to Vee) to the output to be programmed. 
6. Increase Vee to Vee(pr) for a pulse duration equal to twx (where X is determined by the number of 

programming attempts, i.e., 1, 2, 3). Minimum current capability for the Vee power supply should be 
400 mAo 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat steps 2 through 7 and increment X (where X equals 1 on 
the first programming attempt). If the output has not been programmed by the third attempt, stop 
programming and go to a new device. 

8. Verify programming of every word after all words have been programmed using Vee values of 4.5 volts 
and 5.5 volts. 
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TBP34R162, TBP34R16X 
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED 
PROGRAMMABLE READ-ONLY MEMORY 

series 3 programming sequence 

AOTOAll ==x 
I 
I 

Vee I 
I 

G 

I I 

VALID ADDRESS 

~:: 
I I 

01 H I I 
"'----......:.--------------4IJ'""-.:......-~I-----. - VOH 

I LVOL 
I I I 

02 I I 
I 

03 

I I ! L VOH 

--~------------------------------------------~I---4/~~;: I I I 

PROGRAM 02----~.1~---4/1__1z:! 
PROGRAM 03 Z lVERIFY 

III 
PROGRAM 01 

~ VERIFY 

Illustrated above is the following sequence: 

""C 
:c 
o 
S 
en 

4-40 

1. It is desired to program the selected address with 0111 (QO-Q3). Outputs Q 1 , Q2, and Q3 need programming. 
2. Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at 

a high logic level. 
3. Q3 is an example of an output requiring three attempts to be programmed successfully. 
4. Q3 is programmed to a high logic level. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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TBP34S10, TBP34L 10, TBP34SA 10 
TBP34S1X, TBP34L1X, TBP34SA1X 

1024-BIT (256 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMORIES 

o Advanced Schottky IMPACTT" PROM Family 

• High-Speed Access Times 

o Low-Power, 3-State, and Open-Collector 
Options Available 

• Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

description 

These Series-3 IMPACr" TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fuse link program elements, They are organized 
as 256 words by 4 bits each, providing a total 
of 1024 bits. The '34S1 has three-state outputs, 
The '34SA 1 is the open-collector version and 
allows the device to be connected directly to 
data buses utilizing passive pull-up resistors, The 
low-power '34L 1 is available for applications 
that require power conservation while 
maintaining bipolar speeds, It also has three­
state outputs. 

02909, JANUARY 1985-REVISEO APRIL 1986 

TBP34S10, TBP34Ll0, TBP34SA10 
N OR J PACKAGE 

(TOP VIEW) 

A6 VCC 
A5 A7 
A4 G2 
A3 G1 
AO 00 
A1 01 
A2 02 

GND 03 

TBP34S1X, TBP34L1X. TBP34SA1X 
FN OR FK PACKAGE 

A3 5 

AO 6 

A1 7 

A2 8 

(TOP VIEW) 

U 
LOCOU Ur-­
««z>« 

3 2 1 20 19 

9 1011 12 13 

UOUMN 
zzzdd 

(!) 

18 

17 

16 

15 

14 

NC - No internal connection 

G2 
G1 
00 
NC 

01 

These PROMs are offered with a choice of address access times (dash numbers), These dash numbers 
are found in the switching characteristics table, and are included in the part numbers. 

Data is programmed at any bit location with the standard Series 3 programming algorithm, The program 
elements store a low logic level before any programming, and are permanently set to a high logic level 
after programming. After execution of the programming procedure, the output for that bit location cannot 
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry 
has been designed into these devices to improve testability and insure high programmability. 

An MJ or MFK suffix designates full-temperature circuits that are characterized for operation over the full 
military temperature range of - 55 °C to 125 cc, An N or FN suffix designates commercial-temperature 
circuits that are characterized for operation from 0 cc to 70 cc. 

IMPACT is a trademark of Texas Instruments. 

Copyright © 1985, Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date, Products conform to 
these specifIcations per the terms of Texas 
Instruments standard warranty. Production 
processing does not necessarily include testing of all 
parameters. 
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TBP34S10, TBP34L10, TBP34SA10 
TBP34S1X, TBP34L1X, TBP34SA1X 
1024·BIT (256 WORDS BY 4 BITS) PROGRAMMABLE READ·ONL Y MEMORIES 

logic symbols t 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

G2 
G1 

(5) 

(6) 

(7) 

(4) 

(3) I 

(2) 

(1) 

(15) 

(14) ,-........ 

(13) ........... 

TBP34S10. TBP34L10 

TBP34S1X. TBP34L1X 

PROM 256 X 4 

0 

A\l 

0 A\l 
>A 255 A\l 

A\l 

7 

& 
lEN 

(12) 
00 

(11 ) 
01 

(10) 
02 

(9) 
03 

AO 
(5) 

A1 
(6) 

A2 
(7) 

A3 
(4) 

A4 

A5 

(3) 

(2) 

A6 

A7 

<32 

(1 ) 

(15) 

(14) ,-........ 

<31 
(13) J".... 

TBP34SA10 

TBP34SA1X 

PROM 256 X 4 

0 

AQ 

AQ 0 
>A 255 AQ 

AQ 

7 
& 

lEN 

(12) 

(11) 

(10) 

(9) 

00 

01 

02 

03 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 

Pin numbers shown are for J and N packages. 

schematics of inputs and outputs 

, EQUIVALENT OF INPUTS 

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

INPUT-~~'-~-+-~ 

TYPICAL OF ALL 
OPEN-COLLECTOR OUTPUTS 

PROGRAMMING CIRCUIT 
NOT SHOWN 

TYPICAL OF ALL THREE-STATE OUTPUTS 

-----...... -VCC 

OUTPUT 

PROGRAMMING CIRCUIT NOT SHOWN 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) ................................................... 7 V 
Input voltage ............................................... _ ... '.' . . . . . . .. 5.5 V 
Off-state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits ....... - 55 DC to 125 DC 

Commercial-temperature-range circuits. . . . . . .. O°C to 70 DC 
Storage temperature range ......................................... - 65 DC to 1 '50 DC 

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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TBP34S10, TBP34S1X 
1024·BI1 (256 WORDS BY 4 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORY WITH 3·STATE OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage O.B 0.8 V 

10H High-level output current -2 -3.2 mA 

10L Low-level output current 16 24 mA 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free·air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 -1.2 V 

VOH Vee = MIN, 10H = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, 10L = MAX 0.5 0.5 V 

IOZH Vee = MAX, Va = 2.4 V 50 50 I'A 

10ZL Vee = MAX, Vo = 0.5 V -50 -50 I'A 

II Vee = MAX, VI = 5.5 V 0.1 0.1 mA 

IIH Vee = MAX, VI = 2.7 V 20 20 I'A 

IlL Vee = MAX, VI = 0.5 V -0.25 -0.25 mA 

lo§ Vee = MAX, Vo = 2.25 V -30 -112 -30 -112 mA 

55 95 55 95 mA ICC Vec = MAX 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. __ 
:l=AII typical values are at Vce =.5 V, TA = 25°C. ~ 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. . 

t/) 

switching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 2: 
talA) 

ten tdis 
TEST ACCESS TIME 

TYPE ENABLE TIME DISABLE TIME 
CONDITIONS FROM ADDRESS 

MIN TYP* MAX MIN TYP* MAX MIN Typt MAX 

TBP34S 1 0-30 

TBP34S 1 X-30 
Military 

eL = 50 pF, 
15 30 8 15 5 12 

TBP34S 1 0-25 R1 = 300 fl, 
Commercial 15 

TBP34S 1 X-25 R2 = 600 fl, 
25 8 12 5 10 

TBP34S 1 0-18 
Commercial 

TBP34S1X-18 

See Note 2 
15 18 8 12 5 10 

:l=AII typical values are at Vee = 5 V, TA = 25°C. 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4. 1985. 
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TBP34L10, TBP34L1X 
1024·BIT (256 WORDS BY 4 BITS) 
LOW·POWER PROGRAMMABLE READ·ONLY MEMORY WITH 3·STATE OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
UNIT 

MIN NOM MAX MIN NOM MAX 

Vce Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High·level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -1.6 -3.2 mA 

10L Low-level output current 16 24 mA 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
MIN TYP* MAX MIN TYP* 

VIK Vce = MIN, II = -18 mA -1.2 

VOH Vee = MIN, 10H = MAX 2.4 3.1 2.4 3.1 

VOL Vee - MIN, 10L - MAX 0.5 

10ZH Vec = MAX, Va = 2.4 V 50 

10ZL Vee = MAX, Va = 0.5 V -50 

II Vee = MAX, VI = 5.5 V 0.1 

IIH Vee = MAX, VI = 2.7 V 20 

IlL Vee = MAX, VI = 0.5 V -0.25 

lo§ Vce = MAX, Va = 2.25 V -30 -112 -30 

Ice Vce = MAX 30 50 30 

tFor .conditions shown as MIN or MAX, use appropriate value specified under recommended operating condition~. 
tAli typical values are at Vce = 5 V, TA = 25°e. 

MAX 

-1.2 

0.5 

50 

-50 

0.1 

20 

-0.25 

-112 

50 

UNIT 

V 

V 

V 

p.A 

p.A 

mA 

p.A 

mA 

mA 

mA 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS' 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

talAI 
ten tdis 

TEST ACCESS TIME 
TYPE ENABL~ TIME DISABLE TIME UNIT 

CONDITIONS FROM ADDRESS 

MIN TYP* MAX MIN TYP* MAX MIN TYP* MAX 

TBP34L 10-40 

TBP34L 1 X-40 
Military 20 40 8 18 5 12 ns 

TBP34L 10-25 eL = 50 pF, 
eommercial 20 

TBP34L 1 X-25 R1 = 300 n, 25 8 15 5 10 ns 

TBP34L 10-27 R2 = 600 n 
5 10 Commercial 20 27 8 15 ns 

TBP34L 1 X-27 See Note 2 I 

TBP34L1 0-35 

TBP34L 1 X-35 
Commercial 20 35 8 15 .5 10 ns 

tAli typical values are at Vce = 5 V, TA = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 
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TBP34SA10, TBP34SA1X 
1024·BIT (256 WORDS BY 4 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORY WITH OPEN·COLLECTOR OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

IOL Low-level output current 16 24 mA 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free·air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
TYP* TYP* MIN MAX MIN 

VIK Vee = MIN, II = -18 mA -1.2 

IOH Vee = MIN, I VOH = 2.4 V 0.05 

I VOH = 5.5 V 0.1 

VOL Vee = MIN, IOL = MAX 0.5 

II Vee = MAX, VI = 5.5 V 0.1 

IIH Vee = MAX, VI = 2.7 V 20 

IlL Vee = MAX, VI = 0.5 V -0.25 

lee Vee = MAX 55 95 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
*AII, typical values are at Vee = 5 V, TA = 25°e. 

55 

MAX 

-1.2 

0.05 

0.1 

0.5 

0.1 

20 

-0.25 

95 

UNIT 

V 

mA 

V 

mA 

p.A 

mA 

mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

talA) 
ten tdis TEST ACCESS TIME 

TYPE CONDITIONS FROM ADDRESS ENABLE TIME DISABLE TIME UNIT 

MIN Typi MAX MIN TYP* MAX MIN TYP* MAX 
TBP34SA 10-30 eL = 50 pF, 
TBP34SA 1 X-30 Military R1 = 300O, 15 30 8 15 8 12 ns 

TBP34SA 10-25 R2 = 600O, 
TBP34SA 1 X-25 eommercial See Note 2 15 25 8 12 8 10 ns 

*AII typical values are at Vee = 5 V, TA = 25°e. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 
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TBP34S10, TBP34L10, TBP34A10 
TBP34S1X, TBP34L1X, TBP34SA1X 
1024·BIT (256 WORDS BY 4 BITS) PROGRAMMABLE READ·ONL Y MEMORIES 

recommended operating conditions for programming (see Figure 1) 

Supply voltage during verification 

Input voltage 

Enable voltage during verification 

Enable inactive voltage during programming 

VCC program pulse amplitude 

I 1st attempt 

VCC program pulse duration I 2nd attempt 

I 3rd attempt 

Enable set-up time t before VCC(pr) 

Enable hold timet after VCC(pr) 

Rise time of VCC(pr) § 

Fall time of VCC(pr) 1 
Delay time between successive VCC(pr) pulses 

Delay time between successive VCC(pr) pulses 

Cooling time between words 

Free-air temperature 

tMeasured from 1.5 Von enable pin to 5.5 V on VCC(pr) 
tMeasured from 5.5 Von VCC(pr) to 1.5 Von enable pin 
§Measured from 5 V to 12 V 
1Measured from 12 V to 5 V 

step-by-step programming instructions (see Figure 1) 

MIN 

VCC 4.5 

VIH 3 

VIL 0 

Gl. G2 0 

Gl. G2 4.5 

VCC(pr) 12 

twl 10 

tw2 20 

tw3 20 

tsu(en) 0.1 

th(en) 0.1 

tr(VCC) 0.3 

tf(VCC) 0.05 

tdl 10 

td2 10 

tcool 100 

TA 20 

NOM MAX UNIT 

5 5.5 V 

4 5 

0.2 0.5 
V 

0.2 0.4 V 

5 5.5 V 

12.5 13 V 

11 12 

22 25 p's 

22 25 

0.5 1 p's 

0.5 1 p's 

0.4 0.5 p's 

0.1 0.2 p's 

20 30 p's 

20 30 p's 

150 200 p's 

25 30 °c 

1. Address the word to be programmed. apply 5 volts to Vee and active levels to all enable inputs (<31, (32). 

2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 

4. Deselect PROM by applying 5 volts to G 1 or G2. 

5. Connect a 4-mA current source (clamped to Vee) to the output that is to be programmed. 

6. Increase Vee to Vee(pr) for a pulse duration equal to twx (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vee power supply should 
be 400 mAo 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 

8. Verify programming .of every word after all words have been programmed using Vee values of 4 .. 5 volts 
and 5.5 volts. 
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TBP34S10, TBP34L10, TBP34SA10 
TBP34S1X, TBP34L1X, TBP34SA1X 

1024·BIT (256 WORDS BY 4 BITS) PROGRAMMABLE READ·ONLY MEMORIES 

AOTOA7~ ___________________________ V_A_L_I_D_A_D_D_R_E_S_S ________ ~1~ _________________ ><==== 
I ~tw1 ~tw2 t4---tt- tw3 ~ I4-tt-tw1 
I I I I I I I _____ _ 12.5 V 

Vee I 

01 

02 

----- 5V 

'----------- 0 V 

L VOH 
VOL 

'----~--~----~------~- VOH 
I I VOL 

03 I ~~----~ VOH 

--~--~----+---_I--------------------------~--~ ! .L-- VOL r : I r ~ 
PROGRAM 02---~~1---} ~ .1 

'L PROGRAM 03 

Illustrated above is the following sequence: 

1) It is desired to program .the selected address with 0111 (00-03). Only outputs 01. 02 and 03 need programming. 
2) 01 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 

logic level. 
3) 02 is an example of an output requiring three attempts to be programmed successfully. 
4) 03 is programmed to a high logic level. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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TBP34S162, TBP34L162, TBP34SA162 
TBP34S16X, TBP34L16X, TBP34SA16X 

16,384-BIT (4096 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMORIES 

• Fastest Schottky PROM Family 

• High-Speed Access Times 

o Low-Power, 3-State, and Open-Collector 
Options Available 

• Titanium-Tungsten (Ti-Wl Fuse Links for 
Reliable Low-Voltage Programming 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

description 

These Series-3 IMPACT'M TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fuse link program elements. They are organized 
as 4096 words by 4 bits each, providing a total 
of 16,384 bits. The '34S 16 has three-state 
outputs. The '34SA 16 is the open-collector 
version and allows the device to be connected 
directly to data buses utilizing passive pull-up 
resistors. The low-power '34L 16 is available for 
applications that require power conservation 
while maintaining bipolar speeds. It also has 
three-state outputs. 

These PROMs are offered with a choice of 
address times (dash numbers). These dash 
numbers are found on the switching 
characteristics table, and are included in the part 
numbers. 

D2909, AUGUST 1984- REVISED MAY 1986 

TBP34S162, TBP34L162, TBP34SA162 
N OR J PACKAGE 

(TOP VIEW) 

A8 Vee 
A7 A9 
A6 A10 
A5 A11 
A4 G1 
A3 G2 
A2 00 
A1 01 
AO 02 

GND 03 

TBP34S16X, TBP34L16X, TBP34SA16X 
FN OR FK PACKAGE 

(TOP VIEW) 

U 
CDr--COUcn 
<x: <x: <x: > <x: 

3 2 1 20 19 

A5 4 18 A10 
A4 5 17 A11 
A3 6 16 G1 
A2 7 15 G2 
A1 8 14 00 

9 10 11 12 13 

OOMN ..... 
<x:zddd 

(!) 

NC - No internal connection 

Data is programmed at any bit location with the standard Series 3 programming algorithm. The program 
elements store a logic level low before any programming, and are permanently set to a logic level high 
after programming. After execution of the programming procedure, the output for that bit location cannot 
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry 
has been designed into these devices to improve testability and insure high programmability. 

An MJ or MFK suffix designates full-temperature circuits that are characterized for operation over the full 
military temperature range of - 55°C to 125°C. An N or FN suffix designates commercial-temperature 
circuits that are characterized for operation from OOC to 70°C. 

IMPACT is a trademark of Texas Instruments 

Copyright © 1984, Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date, Products conform to 
specifications per the terms of Texas Instruments 
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TBP34S162, TBP34L162, TBP34SA162 
TBP34S16X, TBP34L16X, TBP34SA16X 
16,384·BIT (4096 WORDS BY 4 BITS) PROGRAMMABLE READ·ONLY MEMORIES 

logic symbols t 
TBP34S162. TBP34S16X 

TBP34L162. TBP34L16X 

o 
PROM 4096 X 4 

A'V 

A'V 

A'V 

o A'V 
A-

4095 

EN 

(14) 00 

(13) 01 

(12) 02 

(11) 03 

AO (9) 

A1 (8) 

A2 (7) 

A3 (6) 

A4 (5) 

A5 (4) 

A6 (3) 

A7 (2) 

A8 (1) 

A9 (19) 

A10 (18) 

A11 (17) 

<32 (15) 

<31 (16) 

TBP34SA162. TBP34SA16X 

PROM 4096 X 4 

0 

(14) 00 
AQ 

AQ (13) 01 

AQ 
(12) 02 

0 AQ (11) 03 
A-

4095 

11 

EN 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 

schematics of inputs and outputs 

EQUIVALENT OF INPUTS 

VCC------~~-~ 

INPUT-~~'-__ -+-~ 

TYPICAL OF ALL 
OPEN-COLLECTOR OUTPUTS 

PROGRAMMING CIRCUIT 
NOT SHOWN 

TYPICAL OF ALL THREE-STATE OUTPUTS 

------4I-VCC 

OUTPUT 

PROGRAMMING CIRCUIT NOT SHOWN 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) ................................................... 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Off-state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits .. . . . .. - 55 DC to 125 DC 

Commercial-temperature-range circuits. . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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TBP34S162, TBP34S16X 
16,384·BIT (4096 WORDS BY 4 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORIES WITH 3·STATE OUTPUTS 

recommended operating conditions 

PARAMETER 
MIN 

MILITARY 

NOM MAX 

COMMERCIAL 

MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -2 -3.2 mA 

10L Low-level output current 16 24 mA 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS t 
MILITARY COMMERCIAL 

MIN Typf MAX MIN Typf 

VIK Vee = MIN. II = -18 mA -1.2 

VOH Vee = MIN. 10H = MAX 2.4 3.1 2.4 3.1 

VOL Vee = MIN. 10L = MAX 0.5 

10ZH Vee = MAX. Va = 2.4 V 50 

10ZL Vee - MAX. Va - 0.5 V -50 

II Vee = MAX. VI = 5.5 V 0.1 

IIH Vee = MAX. VI = 2.7 V 20 

IlL Vee = MAX. VI = 0.5 V -0.25 

lo§ Vee = MAX. Va = 2.25 V -30 -112 -30 

ICC Vee = MAX 95 155 95 

tFor conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions. 
:l=AII typical values are at Vee = 5 V. TA = 25°C. 

MAX 

-1.2 

0.5 

50 

- 50 

0.1 

20 

-0.25 

-112 

155 

UNIT 

V 

V 

V 

p.A 

p.A 

mA 

p.A 

mA 

mA 

mA 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

talA) 
ten tdis TEST ACCESS TIME 

TYPE ENABLE TIME DISABLE TIME UNIT CONDITIONS FROM ADDRESS 

MIN Typf MAX MIN Typf MAX MIN Typf MAX 
TBP34S 162-45 

TBP34S 16X-45 
Military 16 45 6 15 5 12 ns 

TBP34S 162-45 eL = 50 pF. 
TBP34S 16X-45 

Commercial 16 45 6 12 5 10 ns Rl = 300 n. 
TBP34S162-35 R2 = 300 n. 
TBP34S16X-35 

Commercial 16 35 6 12 5 10 ns See Note 2 

TBP34S162-25 

TBP34S16X-25 
Commercial 16 25 6 12 5 10 ns 

:l=AII typical values are at Vee = 5 V. TA = 25°C. 
NOTE 2: Load circuits and voltage waveforms as shown in Section 1 of The TTL Data Book, Volume 4, 1985. 

U) 

~ 
o 
a: 
c.. 

TEXAS ~ 
INSTRUMENTS 

4-51 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



III 
"tJ 
jJ 

o 
s: 
C/) 

TBP34L162, TBP34L16X 
16,384-BIT (4096 WORDS BY 4 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High·level output current -1.6 -3.2 rnA 

IOL Low·level output current 16 24 rnA 

TA Operating free-air temperature range -55 125 0 70 °c 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
TYP~ MIN MAX MIN TYP~ 

VIK VCC = MIN. II = -18 rnA -1.2 

VOH VCC = MIN. 10H = MAX 2.4 3.1 2.4 3.1 

VOL VCC = MIN. 10L = MAX 0.5 

10ZH VCC = MAX. Vo = 2.4 V 50 

10ZL VCC = MAX. Vo = 0.5 V -50 

II VCC = MAX. VI = 5.5 V 0.1 

IIH VCC = MAX. VI = 2.7 V 20 

IlL VCC = MAX. VI = 0.5 V -0.25 

10§ VCC = MAX. Vo = 2.25 V -30 -112 -30 

ICC VCC = MAX 65 100 65 

tFor conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions. 
tAli typical values are at VCC = 5 V. T A = 25 cC. 

MAX 

-1.2 

0.5 

50 

-50 

0.1 

20 

-0.25 

-112 

100 

UNIT 

V 

V 

V 

p.A 

p.A 

rnA 

p.A 

rnA 

rnA 

rnA 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

talA) 
ten tdis 

TEST ACCESS TIME 
TYPE ENABLE TIME DISABLE TIME UNIT 

CONDITIONS FROM ADDRESS 

MIN TYP~ MAX MIN TYP~ MAX MIN TYP~ MAX 

TBP34L 162-40 

TBP34L 1 6X-40 
Military 20 40 10 20 5 15 ns 

TBP34L 162-30 
Commercial 

CL = 50 pF. 
20 30 10 15 5 10 ns 

TBP34L 16X-30 Rl = 300 n. 
TBP34L 162-35 

Commercial 
R2 = 600 n. 

10 15 10 20 35 5 ns 
TBP34L 16X-35 See Note 2 

TBP34L 162-50 

TBP34L 16X-50 
Commercial 20 50 10 15 5 10 ns 

tAli typical values are at VCC = 5 V. T A = 25 cC. 
NOTE 2: Load circuits and voltage waveforms as shown in Section 1 of The TTL Data Book, Volume 4. 1985. 
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TBP34SA162, TBP34SA16X 
16,384·BIT (4096 WORDS BY 4 BITS) STANDARD 

PROGRAMMABLE READ·ONLY MEMORY WITH OPEN·COLLECTOR OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
UNIT PARAMETER 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

IOL Low-level output current 16 24 mA 

TA Operating free-air temperature range -55 125 0 70 °c 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
MIN TYP* MAX MIN TYP* 

VIK VCC = MIN, II = -18 mA -1.2 

I VOH = 2.4 V 0.05 
IOH VCC = MIN, 

I VOH = 5.5 V 0.1 

VOL VCC = MIN, IOL = MAX 0.5 

II VCC = MAX, VI = 5.5 V 0.1 

IIH VCC = MAX, VI = 2.7 V 20 

IlL VCC = MAX, VI = 0.5 V -0.25 

ICC VCC = MAX 95 155 95 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
tAli typical values are at Vce = 5 V, T A = 25°C. 

MAX 

-1.2 

0.05 

0.1 

0.5 

0.1 

20 

-0.25 

155 

UNIT 

V 

mA 

V 

mA 

p.A 

mA 

mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

talA) 
ten tdis 

TEST ACCESS TIME 
TYPE ENABLE TIME DISABLE TIME UNIT 

CONDITIONS FROM ADDRESS 

MIN TYP* MAX MIN Typt MAX MIN TYP* MAX 

TBP34SA 162-40 CL = 50 pF, 
Military 22 40 6 15 8 20 ns 

TBP34SA 16X-40 Rl = 300 n, 
TBP34SA 162-35 

Commercial 
R2 = 600 n, 

TBP34SA 16X-35 
22 35 6 12 8 15 ns 

See Note 2 

tAli typical values are at VCC = 5 V, TA = 25°C. 
NOTE 2: Load circuits and voltage waveforms as shown in Section 1 of The TTL Data Book, Volume 4, 1985. 
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TBP34S162, TBP34L162, TBP34SA162 
TBP34S16X, TBP34L16X, TBP34SA16X 
16,384-BIT (4096 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMORIES 

recommended operating conditions for programming (see Figure 1) 

Supply voltage during verification 

Input voltage 

Enable voltage during verification 

Enable inactive voltage during programming 

VCC program pulse amplitude 

I 1st attempt 

VCC program pulse duration I 2nd attempt 

I 3rd attempt 

Enable set·up time; before VCC(pr) 

Enable hold timei after VCC(pr) 

Rise time of VCC(pr) § 

Fall time of VCC(pr)' 

Delay time between successive VCC(pr) pulses 

Delay time between successive VCC(pr) pulses 

Cooling time between words 

Free·air temperature 

tMeasured from 1.5 V on enable pin to 5.5 Von VCC(pr) 
iMeasured from 5.5 V on VCC(pr) to 1.5 V on enable pin 
§Measured from 5 V to 12 V 
, Measured from 1 2 V to 5 V 

step-by-step programming instructions (see Figure 1) 

VCC 

VIH 

VIL 
G1, G2 

G1. G2 

VCC(pr) 

tw1 

tw2 

tw3 

tsu(en) 

th(en) 

tr(VCC) 

tf(VCC) 

td1 

td2 

tcool 

TA 

MIN NOM 

4.5 5 

3 4 

0 0.2 

0 0.2 

4.5 5 

12 12.5 

10 11 

20 22 

20 22 

0.1 0.5 

0.1 0.5 

0.3 0.4 

0.05 0.1 

10 20 

10 20 

100 150 

20 25 

MAX UNIT 

5.5 V 

5 
V 

0.5 

0.4 V 

5.5 V 

13 V 

12 

25 p's 

25 

1 p's 

1 p's 

0.5 p's 

0.2 p's 

30 p's 

30 p's 

200 p's 

30 °c 

1. Address the word to be programmed, apply 5 volts to Vee and active levels to all enable inputs (<31, (32). 

2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
""C programming are outputs needing a high logic level. 
::x:J o 3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 

S 4. Deselect PROM by applying 5 volts to (31 or <32. 
(I) 

4-54 

5. Connect a 4-mA current source (clamped to Vee) to the output that is to be programmed. 

6. Increase Vee to Vee(pr) for a pulse duration equal to twx (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vee power supply should 
be 400 mAo 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a .new device. 

8. Verify programming of every word after all words have been programmed using Vee values of 4.5 volts 
and 5.5 volts. 
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TBP34S162, TBP34L162, TBP34SA162 
TBP34S16X, TBP34L16X, TBP34SA16X 

16,384-BIT (4096 WORDS BY 4 BITS) PROGRAMMABLE READ-ONLY MEMORIES 

VALID ADDRESS : C
V1H 

VIL 
~tw1 ~tw1 ~tw2 ~tw3 j4-lIt-tw1 
I I I I I I I I 

------ 12.5V 

I 
~ i4- th(en) 

----- 5V 

OV 
I I 

I n 1 L VOH 

I : 
VOL 

I I VOH 
I I 

VOL I 

~ VOH 
I 

LVOL I 
I I I 

PROGRAM 02 ~ } ~PR!RAM03 
Illustrated above is the following sequence: 

1) It is desired to program the selected address with 0111 (00-03). Only outputs 01. 02 and 03 need programming. 
2) 01 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 

logic level. 
3) 02 is an example of an output requiring three attempts to be programmed successfully. 
4) 03 is programmed to a high logic level. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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TBP34SR165, TBP34SR16X 
16,384-BIT (4096 WORDS BY 4 BITS) 

SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY 

• Fastest Schottky PROM Family 

• High-Speed Access Times 

• Allows Storage of Output Data 

• Applications Include: 
Microprogram Control Store with 
Built-In System Diagnostic Testing 
Serial Character Generator 
Parallel In/Serial Out Memory 

description 

The TBP34SR16' is a series-3 IMPACT'" TTL 
programmable read-only memory (PROM) 
featuring high-speed access times and 
dependable titanium-tungsten fuse link program 
elements. It is organized as 4096 words by 
4 bits each, providing 16,384 bits. 

The TBP34SR 16' features a 4-bit shadow 
register that allows diagnostic observation and 
control without introducing intermediate illegal 

, states. It is loaded on the rising edge of SRCLK 
from either the output register or the serial data 
input (SOl). In addition, it can be loaded with 
parallel data from the outputs. The output 
register receives data from either the PROM 
array or the shadow register as determined by 
the mode control input. The output register is 
loaded on the rising edge of ORCLK. The mode­
dependent function table should be referred to 
for further details. 

During diagnostics, data loaded into the output 
register from the PROM array can be parallel­
loaded into the shadow register and serially 
shifted out through the SDO output. This allows 
observation of the system without introducing 
intermediate illegal states. Similarly, diagnostic 
data can be serially loaded into the shadow 
register and parallel-loaded into the output 
register. This allows control and test scanning 
to be imposed on the system. 

D2863, JANUARY 1985-REVISED JUNE 1986 

TBP34SR165 ... JT OR NT PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 A8 
A5 A9 
A4 A1D 
A3 A11 
A2 G 
A1 DOD 
AD D01 

MODE D02 
SRCLK D03 

SDI SDO 
GND ORCLK 

TBP34SR16X ... FN OR FK PACKAGE 

(TOP VIEW) 

A4 
A3 
A2 
A1 
AD 
NC 

MODE 

5 

6 

7 

8 

9 

10 

11 

U 
LOCOr--UUa:>Ol 
<X: <X: <X: z> <X: <X: 

4 3 2 1 282726 

12131415161718 

NC-No internal connection 

25 A10 
24 A 11 
23 G 
22 DOD 

21 NC 
20 DQ1 
19 DQ2 

Data is programmed at any bit location with the standard series 3 programming algorithm. The program 
elements store a high logic level before any programming, and are permanently set to a low logic level 
after programming. After execution of the programming procedure, the output for that bit location cannot 
be reversed. The series 3 programming procedure should be referred to for further details. Additional circuits 
have been designed into these devices to improve testability and ensure high programmability. 

An MFK or MJT suffix designates circuits that are characterized for operation over the full military 
temperature range of - 55°C to 125°C. An FN or NT suffix designates commercial-temperature circuits 
that are characterized for operation from O°C to 70°C. 

IMPACT is a trademark of Texas Instruments 

Copyright © 1985, Texas Instruments Incorporated 
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This document contains information on products in 
more than one phase of development. The status of 
each device is indicated on the pagelsl specifying its 
electrical characteristics. TEXAS .. 
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TBP34SR165, TBP34SR16X 
16,384·BIT (4096 WORDS BY 4 BITS) 
SHADOW·REGISTERED PROGRAMMABLE READ·ONLY MEMORY 

logic symbol t 

IT (19) EN7 [SHADOW-REGISTERED PROM] 

ORCLK ...;.(1"",,3.:....) --I> C6 

MUX 
G5 

SRG4 

M1 
SRCLK _(1_0.;.,.) --I> 

SOl 

(8) 

° AO 
A1 (7) 

60 A2 (6) 

A3 (5) 22 '5 
A4 (4) 

A Z21
13 A5 (3) 5 

° (2) A 4095 60 
A6. (1) 23 '5 
A7 A Z22 
A8 (23) 

4 
MUX 

5 A9 (22) 

Al0 (21) A Z23
13 '5 A11 (20) 11 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 

G (191 

ORCLK 
(131 

TBP34SR165, TBP34SR16X 
16,384·BIT (4096 WORDS BY 4 BITS) 

SHADOW·REGISTERED PROGRAMMABLE READ·ONLY MEMORY 

MODE 

SRCLK 

(9) 

1 SHADOW REGISTER 
SRG4 

M1 OUTPUT 

SOl 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

A10 

A11 

(101 
1-/C3 

r;2 r (11 ) 
_ 1,30 

1,2,30 

- 1,2,30 

-

-

(B) 
PROM 4096 X 4 

- 0 
171 - A 
(6) -
~ 
(4) 

"""------ A 
EL 0 
J!L >A'40'9s 

J!L A 
~ 
~ 
E..!!... A 
(20) 

...;.-.;..... 11 

Pin numbers shown are for JT and NT packages. 

REGISTER 

MUX 

~I G5 C6 

5 (18) 

'5 ~ 
60 \J 000 

(171 
001 

(161 
002 

~ 

(15) 
003 - I--

(14) 
SDO 

L....-

r.n 
~ 
a 
a: 
a.. 
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TBP34SR165, TBP34SR16X 
16,384·811 (4096 WORDS BY 4 BITS) 
SHADOW·REGISTERED PROGRAMMABLE READ·ONLY MEMORY 

MODE-DEPENDENT TERMINAL FUNCTIONS 

TERMINAL FUNCTION WHEN MODE INPUT IS HIGH FUNCTION WHEN MODE INPUT IS LOW 

Low-to-high transition loads data into Low-to-high transition shifts data present 
SRCLK on the SOl input into the shadow register. shadow register under SOl control. 

If SOl is high, shadow register does nothing. If SOl is Serial input to shadow register LSB 

SOl low, data may be clocked into shadow register from 

output bus. 

SOO 
Output for data directly from SOl for cascading other 

shadow-registered PROMs 

Output for shadow register MSB 

RCLK 
Low-to-high transition loads output register from Low-to-high transition loads output register 

shadow register. from PROM array. 

OTHER TERMINAL FUNCTIONS 

TERMINALS FUNCTION 

AD - All Address inputs for data from PROM array 

If G is high, OOD thru 003 are in high-impedance state and can accept 

G external data for shadow register. If G is low, OOD thru 003 are 

outputs for data from output register. 

