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IMPORTANT NOTICE

Texas Instruments (T} reserves the right to make changes in the
devices or the device specifications identified in this publication
without notice. Tl advises its customers 1o obtain the latest version
of device specifications to verify, before placing orders, that the
information being relied upon by the customer is current.

Tl 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
utitized to the extent Tl deems such testing necessary to support this
warranty. Uniless 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, Tl assumes no
liability for Tl 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 Tl warrant
or represent that any license, either express or implied, is granted
under any patent right, capyright, 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 Tl in the US before January 1985.

Copyright © 1985, Texas Instruments Incorporated
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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 Schottky T TTL memories (PROMs, RAMs, and memory-based code converters).

TVs 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 impiemented 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 TI's standard PROMs and new high-speed Series 3 IMPACT PROMs, including:

® 256-Bit, 1K, and 2K PROMs suitabie 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
1K, 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, Tl offers the 16K, 2K x 8 Series 3
PROMSs in a 300-mil, 24-pin DIP, and 28-pin chip carrier packages.

TI’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-um Feature size
® 7-u Metal pitch

® Walled emitter

@ jon implant

® Oxide isolation

® Composed masks

PAL is a registered trademark of Monolithic Memories Inc.
TImegratecl Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,9765.
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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 LS| 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 Tl semiconductor product is available from your nearest Tl field sales office,
local authorized T 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 (ElA) for use in the USA and by the International
Electrotechnical Commission (IEC) for international use.
PART | — 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
equivalent gates or circuitry of similar complexity.
Memory Cell
The smellest 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.
i
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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 programmable 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 aitered 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 (SSIH)

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

Typical (TYP)
A calculated value representative of the specified parameter at nominal operating conditions {Vcc =5V, TA=25°C),
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.

{i’
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GLOSSARY

PART 2 — OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS)

fmax

lcc
fccH

lccL

hH

loH
loL

los (lo)

lozH

lozL

Maximum clock frequency

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 Ve supply terminal of an integrated circuit.

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

Supply current, outputs low
The current into* the Vcc 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.

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

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.

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.

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).

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 product specification, will establish the high-impedance state at the output and with a high-

level voitage 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.

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.

TexAS {5‘
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GLOSSARY

VIH High-level input voltage

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 timits is guaranteed.
1 ViK Input clamp voltage
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage
swing.
o
g ViL Low-level input voltage
2 An input voltage level within the less positive (more negative) of the two ranges of values used to represent
=R the binary variables.
T NOTE: A maximum 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.
1)
3 VOH High-level output voltage
2’, The voltage at an output terminal with input conditions applied that, according to the product specification,
g' will establish a high level at the output.
VoL 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.

ta Access time

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

output.

tdis 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. (tgis = tpHz Of tpL2).

ten Enable time (of a three-state output)

The time interval between the specified reference points on the input and output voitage 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 tpz ).
th Hold time

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 hotd 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 reiease of the signal and the active transition) for which correct operation
of the digital circuit is guaranteed.

tpd 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. (1pd = tpHL or tPLH)-

+*p
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GLOSSARY

tpHL

tpHZ

tPLH

tpL2

tpzH

tpzL

tsu

tw

Propagation delay time, high-to-low 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.

Disable time (of a three-state output) from high 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 high level to a high-impedance (off) state.

Propagation delay time, low-to-high-level output

The time between the specified reference paints 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.

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.

Sense recovery time

—d

General Information

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.

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.

Pulse duration (width)

The time interval between specified reference points on the leading and trailing edges of the pulse

waveform.

{i’
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EXPLANATIDN OF FUNCTION TABLES
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The following symbols are used in function tables on T| data sheets:

H = high level {steady state)
L = low level (steady state)
1 = transition from low to high level
! = transition from high to low level
- = value/level or resulting value/level is routed to indicated destination
(A = value/level is re-entered
X = irrelevant {any input, including transitions)
Z = off (high-impedance) state of a 3-state-output
a..h = the level of steady-state inputs at inputs A through H respectively
Qo = level of Q before the indicated steady-state input conditions were established
50 = complement of Qg or level of Q before the indicated steady-state input conditions were
established
Qn = level of Q before the most recent active transition indicated by { or 1

one high-level pulse

-

= one low-level pulse

TOGGLE each output changes to the complement of its previous level on each transition indicated

by i or T.