OOD-003 Input/output ports under control of G 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage, VI .. ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Off-state output voltage, VO(off) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits .. . . . .. - 55°C to 125°C 

eommercial-temperature-range circuits ....... , ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 1: All voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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PRODUCT 
PREVIEW 

TBP34SR165, TBP34SR16X 
16,384·BIT (4096 WORDS BY 4 BITS) 

SHADOW·REGISTERED PROGRAMMABLE READ·ONLY MEMORY 

recommended operating conditions 

PARAMETER 
MILITARY 

UNIT 
MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 V 

VIH High·level input voltage 2 V 

VIL Low-level input voltage O.B V 

IOH High-level input current -2 mA 

10L Low-level input current 16 mA 

fclock Clock frequency, SRCLK (MODE = L) t MHz 

fclock Clock frequency, ORCLK:to MHz 

SRCLK high 

SRCLK low 
tw Pulse duration 

ORCLK high 
ns 

ORCLK low 

D03 thru DOO before SRCLKi 

(G and MODE = H, SDI = L) 

SDI and MODE before SRCLKi 

Setup time 
Address before ORCLKi 

tsu 
(MODE = L) 

ns 

MODE before ORCLKi 

SRCLKi before ORCLKi 

(G and MODE = H, SDI = L) 

D03 - DOO after SRCLKi 

(G and MODE = H, SDI = L) 

SDI and MODE after SRCLKi 

th Hold time or ORCLKi 

Address after ORCLKi 
ns 

(MODE = L) 

MODE after ORCLKi 

TA Operating free-air temperature range -55 125 °c 

t Maximum diagnostic clock frequency = 
twSRCLK(high) + twSRCLK(low) 

:to Maximum output register clock frequency 
tsu, Address before ORCLKi 

(J) 

~ 
o 
a: 
Il. 

PRODUCT PREVIEW documents contain information 
on products in the formative or design ~hase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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TBP34SR165, TBP34SR16X 
16,384·BIT (4096 WORDS BY 4 BITS) 
SHADOW·REGISTERED PROGRAMMABLE READ·ONL Y MEMORY 

PRODUCT 
PREVIEW 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt 
MILITARY 

MIN Typt MAX UNIT 

V,K VCC = 4.5 V, I, = -18 rnA -1.2 V 

VOH VCC = 4.5 V, 10H = -2 rnA 2.4 3.1 V 

VOL VCC = 4.5 V, 10L = 16 rnA 0.5 V 

10ZH VCC = 5.5 V, Va = 2.4 V 50 p.A 

10ZL VCC = 5.5 V, Va = 0.5 V -100 p.A 

" 
VCC = 5.5 V, V, = 5.5 V 0.1 rnA 

"H VCC = 5.5 V, V, = 2.7 V 20 p.A 

',L VCC = 5.5 V, V, ,;, 0.5 V -0.25 rnA 

lot VCC = 5.5 V, Va = 2.25 V -30 -112 rnA 

ICC VCC = 5.5 V, See Note 2 120 rnA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

FROM TO TEST CONDITION MILITARY 
PARAMETER 

Typt 
UNIT 

(INPUT) (OUTPUT) (See Note 3) MIN MAX 

fmax§ SRCLK (MODE = L) MHz 

fmax 1 ORCLK MHz 

tpd ORCLK DOO - D03 

tpd SRCLK (MODE = L) SDO 
CL = 50 pF, 

R1 = 300 n, 
tpd SDI (MODE = H) SDO 

R2 = 600 n 
ns 

tpd MODE (SDI = L) 

ten G DOO - D03 

tdis G DOO - D03 

t All typical values are at VCC = 5 V, T A = 25°C. 
t The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

§ Maximum diagnostic clock frequency = 
twSRCLK(high) + twSRCLK(low) 

, Maximum output register clock frequency = 
tsu, Address before ORCLKf 

NOTES: 2. ICC is measured with all outputs open and with all inputs at TTL levels. 
3. Load circuits and voltage waveforms are shown in Section 1. 

PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 

TEXAS -1!1 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



TBP34SR165, TBP34SR16X 
16,384-BIT (4096 WORDS BY 4 BITS) 

SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY 

recommended operating conditions 

COMMERCIAL 
PARAMETER 

MIN NOM MAX 
UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

IOH High-level input current -3.2 mA 

IOL Low-level input current 24 mA 

fclock Clock frequency. SRCLK (MODE = L) t 0 40 MHz 

fclock Clock frequency. ORCLK + 0 30 MHz 

SRCLK high 12 

SRCLK low 12 
tw Pulse duration ns 

ORCLK high 12 

ORCLK low 12 

D03 thru DOO before SRCLKi 
20 

(G and MODE = H. SDI = L) 

SDI and MODE before SRCLKi 20 

Address before ORCLKt 
30 tsu Setup time ns 

(MODE = L) 

MODE before ORCLKi 20 

SRCLKi before ORCLKi 
20 

(G and MODE = H. SDI = L) 

D03 - DOO after SRCLKi 

(G and MODE = H. SDI = L) 
0 

SDI and MODE after SRCLKi 
0 

th Hold time or ORCLKi 
ns 

Address after ORCLKi 
0 

(MODE = L) 

MODE after ORCLKi 0 

TA Operating free-air temperature range 0 70 °c 

t Maximum diagnostic clock frequency 
twSRCLK(high) + twSRCLK(low) 

+ Maximum output register clock frequency 
tsu. Address before ORCLKi 

(/) 

2 
o 
a: 
a. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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TBP34SR165, TBP34SR16X 
16,384·BIT (4096 WORDS BY 4 BITS) 
SHADOW·REGISTERED PROGRAMMABLE READ·ONL Y MEMORY 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt 
COMMERCIAL 

MIN Typt MAX UNIT 

VIK VCC = 4.5 V, II = -18 mA -1.2 V 

VOH Vee = 4.5 V, 10H = -3.2 mA 2.4 3.1 V 

VOL Vec = 4.5 V, 10L = 24 mA 0.5 V 

10ZH Vcc = 5.5 V, Va = 2.4 V 50 itA 

10ZL Vec = 5.5 V, Va = 0.5 V -100 itA 

II Vcc = 5.5 V, VI = 5.5 V 0.1 mA 

IIH Vcc = 5.5 V, VI = 2.7 V 20 itA 

IIL/ Vee = 5.5 V, VI = 0.5 V -0.25 mA 

10~ Vcc = 5.5 V, Va = 2.25 V -30 -112 mA 

Ice Vcc = 5.5 V, See Note 2 130 195 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

FROM TO TEST CONDITION COMMERCIAL 
PARAMETER 

Typt 
UNIT 

(INPUT) (OUTPUT) (See Note 3) MIN MAX 

fmax§ SRCLK (MODE = L) 40 MHz 

fmax ' 
ORCLK 30 MHz 

tpd ORCLK DOO - D03 8 15 

tpd SReLK (MODE - L) SDO 
CL = 50 pF, 

8 15 
R1 = 300 n, 

tpd SDI (MODE = H) SDO 8 15 ns 
R2 = 600 n 

tpd MODE (501 - L) 8 15 

ten G DOO - D03 7 12 

tdis G DOD - D03 6 10 

t All typical values are at VCC = 5 V, T A = 25 ac. 
~ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

§ Maximum diagnostic clock frequency = 
twSRCLK(high) + twSRCLK(low) 

, Maximum output register clock frequency = 
tsu' Address before QRCLKi 

NOTES: 2. Ice is measured with all outputs open and with all inputs at TTL levels. 
3. Load circuits and voltage waveforms are shown in Section 1. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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TBP34SR165, TBP34SR16X 
16,384-BIT (4096 WORDS BY 4 BITS) 

SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY 

recommended operating conditions for programming (see Figure 1) 

MIN NOM MAX UNIT 

VCC Supply voltage during verification 4.5 5 5.5 V 

VIH High-level input voltage 3 4 5 V 

VIL Low-level input voltage 0 0.2 0.4 V 

Enable G voltage during verification 0 0.2 0.4 V 

Enable G inactive voltage during programming 4.5 5 5.5 V 

VCC(pr) Supply voltage program pulse amplitude 12 12.5 13 V 

twl VCC program pulse duration. 1 st attempt 10 11 12 I'-s 

tw2 VCC program pulse duration. 2nd attempt 20 22 25 I'-s 

tw3 VCC program pulse duration. 3rd attempt 20 22 25 I'-s 

tsu Setup time. enable G low before VCC(pr) t 0.1 0.5 1 I'-s 

th Hold time. enable G low after VCC(pr) 1= 0.1 0.5 1 I'-s 

tr(VCC) Rise time. VCC(pr) (5 V to 12 V) 0.3 0.4 0.5 I'-s 

tf(VCC) Fall time. VCC(pr) (12 V to 5 V) 0.05 0.1 0.2 I'-s 

td Delay time between successive VCC(pr) pulses 10 20 30 I'-s 

tcool Cooling time between words 100 150 200 I'-s 

TA Free-air temperature 20 25 30 DC 

tMeasured from 1.5 V on enable pin to 5.5 V on VCC(pr)' 

1=Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin. 

step-by-step programming instructions (see Figure 1) 

1. Address the word to be programmed, apply 5 V to Vee and a low logic level to the G input. 
2. Verify the selected bit location that requires programming. Note: The only bit positions that require 

programming are outputs to be at a high logic level. 
3. For bit locations that do not require programming, go to step 2 for the next bit. or to step 1 for the 

next word. 
4. Deselect PROM by applying 5 V to G. 
5. eonnect.a 4-mA current source (clamped to Vee) to the output to be programmed. 
6. Increase Vee to Vee(pr) for a pulse duration equal to twx (where X is determined by the number 

of programming attempts, i.e., 1, 2, 3). Minimum current capability for the Vee power supply should 
be 400 mAo 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat steps 2 through 7 and increment X (where X equals 1 on 
the first programming attempt). If the output has not been programmed by the third attempt, stop 
programming and go to a new device. 

8. Verify programming of every word after all words have been programmed using Vee values of 4.5 volts 
and 5.5 volts. 

U) 
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TBP34SR165, TBP34SR16X 
16,384·BIT (4096 WORDS BY 4 BITS) 
SHADOW·REGISTERED PROGRAMMABLE READ·ONLY MEMORY 

series 3 programming sequence 

AOTOAll =:x 
J 

I 
Vee I 

J 

ts (en)~r- 1 
I I ~ j4-th (en) 

G I 
J 

I I 
I I 

ORCLK -Jfl 
I !fl 

I I 

VALID ADDRESS 

~:: 
J J -

I I 

fl fl fl : : fl----- -VIH 

J 4$ I' VIL 

I 
I 

J h DQl I ~~----------------------~~~/I~--~---:~----~L-- VOH 
I VOL I I 

DQ2 I I 

DQ3 

J ! L VOH 

--------------------------------------------------~/~~;~ 
I I 

PROGRAM Q2 ~I I f---h---./ 
ILpRO~RAM Q3 

Illustrated above is the following sequence: 

1 I It is desired to program the selected address with 0111 (QO-Q31. Only outputs DQ1, DQ2, and DQ3 need programming. 
21 Ql is verified to be at a high logic level and then the programming sequence is executed. The output is then verified to be at 

a low logic level. 
31 DQ2 is an example of an output requiring three attempts to be programmed successfully. 
4) DQ3 is programmed to a low logic level. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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TBP38S030, TBP38L030, TBP38SA030 
TBP38S03X, TBP38L03X, TBP38SA03X 

256·BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ·ONLY MEMORIES 

• Advanced Schottky IMPACT'" PROM Family 

• High-Speed Access Times 

• Low-Power, Open-Collector, and 3-State 
Options Available 

• Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 

• P-N-P Inputs for Reduced Loading on 
System Buffers/Drivers 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

• Package Options Include 16-Pin DIP, and 
20-Pin Chip-Carrier 

description 

These Series-3 IMPACr" TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fuse link program elements. They are organized 
as 32 words by 8 bits each, providing a total of 
256 bits. T.he TBP38S03' has three-state 
outputs. The TBP38SA03' is the open-collector 
version and allows the device to be connected 
directly to data buses utilizing passive pull-up 
resistors. The low-power TBP38L03' is available 
for applications that require power conservation 
while maintaining bipolar speeds. 

D2852.AUGUST 1984-REVISED JUNE 1986 

TBP3BL030. TBP38S030. TBP38SA030 ... J OR N PACKAGE 

(TOP VIEW) 

00 VCC 
01 G 
02 A4 
03 A3 
04 A2 
05 A1 
06 AO 

GND 07 

TBP38L03X. TBP38S03X. TBP38SA03X ... FK OR FN PACKAGE 

(TOP VIEW) 

u ,....ouu 
00 z >It!l 

3 2 1 2019 

02 4 18 A4 
03 5 17 A3 
NC 6 16 NC 

04 7 15 A2 
05 8 14 Al 

9 1011 1213 

tDOUf'oO 
OzzO« 

t!l 

NC-No internal connection 

These PROMs are offered with a choice of address access times (dash numbers). These dash numbers 
_ are found in the switching characteristics table, and are included in the part numbers. 

Data is programmed at any bit location with the standard Series 3 programming algorithm. The program 
elements store a low logic level before any programming, and are permanently set to a high logic level 
after programming. After execution of the programming procedure, the output for that bit location cannot 
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry 
has been designed into these devices to improve testability and ensure high programmability. 

An MJ or MFK suffix designates full-temperature circuits that are characterized for operation over the full 
military temperature range of - 55°C to 125°C. An N or FN suffix designates commercial temperature 
circuits that are characterized for operation from ooC to 70°C. 

IMPACT is a trademark of Texas Instruments 

Copyright © 1984. Texas Instruments Incorporated 
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This document contains information on products in 
more than one phase of development. The status of 
each device is indicated on the pagels) specifying its 
electrical characteristics. TEXAS • 

INSTRUMENTS 
4-67 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



TBP38S030, TBP38L030, TBP38SA030 
TBP38S03X, TBP38L03X, TBP38SA03X 
256·BI1 (32 WORDS BY 8 BITS) PROGRAMMABLE READ·ONLY MEMORIES 

logic symbols t 

AO 

A1 

A2 

A3 

A4 

G 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

TBP38S030. TBP38L030 

PROM 32 X 8 

A\J 

A\J 

}A~ 
A\J 

A\J 

A\J 

A\J 

.1"-... EN 
A\J 

A\J 

(1) 
00 

(2) 
01 

(3) 
02 

(4) 
03 

(5) 
04 

(6) 
05 

(7) 
06 

(9) 
Q7 

AO 
(10) 

A1 
(11) 

A2 
(12) 

A3 
(13) 

A4 
(14) 

G 
(15) ,....... 

TBP38SA030 

PROM 32 X 8 

AQ 

AQ 

}A~ 
AQ 

AQ 

AQ 

AQ 

AQ 
EN 

AQ 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(9) 

00 

01 

02 

03 

04 

05 

06 

07 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 

Pin numbers shown are for J and N packages. 

schematics of inputs and outputs 

EOUIVALENT OF INPUTS 

VCC----------~~--~ 

INPUT--~~._ __ --+_~ 

TYPICAL OF ALL 
OPEN-COLLECTOR OUTPUTS 

PROGRAMMING CIRCUIT 
NOT SHOWN 

TYPICAL OF ALL THREE-STATE OUTPUTS 

-------41- VCC 

OUTPUT 

PROGRAMMING CIRCUIT NOT SHOWN 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) ................................................... 7 V 
Input voltage ........................................................... " 5.5 V 
Off-state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits .. . . . .. - 55°C to 125°C 

Commercial-temperature-range circuits. . . . . . .. O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 1: Voltage values are with respect to ~etwork ground terminal. The supply voltage rating does not apply during programming. 
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TBP38S030. TBP38S03X 
256·BIT (32 WORDS BY 8 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORY WITH 3·STATE OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage O.S O.S V 

IOH High-level output current -2 - 3.2 mA 

IOL Low-level output current 16 24 mA 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free·air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, II = -lS mA -1.2 -1.2 V 

VOH Vee = MIN, 10H = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, 10L = MAX 0.5 0.5 V 

IOZH Vee = MAX, Va = 2.4 V 50 50 p.A 

10ZL Vee = MAX, Va = 0.5 V -50 -50 p.A 

II Vee = MAX, VI = 5.5 V 0.1 0.1 mA 

IIH Vec = MAX, VI = 2.7 V 20 20 p.A 

IlL Vee = MAX, VI = 0.5 V -0.25 -0.25 mA 

lo§ Vee = MAX, Va = 2.25 V -30 -112 -30 -112 mA 

ICC Vee = MAX SO 125 SO 125 mA 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. II 
*AII typical values are at Vee = 5 V, TA = 25°C. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

tn 
switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 2: 

talA) 

TYPE 
TEST ACCESS TIME 

CONDITIONS FROM ADDRESS 

MIN TYP* MAX 

TBP3SS030-20 

TBP3SS03X-20 
Military 10 20 

TBP3SS030-30 eL = 50 pF, 
Military 10 30 

TBP3SS03X-30 Rl = 300 fl, 

TBP3SS030-1 5 
Commercial 

TBP3SS03X-15 

R2 = 600 fl, 

See Note 2 
10 15 

TBP3SS030-25 

TBP38S03X-25 
Commercial 10 25 

* All typical values are at Vee = 5 V, T A = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~~~~~i~a{~~I~~~ ~!~ti~~ti:f :1\O~:~:~:t:r~~s not 
TEXAS ~ 

INSTRUMENTS 

ten 
ENABLE TIME 

MIN TYP* MAX 

5 12 

5 15 

5 10 

5 12 
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tdis 
DISABLE TIME 

MIN TYP* MAX 

5 12 

3 10 

5 10 

3 8 

UNIT 

ns 

ns 

ns 

ns 

o 
a: 
a.. 
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TBP38L030, TBP38L03X 
256·BIT (32 WORDS BY 8 BITS) 

PRODUCT 
PREVIEW 

LOW·POWER PROGRAMMABLE READ·ONLY MEMORY WITH 3·STATE OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
UNIT PARAMETER 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -1.6 -1.6 mA 

10L Low-level output current 16 16 mA 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

VIK Vee = MIN, 11= -18 mA -1.2 .,-1.2 V 

VOH Vee = MIN, 10H = -1.6 mA 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, 10L = 16 mA 0.5 0.5 V 

10ZH Vee = MAX, Vo = 2.4 V 50 50 p.A 

10ZL Vee = MAX, Vo = 0.5 V -50 -50 p.A 

II Vee = MAX, VI = 5.5 V 0.1 0.1 mA 

IIH Vee = MAX, VI = 2.7 V 20 20 p.A 

IlL Vee = MAX, VI = 0.5 V -0.25 -0.25 mA 

lo§ Vee = MAX, Vo = 2.25 V -30 -112 -30 -112 mA 

lee Vee = MAX 45 45 mA 

III tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, T A = 25°e. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short·circuit output current, lOS. 

""C :c switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 
o 
S 
(J) 

talA) 
TEST ACCESS TIME 

TYPE 
CONDITIONS FROM ADDRESS 

MIN Typt MAX 

TBP38L030- __ eL = 50 pF, 
20 Military 

TBP38L03X- __ R1 = 300 n, 
TBP38L030- __ 

TBP38L03X- __ 
eommercial 

R2 = 600 n, 
See Note 2 

20 

tAli typical values are at Vee = 5 V, TA = 25°e. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other TEXAS ~ 

INSTRUMENTS 

ten 
ENABLE TIME 

MIN TYP* MAX 

15 

15 

4-7 0 specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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tdis 
DISABLE TIME UNIT 

MIN Typt MAX 

12 ns 

12 ns 



TBP38SA030, TBP38SA03X 
256·BIT (32 WORDS BY 8 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORY WITH OPEN·COLLECTOR OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage O.B O.B V 

VOH High-level output voltage 5.5 5.5 V 

IOL Low-level output current 16 24 mA 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
MIN Typl MAX MIN Typl 

VIK Vee = MIN, II = -1BmA -1.2 

I VOH = 2.4 V 0.05 
IOH Vec = MIN I VOH = 5.5 V 0.1 

VOL VCC = MIN, IOL = MAX 0.5 

II VCC = MAX, VI = 5.5 V 0.1 

IIH VCC = MAX, VI = 2.7 V 20 

IlL VCC = MAX, VI = 0.5 V -0.25 

ICC VCC = MAX BO 125 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
lAIl typical values are at VCC = 5 V, T A = 25 °C. 

BO 

MAX 

-1.2 

0.05 

0.1 

0.5 

0.1 

20 

-0.25 

125 

UNIT 

V 

mA 

V 

mA 

p.A 

mA 

mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

talA) 
TEST ACCESS TIME 

TYPE CONDITIONS FROM ADDRESS 
MIN Typl MAX 

TBP3BSA030-30 CL = 50 pF, 
TBP3BSA03X-30 Military R1 = 300 fl, 

15 30 

TBP3BSA030-25 R2 = 600 fl, 
TBP3BSA03X-25 

Commercial 
See Note 2 15 25 

:1= All typical values are at V CC = 5 V, T A = 25 °C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 

PRODUCTION DATA documents contain 
information current as of publication date. 

ten tdis 
ENABLE TIME DISABLE TIME UNIT 

MIN Typl MAX MIN Typl MAX 

10 20 9 1B ns 

10 15 9 14 ns 

(f) 

~ 
o 
a: 
c.. 

:fod;~!~;01~:frut~:~:;if~:at~~~~ser ~~~r~~~~ 
Production processing does not necessarly 
include testing of all parameters. 
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TBP38S030, TBP38L030, TBP38SA030 
TBP38S03X, TBP38L03X, TBP38SA03X 
256·BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ·ONLY MEMORIES 

recommended operating conditions for programming (see Figure 1) 

Supply voltage during verification 

Input voltage 

Enable voltage during verification 

Enable inactive voltage during programming 

VCC program pulse amplitude 

I 1 st attempt 

VCC program pulse duration I 2nd attempt 

I 3rd attempt 

Enable set-up time t before VCC(pr) 

Enable hold time* after VCC(pr) 

Rise time of VCC(pr) § 

Fall time of VCC(pr)' 

Delay time between successive VCC(pr) pulses 

Hold time between successive VCC(pr) pulses 

Cooling time between words 

Free-air temperature 

tMeasured from 1.5 V on enable pin to 5.5 V on VCC(pr) 
*Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin 
§Measured from 5 V to 12 V 
, Measured from 12 V to 5 V 

MIN 

VCC 4.5 

VIH 3 

VIL 0 

G 0 

G 4.5 

VCC(pr) 12 

tw1 10 

tw2 20 

tw3 20 

tsu(en) 0.1 

th(en) 0.1 

tr(VCC) 0.3 

tf(VCC) 0.05 

tdl 10 

td2 10 

tcool 100 

TA 20 

NOM MAX UNIT 

5 5.5 V 

4 5 

0.2 0.5 
V 

0.2 0.4 V 

5 5.5 V 

12.5 13 V 

11 12 

22 25 P.s 
22 25 

0.5 1 flS 

0.5 1 flS 

0.4 0.5 flS 

0.1 0.2 flS 

20 30 p'S 

20 30 P.s 
150 200 flS 

25 30 °C 

III step-by-step programming instructions (see Figure 1) 

~ 1. ~ddress the word to be programmed, apply 5 volts to Vee and a low-logic-level voltage to the enable 
G input. 

"'C 
lJ o 
S 
CJ) 

4-72 

2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 

4. Deselect PROM by applying 5 volts to G. 
5. Connect a 4-mA current source (clamped to Vee) to the output that is to be programmed. 

6. Increase Vee to Vee(pr) for a pulse duration equal to twx (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vee power supply should 
be 400 mAo 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 

8. Verify programming of every word after all words have been prog~ammed using Vee values of 4.5 volts 
and 5.5 volts. 

TEXAS -I/} 
INSTRUMENTS 
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TBP38S030, TBP38L030, TBP38SA030 
TBP38S03X, TBP38L03X, TBP38SA03X 

256·BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ·ONLY MEMORIES 

: x= AOTOA4J VAllO ADDRESS 

I ~twl ~tw2 ~tw3 ~twl 

I I I I I I I 
------ 12.5V 

Vee I 

I 
~ j4- th(en) 

-----5V 
G 

OV 
I I 

I r ~ - VOH 01 
L VOL 

I : 
02 I I - VOH 

I I 
VOL I 

~ - VOH 07 
L VOL 

I 
I I I 

PROGRAM 02 ~ } ~ ~I 
PROGRAM 07 

Illustrated above is the following sequence: 

1) . It is desired to program the selected address with 01100001 (QO-Q7). Only outputs Ql. Q2. and Q7 need programming. 
2) Q 1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a 

high logic level. 
3) Q2 is an example of an output requiring three atttempts to be programmed successfully. 
4) Q7 is programmed to a high logic level. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 

(/) 

~ 
o 
ex: 
a. 
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PRODUCT 
PREVIEW 

• Fastest Schottky PROM Family 

• High-Speed Access Times 

• Low-Power, 3-State, and Open-Collector 
Options Available 

• " Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

o Package Options Include 300-Mil or 600-Mil 
24-Pin DIP, and 28-Pin Chip-Carrier 
Packages 

description 

These Series-3 monolithic TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fuse link program elements. They are organized 
as 1024 words by 8 bits each, providing a total 
of 8,192 bits. The '38S8 has three-state 
outputs. The '3BSAB is the open-collector 
version and allows the device to be connected 
directly to data buses utilizing passive pull-up 
resistors. The low-power '38lB is available for 
applications that require power conservation 
while maintaining bipolar speeds. It also has 
three-state outputs. 

Data is programmed at any bit location with the 
standard Series 3 programming algorithm. The 
program elements store a logic level low before 
any programming, and are permanently set to a 
logic level high after programming. After 

TBP38S8, TBP38L8, TBP38SA8 
8,192-BI1 (1024 WORDS BY 8 BITS) 

PROGRAMMABLE READ-ONLY MEMORIES 
JANUARY 1985-REVISED APRIL 1985 

TBP38L85, TBP38S85, TBP38SA85 ... NT OR JT PACKAGE 
TBP38L86, TBP38S86, TBP38SA86 ... NW OR JW PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 A8 
A5 A9 
A4 <34 
A3 G1 
A2 G3 
A1 G2 
AO 07 
00 06 
01 05 
02 04 

GND 03 

TBP38L8X, TBP38S8X, TBP38SA8X ... FN OR FK PACKAGE 

(TOP VIEW) 

A4 
A3 
A2 
A1 
AO 
NC 
00 

4 3 2 1 282726 

12 1314151617 18 

... NClUM~Ln 
ddzzddd 

(,9 

NC-No internal connection 

G4 
G1 
G3 
G2 
NC 
Q7 

06 

execution of the programming procedure, the 
output for that bit location cannot be reversed. The Series 3 programming procedure should be referr"ed 
to for further details. Additional circuitry has been designed into these devices to improve testability and 
insure high programmability. 

Copyright © 1984, Texas Instruments Incorporated 

lEI 
(/) 

2: 
o 
a: 
a.. 

PRODUCT PREVIEW documents contain information 
on products in the formative or design phase of 
development. Characteristic data and other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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TBP38S8, TBP38L8, TBP38SA8 
8,192·BIT (1024 WORDS BY 8 BITS) 
PROGRAMMABLE READ·ONLY MEMORIES 

logic symbols 

AO 
Al 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

G4 

G3 

G2 

Gl 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1 ) 

(23) 

(22) 

(21) r--... 
(19) 

(18) 

(20) f""-... 

TBP3BSB,TBP3BLB 

PROM 1024 X S 

0 

A\7 

A\7 

A\7 

A\7 0 
> A 1023 A\7 

A\7 

A\7 

A\7 

9 

~ 

EN 

(9) 
AD 

00 Al 
(10) 

(11) 
01 A2 

02 A3 
(13) 

03 A4 
(14) 

04 A5 
(15) 

05 A6 
(16) 

(17) 
06 A7 

07 AS 

A9 

G4 

G3 

G2 

Gl 

Pin numbers shown are for JT, JW, NT, or NW packages. 

schematics of inputs and outputs 

EOUIVALENT OF INPUTS 

VCC-----~~-~ 

INPUT-~~'-__ -+-~ 

TYPICAL OF ALL 
OPEN·COLLECTOR OUTPUTS 

'PROGRAMMING CIRCUIT 
NOT SHOWN 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(22) 

(21) r--... 
(19) 

(18) 

(20) J"'-.., 

TBP3BSAB 

PROM 1024 X B 

0 

AQ 

AQ 

AQ 

AQ 0 
> A 1023 AQ 

AQ 

AQ 

AQ 

9 
~ 

EN 

(9) 

(10) 

(11) 

(13) 

(14) 

(15) 

(16) 

(17) 

00 

01 

02 

03 

04 

05 

06 

07 

TYPICAL OF ALL THREE·STATE OUTPUTS 

------4--- VCC 

OUTPUT 

PROGRAMMING CIRCUIT NOT SHOWN 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) ................................................... 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Off-state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits ..... .. - 55°C to 125°C 

Commercial-temperature-range circuits. . . . . . .. O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 

4-76 TEXAS -Ij} 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



TBP38L165, TBP38L166, TBP38L16X 
16,384-BIT (2048 WORDS BY 8 BITS) LOW-POWER 

PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

• Advanced Schottky IMPACTT. PROM Family 

• High-Speed Access Times 

• Low-Power, 3-State Outputs 

• Functional Equivalent to Signetics 
N82S191A or N82S1918 

• Titanium-Tungsten (Ti-Wl Fuse Links for 
Reliable Low-Voltage Programming 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

o Package Options Include 300-Mil or 600-Mil 
24-Pin DIP, and 28-Pin Chip-Carrier 
Packages 

description 

These Series-3 IMPACT" TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fuse link program elements. They are organized 
as 2048 words by 8 bits each, providing a total 
of 16,384 bits. 

The TBP38L 16' is available for applications that 
require power conservation while maintaining 
bipolar speeds. It also has three-state outputs. 

These PROMs are offered with a choice of 
address access times (dash numbers). These 
dash numbers are found in the switching 
characteristics table, and are included in the part 
numbers. 

Data is programmed at any bit location with the 
standard Series 3 programming algorithm. The 
program elements store a low logic level before 
any programming, and are permanently set to a 
high logic level after programming. After 
execution of the programming procedure, the 
output for that bit location cannot be reversed. 
The Series 3 programming procedure should be 
referred to for further details. Additional circuitry 
has been designed into these devices to improve 
testability and insure high programmability. 

D2909, JANUARY 1985-REVISED JULY 1985 

TBP38L 165 ... JT OR NT PACKAGE 
TBP38L 166 ... JW OR NW PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 A8 
A5 A9 
A4 A10 
A3 Gl 
A2 G3 
Al G2 
AO 07 
00 06 
01 05 
02 04 

GND 03 

TBP38L 16X ... FK OR FN PACKAGE 

(TOP VIEW) 

A4 
A3 

Al 
AO 
NC 

00 

U 
LntOr--uucom 
<i<i<iZ><i<i 

4 3 2 1 282726 

12 131415161718 

.-NQUM<:tLn 
OOzzOOO 

(!) 

NC-No internal connection 

Al0 
<31 
G3 
G2 
NC 
07 
06 

An MFK, MJT, or MJW suffix designates full temperature circuits that are characterized for operation over 
the full military temperature range of - 55 °C to 125°C. An FN, NT, or NW suffix designates commercial­
temperature circuits that are characterized for operation from OOC to 70°C. 

IMPACT is a trademark of Texas Instruments Incorporated 

Copyright © 1985, Texas Instruments Incorporated 

en 
~ 
o 
a: 
c.. 

This documimt contains information on products in 
more than one phase of development. The status of 
each device is indicated on the pagels) specifying its 
electrical characteristics. 
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TBP38L165, TBP38L166, TBP38L16X 
16,384-BIT (2048 WORDS BY 8. BITS) LOW-POWER 
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

logic symbol t 

AO 
Al 

A2 

A3 

A4 

A5 
A6 

A7 
A8 

A9 

Al0 

G3 

G2 

Gl 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(22) 

(21) 

(19) 

(18) 

(20) r--.... 

PROM 2048 X 8 

0' 

AV 
AV 
AV 

>A 20~7 
AV 
AV 
AV 
AV 
AV 

10 nE
• 

(9) 

(10) 

(11) 

(13) 

(14) 

(15) 

(16) 

(17) 

00 

01 

02 

03 

04 

05 

06 

07 

Pin numbers shown are for JT, JW, NT, or NW packages. 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 

lEe Publication 617-12. 

schematics of inputs and outputs 

EQUIVALENT OF INPUTS TYPICAL OF ALL THREE-STATE OUTPUTS 

VCC----------~~--~ ------------tl~ VCC 

INPUT--~~~e---+_~ 

OUTPUT 

PROGRAMMING CIRCUIT NOT SHOWN 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) ................................................... 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . .. 5.5 V 
Off-state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperatyre range: Military-temperature-range circuits . . . . . .. - 55 DC to 125 DC 

Commercial-temperature-range circuits. . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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TBP38L165, TBP38L166, TBP38L16X 
16,384·BIT (2048 WORDS BY 8 BITS) LOW·POWER 

PROGRAMMABLE READ·ONLY MEMORY WITH 3·STATE OUTPUTS 

recommended operating conditions 

COMMERCIAL 
PARAMETER UNIT 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

10H High-level output current -3.2 mA 

10L Low-level output current 24 mA 

TA Operating free-air temperature range 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
COMMERCIAL 

PARAMETER 
Typt 

UNIT 
MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 V 

VOH Vee = MIN, 10H = -3.2 mA 2.4 3.1 V 

VOL Vee = MIN, 10L = 24 mA 0.5 V 

10ZH Vee = MAX, Vo = 2.4 V 50 /lA 

10ZL Vee = MAX, Vo = 0.5 V -50 /lA 

II Vee = MAX, VI = 5.5 V 0.1 mA 

IIH Vee = MAX, VI = 2.7 V 20 /lA 

IlL Vee = MAX, VI = 0.5 V -0.25 mA 

lo§ Vee = MAX, Vo = 2.25 V -30 -112 mA 

ICC Vee = MAX 65 100 mA 

t For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

en 
switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) ~ 

talA) 
ten tdis 

TEST ACCESS TIME 
TYPE ENABLE TIME DISABLE TIME 

CONDITIONS FROM ADDRESS 

MIN Typt MAX MIN Typt MAX MIN Typt MAX 

TBP38L 165-35 

TBP38L 166-35 Commercial eL = 50 pF, 25 35 10 20 5 15 

TBP38L 16X-35 R1 = 300 fl, 

TBP38L 165-45 R2 = 600 fl, 

TBP38L 166-45 Commercial See Note 2 25 45 10 25 5 20 

TBP38L 16X-45 

:I: All typical values are at Vee = 5 V, T A = 25°C. 
NOTE 2: Load circuits a'nd voltage waveforms are shown in Section 1, of The TTL Data Book, Volume 4, 1985. 

PRODUCTION DATA documents contain 
information current as of publication date. 