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 T 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, Qq, or Qg}, 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, or L[, the pulse follows the indicated input transition
and persists for an interval dependent on the circuit.)

{ip
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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 QUTPUTS FOR OPEN-COLLECTOR QUTPUTS

v

V2 Vee
R1 RL Rpq
FROM OUTPUT FROM QUTPUT FROM OUTPUT
UNDER TEST UNDER TEST UNDER TEST
CL R2 Cy (See Note A} cL Rz
{See Note A) | | {See Note A) l
- T =

LOAD CIRCUIT THEVENIN EQUIVALENT TEST CIRCUIT FOR USE WHEN

CIRCUIT R(1 AND R| 3 ARE SPECIFIED
VOLTAGE VALUES
Vee
MEASUREMENTS Vee V1 v2
5.5V 56§V | 37V RL
5.25 V 5.25 Vv 3.5V FROM OUTPUT
tPLH and tpHL 475V | 475V | 32V UNDER TEST
4.5V 45V 3V
LITHZ and tpzH ALL ov ov C) {See Note A)
[ tpLz and tpzi. ALL 5V [ 33V I
RESISTOR VALUES =
TEST CIRCUIT FOR USE WHEN
lotMAX? R1 R2 RL SINGLE Ry IS SPECIFIED
24 mA 20090 | 4000 133 Q
20 mA 2400 | 48009 160 0
16 mA 3000 | 6000 | 200Q
12 mA 400 Q 800 267 Q
8 mA 6000 | 1.2k0 | 40090

TSee Recommended Operating Conditions.

NOTE A: C includes probe and jig capacitance.

TIMING HIGH-LEVEL A

INPUT

VOLTAGE

WAVEFORMS

SETUP AND HOLD TIMES

PULSE t 15V 15V h

I tw ] ov
— oty —¥

) 1 3v
]
15v 15V

L —— —ov

LOW-LEVEL
PULSE

VOLTAGE WAVEFORMS
PULSE WIDTHS

Ttmﬁs{y
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SERIES

1 AND 2 PROMs, RAMs, MEMORY-BASED CODE CONVERTERS

—

PARAMETER MEASUREMENT INFORMATION

—————————— — 3V

15V \KLS v
INPUT | | ov
| | ] g T~~~ VoH
IN-PHASE 15V |
. 5V
OUTPUT | !

& !
3 | voL
2 l‘—tPHL——D’ '4—— tPLH ——PI
L t v
- OUT-OF-PHASE } I oH
- 15V S5V
3‘ OUTPUT 1
§ ————=— VoL
oy VOLTAGE WAVEFORMS
= PROPAGATION DELAY TIMES
[=]
3
3V
QUTPUT CONTRAOL 15V 15V
{Low-level enabling)
; /7 R ov
|
l¢——tpzL —»| oLz —»]
I II — av2 | {See Note C) : ~ V2
WAVEFORM 1 |
= |
{See Note B) : Vi=15sV |
| R VoL
‘G——‘PZH——’l |
| |
WAVEFORM 2 I T VoH
{See Note B) V¢=15V 1 |
tPHZ =0V
|<Ee Note?:)_’i
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. Tl normally measures tpp 7z and tplz by reading at the 1.5-volt (Vy} point on the waveform and subtracting the RC time from
the reading. v2 v
For tp; 7, RCin = VOL M3X g subtracted from the reading.
V2 - V¢
For tpyz, RCin Vomin is subtracted from the reading.
Vi
D. in the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
E. Allinput pulses are supplied by generators having the tollowing characteristics: PRR < 1 MHz, Zgyt = 50 Q, tr = 2.5 ns,
tf = 2.5 ns.
T {l’
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SERIES 3 PROMs