~fOd~:!~~onl~:~ut~:~:~ifi~::~~~~ser !~~::~~~ 
Production processing does not necessarJy 
include testing of all parameters. 
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TBP38L165, TBP38L166, TBP38L16X 
16,384-BIT (2048 WORDS BY 8-BITS) LOW-POWER 
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

recommended operating conditions 

PARAMETER 

Vee Supply voltage 

VIH High-level input voltage 

Vil low-level input voltage 

10H High-level output current 

10l low-level output current 

TA Operating free-air temperature range 

MIN 

4.5 

2 

-55 

PRODUCT 
PREVIEW 

MILITARY 
UNIT 

NOM MAX 

5 5.5 V 

V 

0.8 V 

-1.6 mA 

16 mA 

125 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY 

PARAMETER 
Typi 

UNIT 
MIN MAX 

VIK Vee = MIN, II = -18 mA -1.2 V 

VOH Vee = MIN, 10H = -1.6 mA 2.4 3.1 V 

VOL Vee = MIN, 10l = 16 mA 0.5 V 

10ZH Vee = MAX, Vo = 2.4 V 50 JlA 

10Zl Vee = MAX, Vo = 0.5 V -50 JlA 

II Vee = MAX, VI = 5.5 V 0.1 mA 

IIH Vee = MAX, VI = 2.7 V 20 JlA 

III Vee = MAX, VI = 0.5 V -0.25 mA 

lo§ Vee = MAX, Vo = 2.25 V -30 -112 mA 

lee Vee = MAX 65 100 mA 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

""C switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 
:c 
o 
S 
C/) 

TEST 
TYPE 

CONDITIONS 

TBP38L 165-__ 

TBP38L 166-__ Military 

TBP38L 16X-__ el = 50 pF, 

TBP38L 165-__ See Note 2 

TBP38L 166-__ Military 

TBP38L16X· __ 

tAil typical values are at Vee = 5 V, TA = 25°e. 

talA) 
ACCESS TIME 

FROM ADDRESS 

MIN Typt MAX 

25 

25 

ten tdis 
ENABLE TIME DISABLE TIME 

MIN Typt MAX MIN Typt MAX 

10 5 

10 5 

NOTE 2: load circuits and voltage waveforms are shown in Section 1, of The TTL Data Book, Volume 4, 1985. 

Additional information on these products can be obtained from the factory as it becomes available. 

PRODUCT PREVIEW documents contain information 
on products in the formative or design ~hase of 

4-80 ~:::M~a~i~~~ a~h=~:igt;r~~~il~. ;:::s I~~tru~~~~~ 
reserves the right to change or discontinue these 
products without notice. 
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TBP38L 165, TBP38L 166, TBP38L 16X 
16,384-BIT (2048 WORDS BY 8-BITS) LOW-POWER 

PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

recommended operating conditions for programming (see Figure 1) 

Supply voltage during verification 

Input voltage 

Enable voltage during verification 

Enable inactive voltage durinq programming 

VCC program pulse amplitude 

I 1st attempt 

VCC program pulse duration I 2nd attempt 

I 3rd attempt 

Enable set-up time t before VCC(pr) 

Enable hold timet after VCC(pr) 

Rise time of VCC(pr) § 

Fall time of VCC(pr) ~ 
Delay time between successive VCC(pr) pulses 

Delay time between successive VCC(pr) pulses 

Cooling time between words 

Free-air temperature 

tMeasured from 1.5 Von enable pin to 5.5 V on VCC(pr) 
tMeasured from 5.5 V on VCC(pr) to 1.5 V on enable pin 
§ Measured from 5 V to 12 V 
, Measured from 12 V to 5 V 

step-by-step programming instructions (see Figure 1) 

VCC 

VIH 

VIL 

G1 

G2.G3 

G1 

G2. G3 

VCC(pr) 

tw1 

tw2 

!wl 
tsu(en) 

th(en) 

tr(VCC) 

tf(VCC) 

td1 

td2 

tcool 

TA 

MIN NOM MAX UNIT 

4.5 5 5.5 V 

3 4 5 

0 0.2 
V' 

0.5 

0 0.2 0.4 

3 4 
V 

5 

4.5 5 5.5 

0 0.2 
V 

0.4 

12 12.5 13 V 

10 11 12 

20 22 25 p.s 

20 22 25 

0.1 0.5 1 p.s 

0.1 0.5 1 p.s 

0.3 0.4 0.5 p'S 

0.05 0.1 0.2 p'S 

10 20 30 JLS 

10 20 30 p'S 

100 150 200 p'S 

20 25 30 DC 

1. Address the word to be programmed, apply 5 volts to Vee and active levels to all enable inputs (G1, 
G2, G3). 

2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 

4. Deselect PROM by applying 5 volts to G1, or 0 volts to G2 or G3. 

5. Connect a 4-mA current source (clamped to Vee) to the output that is to be programme.d. 

6. Increase Vee to Vee(pr) for a pulse duration equal to twx (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vee power supply should 
be 400 mAo 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 

8. Verify programming of every word after all words have been programmed using Vee values of 4.5 volts 
and 5.5 volts. 

(f) 
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TBP38L165, TBP38L166, TBP38L16X 
16,384-BI1 (2048 WORDS BY 8 BITS) LOW-POWER 
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

AOTOA10J VALID ADDRESS : I ~tw1 ~tw2 ~tw3 

I I I I I 

Vee I 

I 
~ j4- th(en) 

G 

I I 
I n 1 01 

I : 
02 I I 

I 

>C 
j4-tt-tw1 
I I 

------ 12.5V 

-----5V 

OV 

L VOH 
VOL 

- VOH 
I 

VOL I 
I 

07 
I 

~ VOH 
I L VOL I 

I I I 
PROGRAM 02 ~ } ~ ~I 

PROGRAM 07 

Illustrated above is the following sequence: 

1) It is desired to program the selected address with 0110000 1 (00-Q7). Only outputs Q 1 . Q2 and Q7 need programming. 
2) Q 1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 

logic level. 
3) Q2 is an example of an output requiring three attempts to be programmed successfully. 
4) Q7 is programmed to a high logic level. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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TBP38R165, TBP38R16X 
16,384-BIT (2048 WORDS BY 8 BITS) REGISTERED 

PROGRAMMABLE READ-ONLY MEMORIES 

• Fastest Schottky PROM Family 

• High-Speed Access Times 

• Allows Storage of Output Data 

• Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable low-Voltage Programming 

• Choice of 16 Programmable Initialize Words 

description 

The TBP38R16 is a series-3 monolithic TTL 
programmable read-only memory (PROM) 
featuring high-speed access times and 
dependable titanium-tungsten fuse link program 
elements, It is organized as 2048 words by 8 
bits, providing 16,384 bits. 

The output register receives data from the PROM 
array on the rising edge of ClK. The TBP38R16' 
also contains 16 programmable initialization 
words. Initialization words allow the outputs to 
quickly be set to a predetermined value for start 
up or time-out sequencing. These words are read 
by taking the INIT pin low and pulsing the clock 
(ClK) input line. When INIT is low, inputs AO-A3 
select the desired initialization word 
independently of A4-A 10. By programming all 
sixteen words the same, initialization can be 
achieved by taking INIT low independently of 
AO-A3. 

These PROMs are offered with a choice of setup 
times (dash numbers). These dash numbers are 
found in the recommended operating conditions 
table, and are included in the part numbers. 

Data is programmed at any bit location with the 
standard series 3 programming algorithm. The 
program elements store a high logic level before 
any programming, and are permanently set to a 
low logic level after programming. After 
execution of the programming procedure, the 
output for that bit location cannot be reversed. 

02902, OCTOBER 1985 

TBP38R165 ... NT OR JT PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 A8 
A5 A9 
A4 A10 
A3 iNiT 
A2 G 
A1 ClK 
AO 07 
00 06 
01 05 
02 04 

GND 03 

TBP38R16X ... FN OR FK PACKAGE 

(TOP VIEW) 

U 
Ln(Or--UUCOo) 
~~~z>~~ 

4 3 2 1 

A4 A10 
A3 INIT 

A2 G 
A1 elK 
AO NC 

NC 07 
00 06 

12 1314151617 18 

.... NOUM'<tLn 
ddzzddd 

t!) 

NC - No internal connection 

The series 3 programming procedure should be referred to for further details. Additional circuits have been 
designed into these devices to improve testability and ensure high programmability. 

An MFK or MJT suffix designates circuits that are characterized for operation over the full military 
temperature range of - 55°C to 125°C. An FN or NT suffix designates commercial-temperature circuits 
that are characterized for operation from OOC to 70°C. 

Copyright © 1985, Texas Instruments Incorporated 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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TBP38R165, TBP38R16X 
16,384-BI1 (2048 WORDS BY 8 BITS) REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 

logic symbol t 

PROM 2048 X 8 

G (19) + 16 X 8 
EN 

ClK (18) C17 

AO (8) Z11/0 
A1 (7) Z12/1 
A2 (6) Z13/2 
A3 (5) Z14/3 
A4 (4) 4 
A5 (3) 

0 

A6 (2) 
15A 2047 

A7 (1) 

A8 (23) 

A9 (22) 

A10 (21) 

}'6A~ 2063 

3 

A 170 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEG Publication 617-12. 

TERMINAL FUNCTIONS 

TERMINALS FUNCTION 

AO·A10 Address inputs for data from PROM array 

(9) 00 

(10) 01 

(11) 02 

(13) 03 

(14) 04 

(15) 05 

(16) 06 

(17) 07 

INIT If INIT is high, anyone of 2048 8-bit words can be addressed. If INIT is low, anyone of 16 8-bit initialization words 

can be addressed using AO thru A3. 

G If G is high, 00 thru 07 are in the high-impedance state. If G is low, 00 thru 07 are enabled. 

GlK low-to-high transition loads output register from PROM array. 

00-07 Register outputs under control of G 

4-84 TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



logic diagram (positive logic) 

G (19) 

ClK (18) 

AO (8) 

A1 (7) 

A2 (6) 

A3 (5) 

A4 (4) 

A5 (3) 

A6 (2) 

A7 (1) 

A8 (23) 

A9 (22) 

A10 (21) 

iNif 120) 

X/V 
[7 TO 128] 

2 

0 
4 

8 · · · 16 126 

32 127 

64 

EN 

TBP38R165. TBP38R16X 
16.384-BIT (2048 WORDS BY 8 BITS) REGISTERED 

PROGRAMMABLE READ-ONLY MEMORIES 

x/v [4 TO 16] 

PROM MATRIX 
(128 + 1) X 16 X 8 

(/) 

:2E 
o 
a: 
c.. 
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TBP38R165, TBP38R16X 
16,384·BIT (2048 WORDS BY 8 BITS) REGISTERED 
PROGRAMMABLE READ·ONL Y MEMORIES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage, VI .......................................... . . . . . . . . . . . . . . .. 5.5 V 
Off-state output voltage, VO(off) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .. 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits . . . . . .. - 55°C to 125°C 

Commercial-temperature range circuits. . . . . . .. O°C to 70°C 
Storage temperature range ................. ,....................... - 65°C to 150°C 

NOTE 1: All voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 

recommended operating conditions 

PARAMETER 
MIN 

MILITARY 

NOM MAX 

COMMERCIAL 

MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current (standard output) -2 -3.2 rnA 

IOL Low-level output current 16 24 rnA 

tw Pulse duration, eLK (high or low) 12 10 ns 

I -25 suffix 25 

tsu Setup time, address before eLKt L -20 suffix 20 ns 

I -18 suffix 18 

tsu Setup time INIT before eLKt 40 35 ns 

th Hold time INIT, address after eLKt 0 0 ns 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt 
MILITARY COMMERCIAL 

MIN TYP* MAX MIN TYP* MAX 
UNIT 

VIK Vee =MIN, II = -18 rnA -1.2 1.2 V 

VOH Vee = MIN, IOH = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN, IOL = MAX 0.5 0.5 V 

IOZH Vee = MAX, Vo = 2.4 V 50 50 I'A 

IOZL Vee = MAX, Vo = 0.5 V -50 -50 I'A 

II Vee = MAX, VI = 5.5 V 0.1 0.1 rnA 

IIH Vee = MAX, VI = 2.7 V 20 20 I'A 

III Vee = MAX, VI = 0.5 V -0.25 -0.25 rnA 

IO§ Vee = MAX, Vo = 2.25 V -30 -112 -30 -112 rnA 

lee Vee = MAX 125 185 125 185 rnA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

FROM 
TEST MILITARY COMMERCIAL 

TO 
PARAMETER 

(INPUT) (OUTPUT) 
CONDITIONS -25 SUFFIX -18 SUFFIX -20 SUFFIX 

(See Note 2) MIN TYP* MAX MIN TYP* MAX MIN TYP* 

tpd elK Any Q R1 = 3000, 8 18 8 12 8 

ten G Any Q R2 = 6000, 8 ,15 8 12 8 

tdis G Any Q eL = 50 pF 6 12 6 10 6 

t For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
i All typical values are at Vee = 5, V, T A = 15°e. 

MAX 

15 

12 

10 

UNIT 

ns 

ns 

ns 

§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
NOTE 2: load circuits and voltage w~veforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 
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TBP38R165, TBP38R16X 
16,384-BIT (2048 WORDS BY 8 BITS) REGISTERED 

PROGRAMMABLE READ-ONLY MEMORIES 

recommended operating conditions for programming (see Figure 1) 

Supply voltage during verification 

Input voltage 

Enable voltage during verification 

Enable inactive voltage during programming 

VCC program pulse amplitude 

LIst attempt 

VCC program pulse duration I 2nd attempt 

I 3rd attempt 

Enable setup time t before VCC(pr) 

Enable hold time~ after VCC(pr) 

Rise time of VCC(pr) § 

Fall time of VCC(pr)' 

Delay time between successive VCC(pr) pulses 

Delay time between successive VCC(pr) pulses 

Cooling time between words 

Free-air temperature 

t Measured from 1.5 V on enable pin to 5.5 V on V CC(pr) 
i Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin 
§ Measured from 5 V to 12 V 
, Measured from 12 V to 5 V 

step-by-step programming instructions (see Figure 1) 

VCC 

VIH 

VIL 

Gl 

G2. G3 

Gl 

G2. G3 

VCC(pr) 

twl 

tw2 

tw3 

tsu(en) 

th(en) 

tr(VCC) 

tf(VCC) 

tdl 

td2 

tcool 

TA 

MIN NOM MAX UNIT 

4.25 5 5.75 V 

3 4 5 

0 0.2 0.5 
V 

0 0.2 0.4 
V 

3 4 5 

4.25 5 5.75 
V 

0 0.2 0.4 

11 11.5 12 V 

10 11 12 

20 22 25 V 

20 22 25 

0.1 0.5 1 /lS 

0.1 0.5 1 /lS 

0.3 0.4 0.5 /lS 

0.05 0.1 0.2 p.s 

10 20 30 /lS 

10 20 30 /lS 

100 150 200 /lS 

20 25 30 °c 

1. Address the word to be programmed, apply 5 volts to VCC, apply VIL(pr) to th~able input G and 
VIH to the INIT input. During initialization word programming apply VIL to the INIT input. 

2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs to be a low logic level. 

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for the 
next word. 

4. Deselect PRCM by applying VIH(pr) to G. 
5. Connect a 4-mA current source (clamped to Vcc) to the output that is to be programmed. 
6. Increase VCC to VCC(pr) for a pulse duration equal to twx (where X is determined by the number of 

programming attempts, i.e., 1, 2, 3). Minimum current capability for the VCC power supply should be 
500 mAo 

7. Verify that the output has been programmed to a low logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. Note: Data must be clocked into the output register to verify 
programming. 

8. Verify programming of every word after all words have been programmed using VCC values of 4.5 volts 
and 5.5 volts. 
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TBP38R165, TBP38R16X 
16,384-BIT (2048 WORDS BY 8 BITS) REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 

AO TO A'~ VALID ADDRESS~: L' 
1 -tw-,-+I--,-----=-~--t-w-,-~~..,.k_---....,...I4-.. ..,.I-t-w-2--.,..14-.. ~I-t-w-3-H----+l....,....--,-j4--t-w-,--
I I I I I I I I I I I 

I '. n- ~~~ .. ~,:~20~·:VV 
tsu(enl-+j ~ I J---' ~f--' -:-

I I -.j 14- th(enl 

1 ~~:~ 
I I 

Vee 

_ VIH 

INITt I I I I I I I 
- - - - -- -- - -- - --- ------ - - -:-- - - - - ---- Vil I 1- I 1 1 I 

1 I 1 I I -VIH 

elK -.lfl~~lfl I fl n 1 n I I In 
I - 1 I I J ~J I I '----- Vil 

o,--:-n I II: : 
I I I I 

02 -------......j I I - VOH 
I I ( VOL 
I I J I I I 

I I I Ir--fh--=~~~ 
I I 1 I I 

07 

14-:::a-+o14-~~_..._Hllf----- PROGRAM 02----.......... 1--1/: ,- "I 
IpROGRAM Q7 

Illustrated above is the following sequence: 

1. It is desired to program the selected address with 01100001 (QO-Q71. Only outputs Q1, Q2, and Q7 
need programming. 

2. Q 1 is verified to be at a high logic level and then the programming sequence is executed. The output 
. is then verified to be at a low logic level. 

3. Q2 is an example of an output requiring three attempts to be programmed successfully. 
4. Q7 is programmed to a low logic level. 

tDuring initialization word programming VIL is applied to the iNiT input and address lines AO-A3 are used independently of A4-A 10. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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TBP38S165, TBP38S166, TBP38S16X 
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD 

PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

• Advanced Schottky IMPACT'M PROM Family 

• High-Speed Access Times 

• 3-State Outputs 

• Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

• Package Options Include 300-Mil or 600-Mil 
24-Pin DIP, and 28-Pin Chip-Carrier 
Packages 

description 

These Series-3 IMPACTTM TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fuse link program elements. They are organized 
as 2048 words by 8 bits each, providing a total 
of 16,384 bits. The TBP38S 16' has three-state 
outputs. 

These PROMs are offered with a choice of 
Address Access times (dash numbers). These 
dash numbers are found in the switching 
characteristics table and are included in the part 
numbers. 

Data is programmed at any bit location with the 
standard Series 3 programming algorithm. The 
program elements store a low logic level before 
any programming, and are permanently set to a 
high logic level after programming. After 
execution of the programming procedure, the 

02909, JANUARY 1985-REVISED JULY 1985 

TBP38S165 ... NT OR JT- PACKAGE 
TBP38L 166 ... NW OR JW PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 AS 
A5 A9 
A4 Al0 
A3 Gl 
A2 G3 
Al G2 
AO 07 
00 06 
01 05 
02 04 

GND 03 

TBP38S16X ... FN OR FK PACKAGE 

A4 
A3 

Al 
AO 
NC 
00 

(TOP VIEW) 

U 
LOCOr--U Ucx)O'l 
<x:<x:<x:z><x:<x: 

4 3 2 1 

12 131415161718 

.... NOUMq-LO 
OOzzOOO 

<.:J 

NC-No internal connection 

Al0 
<31 
G3 
G2 
NC 
07 
06 

output for that bit location cannot be reversed. The Series 3 programming procedure should be referred 
to for further details. Additional circuitry has been designed into these devices to improve testability and 
insure high programmability. 

An MFK, MJT, or MJW suffix designates full-temperature circuits that are characterized for operation over 
the full military temperature range of - 55 DC to '125 DC. An FN, NT, or NW suffix designates commercial­
temperature circuits that are characterized for operation from 0 DC to 70 DC. 

IMPACT is a trademark of Texas Instruments. 

PRODUCTION DATA documents contain 
information current as of publication date. 

Copyright © 1984, Texas Instruments Incorporated 
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TBP38S165, TBP38S166, TBP38S16X 
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD 
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

logic symbol t TBP38Sl65. TBP38Sl66 

TBP38Sl6X 

PROM 2048 X 8 
(8) 

0' 
(7) 

(6) 

(5) 

(4) 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

(3) 

(2) 

0 
> A 2047 

Al0 

G3 

G2 

01 

(1 ) 

(23) 

(22) 

(21) 

(19) 

(18) 

(20) f"-.... 

lq, 

& 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 

Pin numbers shown are for JT. JW. NT. or NW packages. 

schematics of inputs and outputs 

EN 

A\J 

A\J 

A\J 

A\J 

A\J 

A\J 

A\J 

A\J 

(9) 

(10) 

(11) 

(13) 

(14) 

(15) 

(16) 

(17) 

00 
01 

02 
03 

04 

05 

06 
Q7 

EQUIVALENT OF INPUTS TYPICAL OF ALL THREE-STATE OUTPUTS 

VCC----------~~--~ ------e.-- VCC 

INPUT--~~._~--+_, 

OUTPUT 

PROGRAMMING CIRCUIT NOT SHOWN 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) __ ............ _ ........................ " . . . . . . . . .. 7 V 
Input voltage ............................................................ ' 5.5 V 
Off-state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits . . . . . .. - 55°C to 125°C 

Commercial-temperature-range circuits. . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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TBP38S165, TBP38S166, TBP38S16X 
16,384·BIT (2048 WORDS BY 8·BITS) STANDARD 

PROGRAMMABLE READ·ONLY MEMORY WITH 3·STATE OUTPUTS 

recommended operating conditions for programming (see Figure 1) 

Supply voltage during verification 

Input voltage 

Enable voltage during verification 

Enable inactive voltage during programming 

VCC program pulse amplitude 

11 st attempt 

VCC program pulse duration I 2nd attempt 

13rd attempt 

Enable set-up time T before VCC(pr) 

Enable hold timet after VCC(pr) 

Rise time of VCC(pr) § 

Fall time of VCc(pr) 1 
Delay time between successive VCC(pr) pulses 

Delay time between successive VCC(pr) pulses 

Cooling time between words 

Free-air temperature 

tMeasured from 1.5 V on enable pin to 5.5 V on VCC(pr) 
+Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin 
§Measured from 5 V to 12 V 
1Measured from 12 V to 5 V 

step-by-step programming instructions (see Figure 1) 

MIN 

VCC 4.5 

VIH 3 

VIL 0 

G1 0 

G2, G3 3 

G1 4.5 

G2, G3 0 

VCC(pr) 12 

tw1 10 

tw2 20 

tw3 20 

tsu(en) 0.1 

th(en) 0.1 

tr(VCC) 0.3 

tf(VCC) 0.05 

td1 10 

td2 10 

tcool 100 

TA 20 

NOM MAX UNIT 

5 5.5 V 

4 5 

0.2 0.5 
V 

0.2 0.4 
V 

4 5 

5 5.5 
V 

0.2 0.4 

12,5 13 V 

11 12 

22 25 p'S 

22 25 

0.5 1 Jls 

0.5 1 Jls 

0.4 0.5 Jls . 
0.1 0.2 Jls 

20 30 Jls 

20 30 Jls 

150 200 JlS 

25 30 °c 

1. Address the word to be programmed, apply 5 volts to Vee and active levels to all enable inputs (G1, 
G2,G3). 

2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 

4. Deselect PROM by applying 5 volts to G1, or 0 volts to G2 or G3. 

5. Connect a 4-mA current source (clamped to Vee) to the output that is to be programmed. 

6. Increase Vee to Vee(pr) for a pulse duration equal to twx (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vee power supply should 
be 400 mAo 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 

S. Verify programming of every word after all words have been programmed using Vee values of 4.5 volts 
and 5.5 volts. 

U) 

~ 
o 
a:: 
0. 
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TBP38S165, TBP38S166, TBP38S16X 
16,384-BIT (2048 WORDS BY 8 BITS) STANDARD 
PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

AOTO A10J VALID ADDRESS : 
I !4-I1-tw1 ~tw2 I4--tt-tw3 , , I , , 

Vee I 

I 
~ j4- th(enl 

G 

,t 
It 

1 I' 01 , 
I 

02 I 

x= 
I4"*-tw1 
I 

, 
------ 12.5V 

-----5V 

OV 

- VOH 

L VOL 

- VOH 
I 

VOL I 

I 

~ VOH 07 I 
L VOL 

I 
I I I 

PROGRAM 02 ~ } ~ ~I 
PROGRAM 07 

Illustrated above is the following sequence: 

4-92 

1) It is desired to program the selected address with 01100001 (00-071. Only outputs 01, 02 and 07 need programming. 
21 01 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 

logic level. 
31 02 is an example of an output requiring three attempts to be programmed successfully. 
41 07 is programmed to a high logic level. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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TBP38S165, TBP38S166, TBP38S16X 
16,384-BIT (2048 WORDS BY 8-BITS) STANDARD 

PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

IOH High-level output current -2 -3.2 rnA 

IOL Low-level output current 16 24 rnA 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt 
MILITARY COMMERCIAL 

TYP:I: TYP:I: 
UNIT 

MIN MAX MIN MAX 

VIK Vee = MIN. II = -18 rnA -1.2 -1.2 V 

VOH Vee = MIN. IOH = MAX 2.4 3.1 2.4 3.1 V 

VOL Vee = MIN. IOL = MAX 0.5 0.5 V 

IOZH Vee = MAX. Vo = 2.4 V 50 50 p.A 

IOZl Vee = MAX. Vo = 0.5 V -50 -50 p.A 

II Vee = MAX. VI = 5.5 V 0.1 0.1 rnA 

IIH Vee = MAX. VI = 2.7 V 20 20 p.A 

IlL Vee = MAX. VI = 0.5 V -0.25 -0.25 rnA 

IO§ Vee = MAX. Vo = 2.25 V -30 -112 -30 -112 rnA 

ICC Vee = MAX 120 175 120 175 rnA 

tFor conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions. III 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 

U) 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 2 
talA) 

ten tdis TEST ACCESS TIME 
TYPE ENABLE TIME DISABLE TIME 

CONDITIONS FROM ADDRESS 

MIN TYP:I: MAX MIN TYP:I: MAX MIN TYP:I: MAX 

TBP38S 165-30 

TBP38S 166-30 Military 18 30 8 20 6 15 

TBP38S 16X-30 

TBP38S 16 5-3 5 
eL = 50 pF. 

TBP38S 166-35 Commercial 
R1 = 300 n. 

18 35 8 15 6 12 

TBP38S16X-35 
R2 = 600 n. 

TBP38S165-25 
See Note 2 

TBP38S 166-25 Commercial 18 25 8 15 6 12 

TBP38S 16X-25 

i All typical values are at Vee = 5 V. T A = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book. Volume 4. 1985. 
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TBP38SA165. TBP38SA166. TBP38SA16X 
16.384-BIT (2048 WORDS BY 8 BITS) STANDARD 

PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS 

• Fastest Schottky PROM Family 

• High-Speed Access Times 

• Open-Collector Outputs 

• Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

• Package Options Include 300-Mil or 600-Mil 
24-Pin DIP, and 28-Pin Chip-Carrier 
Packages 

description 

These Series-3 monolithic TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fuse link program elements. They are organized 
as 2048 words by 8 bits each, providing a total 
of 16,384 bits. The TBP38SA 16' has open­
collector outputs and allows the device to be 
connected directly to data buses utilizing passive 
pull-up resistors. 

These PROMs are offered with a choice of 
Address Access times (dash numbers). These 
dash numbers are found on the switching 
characteristics table, and are included in the part 
numbers. 

Data is programmed at any bit location with the 
standard Series 3 programming algorithm. The 
program elements store a logic level low before 
any programming, and are permanently set to a 
logic level high after programming. After 
execution of the programming procedure, the 

JANUARY 1985 - REVISED NOVEMBER 1985 

TBP38SA 165 ... JT OR NT PACKAGE 
TBP38SA 166 ... JW OR NW PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 A8 
A5 A9 
A4 Al0 
A3 (31 
A2 G3 
Al G2 
AO 07 
00 06 
01 05 
02 04 

GND 03 

TBP38SA 16X ... FK OR FN PACKAGE 

. (TOP VIEW) 

U 
In(!)r--UUOOo) 
<i <i <i z > <i-<i 

4 3 2 1 

12 131415161718 

~NOUM'<tln 
OOzzOOO 

(!) 

NC - No internal connection 

Al0 
<31 
G3 
G2 
NC 
07 
06 

output for that bit location cannot be reversed. The Series 3 programming procedure should be referred 
to for further details. Additional circuitry has been designed into these devices to improve testability and 
insure high programmability. 

An MJT or MJW suffix designates full temperature circuits and are characterized for operation over the 
full military temperature range of - 55°C to 125°C. An NT or NW suffix designates commercial-temperature 
circuits and are characterized for operation from OOC to 70°C. 

Copyright © 1984, Texas Instruments Incorporated 

tn 
~ 
o a: 
c.. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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TBP38SA165, TBP38SA166, TBP38SA16X 
16,384·BIT (2048 WORDS BY 8 BITS) STANDARD 
PROGRAMMABLE READ·ONL Y MEMORY WITH OPEN·COLLECTOR OUTPUTS 

logic symbol t 

TBP38SA165. TBP38SA166 

TBP38SA16X 

PROM 2048 X 8 
(8) 

0 
(7) 

(6) 

(5) 

(4) 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

(31 

(2) 

0 
> A 2047 

A10 

G3 

~ G2 

01 

(1) 

(23) 

(22) 

(21) 

(19) 

(18) 

(20) r--..... 

10 

& 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEG Publication 617-12. 

Pin numbers shown are for JT. JW. NT. or NW packages. 

schematics of inputs and outputs 

EQUIVALENT OF INPUTS 

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

INPUT--~~._~--+_~ 

lEN 

AQ 

AQ 

AQ 

AQ 

AQ 

AQ 

AQ 

AQ 

(9) 

(10) 

(11) 

(13) 

(14) 

(15) 

(16) 

(17) 

QO 

Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

TYPICAL OF ALL 
OPEN-COLLECTOR OUTPUTS 

PROGRAMMING CIRCUIT 
NOT SHOWN 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) ................................................... 7 V 
Input voltage ............... " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Off-state output voltage .................................................... , 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits .. . . . .. - 55°C to 125°C 

Commercial-temperature-range circuits. . . . . . .. O°C to 70°C 
Storage temperature range ............................. _ .... __ .. _ .. - 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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TBP38SA165, TBP38SA166, TBP38SA16X 
16,384·BIT (2048 WORDS BY 8 BITS) STANDARD 

PROGRAMMABLE READ·ONLY MEMORY WITH OPEN·COLLECTOR OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

IOL Low-level output current 16 24 mA 

TA Operating free-air temperature range - 55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt 
MILITARY COMMERCIAL 

MIN Typt MAX MIN Typt 

VIK Vee = MIN, II = -18 mA -1.2 

IOH Vee = MIN, 
I VOH = 2.4 V 0.05 

I VOH = 5.5 V 0.1 

VOL Vee = MIN, IOL = MAX 0.5 

II Vee = MAX, VI = 5.5 V 0.1 

IIH Vee = MAX, VI = 2.7 V 20 

IlL Vee = MAX, VI = 0.5 V -0.25 

ICC Vee = MAX 120 175 120 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, TA = 25°e. 

MAX 

-1.2 

0.05 

0.1 

0.5 

0.1 

20 
-0.25 

175 

UNIT 

V 

mA 

V 

mA 

p.A 

mA 

mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

talA) ta(S) 
tdis TEST ACCESS TIME ACCESS TIME 

TYPE DISABLE TIME UNIT 
CONDITIONS FROM ADDRESS FROM ENABLE 

MIN Typt MAX MIN TYP* MAX MIN TYP* MAX 

TBP38SA 165-40 

TBP38SA 166-40 Military eL = 50 pF 22 40 7 20 12 25 ns 

TBP38SA 16X-40 Rl = 300 fl, 

TBP38SA 165-35 R2 = 600 fl, 

TBP38SA 166-35 Commercial See Note 2 22 35 7 15 12 20 ns 

TBP38SA 16X-35 

tAli typical values are at Vee = 5 V, TA = 25°e. 
NOT~ 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 

rn 
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TBP38SA165. TBP38SA166. TBP38SA16X 
16.384·BIT (2048 WORDS BY 8 BITS) STANDARD 
PROGRAMMABLE READ·ONL Y MEMORY WITH OPEN·COLLECTOR OUTPUTS 

recommended operating conditions for programming (see Figure 1) 

Supply voltage during verification 

Input voltage 

Enable voltage during verification 

Enable inactive voltage during programming 

VCC program pulse amplitude 

I 1 st attempt 

VCC program pulse duration I 2nd attempt 

I 3rd attempt 

Enable set-up time t before VCC(pr) 

Enable hold timel: after VCC(pr) 

Rise time of VCC(pr) § 

Fall time of VCC(pr)' 

Delay time between successive VCC(pr) pulses 

Delay time between successive VCC(pr) pulses 

Cooling time between words 

Free-air temperature 

tMeasured from 1.5 V on enable pin to 5.5 V on VCC(pr) 
l:Measured from 5.5 V on VCC(pr) to 1.5 Von enable pin 
§Measured from 5 V to 12 V 
, Measured from 12 V to 5 V 

step-by-step programming instr'uctions (see Figure 1) 

MIN 

VCC 4.5 

VIH 3 

VIL 0 

G1 0 

G2,G3 3 

G1 4.5 

G2,G3 0 

VCC(pr) 12 

tw1 10 

tw2 20 

tw3 20 

tsu(en) 0.1 

th(en) 0.1 

tr(VCC) 0.3 

tf(VCC) 0.05 

td1 10 

td2 10 

tcool 100 

TA 20 

NOM MAX UNIT 

5 5.5 V 

4 5 

0.2 0.5 
V 

0.2 0.4 

4 5 
V 

5 5.5 

0.2 0.4 
V 

12.5 13 V 

11 12 

22 25 /1S 

22 25 

0.5 1 /1S 

0.5 1 /1S 

0.4 0.5 /1S 

0.1 0.2 /1s 

20 30 /1s 

20 30 /1S 

150 200 /1S 

25 30 °C 

1. Address the word to be programmed, apply 5 volts to Vee and active levels to all enable inputs (<31, 
G2, G3). 

2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 

4. Deselect PROM by applying 5 volts to <31, or 0 volts to G2 or G3. 

5, Connect a 4-mA current source (clamped to Vee) to the output that is to be programmed. 

6. Increase Vee to Vee(pr) for a pulse duration equal to twx (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vee power supply should 
be 400 mAo 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to .1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 

8. Verify programming of every word after all words have been programmed using Vee values of 4.5 volts 
and 5.5 volts. 
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TBP38SA165, TBP38SA166, TBP38SA16X 
16,384·8IT· (2048 WORDS BY 8 BITS) STANDARD 

PROGRAMMABLE READ·ONLY MEMORY WITH OPEN·COLLECTOR OUTPUTS 

VALID ADDRESS : C 
~tw1 ~tw2 I4--tt-tw3 ~tw1 
I I I I I I 

------ 12.SV 

I 
~ j+-th(enl 

----- SV 

I 
OV 

I r. 1 L VOH 

I : 
VOL 

I I - VOH 
I I 

VOL I 

~ VOH 
I L VOL 
I 
I I I 

PROGRAM 02 ~ ~ IzPR~RAMQ7 
Illustrated above is the following sequence: 

11 It is desired to program the selected address with 01100001 (00-07). Only outputs 01, 02 and 07 need programming. 
21 01 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 

logic level. 
3) 02 is an example of an output requiring three attempts to be programmed successfully. 
4) 07 is programmed to a high logic level. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 

U3 

~ 
o 
a: 
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TBP38S22, TBP38L22, TBP38SA22 
TBP38S2X, TBP38L2X, TBP38SA2X 

2,048·BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ·ONL Y MEMORIES 

• Advanced Schottky IMPACTTM PROM Family 

• High-Speed Access Times 

• Low-Power, Open-Collector, and 3-State 
Options Available 

• Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 

• P-N-P Inputs for Reduced Loading on 
System Buffers/Drivers 

• Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

• Package Options Include 20-Pin DIP, and 
20-Pin Chip-Carrier 

description 

These Series-3 IMPACTTM TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fus~ link program elements. They are organized 
as 256 words by 8 bits each, providing a total 
of 2,048 bits. The '38S22 has three-state 
outputs. The '38SA22 is the open-collector 
version and allows the device to be connected 
directly to data buses utilizing passive pull-up 
resistors. The low-power '38L22 is available for 
applications that require power conservation 
while maintaining bipolar speeds. 

D29D~ DECEMBER 1984~ APRIL 1986 

TBP38S22. TBP38L22. TBP38SA22 ... J OR N PACKAGE 

(TOP VIEW) 

AO Vee 
A1 A7 
A2 A6 
A3 A5 
A4 <32 
00 <31 
01 07 
02 06 
03 05 

GND 04 

TBP38S2X. TBP38L2X. TBP38SA2X ..• FK OR FN PACKAGE 

(TOP VIEW) 

A3 4 

A4 5 

00 6 

01 
02 8 

U 
N..-OUI' 
<l:<l:<l:><l: 

3 2 1 20 19 

9 1011 12 13 

MO<:tL!'lCO 
OzOOO 

t!) 

18 

17 

16 

15 

14 

NC-No internal connection 

A6 

These PROMs are offered with a choice of address access times (dash numbers). These dash numbers 
are found in the switching characteristics table, and are included in the part numbers. 

Data is programmed at any bit location with the standard Series 3 programming algorithm. The program 
elements store a low logic level before any programming, and are permanently set to a high logic level 
after programming. After execution of the programming procedure, the output for that bit location cannot 
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry 
has been designed into these devices to improve testability and ensure high programmability. 

An MFK or MJ suffix designates full-temperature circuits that are characterized for operation over the full 
military temperature range of - 55 °C to 125°C. An FN or N suffix designates commercial-temperature 
circuits that are characterized for operation from O°C to 70°C. 

IMPACT is a trademark of Texas Instruments. 

Copyright © 1984. Texas Instruments Incorporated 
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This docum'ent contains information on products in 
more than one phase of development. The status of 
each device is indicated on the pagels) specifying its 
electrical characteristics. TEXAS -IJ1 
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TBP38S22, TBP38L22, TBP38SA22 
TBP38S2X, TBP38L2X, TBP38SA2X 
2,048·BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ·ONLY MEMORIES 

logic symbols t 

TBP38S22. TBP38L22 

AO 

A1 

A2 

A3 

A4 

A5 
A6 

A7 

G2 
G1 

(1) 

(2) 

(3) 

(4) 

(5) 

(17) 

(18) 

(19) 

(16) '" 
(15) ........ 

PROM 256 X 8 

}A~5 
A\l 

A\l 

A\l 

A\l 

A\l 

A\l 

A\l 

MEN 

A\l 

(6) 
(7) 

(8) 

(9) 

(11) 

(12) 

(13) 
(14) 

AO 
00 A1 
01 

A2 
02 A3 
03 

A4 
04 

A5 
05 A6 
06 A7 
07 

02 

01 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 
and lEe Publication 617-12. 

schematics of inputs and outputs 

EOUIVALENT OF INPUTS 

VCC----------~~--~ 

INPUT - .......... .-. ..... ---+--I 

TYPICAL OF ALL 
OPEN·COLLECTOR OUTPUTS 

PROGRAMMING CIRCUIT 
NOr SHOWN 

TBP38SA22 

PROM 256 X 8 
(1) 

'1 , 
(2) AO 

(3) AO 
(4) AO 
(5) AQ 

7r~ (17) AQ 
(18) AQ 
(19) AQ 

(16) '" AQ 

MEN (15) ,......... 

(6) 
(7) 

(8) 

(9) 

(11) 

(12) 

(13) 
(14) 

00 

01 

02 

03 

04 

05 

06 
07 

TYPICAL OF ALL THREE-STATE OUTPUTS 

-------4_. VCC 

OUTPUT 

PROGRAMMING CIRCUIT NOT SHOWN 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) ................................................... 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Off-state output voltage .......................................... '. . . . . . . . . .. 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits . '.' . . .. - 55°C to 125°C 

Commercial-temperature-range circuits. . . . . . .. O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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TBP38S22, TBP38S2X 
2,048·BIT (256 WORDS BY 8 BITS) 

STANDARD PROGRAMMABLE READ·ONLY MEMORY WITH 3·STATE OUTPUTS 

recommended operating conditions 

COMMERCIAL 
PARAMETER UNIT 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

10H High-level output current -3.2 mA 

10L Low-level output current 24 mA 

TA Operating free-air temperature range 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
COMMERCIAL 

PARAMETER 
MIN Typf 

VIK Vee = MIN, II = -18 mA 

VOH Vee = MIN, 10H = -3.2 mA 2.4 

VOL Vee = MIN, 10L = 24 mA 

10ZH Vee - MAX, Vo - 2.4 V 

10ZL Vee = MAX, Vo = 0.5 V 

II Vee - MAX, VI - 5.5 V 

IIH Vee = MAX, VI = 2.7 V 

IlL Vee = MAX, VI = 0.5 V 

lo§ Vee = MAX, Vo = 2.25 V -30 

lee Vee = MAX 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
t All typical values are at Vee = 5 V, T A = 25°e. 

3.1 

80 

MAX 

-1.2 

0.5 

50 

- 50 

0.1 

20 

-0.25 

-112 

125 

UNIT 

V 

V 

V 

JlA 

JlA 

mA 

JlA 
mA 

mA 

mA 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

t/) 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 2: 
talA) 

ten tdis 
TEST ACCESS TIME 

TYPE ENABLE TIME DISABLE TIME 
CONDITIONS FROM ADDRESS 

MIN Typf MAX MIN Typf MAX MIN Typf MAX 

TBP38S22-18 eL = 50 pF, 
10 14 18 9 13 5 

TBP38S2X-18 Rl = 300 n, 
TBP38S22-25 

Commercial 
R2 = 600 n, 

16 25 9 15 5 10 
TBP38S2X-25 See Note 2 

tAli typical values are at Vee = 5 V, T A = 25°e. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~~:~~i~ai~:1~1.; ~!~~~~ti~r fllo::~:~:t:ros~s not 
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ns 

ns 
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TBP38S22, TBP38S2X 
2,048-BIT (256 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 

recommended operating conditions 

MILITARY 
PARAMETER UNIT 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

10H High-level output current -2 mA 

10L Low-level output current 16 mA 

TA Operating free-air temperature range - 55 125 De 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY 

PARAMETER 
MIN TYP* 

VIK Vee = MIN, 11= -18 mA 

VOH Vee = MIN, 10H = -2 mA 2.4 3.1 

VOL Vee = MIN, 10L = 16 mA 

10ZH Vee = MAX. Vo = 2.4 V 

10ZL Vee = MAX, Vo = 0.5 V 

II Vee = MAX. VI = 5.5 V 

IIH Vee = MAX. VI = 2.7 V 

IlL Vee = MAX. VI = 0.5 V 

IO§ Vee = MAX, Vo = 2.25 V -30 

lee Vee = MAX 80 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
t All typical values are at Vee = 5 V, T A = 25 De. 

MAX 

-1.2 

0.5 

50 

-50 

0.1 

20 

-0.25 

-112 

125 

UNIT 

V 

V 

V 

p.A 

p.A 

mA 

p.A 

mA 

mA 

mA 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

:c switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 
o 
S 
tJ) 

4-104 

talA) 
ten tdis 

TEST ACCESS TIME 
TYPE ENABLE TIME DISABLE TIME 

CONDITIONS FROM ADDRESS 

MIN TYP* MAX MIN TYP* MAX MIN TYP* MAX 

TBP38S22- __ eL = 50 pF, 
9 5 14 

TBP38S2X- __ R1 = 300 n, 
TBP38S22- __ 

Military 
R2 = 600 n. 

16 9 5 
TBP38S2X- __ See Note 2 

tAli typical values are at Vee = 5 V, T A = 25 De. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book. Volume 4, 1985. 

PRODUCT PREVIEW documents contain information 
on products in the formative or design ~hase of 
development. Characteristic data an~ other 
specifications are design goals. Texas Instruments 
reserves the right to change or discontinue these 
products without notice. 
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TBP38L22, TBP38L2X 
2,048·BIT (256 WORDS BY 8 BITS) LOW·POWER 

PROGRAMMABLE READ·ONLY MEMORY WITH 3·STATE OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
PARAMETER 

MIN NOM MAX MIN NOM 
UNIT 

MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

10H High-level output current -1.6 -3.2 mA 

10L Low-level output current 16 24 mA 

TA Operating free-air temperature range -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) , 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
TYP* MIN MAX MIN TYP* 

VIK Vee = MIN, II = -18 mA -1.2 

VOH Vee = MIN, 10H = MAX 2.4 3.1 2.4 3.1 

VOL Vee = MIN, IOL = MAX 0.5 

10ZH Vee = MAX, Vo = 2.4 V 50 

10ZL Vee = MAX, Vo = 0.5 V -50 

II Vee = MAX, VI = 5.5 V 0.1 

IIH Vee = MAX, VI = 2.7 V 20 

IlL Vee = MAX, VI = 0.5 V -0.25 

lo§ Vee = MAX, Vo = 2.25 V -30 -112 -30 

ICC Vee = MAX 45 70 45 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
+AII typical values are at Vee = 5 V, TA = 25°C. 

MAX 

-1.2 

0.5 

50 

-50 

0.1 

20 
-0.25 

-112 

70 

UNIT 

V 

V 

V 

p.A 

p.A 

mA 

p.A 

mA 

mA 

mA 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

(/) 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 2: 
talA) 

ten tdis TEST ACCESS TIME 
TYPE ENABLE TIME DISABLE TIME 

CONDITIONS FROM· ADDRESS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

TBP38L22-40 

TBP38L2X-40 
Military 

eL = 50 pF, 
20 40 10 25 7 20 

TBP38L22-35 Rl = 300 n, 
Commercial 20 35 10 20 7 15 

TBP38L2X·35 R2 = 600 n, 
TBP38L22·45 See Note 2 

Commercial 20 45 10 20 7 15 
TBP38L2X·45 

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~~~~~~i~ar~~I~~~ ~!~~~~ti~r fllo::~:~~t:ros~s not 
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ns 
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TBP38SA22, TBP38SA2X 
2,048·BI1 (256 WORDS BY 8 BITS) STANDARD 
PROGRAMMABLE READ·ONLY MEMORY WITH OPEN·COLLECTOR OUTPUTS 

recommended operating conditions 

MILITARY COMMERCIAL 
PARAMETER 

MIN 
UNIT 

NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 ?5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VOH High-level output voltage 5.5 5.5 V 

IOL Low-level output current 16 24 mA 

TA Operating free-air temperature range - 55 125 0 70 °C 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
MILITARY COMMERCIAL 

PARAMETER 
MIN TYPf MAX MIN TYPf 

VIK Vee = MIN, II = -18 mA -1.2 

I VOH = 2.4 V 0.05 
IOH Vee = MIN, 

I VOH = 5.5 V 0.1 

VOL Vee = MIN, IOL = MAX 0.5 

II Vee = MAX, VI = 5.5 V 0.1 

IIH Vee = MAX, VI = 2.7 V 20 

IlL Vee = MAX, VI = 0.5 V -0.25 

lee Vee = MAX 80 125 

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
fAil typical values are at Vee = 5 V, T A = 25°e. 

80 

MAX 

-1.2 

0.05 

0.1 

0.5 

0.1 

20 

-0.25 

125 

UNIT 

V 

mA 

V 

mA 

p.A 

mA 

mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

talA) 
ten tdis 

TEST ACCESS TIME 
TYPE ENABLE TIME DISABLE TIME 

CONDITIONS FROM ADDRESS 

MIN Typf MAX MIN Typt MAX MIN Typf MAX 

TBP38SA22-35 Military 
eL = 50 pF, 

R1 = 300 n, 
19 35 8 17 8 17 

TBP38SA22-30 eommercial 
R2 = 600 n, 

19 
See Note 2 

30 8 15 8 15 

tAli typical values are at Vee = 5 V, T A = 25°e. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
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TBP38S22, TBP38L22, TBP38SA22 
TBP38S2X, TBP38L2X, TBP38SA2X 

2,048·BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ·ONL Y MEMORIES 

recommended operating conditions for programming (see Figure 1) 

Supply voltage during verification 

Input voltage 

Enable voltage during verification 

Enable inactive voltage during programming 

VCC program pulse amplitude 

I 1 st attempt 

VCC program pulse duration I 2nd attempt 

I 3rd attempt 

Enable set-up time t before VCC(pr) 

Enable hold time~ after VCC(pr) 

Rise time of VCC(pr)§ 

Fall time of VCC(pr)' 

Delay time between successive VCC(pr) pulses 

Hold time between successive VCC(pr) pulses 

Cooling time between words 

Free-air temperature 

tMeasured from 1.5 Von enable pin to 5.5 Von VCC(pr) 
~Measured from 5.5 Von VCC(pr) to 1.5 V on enable pin 
§ Measured from 5 V to 1 2 V 
, Measured from 1 2 V to 5 V 

step-by-step programming instructions (see Figure 1) 

MIN 

VCC 4.5 

VIH 3 

VIL 0 

Gl. G2 0 

<31. G2 4.5 

VCC(pr) 12 

twl 10 

tw2 20 

tw3 20 

tsu(en) 0.1 

th(en) 0.1 

tr(VCC) 0.3 

tf(VCC) 0.05 

tdl 10 

td2 10 

tcool 100 

TA 20 

NOM MAX UNIT 

5 5.5 V 

4 5 
V 

0.2 0.5 

0.2 0.4 V 

5 5.5 V 

12.5 13 V 

11 12 

22 25 p's 

22 25 

0.5 1 p's 

0.5 1 p's 

0.4 0.5 p's 

0.1 0.2 p's 

20 30 p's 

20 30 p's 

150 200 p's 

25 30 °c 

1. Address the word to be programmed, apply 5 volts to Vee and a low-logic-level voltage to the enable 
inputs G 1 and G2. 

2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 

4 .. Deselect PROM by applying 5 volts to G 1 or G2. 
5. Connect a 4-mA current source (clamped to Vee) to the output that is to be programmed. 

6. Increase Vec to Vee(pr) for a pulse duration equal to twx (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the Vee power supply should 
be 400 mAo 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 

8. Verify programming of every word after all words. have been programmed using Vee values of 4.5 volts 
and 5.5 volts. 

en 
~ 
o 
a: 
c.. 

TEXAS , 
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TBP38S22, TBP38L22, TBP38SA22 
TBP38S2X, TBP38L2X, TBP38SA2X 
2,048·BI1 (256 WORDS BY 8 BITS) PROGRAMMABLE READ·ONLY MEMORIES 

AOTOA~ VALlO ADDRESS ! x::= 
I ~-~--~~--tw-,---~~~~-t-w-,---~~---~-t-W2----~----~~-t-W-3~---~----k---tw-,-------
I I I , I I I I I I I 

Vee - - - -'2.5V 

------5V 
G 

I I 
..... --------- 0 V 

I H 01 I 
·1 I I 

--~----------------------~---+J--~--~------ VOH 
LVOL 

02 1 1 I 
I 

07 I 
I 

"-----...... - VOH 

LVOL 

M2~~~~r.w~'-------PROGRAM02--------~~Ir-~~r--~~~~~~1 

lPROGRAM 07 

Illustrated above is the following sequence: 

4-108 

1) It is desired to program the selected address with 01100001 (QO-Q7). Only outputs Q 1, Q2 and Q7 need programming. 
2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 

logic level. 
3) Q2 is an example of an output requiring three attempts to be programmed successfully. 
4) Q7 is programmed to a high logic level. 

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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• For Application as a"Scratch Pad" Memory 
with Nondestructive Read·Out 

• Fully Decoded Memory Organized as 16 
Words of Four Bits Each 

• Fast Access Time ... 33 ns Typical 

• Diode·Clamped. Buffered Inputs 

• Open-Collector Outputs Provide Wire-AND 
Capability 

• Typical Power Dissipation ... 375 mW 

• Compatible with Most TTL Circuits 

description 

ME 

L 

L 

~ 
H 

This 64-bit active-element memory is a 
monolithic. high-speed, transistor-transistor logic 
(TTL) array of 64 flip-flop memory cells organized 
in a matrix to provide 16 words of four bits each. 
Each of the 16 words is addressed in straight 
binary with full on-chip decoding. 

The buffered memory inputs consist of four 
address lines. four data inputs. a write enable. 
and a memory enable for controlling the entry 
and access of data. The memory has open­
collector outputs which may be wired-AND 
connected to permit expansion up to· 4704 
words of N-bit length without additional output 
buffering. Access time is typically 33 
nanoseconds; power dissipation is typically 375 
milliwatts. 

FUNCTION TABLE 

WE OPERATION CONDITION OF OUTPUTS 

L Write Complement of Data Inputs 

H Read Complement of Selected Word 

L Inhibit Storage Complement of Data Inputs 

H Do Nothing High 

write operation 

SN7489 
64·BIT RANDOM·ACCESS READ/WRITE MEMORY 

D1416. DECEMBER 1972-REVISED FEBRUARY 1984 

SN7489 ... J OR N PACKAGE 

(TOP VIEW) 

AO Vee 
ME A1 
WE A2 
01 A3 
51 04 
02 54 
62 03 

GNO 63 

logic symbol 

AO 
Al 

A2 

A3 

ME 

WE 

01 

02 

03 

D4 

(1 ) 

(15) 

(14) 

(13) 

(2) "-
(3) "-

(4) 

L 
(6) 

(10) 

(12) 

RAM 16 x 4 

]A~ 
lC2/G3 

Gl , r 
1 2:1 

0' 
A. 2D A. 1. 31 

:--.. 

r-.... 
r--.. 

(5) 0.1 
(7) 

(9) 

(11 ) 

Information present at the data Inputs is written into the memory by addressing the desired word and holding 
both the memory enable and write enable low. Since the internal output of the data input gate is common 
to the input of the sense amplifier. the sense output will assume the opposite state of the information 
at the data inputs when the write enable is low. 

read operation 

The complement of the information which has been written. into the memory is nondestructively read out 
at the four sense outputs. This is accomplished by holding the memory enable low. the write enable high. 
and selecting the desired address. 

TEXAS ~ 
INSTRUMENTS 

• POST OFFICE BOX 225012 • OALLAS. TEXAS 75265 
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SN7489 
64·BIT RANDOM·ACCESS READ/WRITE MEMORY 

logic diagram 

(5) 01 
~ ______ ~ ______________________ ~(7~) 02 

(~~\ g: 
Dl------------L-J 
D2~--------------~ 

D3~~--------------------~ 

D4~~----------------------------~ 
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SN7489 
64·BIT RANDOM·ACCESS READ/WRITE MEMORY 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

VCC ----""'-t.----

INPUT _..__.1 

Data Inputs: Req = 6 kn NOM 
All others: Req = 4 kn NOM 

TYPICAL OF ALL OUTPUTS 

OUTPUT 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (see Note 1) ................................................. " 5.5 V 
High-level output voltage, VOH (see Notes 1 and 2) .............................. " 5.5 V 
Operating free-air temperature range .................................... " OOC to 70 0 e 
Storage temperature range ......................................... -65°C to 150 0 e 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. This is the maximum voltage that should be applied to any output when it is in the off state. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 4.75 5 5.25 V 

Width of write-enable pulse. tw 40 ns 

Setup time. data input with respect to write enable. tsu (see Figure 1) 40 ns 

Hold time. data input with respect to write enable. th (see Figure 1) 5 ns 

Select input setup time with respect to write enable. tsu 0 ns 

Select input hold time after writing, th (see Figure 1) 5 ns 

Operating free-air temperature. T A 0 70 °C 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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SN7489 
64·BIT RANDOM·ACCESS READ/WRITE MEMORY 

electrical characteristics over recommended operating free-air temperature range 
(unless otherWise noted) 

PARAMETER TEST CONDITIONSt MIN TYP* 

VIH High-level input voltage 2 

VIL Low-level input voltage 

VIK Input clamp voltage Vee = MIN, II = -12 mA 

IOH High-level output current 
Vee = MIN, VIH = 2 V, 

VIL = 0.8 V, VOH = 5.5 V 

Vec = MIN, VIH = 2 V, I IOL = 12 mA 
VOL Low-level output voltage 

VIL = 0.8 V 1ioL = 16 mA 

II 
Input current at maximum 

Vec = MAX, VI = 5.5 V 
input voltage 

IIH High-level input current VCC = MAX, VI = 2.4 V 

IlL Low-level input current VCC = MAX, VI = 0.4 V 

ICC· Supply current Vec = MAX, See Note 3 75 

Co Off·state output capacitance 
Vec = 5 V, Va = 2.4 V, 

6.5 
f = 1 MHz 

MAX 

0.8 

-1.5 

20 

0.4 

0.45 

1 

40 

-1.6 

105 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tA" typical values are at Vee = 5 V, TA = 25°C. 
NOTE 3: ICC is measured with the memory enable grounded, a" other inputs at 4.5 V, and a" outputs open. 

switching characteristics, Vee = 5 V, T A = 25 °c 

tpLH 

tpHL 

tpLH 

tpHL 

tSR 

PARAMETER TEST CONDITIONS 

Propagation delay time, low-to-high-Ievel 

output from memory enable 

Propagation delay time, high-to-Iow-Ievel 

output from memory enable CL = 30 pF, 

Propagation delay time, low-to-high-Ievel RL1 = 300 fl, 

output from any address input RL2 = 600 fl, 

Propagation delay time, high-to-Iow-Ievel See Figure 1 

output from any address input 

Sense recovery time I Output initially high 

after writing 1 Output initially low 

TEXAS -Ij} 
INSTRUMENTS 
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MIN TYP MAX 

26 50 

33 50 

30 60 

35 60 

39 70 

48 70 

UNIT 

V 

V 

V 

p.A 

V 

mA 

p.A 

mA 

mA 

pF 

UNIT 

ns 

ns 

ns 



SN7489 
64·BIT RANDOM·ACCESS READ/WRITE MEMORY 

PARAMETER MEASUREMENT INFORMATION 

VCC 

RL1 = 300 n 
From output __ ~~ ____ -, 
under test 

RL2 = 600 n 

LOAD CIRCUIT 

MEMORY~5V 15V

3V 

ENABLE' • 

1 -1---- ov 
: 1 

~
r---:--'I 3V 

:~~RESS 1.5 V 1.5 V 

-.....I: I'----ov 
!4---+tPHL k-+f-tPLH -, r VOH 

ANY 1.5 V 1.5 V 
OUTPUT . . 

VOL 
Write enable is high. 

READ CYCLE 

MEMORY ~.-----.-------OV 

ENABLE \ '--___________ 3 V 

~tsu 

ANY I \~15V ~
r+-----' ,.----3V 

ADDRESS 1.5 Y /I\. . 

DATA 
INPUT 

WRITE 
ENABLE 

_J . 1 .I'-____ OV 

I ~th 
t+f-- tsu ---+I I 
II I 1----3V 

I 1 
I I 

_-----3V 

1.5 V 

'--___ .1.-1 _______ - OV 

i+--tSR-ti 

ANY HIGH ----------+-1 -\ I~ VOH 

OUTPUT I ,,-* 1.5 V 

I ----- VOL 
\4--tSR --+I 

ANY LOW ~ ,-', y,:~OH 
OUTPUT ~----~":.:"--VOL 

WRITE CYCLE FROM WRITE ENABLE 

NOTES: A. The input pulse generators have the following characteristics: tr ::; 10 ns, tf ::; 10 ns, PRR = 1 MHz, Zout .. 50 O. 
B. CL includes probe and jig capacitance. 

FIGURE 1-SWITCHING CHARACTERISTICS 

TEXAS • 
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SN7489 
64·BIT RANDOM·ACCESS READ/WRITE MEMORY 

TYPICAL CHARACTERISTICS 

< 
E 
.!. 
c 
~ 
~ 

(,J .. 
:I 
c. 
c 

I 

INPUT CURRENT 
vs 

INPUT VOLTAGE 
4 

Vcc = 5 V 
2 ..... TA = 25°C 

I 
0 

-2 

DATA INPUTS 
,J..----~ 

~OiHERINPUTS 
-4 

-6 

-8 

-10 

-12 
, 

-1 o 2 3 

VI-Input Voltage-V 

FIGURE 2 

4 

40 

35 

'" 
30 

c 
I 

Q) 25 E 
j:: 
c 20 0 
';:; 
o:J 
CI 
o:J 15 c. 
0 c: 

10 

5 

o 
5 

TEXAS 'Ii1 
INSTRUMENTS 

~ 

.... , 
\ 

-

PROPAGATION DELAY TIME 
vs 

FREE-AIR TEMPERATURE 

tPHL' SELECT INPUTS 
~ ~ --.....-, -

\ 
1\ tPHL MEMORY ENABLE INPUT 

I I I I I 
tpLH SELECT INPUTS I 

I\.· I I I I r-tPLH MEMORY ENABLE INPUT _ 

-, 

VCC= 5V 
r-CL = 30 pF 

RL,= 300,n 

o 10 20 30 40 50 60 70 

TA-Free-Air Temperature-OC 

FIGURE 3 
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SN54184, SN54185A, SN74184, SN74185A 
BCD-lO-BINARY AND BINARY-lO-BCD CONVERlERS 

FEBRUARY 1971-REVISED DECEMBER 1972 

SN54184, SN74184 BCD-TO-BINARY CONVERTERS 
SN54185A, SN74185A BINARY-TO-BCD CONVERTERS 

description 

These monolithic converters are derived from the 
custom MSI 256-bit read-only memories SN5488 and 
SN7488. Emitter connections are made. to provide 
direct read-out of converted codes at 'outputs Y8 
through Yl as shown in the function tables. These 

converters demonstrate the versatility of a read-only 
memory in that an unlimited number of reference 
tables or conversion tables may be built into a system 
using economical, customized read-only memories. 
Both of these converters comprehend that the least 
significant bits (LSB) of the binary and BCD codes 
are logically equal, and in each case the LSB bypasses 
the converter as illustrated in the typical applications. 
This means that a 6-bit converter is produced in each 
case. Both devices are cascadable to N bits. 

SN54184, SN54185A ... J ORW PACKAGE 
SN74184, SN74185A ... J OR N PACKAGE 

(TOPVIEWi 

Y1 VCC 
Y2 G 
Y3 E 
Y4 D 
Y5 C 
Y6 B 
Y7 A 

GND Y8 

TABLE I 

SN54184, SN74184 

PACKAGE COUNT AND DELAY TIMES 

I FOR BCD-TO-BINARY CONVERSION 

INPUT PACKAGES TOTAL DELAY TIMES (nsl 

(DECADESI REQUIRED TYP MAX 

2 2 56 80 

3 6 140 200 . 

4 11 196 280 

5 19 280 400 

6 28 364 520 

An overriding enable input is provided on each converter which, when taken high, inhibits the function, causing all 
outputs to go high. For this reason, and to minimize power consumption, unused outputs Y7 and Y8 of the '185A 
and all "don't care" conditions of the '184 are programmed high. The outputs are of the open-collector type. 

The SN54184 and SN54185A are characterized for operation over the full military temperature range of -55°C to 
125° C; the SN7 4184 and SN7 4185A are characterized for operation from O°C to 70°C. 

SN54184 and SN74184 BCD-to-binary converters 

The 6-bit BCD-to-binary function of the SN54184 
and SN74184 is analogous to the algorithm: 

a. Shift BCD number right one bit and examine 
each decade. Subtract three from each 4-bit 
decade containing a binary value greater than 
seven. 

b. Shift right, examine, and correct after each 
shift until the least significant decade contains 
a number smaller than eight and all other con­
verted decades contain zeros. 

In addition to BCD-to-binary conversion, the 
SN54184 and SN74184 are programmed to generate 
BCD g's complement or BCD 10's complement. 
Again, in each case, one bit of the complement code 
is logically equal to one of the BCD bits; therefore, 
these complements can be produced on three lines. 
As outputs Y6, Y7, and Y8 are not required in the 
BCD-to-binary conversion, they are utilized to 
provide these complement codes as specified in the 
function table (following page, right) when the de­
vices are connected as shown above the function 
table. 

PRODUCTION DATA 
This document contains information current as 
of ~ublication date. Products conform to 
specifications per the terms of Texas Instruments 

~~~nnd:::s~~rl~r~liu:~Ot~~~~~~nof~~f:~~~~e~~~:' 
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SN54184, SN74184 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

SN54184 and SN74184 BCD·to·binary converters (continued) 

6-BIT CONVERTER 

MSD LSD 

O~ 

BCD 

WORDS 
E 

0·1 L 

2·3 L 

4-5 L 

6·7 L 

8·9 L 

10-11 L 

12·13 L 

14-15 L 

16·17 L 

18-19 L 

20-21 H 

22·23 H 

24·25 H 

26·27 H 

28-29 H 

30·31 H 

32-33 H 

34·35 H 

36·37 H 

38-39 H 

ANY X 

24 23 22 21 

V 
6·BIT BINARY OUTPUT 

FUNCTION TABLE 
BCD-TO-BINARY 

CONVERTER 

INPUTS 

(See NOle Al 

0 C B A G Y5 . 

L L L L L L 

L L L H L L 

L L H L L L 

L L H H L L 

L H L L L L 

H L L L L L 

H L L H L L 

H L H L L L 

H L H H L L 

H H L L L L 

L L L L L L 

L L L H L L 

L L H L L L 

L L H H L L 

L H L L L L 

H L L L L L 

H L L H L H 

H L H L L H 

H L H H L H 

H H L L L H 

X X X X H H 

H = high level, L = low level, X = irrelevant 

OUTPUTS 

(See Note BI 

Y4 Y3 Y2 

L L L 

L L L 

L L H 

L L H 

L H L 

L H L 

L H H 

L H H 

H L L 

H L L 

H L H 

H L H 

H H L 

H H L 

H H H 

H H H 

L L L 

L L L 

L L H 

L L H 

H H H 

Y1 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

H 

NOTES: A. Input conditions other than those shown produce 

highs at outputs VI through VS. 

B. Outputs V6, V7, and VB are not used for BCD-to­

binary conversion. 

BCD9'S 
COMPLEMENT CONVERTER 

BCD 

~ 

~ 
BCD 9'S COMPLEMENT 

BCD 10'S 
COMPLEMENT CONVERTER 

BCD 

5V~ 

o C B A 

SN541B4 OR SN741B4 

YB Y7 Y6 

~ 
BCD 10'S COMPLEMENT 

FUNCTION TABLE 

BCD 

WORD 

0 

1 

2 

3 

4 

5 

6 

7 

B 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

ANY 

BCD 9'S OR BCD 10'S 
COMPLEMENT CONVERTER 

INPUTS OUTPUTS 

(See Note CI (See Note 01 

Et 0 C B A G YB Y7 Y6 

L L L L L L H L H 

L L L L H L H L L 

L L L H L L L H H 

L L L 11 H L L H L 

L L H" L L L L H H 

L L H L H L L H L 

L L H H L L L L H 

L L H H H L L L L 

L H L L L L L L H 

L H L L H L L L L 

H L L L L L L L L 

H L L L H L H L L 

H L L H L L H L L 

H L L H H L L H H 

H L H L L L L H H 

H L H L H L L H L 

H L H H L L L H L 

H L H H H L L L H 

H H L L L L L L H 

H H L L H L L L L 

X X X X X H H H H 

H = high level, L = low level, X a irrelevant 

NOTES: C. Input conditions other than those shown produce 

highs at outputs V6, V7, and VB. 

D. Outputs V1 through V5 are not used for BCD g's or 

BCD 10's complement conversion. 

tWhen these devices are used as complement converters, input E is 

used 8S 8 mode control. With this input low, the BCD 9's 

complement is generated; when it is high, the BCD 10's comple­

ment is generated. 