PARAMETER MEASUREMENT INFORMATION

Vee
s1 Vee
R1 R1
FROM OUTPUT TEST FROM OUTPUT
UNDER TEST [ POINT UNDER TEST
R2Q
c >
L 1 Ci A2
(See Note A) b (See Note A)
L = =
LOAD CIRCUIT FOR LOAD CIRCUIT FOR
THREE-STATE OUTPUTS OPEN-COLLECTOR QUTPUTS
RESISTOR VALUES
1oL MAXT R1* R2*
24 mA 200 @ 400 Q
20 mA 240 @ 480 @1
16 mA 300 @ 600 @
12 mA 400 @ 800
8 mA 600 @ 1.2 k@
TSee Recommended Operating Conditions.
*Unless otherwise specified.
NOTE A: C| includes probe and jig capacitance.
TIMING 3v HIGHLEVEL /= .\ 3v
INPUT 15V oy PULSE ¥15V 15V
A _t ______ ' t i ov
-ty ¢ th W " »
| A | tw ! 3v
DATA 15v 15V LOW-LEVEL \15V 15V
INPUT ov PULSE o ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS
— ———— — 3V
INPUT 16V 18V OUT:_l;T
i L ov ?I(?N Iavscl)L
-t -
‘PLH—F——N PHL enabling}
P H "~ Vo
INPHASE | 15v | 15V
ouTPUT i | } — VoL WAVEFORM 1
! S1CLOSED : == v,
tPHL——H > tpLH {See Note B} I \ 3 Yo
: | Von PZH —eol N tPHZ g
OUT-OF PHASE 15V 15V | pr— e — Vou
OUTPUT v - WAVEFORM 2 [
e —— VoL S10PEN . .
{See Note Dj {See Note B) ~0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES 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 = 1 MHz, t; = tf = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S$1 is closed.
i
TExas b
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SERIES TIBPAL', PAL’, TIFPLA DEVICES

PARAMETER MEASUREMENT INFORMATION

7v
Vee L R =R1=R2
81
FROM OUTPUT R
OM ouT TEST FROM OUTPUT TEST
UNDER TEST POINT UNDER TEST POINT R1
CL=R RL FROM OUTPUT TEST
o {See Nota A) CL UNDER TEST POINT
g {See Note A) CL= R2 2
3
[¢] L {See Note A}
- =
2
5 LOAD CIRCUIT FOR =
o BISTATE LOAD CIRCUIT FOR LOAD CIRCUIT FOR
§ TOTEM-POLE OQUTPUTS OPEN-COLLECTOR QUTPUTS THREE-STATE OUTPUTS
Y]
=4
(=) NOTE A: Cy includes probe and jig capacitance.
=
TIMING asv HIGHLEVEL /. N\~ 35V
INPUT 1.3V PULSE 13 v 1.3v .
_:_: ______ 03V —— t s 03V
.- tg, 9 th B - >
DATA L~ QF 35V | b : 3sv
INPUT 1.3V 1.3V LOW-LEVEL 1.3V 13v
03V PULSE L —— — o3V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS
INPUT \ “1 ;v— Ty QUTPUT 38V
713V N CONTROL 13v 13v
! ! 03v {low-level
Iﬁ‘PLH.‘ h‘PH Lﬂ‘ enabling) —»l
IN-PHASE ! | T o~ — Vou :
OUTPUT ' 13V G WAVEFORM 1 I
T i VoL (s1 CLOSED) ! ‘e 3= VoL
[LATETR ] e tpL 4™ See Note B . |
TOF P N LH i Vou e ! Bkl s
QUT-OF PHASE 13V 13v WAVEFORM 2 ; === Von
OUTPUT S10PEN
—— — VoL
(See Note D) (See Nate B} ~0 V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROQPAGATION DELAY TIMES 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. Altinput pulses have the following characteristics: PRR < 1 MHz, t; = t; = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
1-16 v
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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 54L8189A J -00

Prefix /

Must contain two to four letters

SN = Standard Prefix

General Information

Unique Circuit Description

Must contain four to eight characters

Examples:
7489
54185A
74LS319A
5451898

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.)

Must contain two numbers

— 00 No special instructions
— 10 Solder-dipped leads (N and NT packages only)

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

Ql’
Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



ORDERING INFORMATION

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.