5-10 TEXAS .. 
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SN54185A, SN74185A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

SN54185A and SN74185A binary·to-BCD converters 

The function performed by these 6-bit binary-to-BCD 
converters is analogous to the algorithm: 

a_ Examine the three most significant bits_ If 
the sum is greater than four, add three and 
sh ift left one bit_ 

b_ Examine each BCD decade_ If the sum is 
greater than four, add three and shift left 
one bit_ 

c_ Repeat step b until the least-significant 
binary bit is in the least-significant BCD 
location_ 

TABLE II 

SN54185A, SN74185A 

PACKAGE COUNT AND DELAY TIMES 

FOR BINARY-TO-BCD CONVERSION 

INPUT PACKAGES TOTAL DELAY TIME Ins) 

IBITS) REQUIRED TYP MAX 

4 to 6 1 25 40 

7ar8 3 50 80 
9' 4 75 120 

10 6 100 160 

11 7 125 200 

12 8 125 200 

13 10 150 240 

14 12 175 280 

15 14 175 280 

16 16 200 320 

17 19 225 360 

18 21 225 360 

19 24 250 400 

20 27 275 440 

6-BIT CONVERTER 

6-BIT BINARY INPUT 
~ ............... ~A~ ______ ~ 

~~ 
MSD LSD 

6-BIT BCD OUTPUr 

FUNCTION TABLE 

INPUTS 
BINARY 

OUTPUTS 

BINARY SELECT ENABLE 
WORDS 

E 0 C B A G YB Y7 Y6 Y5 Y4 V3 V2 Vl 

0- 1 L L L L L L H H L L L L L L 

2 - 3 L L L L H L H H L L L L L H 

4 - 5 L L L H L L H H L L L L H L 

6 - 7 L L L H H L H H L L L L H H 

8- 9 L L H L L L H H L L L H L L 

10- 11 L L H L H L H H L L H L L L 

12 - 13 L L H H L L H H L L H L L H 

14 - 15 L L H H H L H H L L H L H L 

16 - 17 L H L L L L H H L L H L H H 

18- 19 L H L L H L H H L L H H L L 

20 - 21 L H L H L L H H L H L L L L 

22 - 23 L H L H H L H H L H L L L H 

24 - 25 L H H L L L H H L H L L H L 

26 - 27 L H H L H L H H L H L L H H 

28 - 29 L H H H L L H H L H L H L L 

30 - 31 L H H H H L H H L H H L L L 

32 33 H L L L L L H H L H H L L H 

34 - 35 H L L L H L H H L H H L H L 

36 - 37 H L L H L L H H L H H L H H 

38 - 39 H L L H H L H H L H H H L L 

40 - 41 H L H L L L H H H L L L L L 

42 - 43 H L H L H L H H H L L L L H 

44 - 45 H L H H L L H H H L L L H L 

46 - 47 H L H H H L H H H L L L H H 

48 - 49 H H L L L L H H H L L H L L 

50 - 51 H H L L H L H H H L H L L L 

52 - 53 H H L H L L H H H L H L L H 

54 - 55 H H L H H L H H H L H L H L 

56- 57 H H H L L L H H H L H L H H 

58 - 59 H H H L H L H H H L H H L L 

60- 61 H H H H L L H H H H L L L L 

62 63 H H H H H L H H H H L L L H 

ALL X X X X X H H H H H H H H H 

H = high lavel, L = low level, X = irrelevant 

U) 

2 
<t a: 
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SN54184,SN54185A, SN74184, SN74185A 
BCD·TO·BINARY AND BINARY·TO BCD CONVERTERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ......... . 
Input voltage. . . . . . . . . . . . . . . . . . . 
Operating free-air temperature range: SN54184, SN54185A 

SN74184,SN74185A 
Storage temperature range 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

Supply voltage, Vee 

Low-level output current, IOL 

Operating free-air temperature, T A 

SN54184,SN54185A 

MIN NOM MAX 

4.5 5 5.5 

12 

-55 125 

7V 
5.5 V 

-55°C to 125°C 
oOe to 70°C 

-65°C to 150°C 

SN74184, SN74185A 
UNIT 

MIN NOM MAX 

4.75 5 5_25 V 

12 mA 

0 70 ne 

electrical characteristics over. recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP:j: MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage Vee = MIN, II = -12 mA -1.5 V 

IOH High-level output current 
Vee = MIN, VIH = 2 V, 

100 IJA 
VIL = 0.8 V, VOH=5.5V 

VOL Low-level output voltage 
Vee = MIN, VIH = 2 V, 

0.4 V 
VIL = 0.8 V, IOL = 12 mA 

II Input current at maximum input voltage Vee = MAX, VI = 5.5V 1 mA 

IIH High-level input current Vee = MAX, VI = 2.4 V 40 IJA 

IlL Low-level input current Vee= MAX, VI = 0.4 V -1 mA 

leeH Supply current, all outputs hIgh 50 
Vee= MAX mA 

leeL Supply current, all programmed outputs low 62 99 

tFor conditions shown as MIN or MAX, use the appropriate value spe'cified under recommended operating conditions for the applicable type. 
tAli typical values are at V CC = 5 V, T A = 25° C. 

switching characteristics, Vee = 5 V, TA = 25°e 

tpLH 

tpHL 

tPLH 

tpHL 

5-12 

PARAMETER TEST CONDITIONS 

Propagation delay time, low-to-high-Ievel output from enable G eL=30pF, 

Propagation delay time, high-to-Iow-Ievel output from enable G RL1 = 300 n, 
Propagation delay time, low-to-high-Ievel output from binary select RL2 = 600 n, 
Propagation delay time, high-to-Iow-Ievel output from binary select See Figure 1 and Note 2 

TEXAS "-!} 
INSTRUMENTS 

POST OFFICE BOX 225012 • OALLAS. TEXAS 75265 

MIN TYP MAX UNIT 

19 30 ns 

22 35 ns 

27 40 ns 

23 40 ns 



SN54184, SN54185A, SN74184, SN74185A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

schematics of inputs and outputs 

EQUIVALENT OF 
ALL INPUTS 

TYPICAL OF 
ALL OUTPUTS 

VCC--_-- _~OUTPUT 

INPUT 

PARAMETER MEASUREMENT INFORMATION 

VCC 

RLl 300 n 
30pF 

FROM OUTPUT ___ ~D------I1 
UNDER TEST 

CL -= RL2 600 n 

CL includes probe and jig capacitance. 

LOAD CIRCUIT 
FIGURE 1 

NOTE 2: See General Information Section for load circuits and voltage waveforms. 

TEXAS ~ 
INSTRUMENTS 
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SN54184, SN74184 
BCD·TO·BINARY CONVERTERS 

TYPICAL APPLICATION DATA 
SN54184, SN74184 

BCD 
~ ______ ~A~ ............... ~\ 

OPEN 
,b6 b5 b4 ~ b2 bl bO, 

BINARY 

FIGURE 2-BCD-TO-BINARY CONVERTER 
FOR TWO BCD DECADES 

MSD-most significant decade 
LSD-least significant decade 
Each rectangle represents an SN54184 or SN74184 

5-14 

BCD .. 

~ .................... ~v---------~ 
BINARY 

FIGURE 3-BCD-TO-BINARY CONVERTER 
FOR THREE BCD DECADES 

TEXAS -I!} 
INSTRUMENTS 
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MSD-most significant decade 
LSD-least significant decade 

SN54184. SN74184 
BCD·TO·BINARY CONVERTERS 

TYPICAL APPLICATION DATA 
SN54184, SN74184 

BCD 

I A , 

MSO LSD 
,.....-J'---..,.....-J'---..,.....-J'---..,.....-J'---..,.....-J'---.. ,.....-J'---.. 
05 C5 B5 A5 04 C4 B4 A4 03 C3 B3 A3 02 C2 B2 A2 01 C1 B1 A1 DO CO BO AD 

I I I I 1 
lE 0 C B AI1 
V5 V4 V3 V2 V1 

I 
IE 0 C BAil 

V5 V4 V3 V2 V1 
lEO C BA,l 
V5 V4 V3 V2 V1 

OplN 
I 

lEO C B AJ IE 0 C B AJ 
V5 V4 V3 V2 V1 V5 V4 V3 V2 V1 

I 
I,E 0 C BAil 
V5 V4 V3 V2 V1 

I,E 0 C BAil 
V5 V4 V3 V2 V1 

I,E 0 C BAil 
V5 V4 V3 V2 V1 

n J 
I.E 0 C BAil 
V5 V4 V3 V2 V1 

I.E 0 C BAil 
V5 ~4 V3 V2 V1 

IE 0 C B AI 
V5 V4 V3 V2 V1 

IEOCB~I 
V5 V4 V3 V2 V1 

OplEN 
I 

IE 0 C BAil IE 0 C B AI I, E 0 C B AI 
V5 V4 V3 V2 V1 V5 V4 V3 V2 V1 V5 V4 V3 V2 V1 

I i E 0 C B AJ lEO C B AJ I.E 0 C B AJ 
V5 V4 V3 V2 V1 V5 V4 V3 V2 V1 V5 V4 V3 V2 V1 

il I 
I.E 0 C B A J 
V5 V4 V3 V2 V1 

IE 0 C B ~I 
V5 V4 V3 V2 V1 

IE 0 C B ~I 
Y5 V4 V3 V2 V1 

~ I 
lEO C BAil IE 0 C B AJ 

OPEN V5 V4 V3 V2 V1 V5 V4 V3 V2 V1 

L 
lEO C B AJ 

Y5 Y4 V3 V2 VI 
I.E 0 C B ~I 
V5 V4 V3 Y2 VI 

N1C 
I 

IE 0 C B ~I 
V5 V4 V3 Y2 V1 

I 
IE 0 C B AJ 

Y5 Y4 Y3 V2 VI 

~ 
1 

IE 0 C B AJ 
Y5 V4 V3 V2 VI 

¥.l JB 1 bIG bl4 bl2 bID bB b6 b4 b2 
Each rectangle represents and SN541B4 or SN74184. 

bl3 
bO 

bll b9 b7 b5 b3 bl I blS b17 

V~--------------------
BINARV 

FIGURE 4-BCD-TO-BINARY CONVERTER FOR SIX BCD DECADES 

TEXAS • 
INSTRUMENTS 
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SN54185, SN74185A 
BCD·TO·BINARY CONVERTERS 

TYPICAL APPLICATION DATA 
SN54185A,SN74185A 

BINARY r-____________ ~A~ ____________ ~ 

I B8 B7 B6 B5 B4 B3 B2 Bl BO \ 

~----~v~------~ 
BCD 

FIGURE 5-6-BIT BINARY-TO-BCD 
CONVERTER 

BINARY 
~ ____ ~A~ ______ ~ 

IB7 B6 B5 B4 B3 B2 Bl BO' 

MSD LSD 

----------~V~---------J 
BCD 

FIGURE 6-8-BIT BINARY-TO-BCD 
CONVERTER 

MSD 

/Bll Bl0 

LSD 

V 
BCD 

FIGURE 7-9-BIT BINARY-TO-BCD 
CONVERTER 

BINARY 
1\ 

B9 B8 B7 B6 B5 B4 83 82 Bl BO \ 

LSD 

\~----------------------~V~----------------------~ 

MSD-Most significant decade 
LSD-Least significant decade 

BCD 

FIGURE 8-12-BIT BINARY-TO-BCD 
CONVERTER (SEE NOTE B) 

NOTES: A_ Each rectangle represents an SN54185A or an SN74185A_ 
B_ All unused E inputs are grounded. 
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SN54185A, SN74185A 
BCD·TO·BINARY CONVERTERS 

TYPICAL APPLICATION DATA 
SN54185A,SN74185A 

BINARY ~ __________________________ A~ __________________________ ~ 

'B15 B14 B13 B12 Bll Bl0 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO \ 

M~ UD 

~--------------------------------~V~--------------------------------~/ 

MSD-most significant decade 

LSD-least significant decade 

BCD 

FIGURE 9-16 BIT BINARY-TO-BCD 
CONVERTER (SEE NOTE B) 

NOTES: A. Each rectangle represents an SN54185A or SN74185A. 

B. All unused E inputs are grounded. 

TEXAS ~ 
INSTRUMENTS 
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SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A 
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A 

64·BIT RANDOM·ACCESS MEMORIES 

• Organized as 16 Words of Four Bits 
Each 

• Choice of Buffered 3-State or Open­
Collector outputs 

• Choice of ~oninverted or Inverted 
Outputs 

• Typical Access Time . . . 50 ns 

description 

These monolithic TTL memories feature 
Schottky clamping for high performance and a 
fast chip-select access time to enhance decoding 
at the system level. A three-state output version 
and an open-collector-output version are offered 
for both of the logic choices. A three-state 
output offers the convenience of an open­
collector output with the speed of a totem-pole 
output; it can be bus-connected to other similar 
outputs, yet it retains the fast rise time 
characteristic of the TTL totem-pole output. An 
open-collector output offers the capability of 
direct interface with a data line having a passive 
pull-up. 

write cycle 

02417, SEPTEMBER 1980- REVISED FEBRUARY 1985 

SN54LS189A, SN54LS289A ... J PACKAGE 
SN74LS189A, SN74LS289A ... J OR N PACKAGE 

(TOP VIEW) 

AO Vee 
S- Al 

RiiN A2 
01 A3 
01 04 
02 04 
02 03 

GNO 03 

SN54LS219A, SN54LS319A ... J PACKAGE 
SN74LS219A, SN74LS319A ... J OR N PACKAGE 

(TOP VIEW) 

AO V.ee 
S Al 

R/iN A2 
01 A3 
Q1 04 
02 Q4 
Q2 03 

GNO Q3 

Information to be stored in the memory is written into the selected address location when the chip-select 
(5) and the write-enable (R/W) inputs are low. While the write-enable input is' low, the memory outputs 
are off (three-state = Hi-Z, open-collector = high). When a number of outputs are bus-connected, this 
off state neither loads nor drives the data bus; however, it permits the bus line to be driven by other active 
outputs or a passive pull-up. 

read cycle 

Information stored in the memory (see function table for input/output phase relationship) is available at 
the outputs when the write-enable input is high and the chip-select input is low. When the chip-select 
input is high, the outputs will be off. 

FUNCTION TABLE 

INPUTS OUTPUTS 

FUNCTION 
CHIP WRITE 

SELECT ENABLE 
'LS189A 'LS289A 'LS219A 'LS319A 

Write L L Z Off Z Off 

Complement Complement 
Data Data 

Read L H of Data of Data 

Entered Entered 
Entered Entered 

Inhibit H X Z Off Z Off 

H = high level. L = low level, X = irrelevant. Z = high impedance 

Copyright © 1980, Texas Instruments Incorporated 

II 
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SN54LS189A. SN54LS219A. SN54LS289A. SN54LS319A 
SN74LS189A. SN74LS219A. SN74LS289A. SN74LS319A 
64·BIT RANDOM·ACCESS MEMORIES 

logic symbols 

'LS189A 

RAM 16X 4 

AO 
(1) 

AO 

A1 A1 

A2 A2 

A3 A3 

S S 
R/W R/W 

01 01 01 

02 02 02 

03 03 03 

04 04 04 

'LS289A 

RAM 16 X 4 

AO ]A& AO 

A1 A1 

A2 A2 

A3 A3 

S G1 S 
R/W 1 EN [READ) R/W 

1 C2 [WRITE) 

01 01 01 

02 02 02 

03 
(10) 

03 03 
(12) 

04 04 04 

schematics of inputs and outputs 

'LS219A 

RAM 16X 4 
(1) 

]A~ (15) 

(14) 

Q1 

Q2 
(10) 

Q3 
(12) 

Q4 

'LS319A 

RAM 16X 4 
(1) 

1 EN [READ) 
1 C2 [WRITE) 

Q1 

Q2 
(10) (9) 

Q3 
(12) (11) 

Q4 

EQUIVALENT OF 5 EQUIVALENT OF TYPICAL OF 'LS189A TYPICAL OF 'LS289A 
ANDW INPUTS D AND A INPUTS AND 'LS219A OUTPUTS AND 'LS319A OUTPUTS 

VCC VCC VCC 
7.5 kll 22 kll 
NOM NOM· 

_ _ ~OUTPUT 

OUTPUT 

5-20 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A 
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A 

64·BIT RANDOM·ACCESS MEMORIES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage ...... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. 7 V 
Off-state output voltage: 'LS189A, 'LS219A ........ '" .......................... 5.5 V 

'LS289A, 'LS319A ............... , ....................... 7 V 
Operating free-air temperature range: SN54LS' Circuits . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SN74LS' Circuits ...................... " DoC to 70°C 
Storage temperature range ......................................... '- 65°C to 150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54LS189A, SN74LS189A, 

SN54LS219A SN74LS219A UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output current, 10H -1 -2.6 mA 

Low-level output current, 10L 12 24 mA 

Width of write pulse (write enable low), tw(wr) 100 70 

Address before write pulse, tsu(ad) 01 01 

Setup time Data before end of write pulse, tsu(dal 1001 601 
ns 

Chip-select before end of write pulse, tsu(S) 1001 601 

Address after write pulse, th(ad) 01 01 

Hold time Data after write pulse, thIda) 01 01 ns 

Chip-select after write pulse, thIS) 01 01 

Operating free-air temperature, T A -55 125 a 70 DC 

II The arrow indicates the transition of the write-enable input used for refe~ence: I for the low-to-high transition, I for the high-to-IO~ transition . 
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SN54LS189A, SN54LS219A, SN74LS189A, SN74LS219A 
64~BIT RANDOM·ACCESS MEMORIES 
WITH 3·STATE OUTPUTS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54LS189A SN74LS189A 

PARAMETER TEST CONDITIONS t SN54LS219A SN74LS219A 

MIN TYP* MAX MIN TYP* MAX 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.7 0.8 

VIK Input clamp voltage Vee = MIN, II = -18 rnA -1.5 -1.5 

VOH High-level output voltage 
Vee = MIN, VIH = 2 V, 

VIL = VILmax, IOH = MAX 
2.4 3.1 2.4 3.1 

Vee = MIN, VIH = 2 V, IIOL = 12 rnA 0.25 0.4 0.25 0.4 
VOL Low-level output voltage 

IIOL = 24 rnA VIL = VILmax 0.35 0.5 

Off-state output current Vee = MAX, VIH = 2 V, 
20 20 

10ZH high-level voltage applied VIL = VILmax, Va = 2.7 V 

Off-state output current, Vee = MAX, VIH = 2 V, 
-20 -20 10ZL 

low-level voltage applied VIL = VILmax, Va = 0.4 V 

II 
Input current at 

Vee = MAX, 
maximum input voltage 

VI = 7 V 100 100 

IIH High-level input current Vee = MAX, VI = 2.7 V 20 20 

IlL Low-level input current Vee = MAX, VI = 0.4 V -0.4 -0.4 

lOS 
Short-circuit output 

Vee = MAX -30 -130 -30 -130 
current§ , 

lee Supply current Vee = MAX, See Note 2 35 60 35 60 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAli typical values are at Vee = 5 V, TA = 25°e. 
§Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

UNIT 

V 

V 

V 

V 

V 

p.A 

p.A 

p.A 

p.A 

rnA 

rnA 

rnA 

NOTE 2: Ice is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.5 V, and all outputs open. 

switching charact'eristics over recommended operating ranges of TA and Vee (unless otherwise noted) 

SN54LS189A SN74LS189A 

PARAMETER TEST CONDITIONS SN54LS219A SN74LS219A UNIT 

MIN TYP* MAX MIN TYP* MAX 

ta(ad) Access time from address 50 90 50 80 ns 

tarS) Access time from chip select (enable time) 
eL = 45 pF, 

35 70 35 60 ns 

Sense recovery time 
See Note 3 

55 100 55 90 tSR ns 

. I from S eL = 5 pF, 30 60 30 50 
tpxz Disable time from high or low level I from R/W 

See Note 3 40 70 40 60 
ns 

::xJ » s en *AII typical values are at Vee = 5 V, TA = 25°. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54LS289A, SN54LS319A, SN74LS289A, SN74LS319A 
64·BIT RANDOM·ACCESS MEMORIES 

WITH OPEN·COLLECTOR OUTPUTS 

recommended operating conditions 

SN54LS289A, SN74LS289A, 

SN54LS319A SN74LS319A UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

Low-level output current, IOL 12 24 rnA 

Width of write pulse (write enable low), twlwrl 100 70 

Address before write pulse, tsu(ad) 01 01 

Setup time Data before end of write pulse, tsu(da) 1001 601 
ns 

Chip-select before end of write pulse, tsu(S) 1001 601 

Address after write pulse, th(ad) 01 01 

Hold time Data after write pulse, thIda) 01 01 ns 

Chip·select after write pulse, thIS) 01 01 

Operating free-air temperature, T A -55 125 0 70 °C 

II The arrow indicates the transition of the write-enable input used for reference: I for the low-to-high transition, I for the high-to-Iow transition. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

SN54LS289A SN74lS289A 

PARAMETER TEST CONDITIONS t SN54lS319A SN74lS319A 

MIN TYP* MAX MIN TYP* MAX 

VIH High-level input voltage 2 2 

Vil Low-level input voltage 0.7 0.8 

VIK Input clamp voltage VCC - MIN, II - -18 mA -1.5 -1.5 

IOH High-level output current 
VCC - MIN, VIH - 2 V, Va - 2.4 V 20 20 

VIL = VILmax, Va = 5.5 V 100 100 

VOL low-level output voltage 
VCC = MIN, VIH = 2 V, IOl = 12 rnA 0.25 0.4 0.25 0.4 

VIL = VILmax IOL = 24 mA 0.35 0.5 

II 
Input current at 

VCC = MAX, VI = 7 V 100 100 
maximum input voltage 

IIH High-level input current VCC = MAX, VI = 2.7 V 20 20 

IlL Low-level input current VCC = MAX, VI = 0.4 V -0.4 -0.4 

ICC Supply current VCC - MAX, See Note 2 35 60 35 60 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
:tAli typical values are at VCC = 5 V, TA = 25°C. 
§Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

UNIT 

V 

V 

V 

p.A 

V 

p.A 

p.A 

mA 

mA 

NOTE 2: ICC is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.5 V, and all outputs open. 

switching characteristics over recommended operating ranges of TA and Vee (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

MIN 

ta(ad) Access time from address 

ta(S) 
Access time from chip select 

(enable time) CL = 45 pF, RL = 6670, 

tSR Sense recovery time See Note 3 

Propagation delay time, I from S 
tpLH low-to-high-Ievel I -

output (disable time) from R/W 

*AII typical values are at VCC = 5 V, TA = 25°. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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INSTRUMENTS 

SN54LS289A 

SN54LS319A 

TYP* MAX 

50 90 

35 70 

55 100 

30 60 

40 70 
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SN74LS289A 

SN74LS319A UNIT 

MIN TYP* MAX 

50 80 ns 

35 60 ns 

55 90 ns 

30 50 
ns 

40 60 
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SN54S189B, SN54S289B, SN74S189B, SN74S289B 
64·BIT HIGH·PERFORMANCE 

RANDOM·ACCESS MEMORIES 
SEPTEMBER 1976-REVISED FEBRUARY 1984 

STATIC RANDOM-ACCESS MEMORIES 

• Fully Decoded RAMs Organized as 
16 Words of Four Bits Each 

• Schottky·Clamped for High Speed: 
Read Cycle Time ... 25 ns Typical 
Write Cycle Time ••. 25 ns Typical 

• Choice of Three~State or Open·Collector 
Outputs 

• Compatible with Most TTL and 12L Circuits 

• Chip-Select Input Simplifies External 
Decoding 

description 

SN54S189B. SN54S289B ... J OR W PACKAGE 
SN74S189B. SN74S289B .•. J OR N PACKAGE 

(TOP VIEW) 

AO Vee 
S Al 

W A2 
01 A3 
01 04 
02 04 
02 03 

GNO 0.3 

These 64-bit active-element memories are monolithic Schottky-clamped transistor-transistor logic (TTL) 
arrays organized as 16 words of four bits each. They are fully decoded and feature a chip-select input 
to simplify decoding required to achieve expanded system organization. The memories feature p-n-p input 
transistors that reduce the low-level input current requirement to a maximum of - 0.25 milliamperes, only 
one-eighth that of a Series 54S/74S standard load factor. The chip-select circuitry is implemented with 
minimal delay times to compensate for added system decoding. 

write cycle 

The information applied at the data input is written into the selected location when the chip-select input 
and the write-enable input are low. While the write-enable input is iow, the'S 189B output is in the high­
impedance state and the 'S289B output is off. When a number of outputs are bus-connected, this high­
impedance or off state will neither load nor drive the bus line, but it will allow the bus line to be driven 
by another active output or a passive pull-up. 

read cycle 

The stored information (complement of information applied at the data input during the write cycle) is III 
available at the output when the write-enable input is high and the chip-select input is low. When the chip-
select input is high, the 'S189B output will be in the high-impedance state and the 'S289B output will be off. 

FUNCTION 

Write 

Read 

Inhibit 

U) 

FUNCTION TABLE 2: 

INPUTS 

CHIP SELECT WRITE ENABLE 

L L 

L H 

H X 

'S189B 

OUTPUT 

High Impedance 

Complement of Data Entered 

High Impedance 

'S289B 

OUTPUT 

Off 

Complement of Data Entered 

Off 

« 
a: 

H '" high level. L '" low level. X '" irrelevant 

TEXAS .. 
INSTRUMENTS 

Copyright © 1979. Texas Instruments Incorporated 

5-25 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



SN54S1890, SN54S2890, SN74S1890, SN74S2890 
64·01T HIGH·PERFORMANCE 
RANDOM·ACCESS MEMORIES 

logic symbols 

AO 
(1) 

A1 
(15) 

A2 
(14) 

A3 

S 
RNi 

01 

02 

03 
(10) 

04 
(12) 

AO 

A1 

A2 

A3 

S 
R/w 

01 
02 (6) 

03 (10) 
(12) 

04 

'S189B 

RAM 16X 4 

1 EN [READ] 
1 C2 [WRITE] 

'S289B 

RAM 16X 4 

functional block diagram 

AO (1) 

A2 (14) 

A3 (13) 

ADDRESS 
BUFFERS 

1·0F·16 
DECODERS 

READIWRITE (RM) (3) 

schematics of inputs and outputs 

EaUIVALENT OF EACH INPUT 

vcc----------~.----e~ 

5-26 

'S189B OUTPUT 

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

58 n NOM 

TEXAS -1!1 ' 
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54·BIT MEMORY 
MATRIX 

ORGANIZED 
16·X-4 

(7) (9) (11) 

il1 02 03 04 

'S289B OUTPUT 



SN54S189B, SN54S289B, SN74S189B, SN74S289B 
64·BIT HIGH·PERFORMANCE 

RANDOM·ACCESS MEMORIES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Off-State output voltage .................................................... 5.5 V 
Operating free-air temperature range: SN54S' Circuits. . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SN74S' Circuits ........................ ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150 °C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54S' SN74S' 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VOH I 'S289B 5.5 5.5 V 

High-level output current, IOH I 'S189B -2 -6.5 mA 

Low-level output current, IOL 16 16 mA 

Width of write pulse (write enable low). tw(wr) 25 25 ns 

Address before write pulse, tsu(da) 0+ o. 

Setup time Data before end of write pulse, tsu(da) 25 t 25t ns 

Chip-select before end of write pulse, tsu(S) 25 t 25t 

Address after write pulse, th(ad) 3t ot 

Hold time Data after write pulse, thIda) ot Ot ns 

Chip-select after write pulse, thIS) Ot ot 

Operating free-air temperature, T A -55 125 0 70 °c 

f +The arrow indicates the transition of the write-enable input used for reference: t for the low-to-high transition, + for the high·to-Iow transition . 

• 
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SN54S189B, SN54S289B, SN74S189B, SN74S289B 
64·BIT HIGH·PERFORMANCE 
RANDOM·ACCESS MEMORIES 

electrical characteristics over recommended operating free·air temperature range 
(unless otherwise noted) 

TEST CONDITIONS t 
'S1898 'S289B 

PARAMETER 
MIN TYP~ MAX MIN TYP~ 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 

VIK Input clamp voltage Vee - MIN, II - -18 mA -1.2 

Vee = MIN, VIH = 2 V, SN54S' 2.4 3.4 
VOH High-level output voltage 

VIL = 0.8 V, IOH = MAX SN74S' 2.4 3.2 

Vee = MIN, VIH = 2 V, Va = 2.4 V 
IOH High-level output current 

VIL = 0.8 V Va = 5.5 V 

VOL Low-level output voltage 
Vee = MIN, VIH = 2 V, 

0.35 0.5 0.35 
VIL = 0.8 V, IOL = 16 mA 

10ZH 
Off-state output current, Vee - MAX,- VIH = 2 V, 

50 
high-level voltage applied VIL = 0.8 V, VOH = 2.4 V 

10ZL 
Off-state output current, Vee - MAX, VIH - 2 V, 

-50 
low-level voltage applied VIL = 0.8 V, VOL = 0.4 V 

II 
Input current at maximum 

Vee = MAX, VI = 5.5 V 1 
input voltage 

IIH High-level input current Vee = MAX, VI = 2.7 V 25 

IlL Low-level input current Vee = MAX, VI = 0.5 V -250 

lOS 
Short-circuit output 

Vee = MAX -30 -100 
current§ 

lee Supply current Vee = MAX, See Note 2 75 110 75 

MAX 
UNIT 

V 

0.8 V 

-1.2 V 

V 

40 

100 
p.A 

0.5 V 

p.A 

p.A 

1 mA 

25 p.A 

-250 p.A 

mA 

105 mA 

NOTE 2: lee is measured with the read/write and chip-select inputs grounded. All other inputs at 4.5 V, and the outputs open. 

:xl » 

'5189B switching characteristics over recommended operating ranges of TA and Vee 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54S189B SN74S189B 

TYP~ TYP~ MIN MAX MIN 

ta(ad) Access time from address 25 50 25 

ta(S) 
Access time from chip select eL = 30 pF, 

18 25 18 
(enable time) See Note 3 

tSR Sense recovery time 22 40 22 

Disable time from high I From S eL = 5 pF, 12 25 12 
tpxz 

or low level I From W See Note 3 12 30 12 

s: 'S289B switching characteristics over recommended operating ranges of T A and Vee 
r.n (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54S289B SN74S289B 

MIN TYP~ MAX MIN TYP~ 

ta(ad) Access time from address 25 50 25 

ta(S) 
Access time from chip-select 

eL = 30 pF, 18 25 18 
(enable time) 

tSR Sense recovery time 
RL1 = 300 n, 

22 40 22 RL2 = 600 n, 
_ Propagation delay time, I From S See Note 3 12 25 - 12 

tpLH low-to-high-Ievel I FromW output (disable time) 12 30 12 

tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 

tAli typical values are at Vee = 5 V, TA = 25°. 
§Duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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MAX 
UNIT 

35 ns 

22 ns 

35 ns 

17 
ns 

25 

MAX 
UNIT 

35 ns 

22 ns 

35. ns 

17 
ns 

25 



SN74S201, SN74S301 
256·BIT HIGH·PERFORMANCE RANDOM·ACCESS MEMORIES 

D2007, SEPTEMBER 1977-FEBRUARY 1984 

STATIC RANDOM-ACCESS MEMORIES 

• Static Fully Decoded RAM's Organized as 
256 Words of One Bit Each 

• Schottky-Clamped for High Performance 

• Choice of Three-State or Open-Collector 
Outputs 

o Comp~tible with Most TTL and 12l Circuits 

SN74S201, sNi4S301 ... J OR N PACKAGE 

(TOP VIEW) 

AD Vee 
A1 A2 
51 A7 
52 0 
53 R/W 

o Chip-Select Input Simplify External Decoding Q A6 
A3 A5 

o Typical Performance: GND A4 
Read Access Time ... 42 ns 
Power dissipation ... 500 mW 

description 

These 256-bit active-element memories are monolithic transistor-transistor logic (TTL) arrays organized 
as 256 words of one bit. They are fully decoded and have three chip-select inputs to simplify decoding 
required to achieve expanded system organizations. 

write cycle 

The information applied at the data input is written into the selected location when the chip-select inputs 
and the write-enable input are low. While the write-enable input is low, the '8201 outputs are in the high­
impedance state and the '8301 outputs are off. When a number of outputs are bus-connected, this high­
impedance or off state will neither load nor drive the bus line, but it will allow the bus line to be driven 
by another active output or a passive pUll-Up. 

read cycle 

The stored information (complement of information applied at the data input during the write cycle) is 
available at the output when the write-enable input is high and the three chip-select inputs is low. When 
anyone of the chip-select inputs are high, the '8201 outputs will be in the high-impedance state and the 
'8301 outputs will be off. 

FUNCTION TABLE 

INPUTS 
'S301 'S201 

FUNCTION CHIP SELECT WRITE ENABLE 
OUTPUT (0) OUTPUT (0) S R/W 

Write L L High Impedance Off 

Read L H Complement of Data Entered Complement of Data Entered 

Inhibit H X High Impedance Off 

H "" high level, L "" low level, X "" irrelevant 

For chip-select: L "" all Si inputs low, H "" one or more Si inputs high 

Copyright © 1979, Texas Instruments Incorporated 

(f) 

2 
<t 
a: 

TEXAS "I} 
INSTRUMENTS 

5-29 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



SN74S201, SN74S301 
256·811 HIGH·PERFORMANCE RANDOM·ACCESS MEMORIES 

logic symbols 

SN74S201 SN74S301 

schematics of inputs and outputs 

EQl!IVALENT OF EACH INPUT 'S201 OUTPUT '5301 OUTPUT 

vCC----------~.---~~ --------~~---VCC 

58.n NOM 

_ _ ~OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 

5-30 

Input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Off-State output voltage .................................................... 5.5 V 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
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SN74S201, SN74S301 
256·811 HIGH·PERFORMANCE RANDOM·ACCESS MEMORIES 

recommended operating conditions 

SN74S201 SN74S301 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, Vee(see Note 1) 4.75 5 5.25 4.75 5 5.25 V 

High-level output voltage, VOH 5.5 V 
High-level output current, 10H -10.3 mA 
low-level output current, 10l 16 16 mA 

Width of write pulse (write enable low), tw(wr) 65 65 ns 

Address'before write pulse, tsu(ad) a. 0+ 
Setup time Data before end of write pulse, tsu(da) 65t 65t ns 

Chip-select before end of write pulse, tsu(S) 65t 65t 

Address after write pulse, th(ad) at at 
Hold time Data after write pulse, thIda) at at ns 

Chip-select after write pulse, thIS) at at 
Operating free-air temperature, T A a 70 a 70 °e 

t '" The arrow indicates the transition of the write-enable input used for reference: I for the low-to-high transition, I for the high-to-Iow transition. 
NOTE 1: Voltage values are with respect to network wound terminal. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

TEST CONDITIONSt 
'5201 'S301 

PARAMETER 
TVP; TVP; i.- MIN MAX MIN 

VIH High-level input voltage 2 2 

Vil low-level input voltage 0.8 

VIK Input clamp voltage Vee = MIN, II = -18 mA -1.2 

VOH High-level output voltage 
Vee = MIN, VIH = 2 V, 

2.4 
Vil = 0.8 V, 10H = MAX 

Val low-level output voltage Vee = MIN, VIH = 2 V, 10l = 16 mA 0.45 

Vee = MIN, VIH . = 2 V, I Vo = 2.4 V 
10H High-level output current 

Vil = 0.8 V I Vo = 5.5 V 

10ZH 
Off-state output current, Vee - MAX, VIH - 2 V, 

40 
high-level voltage applied Vil = 0.8 V, VOH = 2.4 V 

10Zl 
Off-state output current, Vee;" MAX, VIH = 2 V, 

-40 
low-level voltage applied Vil = 0.8 V, VOL = 0.5 V 

II 
Input current at maximum 

input voltage 
Vee = MAX, VI = 5.5 V 1 

IIH High-level input current Vee = MAX, VI = 2.7 V 25 

III low-level input current Vee = MAX, VI - 0.5 V -250 

lOS 
Short-circuit output 

Vee = MAX -30 -100 
current§ 

ICC Supply current Vee = MAX, See Note 2 100 140 100 

tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
*AII typical values are at Vee = 5 V, TA = 25°C. 
§Duration of the short circuit should not exceed one second. 
NOTE 2: ICC is measured with all chip-select inputs grounded, all other inputs at 4.5 V, and the output open. 

MAX 
UNIT 

V 

0.8 V 

-1.2 V 

V 

0.45 V 

40 

100 
p.A 

p.A 

p.A 

1 mA 

25 p.A 

-250 p.A 

mA 

140 mA 

• 
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SN74S201, SN74S301 
256·811 HIGH·PERFORMANCE RANDOM·ACCESS MEMORIES 

'S201 switching characteristics over recommended operating ranges of TA and Vee 
(unless otherwise noted) 

PARAMETER TEST CONOITIONS MIN TVP* 

ta(ad) Access time from address 42 

ta(S) Access time from chip select (select time) 
CL = 30 pF, 

13 
See Note 3 

tSR Sense recovery time 20 

tpxz Disable time from high or low level 
I From S CL = 5 pF, 

9 I From R/W See Note 3 

'S301 switching characteristics over recommended operating ranges of TA and Vee 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVP* 

ta(ad) Access time from address 42 

ta(S) Access time from chip enable (enable time) 
CL = 30 pF, 

RLl = 300 n, 13 

tSR Sense recovery time 20 
RL2 = 600 n, 

Propagation delay ,time, low-to-high-Ievel I From S 
See Note 3 

8 
tpLH I From R/W output (disable time) 15 

tAli typical values are at VCC = 5 V, TA = 25°. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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MAX UNIT 

65 ns 

30 ns 

40 ns 

20 ns 

MAX UNIT 

65 ns 

30 ns 

40 ns 

20 
ns 

35 



• Fast Multiplication of Two Binary Numbers 
8-Bit Product in 40 ns Typical 

• Expandable for N-Bit-by-n-Bit Applications: 
16-Bit Product in 70 ns Typical 
32-Bit Product in 103 ns Typical 

• Fully Compatible with Most TTL Circuits 

o Diode-Clamped Inputs Simplify System 
Design 

description 

These high·speed TTL circuits are designed to be used 
in high-performance parallel mUltiplication applica­
tions. When connected as shown in Figure A, these 
circuits perform the positive-logic multiplication of 
two 4-bit binary words. The eight-bit binary product 
is generated with typically only 40 nanoseconds 
delay. 

This basic four-by-four multiplier can be utilized as a 
fundamental building block for implementing larger 
multipliers. For example, the four-by-four building 
blocks can be connected as shown in Figure B to 
generate submultiple partial products. These results 
can then be summed in a Wallace tree, and, as 
"illustrated, will produce a 16-bit product for the two 
eight-bit words typically in 70 nanoseconds. 
SN54H183/SN74H183 carry-save adders and 
SN54S181/SN74S181 arithmetic logic units with the 
SN54S182/SN74S182 look-ahead generator are used 
to achieve this high performance. The scheme is 
expandable for implementing N X M bit multipliers. 

The SN54284 and SN54285 are characterized for 
operation over the full military temperature range of 
-55°C to 125°C; the SN74284 and SN74285 are 
characterized for operation from O°C to 70°C. 

PRODUCTION DATA 

SN54284. SN54285. SN74284. SN74285 
4·B11 BY 4·B11 PARALLEL BINARY MUL 11PLlERS 

MAY 1972 - REVISED DECEMBER 19B3 
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SN54284, SN54285, SN74274, SN74285 
4·BIT BY 4·BIT PARALLEL BINARY MULTIPLIERS 

schematics 
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BINARY OUTPUTS 

FIGURE A-4 X 4 MULTIPLIER 
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FIGURE a-a x a MULTIPLIER 

tOther terminals of the three SN54S181/SN74S181 ALU's are connected as follows: S3 = H, S2 = L, S1 = L, SO = H, M = L. Output A = B is not 

used for this application. 
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SN54284, SN54285, SN74284, SN74285 
4·BIT BY 4·BIT PARALLEL BINARY MULTIPLIERS 

5-36 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) ...... . 
Input voltage .. . . . .. ...... . 
Operating free-air temperature range: SN54' Circuits 

SN74' Circuits 
Storage temperature range 

NOTE1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

SN54284 

SN54285 
\ 

MIN NOM 

Supply voltage, Vee 4_5 5 

High-level output voltage, VOH 

Low-level output current, IOL 
Operating free-air temperature, T A -55 

MAX MIN 

5.5 4.75 

5.5 

16 

125 0 

7V 
5.5 V 

-55°C to 125°C 
O°C to 70°C 

-65°C to 150°C 

SN74284 

SN74285 UNIT 

NOM MAX 

5 5.25 V 

5.5 V 

16 mA 

70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST eONDITIONSt MIN TVPt MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI Input clamp voltage Vee- MIN, II = -12mA -1.5 V 

IOH High-level o~tPut current 
Vee = MIN, VIH = 2 V, 

40 /lA 
VIL = 0.8 V, VOH = 5.5V 

Vee- MIN, IOL= 12mA 0.4 
VOL Low-level output voltage VIH = 2V, V 

VIL=0.8V IOL= 16mA 0.45 

II Input current at maximum input voltage Vee = MAX, VI = 5.5 V 1 mA 

IIH High-level input current Vee - MAX, VI - 2.4 V 40 /lA 

IlL Low-level input current Vee - MAX, VI - 0.4 V -1 mA 

Vee - MAX, 
SN54284, SN54285 

TA = 125°C, 99 

ICC Supply current See Note 2 
N package only 

mA 

Vee = MAX, SN54284, SN54285 92 110 

See Note 2 SN74284, SN74285 92 130 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 

type. 

tAli typical values 'are at Vee = 5 V, T A = 25°C. 
NOTE 2: With outputs open and both enable inputs grounded. ICC is measured first by selecting an output product which contains three or 

more high-level bits, then by selecting an output product which contains four low-level bits. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 

tpLH Propagation delay time, low-to-high-Ievel output from enable eL = 30 pF to GND, 

tpHL Propagation delay time, high-to-Iow-Ievel output from enable RLl =30051 to Vee, 

tpLH Propagation delay' time, low-to-high-Ievel output from word inputs RL2 = 600 51 to GND, 

tpHL Propagation delay time, high-to-Iow-Ievel output from word inputs See Note 3 

NOTE 3: See General Information Section for load circuits and voltage waveforms. 
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MIN TVP MAX UNIT 

20 30 
ns 

20 30 

40 60 
ns 

40 60 



SN54S484A, SN54S485A, SN74S484A, SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

D2534, JUNE 1979-REVISED FEBRUARY 1984 

SN54S484A, SN74S484A, BCO-TO-BINARY CONVERTERS 
SN54S485A, SN74S485A BINARY-TO-BCO CONVERTERS 

• Significant Savings in Package Count 
Compared with SN54184, SN54185A, 
SN74184, or SN74185A (Over Half in 
Many Applications) 

• Three-State Outputs 

description 

These monolithic converters are derived from the 
TBP28L22 factory-programmed read-only 
memories. Both of these converters comprehend 
that the least-significant bits (LSB) of the binary 
and BCD are logically equal, and in each case, 
the LSB bypasses the converter as shown in the 
typical applications. This means that a nine-bit 
converter is produced in each case. The devices 
are cascadable to N bits. 

The three-state outputs offer the convenience 
of open-collector outputs with the speed of 
totem-pole outputs: they can be bus-connected 
to' other similar outputs yet they retain"the fast 
rise-time characteristic of totem-pole outputs. A 
high logic level at either enable (G) input causes 
the outputs to be in high-impedance state. 

In many applications these converters can, by 
including 3 more bits than the SN54184/ 
SN74184 or SN54185A/SN74185A, reduce 
power consumption significantly and package 
count by more than half as shown in the tables 
below. 
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SN54S484A, SN54S485A, SN74S484A, SN74S485A 
BCD·lO·BINARY AND BINARY·lO·BCD CONVERlERS 

SN54S484A/SN74S484A vs SN54184/SN74184 

MAXIMUM TYPICAL 

DECADES 
PACKAGE SUPPLY ACCESS TIME 

. COUNT CURRENT @TA = 25°C 

(AI (nsl 

'S484A '184 'S484A '184 'S484A '184 

3 3 6 0.41 0.59 117 135 

4 5 11 0.72 1.09 180 189 

5 8 18 1.18 1.78 270 270 

6 12 27 1.75 2.67 342 351 

7 16 38 2.37 3.76 405 405 

8 21 49 3.14 4.85 495 485 

9 27 62 4.02 6.14 567 540 

SN54S485A/SN74S485A vs SN54185A/SN74185A 

MAXIMUM TYPICAL 

BINARY PACKAGE SUPPLY ACCESS TIME 

BITS COUNT CURRENT @ TA = 25°C 
(AI (nsl 

'S485A '185A '485A '185A 'S485A '185A 

8 2 3 0.25 0.30 72 81 

16 8 16 1.12 1.58 252 216 

24 19 40 2.67 3.96 459 351 
32 . 33 74 4.78 5.45 612 486 

5-38 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



SN54S484A. SN74S484A 

BCD-TO-BINARY CONVERTER 

FUNCTION TABLE 

INPUTS OUTPUTS 

H G E 0 A V8 V7 V6 V5 V4 V3 

160 80 40 20 10 8 2 256 128 64 32 16 8 

L L L 

H . L 

H 

H 

H 

H jH H H L . H 

H H H H H 

H H 

H H H H 

H H H H 

H H H H 

H H H 

H H 

H H H H H 

H H 

H H H H. 

H H H H H 

H H H H H 

H H H H H 

X H X 

X X X X H 

SN54S484A, SN54S485A, SN74S484A, SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

V2 VI H G F 

2 256128 64 

L L L 

L L L 

L L L 

L L L 

L L L 

L L L 

L L L 

L L L 

L L L 

L L L 

L L L 
~ 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

H L L 

SN54S485A. SN74S485A 

BINARY-TO-BCD CONVERTER 

FUNCTION TABLE 

INPUTS OUTPUTS 

E 0 C 8 A V8 V7 V6 V5 V4 

32 16 8 4 2 160 80 40 20 10 

L L L L L L L L L L 

L L L L H L L L L L 

L L L H L L L L L L 

L L L H H L L L L L 

L L H L L L L L L L 

L L H L H L L L L H 

L L H H L L L L L H 

L L H H H L L L L H 

L H L L L L L L L H 

L H L L H L L L L H 

L H L H L L L L H L 
r 

L H H H L H H H L L 

L H H H H H H H L L 

H L L L L H H H L L 

H L L L H H H H L H 

H L L H L H H H L H 

H L L H H H H H L H 

H L H L L H H H L H 

H L H L H H H H L H 

H L H H L H H H H L 

H L H H H H H H H L 

H H L L L H H H H L 

H H L L H H H H H L 

H H L H L H H H H L 

H H L H H H H H H H 

H H H L L H H H H H 

H H H L H H H H H H 

H H H H L H H H H H 

Y3 V2 VI 

8 4 2 

L L L 

L L H 

L H L 

L H H 

H L L 

L L L 

L L H 

L H L 

L H H 

H L L 

L L L 

L H L 

L H H 

H L L 

L L L 

L L H 

L H L 

L H H 

H L L 

L L L 

L L H 

L H L 

L L H 

H L L 

L L L 

L L H 

L H L 

L H H 

H ~ high level L ~ low level X = irrelevant H L L H H H H H H H H ·H H H L L 

H L H 

H H H 

BCD INPUT 

LSD 

MSD~~ 
160 80 40 20 10 8 4 

SN54S484/SN74S484 

256 128 64 

MSB 

32 16 8 

BINARY OUTPUT 

4 

LSB 
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SN54S484A, SN54S485A, SN74S484A, SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

absolute maximum ratings over operating free·air temperature (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage ............................................................ , 5.5 V 
Off·state output voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range: SN54S484A, SN54S485A . . . . . . . . . . . .. - 55°C to 125°e 

SN74S484A, SN74S485A ................ ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 

recommended operating conditions 

SN54S' SN74S' 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage. Vee 4.5 5 5.5 4.75 5 5.25 V 
High-level output current. 10H -2 -6.5 mA 

Low-level output current. 10L 16 16 mA 

Operating free-air temperature -55 125 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt MIN TYP:I: MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage Vee = MIN. II = -18 mA -1.2 V 

VOH High-level output voltage 
VVV = MIN. VIH = 2 V. VIL = 0.8 V. 

2.4 3.1 V 
10H = MAX 

VOL Low-level output voltage 
Vee = MIN. VIH = 2 V. VIL = 0.8 V 

0.5 V 
10L = MAX 

10ZH 
Off-state output current. 

Vee = MAX. VIH = 2 V. Vo = 2.4 V 50 p.A 
high-level voltage applied 

10ZL 
Off-state output current. 

Vee = MAX. VIH = 2 V. Vo = 0.5 V -50 p.A 
low-level voltage applied 

II 
Input current at maximum 

Vee = MAX. VI = 5.5 V 1 mA 
input voltage 

IIH High-level input current Vee = MAX. VI = 2.7 V 25 p.A 

IlL Low-level input current Vee = MAX. VI = 0.5 V -0.25 mA 

lOS Short-circuit output current 9 Vee = MAX. -30 -100 mA 

lee Supply current Vee = MAX. See Note 2 75 100 mA 

switching characteristics over recommended ranges of TA and Vee (unless otherwise noted) 

PARAMETER 
TEST SN54S' SN74S' 

CONDITIONS MIN TYP:I: MAX MIN TYP:I: MAX 

talA) Access time from address 
eL = 30 pF.See Note 3 

45 75 45 

ta(S) Access time from chip select 20 40 20 

tpxz Output disable time eL - 5 pF, See Note 3 15 35 15 

tFor conditions shown as MIN or MAX. use the appropriate value specified under recommended operating condtions. 

tAli typical values are at Vee = 5 V. TA = 25°. . 
§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
NOTES: 1. Voltage values are with respect to network ground terminal. 

70 

35 

30 

UNIT 

ns 

ns 

ns 

2. With outputs open and enable (G) inputs grounded. lee is measured first by selecting a word that contains the maximum 
number of high-level outputs. then by selecting a word that contains the maximum number of low-level inputs. 

5-40 

3. Load circuits and voltage waveforms are shown in Section 1. 
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SN54S484A, SN54S485A, SN74S484A, SN74S485A 
BCD·IO·BINARY AND BINARY·IO·BCD CONVERIERS 

schematics of inputs and outputs 
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SN54S484A, SN74S484A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

8 4 2 1 

2-DECADE­
BCD-TO-BINARY 

CONVERTER 

8 4 2 1 
0000842 
KKKKKKK 

5-DECADE­
BCD-TO-BINARY 

CONVERTER 

*SN54184A/SN74184A can be used. 
K = 103, M = 106 

5-42 

TYPICAL APPLICATION DATA 
SN54S484A, SN74S484A 

3-DECADE­
BCD-TO-BINARY 

CONVERTER 

4-DECADE­
BCD-TO-BINARY 

CONVERTER 

6-DECADE-BCD-TO-BINARY 
CONVERTER 
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SN54S484A. SN74S484A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

TYPICAL APPLICATION DATA 
SN54S484A, SN74S484A 

8 4 2 
o 0 0 

8421000
1 

MMMMKKK0842 

r'--L--'-:~"""""-'-"" 0 0 0 0 
L--"'-::';:..:..:.T~"""T"""-r KKK K 

'SN54184A/SN74184A can be used. 
K = 103 , M = 106 

7 -DECADE-BCD-TO-BINARY 
CONVERTER 

S-DECADE-BCD-TO-BINARY 
CONVERTER 
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SN54S484A, SN54S485A,SN74S484A, SN74S485A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 

B 4 2 1 
0000842 
0000000 
MMMMMMMl 

TYPICAL APPLICATION DATA 
SN54S484A, SN74S484A 

r-'-...L-"""""',-L-...L-'--'-, 0 8 4 2 
'--___ .-:;.:~........,.--.-J M M M M 

'SN54184A/SN74184A can be used. 
K = 103 , M = 106 

'6-BIT -BINARY -TO-BCD 
CONVERTER 

'SN54185A/SN74185A can be used. 
K = 103, M = 106 
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9-DECADE-BCD-TO-BINARY 
CONVERTER 

TYPICAL APPLICATION DATA 
SN54S485A,SN74S485A 

1 8 4 2 
o 0 0 0 
o 

7-BIT-BINARY-TO-BCD 
CONVERTER 
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2 1 8 4 2 
o 0 0 0 0 
o 0 

8-BIT -BINARY· TO-BCD 
CONVERTER 



421842 
000 000 
000 

9-BIT -BINARY -TO-BCD 
CONVERTER 

421842 
KKKOOO 

o 0 0 

12-BIT -BINARY -TO-BCD 
CONVERTER 

*SN541 85AiSN74 1 85A can be used. 
K = 103, M = 106 

SN54S485A, SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

TYPICAL APPLICATION DATA 
SN54S485A,SN74S485A 

1 8 4 2 
K 00 0 

000 

1 O-BIT -BINARY -TO-BCD 
CONVERTER 

842184 
KKKKOO 

o 0 

2 1 8 4 2 
K K 0 0 0 

o 0 0 

11-BIT -BINARY -TO-BCD 
CONVERTER 

13-BIT -BINARY -TO-BCD 
CONVERTER II 
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SN54S485A, SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

II 

1 8 4 2 
o KKK 
K 

14-BIT-BINARY -TO-BCD 
CONVERTER 

421842 
OOOKKK 
KKK 

16-BIT-BINARY -TO-BCD 
CONVERTER 

*SN54185A/SN74185A can be used. 
K = 103, M = 106 
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TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 

TEXAS -I.!} 
INSTRUMENTS 

421842 
OOOKKK 
KKK 

15-BIT -BINARY -TO-BCD 
CONVERTER 

1 8 4 2 
o 0 0 0 
o KKK 
K 

17 -BIT -BINARY -TO· BCD 
CONVERTER 
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SN54S485A, SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 

2 1 8 4 2 
o 0 0 0 0 
o 0 KKK 
K K 

18-BIT -BINARY -TO - BCD 
CONVERTER 

*SN54185A/SN74185A can be used. 
K = 103, M = 106 

421842 
000000 
OOOKKK 
KKK 

20-BIT -BINARY -TO-BCD CONVERTER 

19-BIT -BINARY -TO-BCD 
CONVERTER 

II 

TEXAS ."'!} 
INSTRUMENTS 
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SN54S485A. SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

'SN541 85A/SN74 1 85A can be used. 
K = 103, M = 106 

5-48 

TYPICAL APPLICATION DATA 
SN54S485A,SN74S485A 

2 1 8 4 
M MOO 

21-BIT-BINARY-TO-BCD CONVERTER 

421842 
MMMOOO 

o 0 0 
KKK 

22-BIT-BINARY-TO-BCD CONVERTER 
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SN54S485A. SN74S485A 
BCD·lO·BINARY AND BINARY·lO·BCD CONVERlERS 

TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 

8 2 
'---r""1rr..:..r--.-,r-"T""' 0 0 0 0 

o KKK 

'SN54185A/SN74185A can be used. 
K = 103, M = 106 

8 2 K 
MMMMOOO 

o 0 0 
KKK 

23-BIT -BINARY -TO-BCD-CONVERTER 

24-BIT -BINARY -TO-BCD CONVERTER 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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SN54S485A, SN74S485A 
BCD-lO-BINARY AND BINARY-lO-BCD CONVERlERS 

1 8 4 2 
o 0 0 0 
o M M M 
M 

*SN541 85A/SN74 1 85A can be used. 
K = 103, M = 106 
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TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 

25-BIT -BINARY -TO-BCD CONVERTER 

26-BIT-BINARY-TO-BCD CONVERTER 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



SN54S485A, SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

TYPICAL APPLICATION OAT A 
SN54S485A, SN74S485A 

421842 
o 0 0 M M'M 
MMM 

2 1 8 4 2 
o 0 0 0 0 
o 0 M M M 
MM 

*SN54185A/SN74185A can be used. 
K = 103 , M = 106 

27-BIT-BINARY-TO-BCD CONVERTER 

*741B5A CAN BE USED 

28-BIT -BINARY -TO-BCD CONVERTER 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TeXAS 75265 

5-51 



SN54S485A, SN74S485A 
BCD·IO·BINARY AND BINARY·IO·BCD CONVERIERS 

'SN54185A/SN74185A can be used. 
K = 103• M = 106 
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TYPICAL APPLICATION DATA 
SN54S485A,SN74S485A 

29-BIT -BINARY -TO-BCD CONVERTER 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012. DALLAS. TEXAS 75265 

~I 
1 



*SN54185A/SN74185A can be used. 
K = 103• M = 106 

SN54S485A, SN74S485A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 

TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 

30-BIT -BINARY -TO-BCD CONVERTER 

• 

TEXAS ".!I 
INSTRUMENTS 
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SN54S485A, SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 

1 8 4 2 
r--~,",","..., "'r-r-r-T""'"Ir-r-r--r 0 M M M 

2 M 
~--r;,;;:,;....-"""'" 0 0 0 0 

o M M M 
21842M 
B BOO 0 

000 
MMM 

*SN54185A/SN74185A can be used. 
K = 103, M = 106 

31-BIT-BINARY-TO-BCD CONVERTER 

5-54 TEXAS .Jf!p 
INSTRUMENlS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



4 2 1 
B B B 

*SN54185A/SN74185A can be used. 
K = 103 , M = 106 

SN54S485A, SN74S485A 
BCD·TO·BINARY AND BINARY·TO·BCD CONVERTERS 

TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 

2 
o 

o 0 0 
KKK 

*74185A CAN BE USED 

32-BIT -BINARY -TO-BCD CONVERTER 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. TI advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 

TI warrants performance of its semiconductor products, including SNJ 
and SMJ devices, to current specifications in accordance with TI's 
standard warranty. Testing and other quality control techniques are 
utilized to the extent TI deems such testing necessary to' support this 
warranty. Unless mandated by government requirements, specific 
testing of all parameters of each device is not necessarily performed. 

In the absence of written agreement to the contrary, TI assumes no 
liability for TI applications assistance, customer's product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of TI covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 

Copyright © 1984, Texas Instruments Incorporated 
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INTRODUCTION 

The purpose of this application report is to provide the 
first time user of field-programmable logic with a basic 
understanding of this new and powerful technology. The 
term "Field-Programmable Logic" refers to any device 
supplied with an uncommitted logic array, which the user 
programs to his own specific function. The most common, 
and widely known field-programmable logic family is the 
PROM, or Programmable Read-Only Memory. Relatively 
new entries into this expanding family of devices are the 
PAL® and FPLA. This report will primarily concentrate 
on the PAL family of programmable logic. 

FIELD-PROGRAMMABLE LOGIC ADVANTAGES 

Field-programmable logic offers many advantages to 
the system designer who presently is using several 
standard catalog SSI and MSI functions. Listed below are 
just a few of the benefits which are achievable when using 
programmable logic. 

1. Package Count Reduction: typically, 3 to 6 
MSl/SSI functions can be replaced with one 
PAL or FPLA. 

2. PC Board Area Reduced: Fewer devices 
consume less PC board space. This results in 
lower PC board cost. 

3. Circuit Flexibility: Programmability allows for 
minor circuit changes without changing PC 
boards. 

4. Improved Reliability: With fewer PC 
interconnects, overall system reliability 
increases. 

5. Shorter Design Cycle: When compared with 
standard-cell or gate-array approaches, 
custom functions can be implemcnted much 
more quickly. 

The PAL and FPLA, will fill the gap bctween 
standard logic and large scale integration. The versatility 
of these devices provide a very powerful tool for the . 
system designer. 

PAL AND FPLA SYMBOLOGY 

In order to keep PAL and FPLA logic easy to 
understand and use, a special convention has been 
adopted. Figure 1 is the representation for a 3-input AND 
gate. Note that only one line is shown as the input to the 
AND gate. This line is commonly refered to as the 
product line. The inputs are shown as vertical lines, and at 
the intersection of these lines are the programmable fuses. 

®pAL is a Registered Trademark of Monolithic Memories Inc. 

An X represents an intact fuse. This makes that input, 
part of the product term. No X represents a blown fuse. 
This means that input will not be part of the product term 
(in Figure 1, input B is not part of the product term). A 
dot at the intersection of any line represents a hard wire 
connection. 

INPUT TERMS 
ABC 

PRODUCT ~ OUTPUT 

LINE TIT L...I F = A;C 

Figure 1. Basic Symbology 

In Figure 2, we will extend the symbology to develop 
a simple 2-input programmable AND array feeding an OR 
gate. Notice that buffers have been added to the inputs, 
which provide both true and complement outputs to the 
product lines. The intersection of the input terms form a 
4 x 3 programmable AND array. From the above 
symbology, we can see that the output of the OR gate is 
programmed to the following equation, AB + AB. Note 
that the bottom AND gate has an X marked inside the 
gate symbol. This means that all fuses are left intact, which 
results in that product line not having any effect on the 
sum term. In other words, the output of the AND gate will 
be a logic O. When all the fuses are blown on a product line, 
the output of the AND gate will always be a logic 1. This has 
the effect of locking up the output of the OR gate to a logic 
level 1. 

INPUT TERMS 

~ 

Figure 2. Basic Symbology Example 
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FAMILY ARCHITECTURES 

As stated before, the PROM was the first widely 
used programmable logic family. Its basic architecture is 
an input decoder configured from AND gates, combined 
with a programmable OR matrix on the outputs. As 
shown in Figure 3, this allows every output to be 
programmed individually from every possible input 
combination. In this example, a PROM with 4 inputs has 
24, or 16 possible input combinations. With the output 
word width being 4 bits, each of the 16 x 4 bit words can be 

D 

'r' 

\ 
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16 WORDS X 4 BITS 

A "OR"ARRAY 
(PROGRAMMABLE) 

,---/'-.. 

1\ 

K 
F< 
L.....I' 

r-'\. 

F=< 
~ 

, 

~ 
L-I 

I ?yyy V 
"AND" ARRAY 

(FIXED) 03 02 01 00 

Figure 3. PROM Architecture 

programmed individually. Applications such as data 
storage tables, character generators, and code converters, 
are just a few design examples which are ideally suited for 
the PROM. In general, any application which requires 
every input combination to be programmable, is a good 
candidate for a PROM. However, PROMs have difficulty 
accommodating large numbers of input variables. 
Eventually, the size of the fuse matrix will become 
prohibitive because for each input variable added, the size 
of the fuse matrix doubles. Currently, manufacturers are 
not producing PROMs with over 13 inputs. 

D c B A "OR" ARRAY 
FIXED 

,---/'-.. ... 
~ 

~ 
r=< 
L::< 
=< 
=< 
r< 

/ P< 
F=< 
P=< 
~ 
~ 
P< 
P< 

t, P=< 
P=< 
L.....I' 

\ 
V 

I 

"AND" ARRAY 
(PROGRAMMABLE) 03 02 01 00 

Figure 4. PAL Architecture 



To overcome the limitation of a restricted number of 
inputs, the PAL utilizes a slightly different architecture as 
shown in Figure 4. The same AND-OR implementation is 
used as with PROMs, but now the input AND array is 
programmable instead of the output OR array. This has 
the effect of restricting the output OR array to a fixed 
number of input AND terms. The trade-off is that now, 
every output is not programmable from every input 
combination, but more inputs can be added without 
doubling the size of the fuse matrix. For example, If we 
were to expand the inputs on the PAL shown in Figure 4, 
to 10, and on the PROM in Figure 3, to 10. We would see 
that the fuse matrix required for the PAL would be 20 x 16 
(320 fuses) vs 4 x 1024 (4096 fuses for the PROM). It is 
important to realize that not every application requires 
every output be programmable from every input 
combination. This is what makes the PAL a viable product 
family. 

The FPLA goes one step further in offering both a 
programmable AND array, and a programmable OR 
array (Figure 5). This feature makes the FPLA the most 

o c B A "OR" ARRAY 
(PROGRAMMABLE) 

~ .... 

r-"\ 

P< 
J=< I" 

'=< 
==< 
=< 
=< =< =< 
=< 
~ 
F=< 
?< 
~ 
~ 1/ 

~ 
I-..J 

\ I 9YY9 V 
"AND" ARRAY 

(PROGRAMMABLE) 

Figure 5. FPLA Architecture 

versatile device of the three, but usually impractical in 
most low complexity applications. 

All three field-programmable logic approaches 
discussed have their own unique advantages and 
limitations. The best choice depends on the complexity of 
the function being implemented and the current cost of 
the devices themselves. It is important to realize, that a 
circuit solution may exist from more than one of these 
logic families. 

PAL OPTIONS 

Figure 6 shows the logic diagram of the popular 
TIBPAL16L8. Its basic architecture is the same as 
discussed in the previous section, but with the addition of 
some special circuit features. First notice that the PAL has 
10 simple inputs. In addition, 6 of the outputs operate as 
I/O ports. This allows feedback into the AND array. One 
AND gate in each product term controls each 3-state 
output. The architecture used in this PAL makes it very 
useful in generating all sorts of combinational logic. 

Another important feature about the logic diagram, 
and all other block diagrams supplied from individual 
datasheets, are that there are no X's marked at every fuse 
location. From the previous convention; we stated that 
everywhere there was a intact fuse, there was an X . 
However, in order to make the logic diagram useful when 
generating specific functions, it is supplied with no X's. 
This allows the user to insert the X's wherever an intact 
fuse is desired: 

The basic concept of the TIBPALl6L8 can be 
expanded further to include D-type flip-flops on the 
outputs. An example of this is shown in Figure 7 with the 
TIBPAL16R8. This added feature allows the device to be 
configured as a counter, simple storage register, or similar 
clocked function. 

Circuit variations which are available on other 
members of the TI PAL and FPLA family are explained 
below. 

Polarity Fuse 
The polarity of the output can be selected via the 

fuse shown in Figure 8. 

Input Registers 
On PALs equipped with this special feature, the 

option of having D-type input registers is fuse 
programmable. Figure 9 shows an example of this type of 
input. If the fuse is left intact, data enters on a low-high 
transition of the clock. If the fuse is blown, the register 
becomes permanently transparent and is equivalent to a 
normal input buffer. 

Input Latches 
On PALs equipped with this special feature, the 

option of having input latches is fuse programmable. 
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INPUT LINES 
RODUCT, . 
LINES 0 4 8 12 16 20 24 28 31 
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,....... 
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-I-- 1 · · -I--· -I--r----- (18) · -I--f--" v · -I--· -I--

(3) 15 =1--
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110 

16 r H'-b--J · · I-r-.-· I-/-----, (17) · 1-)----, · 1-)--· 1-1-----' 

(4) 23 
1-)----, 
..... .A 

1/0 
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24 
,....... 

~ 1 · · ~ · I-<r-" (16) · ~f-/ v · ~ · ~ 
(5) 31 b- ..... .)l. -"... 

1/0 

32 
,.. 
HI-- J · · f-<I--

(15) · ~1--0-· · f-<I--· f-<I--

39 
HI--

(6) ........ r----. 
.A 

X J< 

1/0 

~ 

40 
-. 
-<>---c 1 · -<f.-· · ..... f.-r--..... (14) · ..... >---cf-/ v · ..... )--· ..... f.-

47 =f.-
(7) .:>t.. ..... 

..... 

1/0 

48 
~ 

-~W · · ..... f--

· -f.- (13) · -f--

1 
· -f--· I-f.-

55 ~f---, 
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v ~ 

1/0 

,.. 
56 I-<r- 1 · ~ · (12) · ~" · ~:.-.-' v · f-<)----· ~ 

9) 63 t:)-. (11) 
(.?l .}I;. 

o 

Figure 6. TIBPAL16L8 Logic Diagram 
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ENABLE 

.10 

INPUTS 
o 

In 

PO 
o 
o 
o 
o 

D--+--+--I-.... 0 
o 
o 

Pn 

Figure 8. Polarity Selection 

Figure 10 shows an exa~ple of this type of input. If the 
fuse is left intact, data enters while the control input is 
high. When the control input is low, the data that was 
present when the control input went low will be saved. If 
the fuse is blown, the 'Iatch becomes permanently 
transparent, and is equivalent to a normal input buffer. 

PROGRAMMING 

Notice in Figure 7, that the product and input lines 
are numbered. This allows any specific fuse to be located 
anywhere in the fuse matrix. When the device is in the 
programming mode (as defined in the device data sheet), 
the individual product and input lines can be selected. The 
fuse at the intersection of these lines, can then be blown 
(programmed) with the defined programming pulse. 
Fortunately, the user seldom has to get involved with these 
actual details of programming, because there exist several 
commercially available programmers which handle this 

function. Listed below are some of the manufacturers of 
this programming equipment. * 

Citel Storey Systems 
DATA 110· Structured Design 
Digelec Sunrise Electronics 
Kontron Valley Data Science 
Wavetec Varix 
Stag Micro Systems 

At Texas Instruments, we have coordinated with 
DATA 110 using their Model 19 for device 
characterization. Currently, DATA 110, Sunrise, and 
Structured Design have been certified by Texas 
Instruments. Other programmers are now in the 
certification process. For a current list of certified 
programmers, please contact your local TI sales 
representative. 

It should now be obvious to the reader, that the 
actual blowing of the fuses is not a problem. Instead, the 
real question is what fuses need to be blown to generate a 
particular function. Fort~nately, this problem has also 
been greatly simplified by recent advances in computer 
software. 

DATA 110 has developed a software package called 
ABEL Til. Also available is CUPL T'I, from Assisted 
Technology. Both have been designed to be compatible 
with several different types of programmers. Both of these 
software packages greatly extend the capabilities of the 
original PALASMT'I program, and both can be run on 
most professional computers. 

Before proceeding to a design example, it would be 
instructive to look at the simplified process flow of a PAL 
(Figure 11). This should help give the reader a better 
understanding of the basic steps necessary to generate a 
working device. 

DESIGN EXAMPLE 

The easiest way to demonstrate the unique 
capabilities of the PAL is through a design example. It is 

REGISTER FUSE INTACT 

Figure 9. Input Register Selection 

ABEL" is a trademark of DATA I/o. 
CUPL '" is a trademark of Assisted Technology, Inc. 
PALASM'" is a trademark of Monolithic Memories Inc. 
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O·TYPE REGISTER 
FUNCTION TABLE 

CLOCK 0 Q 

t H H 

t L L 

Q 

L 

H 

L X Qo Qo 

QO" THE STATE OF Q BEFORE CLOCK t 



LATCH FUSE INTACT 

OC2 
1C2 

20 
MO (INTACT) 
M1 (BLOWNI 

TRANSPARENT LATCH 
FUNCTION TABLE 

ENABLE 0 0 a 
H L L H 

H H H L 

L X 00 00 

OO=THE LEVEL OF 0 BEFORE ENABLE , 

Figure 10. Input Latch Selection 

Figure 11. PAL Process Flow Diagram 

hoped that through this example the'reader will gain the 
basic understanding needed when applying the PAL in his 
own application. In some cases, this goal may only be to 
reduce existing logic, but the overall approach will be the 
same. 

EXAMPLE REQUIREMENTS 

It is desired to generate a 4-bit binary counter which 
is fed by one of four clocks. There are two lines available 
for selecting the clocks, SELl and SELO. Table 1 shows the 
required input for the selection of the clocks. In addition, 
it is desired that the counter be able to switch from binary 
to decade count. This feature is controlled by an input 
called BD. When BD is high, the counter should count in 
binary. When low, the counter should count in decade. 

Figure 12 shows how this example could be 
implemented if standard data book, functions were used. 

Table 1. Clock Selection 

SEL1 SELO OUTPUT 
0 0 ClKA 
0 1 ClKB 

ClKC 
1 ClKD 

As can be seen, three MSI functions are required. The 
'LS162 is used to generate the 4-bit counter while the clock 
selection is handled by the 'LS253. The 'LS688 is an 8-bit 
comparator which is used for selecting either the binary or 
decade count. In this example,. only five of the eight 
comparator inputs are used. Four are used for comparing 
the counter outputs, while the other is used for the BD 
input. The comparator is hard-wired to go low whenever 
the BD input is low and the counter output is "9". The 
P = Q output is then fed back to the synchronous clear 
input on the 'LS162. This will reset the counter to zero 
whenever this condition occurs. 

PAL IMPLEMENTATION 

As stated before, the problem in programming a 
PAL is not in blowing the fuses, but rather what fuses need 
to be blown to generate a particular function. Fortunately, 
this problem has been greatly simplified by computer 
software, but before we examine these techniques, it is 
beneficial to explore the methods used in generating the 
logic equations. This will help develop an understanding, 
and appreciation for these advanced software packages. 

From digital logic theory, we know that most any 
type of logic can be implemented in either AND-OR­
INVERT or AND-NOR form. This iS,the basic concept 
used in the PAL and FPLA. This allows classical 
techniques, such as Karnaugh Maps! to be used in 
generating specific logic functions. As with the separate 
component example above, it is easier to break it into 
separate functions. The first one that we will look at is the 
clock selector, but remember that the overall goal will be 
to reduce this design example into one PAL. 
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SELO 
SEL 1 

CLKA 

CLKB 

CLKC 
CLKD 

'LS253 

BD-----------;--r-~~ 

'LS162 

Figure 12. Counter Implementation With Standard Logic 

PAL SELECTION 

Before proceeding with the design for the clock 
selector, the first question which needs to be addressed is 
which PAL to use. As discussed earlier, there are several 
different types of output architectures. Looking at our 
example, we can see that four flip-flops with feedback will 
be required in the 4-bit counter, plus input clock and clear 
lines. In addition, seven inputs plus two simple outputs 
will be required in the clock selector and comparator. With 
this information in hand, we can see that the TIBPALl6R4 
(Figure 13) will handle our application. 

CLOCK SELECTOR DETAILS 

The first step in dctcrmining the logic equation for 
the clock selector is to generate a function table with all 
the possible input combinations. This is shown in Table 2. 
From this table, the Karnaugh map can be generated and 
is shown in Figure 14. The minimized equation for 
CLKOUT comes directly from this. 

Table 2. Function Table 

SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT 
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ClK~----------_____________________________________________ ~ 

INPUT LINES 
PRODUCT~----------------------~----------------------~ 

LINES 0 4 8 12 16 20 24 28 31 
0 r-

1--<1-- 1 · · I--<t--· r-r-- "" (19) · I--<t--!-" ...... 

J · r-r--· 1--<1--
7 ~I--Elbt- -1'. ~ 0---

1/0 

r-8 
~I-- ] • · I-!=r-.. (18) · · I-r--I--/ ..... 

1 
· 1-1--· I-r--

(3) ... 15 ~ 
-'--'1/t .x 

1/0 

16 ~t--

-f-----1 · · -r--

~~171 · -I--P-· -t--· -I--· -r--
(4)~23 ~I-- C1 

~ -'" 

Q 

24 r""f----1 · 1--<t----1 
iii 1-1--- I;:] (16) · I-~ 

~ · 1-t---1 ~ · I-r--· 1-)---' 
(5) 31 r-r---o C1 

L... A 
"')l .J'io, 

Q 

32 r-t--
~I--• 

r.:J · I-t--t>- (15) · 1-1--

~ · I-t-- ..... · · 1-)--

(6) 39 
I-r-- C1 ...... )--

-:::.L 

Q 

(I) 

40 ~ 
r}--, · f-).--

AJ14) · ~p-~ · · ...... · ~ · r-r- C1 
(7) 47 ...J----' 

X" .?L 

c: 
0 

" .. 
Q CO 

.2 
C. 
c. « 

~ 48 
-)----, 1 · -)----, · · ~~ (13) · -)-----,~ ...... 

1 
· >--· ~ 

55 :::>---
(8) ~. 

J. 

1/0 

56 r-
1-1--- 1 · I--<r--· (12) · I-I---~ · I-)-_!-" ...... 

1 
· I--<r--· r-I---

(9) ... 63 ~r--
.A 

.;It .JC 
~ ~ 

1/0 

Figure 13. TIBPAL16R4 Logic Diagram 
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It is important to notice that the equation derived 
from the Karnaugh map is stated in AND-OR notation. 
The PAL that we have selected is implemented in AND­
NOR logic. This means we either have to do DeMorgan's 
theorem on the equation, or solve the inverse of the 
Karnaugh map. Figure 15 shows the inverse of the 
Karnaugh map and the resulting equation. This equation 
can be easily implemented in the TIBPAL16R4. 

so 
SO,A,B 

A 
S1,C,O r-I 

c[ 
..- t--

1 1 

1 1 

1 1 

1 1 
L- I--

L-.J 
B 

L----J 
B 

CLKOUT = SiSOAM«1 + SisolB~1 + s1sonci + s1solM«o 

CLKOUT = SiSOA + SlSOB + S1SOC + S1S00 

Figure 14. Karnaugh Map for CLKOUT 

so 
SO,A,B 

A 
S1,C,O r---"1 

1 1 

1 1 

1 1 

1 1 c[ 
~ I--

~} m 
lEI [e111 

E111 1 1 1 1 ] S1 0 

c[ 1 1 1 1 

Ct:i<c5iJi' = s;soAKn + S1S0XB~~ + S1SOnC~ + S1S0Xni5 

Ct:i<c5iJi' = S1SOA + S'iSOB + S1SOC + S1S0D 

Figure 15. Karnaugh Map for CLKOUT 
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4-BIT BINARY COUNTER DETAILS 

.The same basic procedure used in determining the 
equations for the clock selector, is used in determining the 
equations for the 4-bit counter. The only difference is that 
now we are dealing with a present state, next state 
situation. This means a D-type flip-flop will be required in 
actual circuit implementation. As before, the truth table is 
generated first, and is shown in Table 3. 

Table 3. Truth Table 

PRESENT STATE NEXT STATE 

CLR 03 02 0' 00 03 02 0' 00 

0 X X X X 0 0 0 0 , 0 0 0 0 0 0 0 , , 0 0 0 , 0 0 , 0 , 0 0 , 0 0 0 , , , 0 0 , , 0 , 0 0 , 0 , 0 0 0 , 0 , , 0 , 0 , 0 , , 0 , 0 , , 0 0 , , , , 0 , , , , 0 0 0 , , 0 0 0 , 0 0 , , , 0 0 , , 0 , 0 , , 0 , 0 , 0 , , 
, , 0 , , , , 0 0 , , , 0 0 , , 0 , 
, , , 0 , , , , 0 , , , , 0 , , , , , , , , , 0 0 0 0 

From the truth table, the equations for each output 
can be derived from the Karnaugh map. This is shown in 
Figure 16. Note that the inverse of the truth table is being 
solved so that the equation will come out in AND-NOR 
logic form. 

BINARY/DECADE COUNT DETAILS 

Recalling from the example requirements that the 
counter should count in decade whenever the BD input is 
low, we can again generate a truth table for this function 
(Table 4). Since the counter is already designed to count in 
binary, we can use this feature to simplify our design. 
What we desire is a circuit whose output goes low, 
whenever the BD input is equal to a logic level "0", and 
the counter output is equal to "9". This output can then be 
fed back to the CLR input of the counter so that it will 
reset whenever the BD input is low. Whenever the BD 
input is high, the output of the circuit should be a high 
since the counter will automatically count in binary. Notice 
that Q shown in the truth table is the function we desire. 



CLR,03,02 

01,00 ~ 

1 1 

1 1 

1 1 

1 1 

03 
r---1 

1 1 ,.,--..... 

1 1 

1 1 

1 1 

L---J 
02 

1 

1 

00 = CLRMCHCHCH + ~CHMCiHOO 

OO=CLR +00 

CLR 

1 1 1 

1 1 1 

(a) KARNAUGH MAP FOR Qii 

CLR,03,02 

01,00 "" 

1 1 

1 1 

1 1 

1 1 

03 
,-----, 

1 1 

1 1 

1 1 

1 1 

L-.J 
02 

111 

1 

CLR 

03 ,--, 

1 1 

1 1 

L--..J 
02 

1 

1 

01 = CI"RMMCiHCH + ~CHCNffioo + Ct:oAMCN0100 

at = CI"R + O1ao + 0100 

(b) KARNAUGH MAP FOR Qi 

~LR,03,02 03 

01,00" ,--, 

L--...J 
02 

CLR 

03 .---, 

L--...J 
02 

Q2 = CLRCHCH&1fH + ~CHQ201CH + Ct:oAfHQ20100 
+ Gl-RMQ2&100 

Q2 = CI'R + Q2ffi + 020100 + Q2QO 

(c) KARNAUGH MAP FOR Q2 

CLR 

03 03 

CLR,03,02 

01,00 ~ r::::::::J.. ,--, 

~ 

01 , 

.-
1 1J 1 1 

1 1 I 1 1 

1 1~ "1 
1 11 1 1 

~ 
l..--..J 

02 

~ 1 1 

( 1 1 - --' 

\ 1 1 

'\ 1 1 

~ 

OJ = CLRMIHCMCH + ~03Q2&1CH + QoboR03M01CH 
+ C4:oIIQ3CHCHOO + Ct:oA03020100 

03 = CLR + 0302 + Q3ffi + Q3Qo + 03020100 

. (d) KARNAUGH MAp FOR Q3 

Figure 16, Karnaugh Maps 

In this particular example, a Karnaugh map is not 
required because the equation cannot be further 
simplified. The resulting equation is given below. 

BD OUT = BD03020100 

Table 4. Truth Table 

BD 03 Q2 01 00 0 0 BO 030201 00 0 0 

0 0 0 0 0 0 1 0 0 0 0 

0 0 0 0 1 0 1 0 0 0 1 0 

0 0 0 1 0 0 1 0 0 1 0 0 

0 0 0 1 0 1 0 0 1 

0 0 1 0 0 0 1 0 

0 0 1 0 1 0 1 0 1 

0 0 1 1 0 0 1 o. 1 0 

0 0 1 1 0 1 0 1 1 0 

0 0 0 0 0 1 0 0 0 0 

0 1 0 0 1 0 0 0 1 0 

0 1 0 1 0 0 1 0 1 0 0 

0 1 0 1 1 0 1 0 1 1 

0 1 0 0 ·0 1 0 0 0 

0 1 0 1 0 1 0 1 0 

0 0 0 1 0 

0 0 1 0 

FUSE MAP DETAILS 

Now that the logic equations have been defined, the 
next step will be to specify which fuses need to be blown. 
Before we do this however, we first need to label the input 
and output pins on the TIBPALl6R4. By using Figure 12 
as a guide, we can make the following pin assignments in 
Figure 17. 

PIN 

1 CLK 20 VCC 
2 SELO 19 CLKOUT 
3 SELl 18 NC 
4 CLKA 17 00 
5 CLKB 16 01 
6 CLKC 15 02 
7 CLKD 14 03 
8 CLR 13 NC 
9 BD 12 BD OUT 

10 GND 11 OE 

With this information defined, we now need to insert 
the logic equations into the logic diagram as shown in 
Figure 17. 
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SElO 
8 '" .. ~1----1 1 • r-:=;,""", · (18) · f-1----1 '-'" v 

1 

• ~t----· ...... ...--..... 
(3) ... 15 =1----1 ... 

/l 

NC 

SEl1 
16 '"I---' 

• r-/----i · tJ;~ · · >-· · (4) 23 
C1 

00 ... ..x 00 
"" 

ClK~ 

24 '""/----< · ~ · ~ Ir:L (16) · ~iJ-· tJ; V-'" · ~ · ~ 

(5)~ ~ C1 

Q1 Ie: 
~ 

01 

ClKS 

ClKC 

rl---' 32 · ~/----i · f-t----i)- Ir:L (15) · ~...--..... tJ; · v · A ,.-· A 

(6) 39 
r<>: C1 
LA. 02 ... 

..x 02 
~ 

02 

» 
'C 
"2-
ri' 
Q) .... O· 

ClK D 
~ 
en 

III 
ClR 

40 ~I---' 

· -1----1 

· -t----
~) · ~~D-~ · v · · 47 ~ C1 

(7)-X ..,. 03 

d~ 
r 

... 
48 r-t----

J] · ~f--· · ~t----t>- (13) 
• · _f--

· _t----

(8) ~ 
f-f--
...... f--

... ... 

03 

NC 

'" 56 
r-f-- 1 · · (12) · · :-- v 

1 

• · (9)~ ...... ~) 

BDOUT 

SD 

Figure 17. Programmed TIBPAL16R4 
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It is now probably obvious to the reader, that 
inserting the logic equations into the logic diagram is a 
tedious operation. Fortunately, a computer program 
called PALASM will perform this task automatically. All 
that is required is telling the program which device has 
been selected, and defining the input and output pins with 

DEVICE TYPE 16R4 

PIN LIST NAt1ES = 
PIN NUMBER 1 PIN NAME 
PIN NUMBER -, PIN NAME 
PIN NU~1BER 3 PIN NAME 
PIN NUMBER 4 PIN NAME 
PIN NUMBER 5 PIN NAME 
PIN NUMBER 6 PIN NAt1E 
PIN NUMBER 7 PIN NAME 
PIN NUt1BER ::;: PIN NAt1E 
PIN NU~lBER 9 PIN NA~lE 
PIN NUMBER 10 PIN NAME 
PIN NU~lBER 11 PIN NAME 
PIN NUMBER 12 PIN NAt1E 
PIN NUMBER 13 PIN NAME 
PIN NUMBER 14 PIN NAME 
PIN NU~lBER 15 PIN NAME 
PIN NUt1BER 16 PIN NAME 
PIN NUMBER 17 PIN NAME 
PIN NUt1BER 18 PIN NAt1E 
PIN NU~lBER 1'" PIN NAME 
PIN NUMBER :20 PIN NAME 

EXPRESSIONS AND DESCRIPTION = 
EXPRESSION( 1] = 

CLK 
SELO 
SEL1 
Cl.KA 
CLKB 
CLKC 
CU:D 
CLR 
BD 
GND 
JOE 
BDOUT 
NC 
03 
02 
01 
00 
Ne 
CU~OUT 
vec 

their appropriate logic equations (Figure 18). The program 
will then generate a fuse map (Figure 19) for the device 
selected. Notice that the fuse map looks very similar to the 
block diagram (Figure 17) which we have just completed 
by hand. In addition, this information can now be down 
loaded into the selected device programmer. 

/CLKOUT=/SEL1*/SELO*/CLKA +/SEL1*SELO*/CLKB +SEL1*/SELO*/C~KC +8EL1*SELO*/CLKD 

EXPRESSION( 2] 
/QO=/CLR +00 

EXPRESSION[ 3] = 
/Ol=/CLR +/Ql*/QO +Ql*QO 

EXPRESSION[ 4] = 
/02=/CLR +/02*/01 +02*Ql*QO +/02*/00 

EXPRESSION( 3] = 
/Q3=/CLR +/Q3*/02 +/Q3*/01 +/03*/QO +Q3*02*Ql*QO 

EXPRESSION( 6] = 
/BDOUT~/BD*Q3*/Q2*/Ql*QO 

Figure 18. Pin ID and Logic Equations 
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0000 0000 0011 1111 1111 2222 2222 2233 
0123 4367 8901 2343 6789 01.23 4!:.i67 8901. 
ICl.I<OUT 

0 -
-X-- -X-- -X-- I - ISEl.l*/SEl.O*/CLKA+ 
x--- -x-- -X-- 2 - ISEL1*SELO*/CLkB+ 
-X-- X--- -X-- 3 - SELl*/SELO*/CLKC+ 
x--- X--- -X-- 4 - SEL1*SEL.O*/CU<D 
xxxx XXXX XXXX xxx x XXXX XXXX XXXX XXXX ._' -
XXXX XXXX xxx x xxx x XXXX xxx x XXXX XXXX 6 -
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX ·7 -

XXXX XXXX XXXX xxxx xxxx XXXX xxxx xxx x :.3 -
XXXX XXXX XXXX XXXX XXXX XXXX XXXX xxxx 9 -
XXXX XXXX XXXX XXXX xxx x XXXX XXXX XXXX 10 -
XXXX xxxx XXXX xxx x XXXX XXXX XXXX XXXX 11 -
xxx x XXXX XXXX XXXX XXXX XXXX XXXX XXXX 12 -
XXXX XXXX xxxx XXXX XXXX XXXX XXXX xxxx 13 -
XXXX xxxx XXXX xxxx xxxx XXXX xxxx XXXX 14 -
XXXX XXXX XXXX XXXX XXXX XXXX xxxx XXXX 15 -
100 

-X-- 16 - ICLR+ 
--x- 17 - 00 

XXXX XXXX XXXX XXXX XXXX xxx x XXXX xxxx 18 -
XXXX XXXX XXXX XXXX XXXX xxxx XXXX XXXX 1.9 -
XXXX XXXX xxx x XXXX XXXX xxxx XXXX XXXX 20 -
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 21 -
xxx x XXXX XXXX XXXX xxxx XXXX xxxx XXXX --: .. -:. -
XXXX XXXX XXXX xxxx XXXX xxxx XXXX xxx x 2:3 -
101 

-x-- 24 - ICLR+ 
---X ---x 23 - 1(J.1*/OO+ 
--X- --X- 2(,. - 01*00 

XXXX XXXX XXXX XXXX xxx x xxxx XXXX xxxx 27 -
XXXX xxxx XXXX xxxx XXXX XXXX xxxx XXXX 28 -
xxxx xxxx XXXX XXXX XXXX XXXX xxxx xxx x 29 -
XXXX XXXX XXXX XXXX XXXX XXXX XXXX xxx x ;30 -
XXXX xxxx xxxx xxx x XXXX XXXX xxxx XXXX 31 -
102 

-x-- ..,..., - ICLR+ 
---x ---x 33 - 102*/01+ 

--x- --x- --X- 34 - 02*01*00+ 
---X ---X :33 - 102*/00 

XXXX XXXX XXXX xxx x XXXX XXXX XXXX XXXX 36 -
XXXX xxx x XXXX xxx x XXXX xxx x XXXX XXXX 37 -» xxxx xxxx XXXX XXXX XXXX XXXX xxx X XXXX 38 -

"C xxxx xxxx XXXX XXXX XXXX xxx x XXXX .XXXX 39 -
'E. 103 

(;' -x-- 40 - ICl.R+ 
Q) ---X ---X 41 - 103*10.2+ 
r+ ---x ---x 42 - 1[!3*/Q1+ 
0' ---x ---X 43 - 10.3*1[!0+ 
::s --X- --X- --X- --X- 44 - 0:3*02*01*00 
t/) XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 45 -

II 
xxxx xxxx XXXX xxxx XXXX XXXX XXXX xxx X 46 -
XXXX xXXX XxXX XXXX XXXX XXXX xxxx XXXX 47 -

XXXX XXXX xxxx XXXX XXXX XXXX XXXX XXXX 48 -
XXXX xxx x XXXX xxx x xxx x XXXX XXXX xxx x 49 -
XXXX XXXX XXXX xXXX xxx x XXXX XXXX XXXX 50 -
XXXX XXXX xxxx XXXX xxx x XXXX xxxx XXXX 51 -
XXXX XXXX xxxx xxxx xxxx xxx x xxxx xxxx 52 -
XXXX xxx X xxxx xxxx xxx X xxxx xxxx XXXX 53 -
XXXX XXXX XXXX xxx x XXXX xxxx xxxx XXXX 54 -:-
xxx X XXXX xxxx XXXX XXXX xxx X XXXX XXXX 55 -
IBDOUT 

56 -
--X- ---X ---X --X- -X-- 57 - IBD*Q3*/02*/Ql*00 

XXXX XXXX xxx X XXXX XXXX XXXX XXXX XXXX 58 -
XXXX XXXX XXXX XXXX XXXX XXx X XXXX XXXX 59 -
XXXX XXX X XXX X XXXX XXXX XXXX XXXX XXXX 60 -
XXXX XXXX XXXX xxx X XXXX XXXX XXXX XXXX 61 -
XXXX XXXX XXXX XXXX XXXX xxx X XXXX XXXX 62 -
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 63 -

Figure 19 . Fuse Map 
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ADVANCED SOFTWARE 

PALASM, while extremely useful in generating the 
fuse map, does little to help formulate the logic equations. 
This is what the new software packages such as ABEL and 
CUPL address. They not only generate the fuse map, but 
they also help in deyeloping the logic equations. In most 
cases, they can generate the logic equations from simply 
providing the program with either a truth table or state 
diagram. In addition, they can test the logic equations 
against a set of test vectors. This helps ensure the designer 
gets the desired function. 

These are only a few of the features available on 
these new advanced software packages. We recommend 
that the reader contact the specific manufacturers 
themselves to obtain the latest information available. For 
your convenience, at the end of this application note we 
have included the addresses and phone numbers for many 
of these programming and software companies. 

As an example, we will approach our previous 
design utilizing DATA 1I0's ABEL package. The purpose 
here is not to teach the reader how to use ABEL, but 
rather to give them a basic overview of this powerful 
software package. Figure 20 shows the source file required 
by ABEL. Note that the 4-bit counter has been described 
with a state diagram table. When the ABEL program is 
complied, the logic equations will be generated from this. 
The equations for CLK OUT and BD OUT have been 

given in their final form to demonstrate how ABEL would 
handle these. Also notice that test vectors are included for 
checking the logic equations. This is especially important 
when only the logic equations has been given. 

Figure 21 shows some of the output documentation 
generated by the program. Notice that the equations 
generated for the counter, match the the ones generated 
by the Karnaugh maps. A pinout for the device has also 
been generated and displayed. The fuse map for the 
device has not been shown, but looks very similar to the 
one in Figure 19. As with the PALASM program, this 
information can be down loaded into the device 
programmer. 

PERFORMANCE 

Up to this point, nothing has been said about the 
performance of these devices. The Standard High Speed 
PAL (indicated by an "A" after the device number) offered 
by TI has a maximum propagation of 25 ns from input to 
output, and 35 MHz fmax. Also available is a new, higher 
speed family of devices called TIBPALs. These· devices are 
functionally equivalent with the current family and offer a 
maximum propagation delay of 15 ns from input to output. 
They are also rated at 50 MHz fmax. The higher speeds on 
these devices make them compatible with most high-speed 
logic families. This allows them to be designed into more 
critical speed path applications. 

• 
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modulQ BO_80UNT flao /-r2/ 
titl~ '4-bit binary/dpcade counter 

reI dpvi~e 'P16R4', 

pin ~s~iQnm~nt5 and constant d~~larations 
CLK_IN,SELO,SELl,CLKA 
GLKB, Gl.KC , CU(O 
CLR.BD __ IN,OE 

pin 1.,'2.,3.4: 
pin 5 .. 1:°17; 
pi n 8.9,11; 
pin 12,19; Bt.1..I1UT, CLK_OUT 

03,02,01,00 pi n 14. 15.16. 17~ 
CK. L, H, X, Z .C •• 0. 1 , .X ••• Z., 
OUTPUT 

I-:ountl~r Sto1te-S 
SO=AbOOOO; 
S!=AhOOOl : 
S2=AbOOIO, 
S3=AbOOll : 

[03. 0 2.01.00J; 

S4=AbOIOO: S8=Ab1000, 
S5=AbOl01, S9=Abl001; 
S6=-bOtIO, StO=Abl0l0; 
S7=-bOlll, SI1=-bl0l1, 

S12=-bll00 
S13=AbllOl 
S14=-bll10 
S15=Abll11 

<,quations 
.: lock se' ector 

GLK_OU1' = CLI(A ~. '8ELO ~ 'SELt 1t CLKB ~ 'SELl t. SELO 
1t CLKC " SEL 1 ~< ~ SELO 1t CLKD & SEL 1 t. SELO; 

COIJot nin~ indicator for decade counting 
BD_mIT = ~('Bn_IN ~(03 l!. ~02 t, '01 lI< (0), 

5 ta t (~_.rl i;:l.I'lr-am un, 02.01., no] 
Stat.,. SO: IF CLR 0 THEN SO ELSE 51; 
State 31: IF GLR 0 THEN SO ELSE S2; 
State 82: IF CLR 0 THEN SO ELSE 53; 
State 83: IF CLR 0 THEN SO ELSE S4, 
State S4: IF CLR 0 THEN SO ELSE S5; 
State 85: IF CLR 0 THEN SO ELSE S6; 
State 56: IF CLR 0 THEN SO ELSE S7; 
State 87: IF CLR 0 THEN SO ELSE S8; 
State S8: IF CLR 0 THEN SO ELSE S9; 
State;- S9: IF CLR 0 THEN SO ELSE S10; 
State SIO: IF CLR 0 THEN SO ELSE Sl1; 
State S11 : IF CLR 0 THEN SO ELSE S12; 
Stat.' S12: IF CLR 0 THEN SO ELSE S13; 
State S13: IF CLR 0 THEN SO ELSE S14; 
Statt? S14: IF CLR 0 THEN SO ELSE SIS; 
StatE' Sl'S: IF CLR 0 THEN SO ELSE 'SO; 

tE-5t_Vt:·ctOr-S /clock sel~ctor/ 
«(CLKA. CLI'B. CLKC, CLKD, SELl. SELO] -:> CLK_OUn 

( L X X X L. L ] -:> L; 
( H X X X L. L ] -:> H; 
( X L X L. H J -:> L; 
( X H L. H J -:> H; 
( X L H. L J -:> L; 
( X H H. L ] -:> H: 
[ X L H. H ] -:> L; 
[ X H H, H ] -:> H; 

test_vectors /counter-" 
([el.K_IN. OE, CLR. BD_INJ -:> (OUTPUT. BD_OUT]) 

( CK. l. L, X J -'\. ( SO. H J 
( CK, L H, X ] -:> 51. H ] 

CK, L H, X J -,- 52. H J 
CK. L H, J -> [ 53. H J 
CK, L H, -"' 54. H ) 

CK, L H, -:> 5'S. H J 
CK. L H, X -)- St., H ] 
CK-, L H, X -'\. 57, H J 
Cf~, L H, X -:> S8. H J 
GK, L H, L -> S9, L 
CK. L H. X -> 510. H 
CK, L H, 1 -> ( Sll. H J 
CK. L H. -:> [ S12 7 H ] 

CK, L H, -:> ( 513. H 
CK, L H. -:> ( 514. H 
CK, L H, H -:> S15. H ] 

CK. L H. X -:> SO. H ] 

X, H X. J -> [ Z H J 
.·nd BD_CClUNT 

Figure 20. Source File for ABEL 



ASEL(tm) Version 1.00 - Document Generator 
4-bit binary/dec~de counter 

Equ~tions for Module SO_COUNT 

D<'vice ICI 

Reduced Equatio~s: 

CLK_OUT = '«SELl ~ SELO ~ 'CLKD 
~ (SELl & 'SELO • 'CLKC 
# (~SELl ~ SELO • 'CLKS 
~ 'SELl. 'SELO ~ 'CLKA»»~ 

03 := '«03 ~ Q2 • 01 • 00 
It ('03 • '02 
1* ('03 t, '01 
1* ('03 ~ '00 
1* 'CLR»»); 

Page 1 

02 .- '«Q2 & 01.00 It ('02. '01 It (~02 & ~QO It ~CLR»»; 

01 .- '«01 • 00 1* ('01 • ~OO # 'CLR»); 

00 . -- '( COO 1* ~ CLR) ) ; 

ABEL(tm) Version 1.00 - Document Generator 
4-bit binary/decade counter 

Chip diagram for Module SO_COUNT 

Device ICt 

P16R4 

ClK IN VCC 
SElO ClK 
SEl1 
ClKA 00 
ClKS 01 
ClKC 02 
ClKO 03 

ClR 

OUT 

SO - IN SO OUT 
GNO OE 

end of module BD_COUNT 

Figure 21. ABEL Output Documentation 
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ADDRESS FOR PROGRAMMING AND SOFTWARE MANUFACTURERS* 

HARDWARE MANUFACTURERS 

Citel 
3060 Raymond St. 
Santa Clara, CA 95050 
(408) 727-6562 

DATA I/O 
10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 

DIGITAL MEDIA 
3178 Gibralter Ave. 
Costa Mesa, CA 92626 
(714) 751-1373 

Kontron Electronics 
630 Price Avenue 
Redwood City, CA 94063 
(415) 361-1012 

Stag Micro Systems 
528-5 Weddell Drive 
Sunnyvale, CA 94086 
(408) 745-1991 

Storey Systems 
3201 N. Hwy 67, Suite H 
Mesquite, Tx 75150 
(214) 270-4135 

SOFTWARE MANUFACTURERS 

Assisted Technologies (CUPL) 
2381 Zanker Road, Suite 150 
Santa Clara, CA 95050 
(408) 942-8787 

DATA 1/0 (ABEL) 
10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 

'Texas Instruments does not endorse or warrant the suppliers 
referenced. 

Reference 

1. H. Troy Nagle, Jr., B.D. Carroll, and David Irwin, An Introduction 
to Computer Logic. New Jersey: Prentice-Hall, Inc., 1975. 
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Structured Design 
1700 Wyatt Dr., Suite 7 
Santa Clara, CA 95054 
(408) 988-0725 

Sunrise Electronics 
524 S. Vermont Avenue 
Glendora, CA 91740 
(213) 914-1926 

Valley Data Sciences 
2426 Charleston Rd. 
Mountain View, CA 94043 
(415) 968-2900 

Varix 
1210 Campbell Rd. 
Richardson, TX 75081 
(214) 437-0777 

WaveteclDigelec 
586 Wed del Dr., Suite 1 
Sunnyvale, CA 94089 
(408) 745-0722 



General Information • 
~~~~ 

~_F_u_n~ct~io_n_a_I_ln~d_e~x __ ~~ __ ~~ ____ ~It .. RII 

RAM~,anti 1VI~11l0rY"Di::lSeU 
.,' .' Code'Converters' . 

Mechanical Data 

7-1 



7-2 



MECHANICAL DATA 

OW plastic "small outline" packages 

Each oLthese "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

20-PIN OW 

r--:~:~:~::~~:--' 

rrm-~ ~ ~ -~ ~ ~ ~ I 
10.65 (0.419) r 20 11 

10.15 (0.400) 

7.55 (0.297) 

'A'~I~G)~I~ ________________________ 1_0~1 

4 PLACES 
2.65 (0.104) ~r

70NOM 

'''F:=JiilAAAARlW ~- I - I - I I 0,490(0.019) 

0.10 (0.004) I I -+I 14--0.350 (0.014) 

0.785 (0.031) '~' . 

~ 
1.27 (0.050) TP 

NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.006). 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within ± 0,051 (0.002) exclusive of solder. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS '1.!1 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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MECHANICAL DATA 

OW plastic "small outline" packages 

24-PIN ow 

15'5(0'6101~ 
15.3 (0.6021 . 

- - - - - '-
13 

12 

0.785 (0.0311 

~ 

I::~:~:~~:t 
0.5(0'02IX4s"LI~r= ~.I 

qj )ll 
!:::F- 7° NOM JJ T 4° '4° \. 4 PLACES 

~ 1.27 (0.0501 
0.230 (0.0091 0.40 (0.0161 

NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.006). 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 
D. Lead tips to be planar within ±O,051 (0.002) exclusive of solder. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PA'RENTHETICALL Y IN INCHES 

7-4 TEXAS • 
INSTRUMENTS 
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MECHANICAL DATA 

FK ceramic chip carrier packages 

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (O,050-inch) 
centers, terminals require no additional cleaning or processing when used in soldered assembly, 

FK package terminal assignments conform to JEDEC Standards 1 and 2, 

FK CERAMIC CHIP CARRIER 
(2a-terminal package shown I 

CERAMIC CHIP CARRIERS 

JEDEC 
NO.OF A OUTLINE TERMINALS MIN MAX DESIGNATION" 

MS004CB 20 
8,69 9,09 

10.342) 10.358) 

MS004CC 28 
11,23 11,63 

10.442) (0.458) 

B 
MIN MAX 

7,80 9,09 
10.307) 10.358) 
10,31 11,63 

10.406) 10.458) 

* All dimensions and notes for the specified JEDEC outline apply, 

0,71 (0.028) I 
0,56 (0.022)"" 

~ I 2,03 (0.080) J..---+ 1,63 (0.064) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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MECHANICAL DATA 

FN plastic chip carrier package 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically non conductive plastic compound. the compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27-mm 
(O.050-inch) centers. Leads require no additional cleaning or processing when used in soldered assembly. 

FN PLASTIC CHIP CARRIER 
(2a-terminal package used for illustration) 

JEDEC NO. OF 

OUTLINE TERMINALS 

MO·047AA 20 

MO·047A8 28 

MO·047AC 44 

MO·047AE 68 

1.22 (0.048) X450 
1.07 (0.042) 

A 

MIN MAX 

9.78 10.03 

(0.3851 (0.3951 

12.32 12.57 

10.4851 10.4951 

17.40 17.65 

10.6851 (0.6951 

25.02 25.27 

10.9851 (0.9951 

MIN MAX MIN 

8.89 9.04 7.87 

(0.3501 (0.3561 (0.3101 

11.43 11.58 10.41 

10.4501 10.4561 10.4101 

16.51 16.66 15.49 

10.6501 (06561 10.6101 

24.13 24.33 23.11 

(0.9501 (0.9561 10.9101 

All dimensions and notes for the specified JEDEC outline apply. 

MAX 

8.38 

10.3301 

10.92 

10.4301 

16.00 

10.6301 

23.62 

(0.9301 

I 
SEATING PLANE 

(See Note C) 

0.81 (0.032)-t-+I 

0,66 (0.026) ~T 
I ~ (0.060) MIN 

I ~ (0.025) MIN 
1-1. 

~:~! :~:~~~: ~ I ~ 
LEAD DETAIL 

NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B. 
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 
C. The lead contact points are planar within 0,10 (0.004). 

,ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS .. 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



MECHANICAL DATA 

J cerami,c dual-in-line packages (including JO, JT, and JW) 

Each of these hermetically sealed dual-in-line packages consists of a ceramic base, ceramic cap, and a 
lead frame. Hermetic sealing is accomplished with glass. The packages are intended for insertion in 
mounting~hole rows on 7,62 (0.300) or 15,24 (0.600) centers. Once the leads are compressed and inserted 
sufficient tension is provided to secure the package in the board during soldering. Tin-plated ("bright­
dipped") leads require no additional cleaning or processing when used in soldered assembly. 

NOTE: For the 14-, 16-, and 20-pin packages, the letter J is used by itself since these packages are available only in the 7,62 (0.300) 
row spacing. For the 24-pin packages,' if no second letter or row spacing is specified, the package is assumed to have 15,24 (0.600) 
row spacing. 

14-PIN J CERAMIC 

~
19'94(0785) 
19.18 (0 755) 

Falls Within JEDEC !O-116 and @ @ @ ® @) 0 ® 

. "·~~'''··~:·''='"''"f ::: ::: I 
1+----"1--- 7,87 (0 310) Q Q Q Q \;1 Q Q 
11-_-----1+- 7,11 (O';B~r (0.290) 0 CD 0 0 0) 00 

6,22 (0.245) 

1,78 (0.070) MAX 14 PLACES --1 1,27 

Er\
(0 050) NOM ~b;-11;;;;~t;;;;;;;;;;~ GLASS 

5,08 (0 200) SEALANT 
MAX 

-SEATING PLANE 8 
lOS" 
90'" 

14 PLACESr-\14- ~ -.J I 058 (0023) 
0,36 (0014) 3.30 (0 130) --," 0:38 (0:015) 14 PLACES 

020 (0 008) MIN 2,54 (0 100) 
14 PLACES 1.78 (0070) PIN SPACING 2,54 (0 100) T P. 

4 PLACES (See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

16-PIN J CERAMIC 

Ii.. Ii.. 

ttl a,~,!~~i,~ 
~ ~~~~~~~~~~S~i~~T 

~ ~r<o ~ SEATING PLANE ---,-1---.,- I ll-+I-+t-ittO,6~2(~~~~k~IN 
16 PLACES II 0,36 (0.014) 

~~ 0,20 (0.008) j~ 0,58 (0.023) 16 PLACES 
16 PLACES -II~ 0,38 (0.015) 

~:;~ :~:~~~: 4 PLACES 

• For memories of 64 bits and up and a few MSIILSI products in Series 54174 and Series 54S/74S 
that are derived from memory circuit bars, this maximum is 7,62 (0.300). All other dimensions apply 
without modification. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

co .., 
CO 
C 
CO 
CJ 
°2 
CO 
..c 
CJ 
Q) 

~ 
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MECHANICAL DATA 

J ceramic dual-in-line packages (continued) 

la-PIN J CERAMIC r--- 23,1 (0.910) MAX--1 

"""'~I"NOM{~~:::::~ 
I ... --....,f-- ~:~~ :~:;~~: 

000000000 
1 1,27 (0.050) NOM MAX 18 PLACES 

ll\ 5,0~(X~00) 
SEATING t ' ---, 

.12§... PLANE 3,30 (0.130)1 t 
900 MIN 

18 PLACES J~0,356(0.014) """fr------ -H 
--9j \ 0,203 (0.008) 

18 PLACES 
PIN SPACING 2,54 (0.100) 

(See Note A) 

GLASS 
SEALANT 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

20-PIN J CERAMIC 

24,76 (0.975) 
toIl~t----23,62 (0.930) ----~·I 

<t. ct 

7,62 (0.300) 
6,22 (0.245) g ~:~~ :~.~~~: .m"~I"N~{~~~~ ~~~~J 0000®®0®0@ 

1 1,27 (0050) NOM 

~ -':t::~' -3-,3-0 -"(:-.13-0-) Tl---"'-~~:O~ ~ MIN I 
20 PLACES -r-------Y 

\I 0,36 (0.014) • 
.-.\ \4- 0,20 (0.008) I 

20 PLACES 

1,78 JQ.070) MAX 20 PLACES 

GLASS 
SEALANT 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS -Ii} 
INSTRUMENTS 

POST OFFICE BOX 225012 • OALLAS, TEXAS 75265 



J ceramic dual-in-line packages (continued) 

24-PIN JT CERAMIC, O.300·INCH ROW SPACING 

1-----31.8 (1.250) MAX-----' 

GLASS 
SEALANT 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

24-PIN JW CERAMIC 

~--------~~:~g:~~~:----------~ 
@@@@@@@@@@@@ 

0.63 (0.025) R 
NOM 

1,78 (t.070) I I 
0.51 (0.020)~~ I'~' 0.51 (0.020) 
0.41 (0.016) 
24 PLACES 

. PIN SPACING 2,54 (0.100) T.P. 
(See Not. A) 

Falls within JEDEC MO·015AA dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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MECHANICAL DATA 

J ceramic dual-in-line packages (continued) 

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 

JD CERAMIC-SIDE BRAZE 

.. ~------- B MAX-------~ 

~-. --

IDD;~~~~A~~~E~ . • n 
DR NUMBE",~ l-r-'f""T..,.........,...r"'I"'...,...,~ 

G)--------------------~ 

It. It. I+-- A -----tI 1,78 (0.070) 

1_ _I 0,51 (0.020) MIN 0,76 (0.030):1 t + 

Wi J.-ffiW\lVfil1fffilf: 5,08 (0.200) MAX _ SEATING * 
;;: PlANE :::J I 3,1810'1'51 MO. 

~~ 0,38 (0.015) 1.91 (0075) MAX ..j r-I J 
0,20 (0.008) --.j 1+-2,54 (0.100) NOM 0,53 (0.021) 

~~~eS~:~I~~ 0.38 (0.015) 

~ DIM 
16 18 20 22 24 

A + 0,51 (+ 0.020) 7,62 7,62 7.62 7.62 7.62 

-0.25 (-0.010) (0.300) (0.300) (0.300) (0.300) (0.300) 

B (MAX) 20.57 23,11 25.65 27.94 30.86 

(0.810) (0.910) (1.010) (1.100) (1.215) 

C (NOM) 7.37 7.37 7.37 9.91 7.37 

(0.290) (0.290) (0.290) (0.390) (0.290) 

~ 24 28 40 48 52 64 
DIM 

A +0.51 (+0.020) 15,24 15.24 15,24 15.24 15.24 22.86 
-0,25 (-0.010) (0.600) (0.600) (0.600) (0.600) (0.600) (0.900) 

B (MAX) 31.8 36.8 52.1 62.2 67,3 82.6 

(1.250) (1.450) (2.050) (2.450) (2.650) (3.250) 

.C (NOM) 15.0 15.0 15,0 15.0 15.0 22,6 

(0.590) (0.590) (0.590) (0.590) (0.590) (0.890) III ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 

7-10 TEXAS .. 
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MECHANICAL DATA 

N plastic dual-in-Iine packages (including NT and NW) 
Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. The packages are intended for insertion in mounting-hole rows on 7,62 (0.300). 15,24 (0.600). 
or 22,86 (0.900) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Leads require no additional cleaning or processing when 
used in soldered assembly. 

NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600) version is designated NW. ·If no second 
letter or row-spacing is specified, the package is assumed to have 15.24 (0.600) row-spacing. 

14-PIN N 19.8 (0780) 

«t.mi«t. 107:~~: ~~~~O) 
10250.0010) 

-.j 2.0 (0080) NOM I ~ --J 1-- 1,7810 070) MAX 14 PLACES 

fi1
-,: , 0'51(0020)~ 

~~~(0010) 5,08 (0.200) MAX ~ 

-SEATING PLANE - 084 (0 033) MIN 

~ ~~~ 
14PLACES ~\..-O,36(0.014) ~ _11_ 053310.021) 

0,25 (0.0101 ~....., r-~5i 
14 PLACES ;4 PLACES 

(See Not. B) (S .. Note B) 

PIN SPACING 2,54 (0,100) T, p, 
(See Note A) 

Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A, Each pin centerline is located within 0.25 (0,010) of its true longitudinal position, 
B, For solder-dipped leads. this dimension applies from the lead tip to the standoff, 

co ...., 
CO 
C 
(ij 
.~ 
C 
CO 

..c: 
(.) 
Q) 

~ 

TEXAS • 
INSTRUMENTS 
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MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

16-PIN N r-- 19,8 (0.780) MAX ---j 
~@@@@@@® 

<t~' ::~~~: ':::::~:::i::::::1 
2,0(0.080) NOM 00000000 

-L --i !-t-l ,78 (0,070) MAX 16 PLACES 

'to.25 (0.010) NOM t 0,51 ~i~20i~1 ~. 
5,08 (0,200) MAX -.L IT [ 

--SEATING PLANE ..-l f ~I ~ 0,84 (0.033) MIN 

'90" ,--, U U 12 PLACES 

16 PLACES -'\1-~,~~:g:g161 U~ ---11-- 0,533(0.021) 

(~:~:~E:) 3'~,:~0;~.:5~IN 0i~~L~~i;i 
~ (See Note B) 

Parts may be supplied in accordance 
with the alternate side view.t the 
option of TI plants located in Europe. 
In this case, the overall length of the 
package is 22.1 (0.870) max. 

4 PLACES PIN SPACING 2,54 (0,100) T, p, 
(See Note A) 

ALTERNATE SIDE VIEW 

~ 1'--1,78 (0.070) MAX 16 PLACES 

f O'51~~~20)~O 
5,08 (0,200) MAX L 

f.- O,8~6(~~~~)E~IN 

3,17 (0,125) MIN L~ -.j1--0531(~·~211 0,38 ( , 15 

2,41 (0,095) 16 PLACES 

'iJi2lQ.04oi PIN SPACING 2,54 (0,100) T.P, (Se. Note B) 
4 PLACES (See Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETiCALLY IN INCHES 

NOTES: A, Each pin centerline is iocated within 0,25 (0,010) of its true longitudinal position, 
B, For solder-dipped leads, this dimension applies from the lead tip to the standoff, 

18-PIN N 

7,62' 0,25 
(0.300 , 0,010) 

I ... ----+-1---6,99 (0.275) MAX 

_ i 2,03(0 080) NOM --l 1-""1,78 (0 070) MAX 18 PLACES 

"""""l:: 'O'51(0020)~1 0,25 (0 010) NOM MIN 

-SEATING PLANE 5,08 (0 2

1
00) MAX L

J
-

f -l f. O,81~(~~~~)E~IN 
_I ~ 0,279 ± 0.076 3,17 (a 125) MIN - L ~ ---ll--- 0,457 ± 0.076 
-Pj \" (a all ± a 003) (a 018 + a 003) 

18 PLACES 18 PLACES 
(S .. Note. B and C) 1,91(0 075) (See Note. B and C) 

023(0 009) PIN SPACING 2,54 (a 100) T P 
4 PLACES (See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A, Each pin centerline is located with 0,25 (0,010) of its true longitudinal position, 
B, This dimension does not apply for solder-dipped leads, 

7-12 

C, When solder-dipped leads are specified, dipped area of the lead extends from the leaa tip to at least 0,51 (0,020) above seating 
plane, 
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N plastic dual-in-Iine packages (continued) 

20-PIN N 

BT 
1,91' (0.075IJI ~ 
1,02 (0.0401 j.--
4 PLACES 

VIEWA 

7,62 ± 0,25 
(0.300 ± 0.0101 

(See Note BI 

Parts may be supplied in accordance 
with the alternate side view at the 
option of n. European-manufactured 
parts may have pin 1 as shown in 
view A. Alternate-side-view parts 
manufactured outside of the USA 
may have a muimum package length 
of 26.7 (1.050). 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 
C. Parts may be supplied with a draft angle of 7 a typical at the option of TI. 

MECHANICAL DATA 

co ..., 
CO 
C 
(ij 
(,) 

"2 
CO 
.c 
(,) 
Q) 

:?! 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

7-14 

24-PIN NT PLASTIC 

~
7'62±O'25 

(0.300 ± 0.010) 

7,1 (0.280) MAX 

-1 2,0 (0.080) NOM 

__ -.L 

51--~0',25 (0.010) NOM 

-SEATING PLANE 

105' 
goo 

24 PLACES J\-O,36 (0.014) 

\ 0,25 (0.010) 
24 PLACES 
(See Note B) 

14-_______ 31,8 (1.250) _______ -01 
28,6Tf.T25J 

':;::::.::=i!! ! : !:: !: : I 
, 00000000088@ 

0,38 (0.015) 
MIN --..I 10---1,78 (0.070) 

I I 1,14 (0.045) 24 PLACES 

'M~,"", ~ 
T· -f'-J- -oj r- 1

,14 (0.045) MIN 24 PLACES 
I I 

- ~ ~ L 0,533 (0.021) 
4,06 (0.160) I r-- 0,381 (0.015.) 
3,17 (0.125) 24 PLACES 

2,16 (0.085) (S.e Note B) ','''',~'' ~ '" ~AO'" ",,,., .00"" 
4 PLACES (See Note A) 

NOTES: A, Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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N plastic dual-in-line packages (continued) 

24-PIN NW PLASTIC, 
1----- 32,8 (1,290) MAX---------t 

@@@@@@@@@@@@ 

14'~6~550)=l CD ® ® 0 ® ® 0) ® ® @ @ @ 
2,0 (0,080) NOM H ~O,25 (0,010) NOM -1 11,78 (0,070) MAX 24 PLACES 

rT L-~~0'200)MAX 
-SEATING PLANE.....,-- -p 

~ 24 PLACES 0,51 (0,020) MIN !! I 
O,28tO,08--1~ JL~ 0,83 (0.033) MIN J- 3,17 (0,125) MIN 

(0.Q11 t 0,003) 24 PLACES 24 PLACES 
24 PLACES 0,457 :I 0,076 2,42 (0.095) MAX 
(Se. Note B) (0.Q18:1 0.003) 4 PLAcES 

24 PLACES PIN SPACING 2,54 (0,100) T, p, 
(See Note B) (See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

28-PIN N PLASTIC 

1+------36,6 (1,440) MAX------01 

<i.~(01.:~4:~~150)~<i. , . . 

0,51 (0,020) . . 1 ."~,-r -SEATING PLANE .1.. J l 5,08 (0,200) MAX t ,... ~ ----,-- . ,,,,,,. ""." 
900 0,28 ± 0,08 0 46 + 0 OS -1r (0.011 ± 0,003) , - , -J 10- !j 0,84 (0,033) MIN 

(0,018 ± 0,003) 1 27 + 051 
PIN SPACING 2,54 (0.100) T,P, j (0 050 ~ 0'020) 

(See Note A) . , 
1,52 (0.060) NOM 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A, Each pin centerline is located within 0,25 (0,010) of its true longitudinal position, 
S, For solder-dipped leads, this dimension applies from the lead tip to the standoff, 

TEXAS ~. 
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MECHANICAL DATA 

N plastic dual-in-Iine packages (continued) 

40-PIN N PLASTIC 

I' 53.1 (2.0901 MAX 'I 

"~~~~~~~~::::::::::::::::::I 
@ ,@ 

Ii. 15241 0 25 'i 
1(0.600 t 0.i)1011 I r ,1 0.51 (0.0201 

~ ?\_~",",,,,,4'-r---------------------. 
0.28tO.08 ~~ 0.457t0.076~1o-~ 

(0.011 t 0.0031 1\ (0.018 t 0.0031 I. I 
PIN SPACING 2.54 (0.1001 T.P. 

(See Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

48-PIN. 52-PIN. AND 64-PIN N PLASTIC 

rlf-®-4-4 =========~~_B_M_A_X ==============-~·I 

t=A:j '''''t :1 ~~ ~ -
~900 ~ 

~ DIM 

A ± 0.25 (0.010) 

BMAX 

(D--------------------------
PIN SPACING IS 2.54 (0.1001 T.P. 

(See Note AI 

48 52 

15.24 (0.600) 15.24 (0.600) 

62.2 (2.45) 67.3 (2.65) 

64 

22.86 (0.900) 

81.3 (3.20) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

C NOTE: A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 

£» ... 
£» 
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TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837·7530. 

ARtZONA: Phoenix (602) 995·1007; 
Tucson (602) 624·3276. 

CALIFORNIA: Irvine (714) 660·8187; 
Sacramento (916) 929·1521; 

~:~t~i~ra~~~lg~~~~5.~g6b; 
Torrance (213) 217·7010; 
Woodland Hills (818) 704·7759. 

COLORADO: Aurora (303) 368·8000. 

CONNECTICUT: Wallingford (203) 269·0074. 

FLORIDA: FI. Lauderdale (305) 973·8502; 
Maitland (305) 660·4600; Tampa (813) 870·6420. 

GEORGIA: Norcross (404) 662·7900. 

ILLINOIS: Arlington Heights (312) 640·2925. 

INDIANA: Ft. Wayne (219) 424·5174; 
Indianapolis (317) 248·8555. 

IOWA: Cedar Rapids (319) 395·9550. 

MARYLAND: Baltimore (301) 944·8600. 

MASSACHUSETTS: Waltham (617) 895·9100. 

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

MINNESOTA: Eden Prairie (612) 828·9300. 

~t~SEo~VsR!~1~in5~a9~7~~6. (816) 523·2500; 

NEW JERSEY: Iselin (201) 750·1050. 

NEW MEXICO: Albuquerque (505) 345·2555. 

NEW YORK: East Syracuse (315) 463·9291; 
Endicott (607) 754·3900; 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: FI. Washington (215) 643·6450; 
Coraopolis (412) 771·8550. 

PUERTO RICO: Hato Rey (809) 753·8700 

TEXAS: Austin (512) 250·7655; 
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) 785·7140. 

~~~~~~d ~~~~~nnt~rr~am6\6m.~~~·11;970; 
SI. Laurent, Quebec (514) 335·8392. 

TI Regional 
Technology Centers-
CALIFORNIA: Irvine (714) 660·8140, 
Santa Clara (408) 748·2220. 

GEORGIA: Norcross (404) 662·7945. 

ILLINOIS: Arlington Heights (312) 640·2909. 

MASSACHUSETTS: Waltham (617) 895·9197. 

TEXAS: Richardson (214) 680·5066. 

CANADA: Nepean, Ontario (613) 726·1970 

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

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

TI AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
Diplomat Electronics 
General. Radio Supply Company 
Graham Electronics 
Hall·Mark Electronics 
Kierulff Electronics 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Time Electronics 
R.V. Weatherford Co. 
Wyle Laboratories 
Zeus Component, Inc. (Military) 

TI AUTHORIZED DISTRIBUTORS IN 
CANADA 

Arrow Electronics Canada 
Future Electronics 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

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

ALABAMA: Arrow (205) 837·6955; 
Hall·Mark (205) 837·8700; Kierulf! (205) 883-6070; 
Marshall (205) 881·9235. 

ARIZONA: Arrow (602) 968·4800; 
Hall·Mark (602) 437·1200; Kierulf! (602) 437·0750; 
Marshall (602) 968·6181; Wyle (602) 866·2888. 

CALIFORNIA: Los Angeles/Orange County: 
Arrow (818) 701·7500, (714) 838·5422; 
Hall·Mark (818) 716·7300, (714) 669·4700, 
(213) 217·8400; Kierulf! (213) 725·0325, (714) 731·5711, 
(714) 220·6300; Marshall (818) 407·0101, 
(818) 442·7204, (714) 660·0951; 
R.V. Weatherlord (714) 966·1447, (213) 849·3451, 
Wyle (213) 322·8100, (818) 880·9001, (714) 863·9953; 
Zeus (714) 632·6880; 
Sacramento: Arrow (916) 925·7456; 
Hall·Mark (916) 722·8600; Marshall (916) 635·9700; 
Wyle (916) 638·5282; 
San Diego: Arrow (619) 565·4800; 
Hall·Mark (619) 268·1201; Kierulf! (619) 278·2112; 
Marshall (619) 578·9600; Wyle (619) 565·9171; 
San Francisco Bay Area: Arrow (408) 745·6600; 
(415) 487·4600; Hall·Mark (408) 946·0900; 
Kierulf! (408) 971·2600; Marshall (408) 943·4600; 
Wyle (408) 727·2500; Zeus (408) 998·5121. 

COLORADO: Arrow (303) 696·1111; 
Hall·Mark (303) 790·1662; Kierulf! (303) 790·4444; 
Wyle (303) 457·9953. 

CONNECTICUT: Arrow (203) 265·7741; 
Diplomat (203) 797·9674; Hall·Mark (203) 269·0100; 
~W~~~~ i~g~1 ?~~:rim; Marshall (203) 265·3822; 

FLORIDA: FI. Lauderdale: Arrow (305) 429·8200; 
Diplomat (305) 974·8700; Hall·Mark (305) 971·9280; 
Kierulf! (305) 486·4004; Marshall (305) 928·0661; 
Orlando: Arrow (305) 725·1480; 
Hall·Mark (305) 855·4020; Marshall (305) 841-1878; 
Milgray (305) 647·5747; Zeus (305) 365·3000; 
Tampa: Arrow (813) 576·8995; 
Diplomat (813) 443·4514; Hall·Mark (813) 530·4543; 
Kierulfl (813) 576·1966. 

GEORGIA: Arrow (404) 449·8252; 
Hall·Mark (404) 447·8000; Kierulff (404) 447·5252; 
Marshall (404) 923·5750. 

TEXAS 
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ILLINOIS: Arrow (312) 397·3440; 
Diplomat (312) 595·1000; Hall·Mark (312) 860·3800; 
Kierulfl (312) 250·0500; Marshall (312) 490·0155; 
Newark (312) 784·5100. 

INDIANA: Indianapolis: Arrow (317) 243·9353; 
Graham (317) 634·8202; Hall·Mark (317) 872·8875; 
Marshall (317) 297·0483; 
FI. Wayne: Graham (219) 423·3422. 

IOWA: Arrow (319) 395·7230. 

KANSAS: Kansas City: Arrow (913) 541·9542; 
Hall·Mark (913) 888·4747; Marshall (913) 492·3121. 

MARYLAN 0: Arrow (301) 995·0003; 
Diplomat (301) 995·1226; Hall·Mark (301) 988·9800; 
Kierulf! (301) 636·5800; Milgray (301) 995-6169; 
Marshall (301) 840·9450; Zeus (301) 997·1118. 

MASSACHUSETTS: Arrow (617) 933·8130; 
Diplomat (617) 667·4670; Hall·Mark (617) 667·0902; 
Kierulf! (617) 667·8331; Marshall (617) 272-8200; 
Time (617) 532-6200; Zeus (617) 863·8800. 

MICHIGAN: Detroit: Arrow (313) 971·8220; 
Marshall (313) 525·5850; Newark (313) 967·0600; 
Grand Rapids: Arrow (616) 243·0912. 

MINNESOTA: Arrow (612) 830·1800; 
Hall·Mark (612) 941·2600; Kierulff (612) 941·7500; 
Marshall (612) 559·2211. 

MISSOURI: St. Louis: Arrow (314) 567·6888; 
Hall·Mark (314) 291·5350; Kierulf! (314) 739·0855. 

NEW HAMPSHIRE: Arrow (603) 668·6968. 

NEW JERSEY: Arrow (201) 575·5300, (609) 
596·8000; Diplomat (201) 785·1830; 
General Radio (609) 964·8560; 
Hall·Mark (201) 575·4415, (609) 235·1900; 
Kierulf! (201) 575·6750, (609) 235·1444; 
Marshall (201) 882·0320, (609) 234·9100; 
Milgray (609) 983·5010. 

NEW MEXICO: Arrow (505) 243·4566. 

NEW YORK: Long Island: Arrow (516) 231·1000; 
Diplomat (516) 454·6400; 
Hall·Mark (516) 737·0600; Marshall (516) 273·2053; 
Milgray (516) 420·9800; Zeus (914) -937·7400; 
Rochester: Arrow (716) 427·0300; 
Marshall (716) 235·7620; Diplomat (716) 359·4400; 
Syracuse: Arrow (315) 652·1000; 
Marshall (607) 798·1611. 

NORTH CAROLINA: Arrow (919) 876·3132. 
(919) 725·8711; Hall·Mark (919) 872-0712; 
Kierulf! (919) 872·8410; Marshall (919) 878·9882. 

OHIO: Cfeveland: Arrow (216) 248-3990; 
Hall·Mark (216) 349·4632; Kierulff (216) 831·5222; 
Marshall (216) 248·1788. 
Columbus: Arrow (614) 885·8362; 
Hall·Mark (614) 888·3313; 
Dayton: Arrow (513) 435·5563; 
Graham (513) 435·8660; Kierulff (513) 439·0045; 
Marshall (513) 236·8088. 

OKLAHOMA: Arrow (918) 665·7700; 
Kierulfl (918) 252·7537. 

OREGON: Arrow (503) 684·1690; 
Kierulll (503) 641·9153; Wyle (503) 640·6000; 
Marshall (503) 644·5050. 

PENNSYLVANIA: Arrow (412) 856·7000, 
(215) 928·1800; General Radio (215) 922·7037. 

RHODE ISLAND: Arrow (401) 431·0980 

TEXAS: Austin: Arrow (512) 835·4180; 
Hall·Mark (512) 258·8848; Kierulff (512) 835·2090; 
Marshall (512) 837·1991; Wyle (512) 834·9957; 
Dallas: Arrow (214) 380·6464; 
Hall·Mark (214) 553·4300; Kierulfl (214) 343·2400; 
Marshall (214) 233·5200; Wyle (214) 235·9953; 
Zeus (214) 783·7010; 
Houston: Arrow (713) 530·4700; 
Hall·Mark (713) 781·6100; Kierulff (713) 530·7030; 
Marshall (713) 895·9200; Wyle (713) 879·9953. 

UTAH: Arrow (801) 972·0404; 
Diplomat (801) 486·4134; 
Hall·Mark (801) 268·3779; Kierulff (801) 973·6913; 
Wyle (801) 974·9953. 

WASHINGTON: Arrow (206) 643·4800; 
Kierulff (206) 575·4420; Wyle (206) 453·8300; 
Marshall (206) 747·9100. 

WISCONSIN: Arrow (414) 792·0150; 
Hall·Mark (414) 797·7844; Kierulfl (414) 784·8160; 
Marshall (414) 797·8400. 

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) 661·0220; 
Future (416) 638·4771; 
Vancouver: Future (604) 294·1166 
Winnipeg: Future (204) 339·0554 

so 



TI Worldwide 
Sales Offices 
ALABAMA: Huntsville: 500 Wynn Drive, Suite 5t4, 
Huntsville, AL 35805, (205) 837-7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 85021, (602) 995·1007. 

CALIFORNIA: Irvine: 17891 Cartwright Rd., Irvine, 
CA 92714, (714) 660·8187; Sacramento: 1900 Point 
West Way, Suite 171, Sacramento, CA 95815, 

~~i~~ 9J:'~~~1 b~:gno~~2~2~~~~ (~\~) 2~~~0~~e, 
Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA 
95054, (408) 980·9000; Torrance: 690 Knox SI., 
Torrance, CA 90502, (213) 217·7010; 
Woodland Hills: 21220 Erwin SI., Woodland Hills, 
CA 91367, (818) 704·7759. 

COLORADO: Aurora: 1400 S. Potomac Ave., 
Suite 101, Aurora, CO 80012, (303) 368·8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial 
Park Rd., Barnes Industrial Park, Wallingford, 
CT 06492, (203) 269·0074. 

FLORIDA: FI. Lauderdale: 2765 NW. 62nd SI., 
Ft. Lauderdale, FL 33309, (305) 973·8502; 
Maitland: 2601 Maitland Center Parkway, 
Maitland, FL 32751, (305) 660·4600; 
Tampa: 5010 W. Kennedy Blvd., Suite 101, 
Tampa, FL 33609, (813) 870·6420. 

GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662·7900 

~r~il~g~~~: ~~\;~t~~LH~b~~~~,<j!i) ~4t~g~~qUin, 
INDIANA: FI. Wayne: 2020 Inwood Dr., Ft. Wayne, 
IN 46815, (219) 424·5174; 
Indianapolis: 2346 S. Lynhurst, Suite J.400, 
Indianapolis, IN 46241, (317) 248·8555. 

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200, 
Cedar Rapids, IA 52402, (319) 395·9550. 

MARYLAND: Baltimore: I Rutherford PI., 
7133 Rutherford Rd., Baltimore, MD 21207, 
(301) 944·8600. 

MASSACHUSETTS: Waltham: 504 Totten Pond Rd., 
Waltham, MA 02154, (617) 895·9100. 

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd., 
Farminglon Hills, MI 48018, (313) 553·1500. 

MINNESOTA: Eden Prairie: 11000 W. 78th St., 
Eden Prairie, MN 55344 (612) 828·9300. 

MISSOURI: Kansas City: 8080 Ward Pkwy., Kansas 
City, MO 64114, (816) 523·2500; 
SI. Louis: 11816 Borman Drive, SI. Louis, 
MO 63146, (314) 569·7600. 

NEW JERSEY: Iselin: 485E U.S. Route I South, 
Parkway Towers, Iselin, NJ 08830 (201) 750·1050 

NEW MEXICO: Albuquerque: 2820·0 Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345·2555. 

NEW YORK: East Syracuse: 6365 Collamer Dr., East 
Syracuse, NY 13057, (315) 463·9291; 
Endicott: 112 Nanticoke Ave., P.O. Box 618, Endicott, 
NY 13760, (607) 754·3900; Melville: I Huntington 
Quadrangle, Suite 3Cl0, P.O. Box 2936, Melville, 
NY 11747, (516) 454·6600; Pittsford: 2851 Clover St., 
Pittsford, NY 14534, (716) 385·67'(0; 
Poughkeepsie: 385 South Rd., Poughkeepsie, 
NY 12601, (914) 473·2900 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 527·0930; 
~~em;l6(~;~ig~6'f7l5s Blvd, Suite 100, Raleigh, 

OHIO: Beachwood: 23408 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464·6100; 

gU~o5~3~:(~{~')Y2~~~~7i124 Linden Ave, Dayton, 

OREGON: Beaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643·6758. 

PENNSYLVANIA: FI. Washington: 260 New York Dr., 
Ft. Washington, PA 19034, (215) 643·6450; 
Coraopolis: 420 Rouser Rd., 3 Airport Office Park, 
Coraopolis, PA 15108, (412) 771·8550 

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg., 
Suite 505, Hato Rey, PR 00919, (809) 753·8700. 

TEXAS: Austin: P.O. Box 2909, Austin, TX 78769, 
(512) 250·7655; Richardson: 1001 E. Campbell Rd., 
Richardson, TX 75080, 
(214) 680·5082; Houston: 9100 Southwest Frwy., 
Suite 237, Houston, TX 77036, (713) 778·6592; 
San Antonio: 1000 Central Parkway South, 
San Antonio, TX 78232, (512) 496·1779. 

UTAH: Murray: 5201 South Green SE, Suite 200, 
Murray, UT 84107, (801) 266·8972. 

VIRGINIA: Falrlax: 2750 Prosperity, Fairfax, VA 
22031, (703) 849·1400. 

WASHtNGTON: Redmond: 5010 148th NE, Bldg B, 
Suite 107, Redmond, WA 98052, (206) 881·3080 

WISCONSIN: Brooklleld: 450 N. Sunny Slope, 
Suite 150, Brookfield, WI 53005, (414) 785·7140. 

CANADA: Nepean: 301 Moodie Drive, Mallorn 
Center, Nepean, Ontario, Canada, K2H9C4, 
(613) 726·1970. Richmond Hili: 280 Centre SI. E., 
Richmond Hill L4C1Bl, Ontario, Canada 
(416) 884·9181; SI. Laurent: Ville SI. Laurent Quebec, 

~~~OaJ~a~:S~~~~~~1~):r:i'5si:i9~aurent, Quebec, 

ARGENTINA: Texas Instruments Argentina 
S.A.I.C.F.: Esmeralda 130, 15th Floor, 1035 Buenos 
Aires, Argentina, I + 394·3008. 

AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6·10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 
2 + 887·1122; 5th Floor, 418 St. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267·4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255·2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B116, A·2345 BrunnlGebirge, 
2236·846210. 

BELGIUM: Texas Instruments N.V. Belgium SA: 
Mercure Centre, Raketstraat 100, Rue de la Fusee, 
1130 Brussels, Belgium, 21720.80.00. 

BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524·7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. . 

DENMARK: Texas Instruments AIS, Mairelundvej 
46E, DK·2730 Herlev, Denmark, 2 ·91 7400. 

FINLAND: Texas Instruments Finland OY: 
ig~!~ils~3.skatu 19000511 Helsinki 51, Finland, (90) 

FRANCE: Texas Instruments France: Headquarters 
and PrOd. Plant, BP 05, 06270 Vilieneuve·Loubet, 
(93) 20·01·01; Paris Office, BP 67 8·10 Avenue 
Morane·Saulnier, 78141 Velizy·Viliacoublay, 
(3) 946·97·12; Lyon Sales Office, L'Oree D'Ecully, 
Batiment B, Chemin de la Forestiere, 69130 Ecully, 
(7) 833-04·40; Strasbourg Sales Office, Le Sebastopol 
3, Quai Kleber, 67055 Strasbourg Cedex, 

&858~c£2~:;n6~s~(9£eii.~~:~; ~~~I~~;;,u~~I~a~Y~~'e, 
Le Peripole-2, Chemin du Pigeonnier de la Cepiere, 
31100 Toulouse, (61) 44·18·19; Marseille Sales Office, 
Noilly Paradis-14S Rue ParadiS, 13006 Marseille, 
(91) 37·25·30. 

TEXAS 
INSTRUMENTS 

GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH: Haggertystrasse I, 
D·80S0 Freising, 8161 +80·4591; Kurfuerstendamm 
1951196, 0·1000 Berlin 15, 30 + 882·7365; 111, Hagen 
43lKibbelstrasse, .19, 0·4300 Essen, 201·24250; 
Frankfurter Allee 6·8, 0-6236 Eschborm 1, 
06196+8070; Hamburgerstrasse II, 0·2000 Hamburg 
76,040+220·1154, Klrchhorsterstrasse 2,0·3000 
Hannover 51, 51 1+648021; Maybachstrabe I I, 
0·7302 Ostfildern 2·Nellngen, 711 +547001; 

~~~\~~2~~31Jl9, ~~~t7:s~~~re, ~~5:&t ~~~1~~1; 
261 +35044. 

HQNG KONG (+ PEOPLES REPUBLIC OF CHINA): 
Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 + 722·1223. 

IRELAND: Texas Instruments (Ireland) Limited: 
Brewery Rd., Stillorgan, County Dublin, Eire, 
1831311-

ITALY: Texas Instruments Semiconduttori Italia SPi!: 
Viale Delle Scienze, 1,02015 Cittaducale (Rieti), 
Italy, 746 694.1; Via Salaria KM 24 (Palazzo Cosma), 
Monterotondo Scala (Rome), Italy, 6+9003241; Viale 
Europa, 38·44, 20093 Cologno Monzese (Milano), 
22532541; Corso Svizzera, 185, 10100 Torino, Italy, 
I I 774545; Via J. Barozzl 6, 40100 Bologna, Italy, 51 
355851. 

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama 
Fuji Bldg., 6·12, Kita Aoyama 3·Chome, Minato·ku, 
Tokyo, Japan 107, 3·498·21 11; Osaka Branch, 5F, 
Nissho Iwal Bldg., 30 Imabashl 3· Chome, 
Higashi·ku, Osaka, Japan 541,06·204·1881; Nagoya 
Branch, 7F Dainl Toyota West Bldg., 10·27, Meiekl 
4·Chome, Nakamura·ku Nagoya, Japan 
450, 52·583·8691. 

KOREA: Texas Instruments Supply Co.: 3rd Floor, 

T~g'~~0~:~~o~~~~a:4~f~8o~angnam.ku, 
MEXICO: Texas Instruments de Mexico SA: Mexico 
City, AV Reforma No. 450 - 10th Floor, Mexico, 
D.F., 06600, 5 +514'3003. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bldg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain. Arabian Gulf, 973 + 274681-

NETHERLANDS: Texas Instruments Holland B.V., 
P.O. Box 12995, (Bullewljk) 1100 CB Amsterdam, 
Zuid·Oost, Holland 20+5602911. 

~~~;-;::~3reo~~d~~t~"a':~~~ (~)of5;6~'S: PB106, 

PHILIPPINES: Texas Instruments Asia Ltd.: 14th 

~~~~ti~~e\~g~!~i~;,d~hi~~~rn~;~~". g~~~~~s, 
PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico 
Ulrich, 2650 Moreira Da Maia, 4470 Maia, Portugal, 
2·948·1003. 

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Asia Ltd.: 12 Lorong 
Bakar Batu, Unit 01·02, Kolam Ayer Industrial Estate, 
Republic of Singapore, 747·2255. 

SPAIN: Texas Instruments Espana, SA: CIJose 
Lazaro Galdiano No.6, Madrid 16, 11458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): Box 39103, 10054 
Stockholm, Sweden, 8 . 235480. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH·8953 Dietikon (Zuerich) SWitzerland, 
1·7402220 

TAIWAN: Texas Instruments Supply Co.: Room 903, 
205 Tun Hwan Rd., 71 Sung·Kiang Road, Taipei, 
Taiwan, Republic of China, 2 + 521·9321-

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA. England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT, England, 61 + 442·7162. 
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