G
g These two digits
@ comprise the
; series designation
5- EXAMPLE: TBP 2 8 SA 8 6 M J
= T TT T T T T ‘L
2 Prefix Package Type
3 TBP = standard prefix 7 J,JT,JW = ceramic dual-in-line
8 wep= macH v N.NT,NW = plastic dual-in-line
[] SNM processing FH, FK = ceramic chip carrier
S cPB = MIL-STD-883B Miltory FN = plastic chip carrier
vendor-equlv'alem S Product
SNC processing Versions !
JBP = JEDEC standard
MIL-STD-883B L Temperature Range
SNJ processing : No designator {commerciall 0°C to 70°C
- M —55°C to 125°C
TSee Tl publication CB233A for detailed
explanation and processing flow diagrams.
Package Sizet
Row Spacing in
Inches (Millimeters)
G ic Prog ing Family No. of 0.300 0.400 0.600
Pins (7.62) (10,16) (15,24)
Output Word Width 16 0 - -
18 1 — —
Output Type 20 2 — —
S = standard three-state 22 3 4 —
L = low-power three-state 24 5 — 6
R = registered three-state 28 — — 7
SA = standard open-collector 40 — — 8
LA = low-power open-coliector ‘Package-size designation is not applicable with chip
RA = registered open-collector carrier (FC, FE, or FN}, and should be replaced with
SR = shadow register the letter X for this package type.
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
+p
118 Texas
INSTRUMENTS
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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 PAL 16 R 8 -15 c N 1
Prefix /
TI Bipolar Leadership g
PAL Circuit Designator =
(5]
Product Family Designator g
[=]
A
Input Regi Type c
No Designator = No Input Register E
R = D-Type Register a',
T = Transparent Latch Register 5
O
Number of Array Inputs
Output Configuration Desig
R = Registered
L = Active Low
X = Exclusive-OR
Number of Qutputs in the .
Designated Configuration
Performance Desi
HIGH SPEED LOW-POWER
A A-2
-15 -25
Temperature Range
C = Commerical {0°C to 70°C)
M = Military (- 55°C to 125°C)
Pack Type
N = 20-Pin Plastic DIP
J = 20-Pin Ceramic DIP
NT = 24-Pin, 300-mil Plastic DIP
JT = 24-Pin, 300-mii Ceramic Dip
JW = 24-Pin, 600-mil Ceramic DIP
NW = 24-Pin, 600-mil Plastic DIP
FN = Plastic Chip Carrier
FH, FK = Ceramic Chip Carrier
PAL is a registered trademark of Monolithic Memories Inc.
T *IP
EXAS 1-19
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESS FOR PAL AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS*

HARDWARE MANUFACTURERS

Citel

3060 Raymond St.
Santa Ciara, CA 895050
{408) 727-6562

DATA 1/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 i/O (ABEL)
105625 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
2428 Charleston Rd.
Mountain View, CA 94043
{415} 968-2900

Varix

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

Wavetec/Digelec

586 Weddel Dr. Suite 1
Sunnyvale, CA 94088
{408) 745-0722

Monolithic Memaries Inc. (PALASM)

2175 Mission Coliege Blvd.
Santa Clara, CA 95050
{408} 970-9700

General Information

*Texas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA 1O, 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 Tl sales representative.

XAS {’) 1-21
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESS FOR PROM PROGRAMMING AND SOFTWARE MANUFACTURERS*

HARDWARE MANUFACTURERS

Citel Sunrise Electronics
3060 Raymond St. 524 S. Vermont Avenue
Santa Clara, CA 95050 Glendora, CA 91740
(408) 727-6562 (213) 914-1926

DATA I/O Valley Data Sciences
10525 Willows Rd. 2426 Charleston Rd.
Redmond, WA 98052 Mountain View, CA 94043
{206) 881-6444 (415) 968-2900
DIGITAL MEDIA Varix

3178 Gibralter Ave. 1210 Campbeli Rd.
Costa Mesa, CA 92626 Richardson, TX 75081
(714)'751-1373 (214) 437-0777
Kontron Electronics Wavetec/Digeiec

630 Price Avenue 586 Weddel Dr., Suite 1
Redwood City, CA 94063 Sunnyvale, CA 94089
(415) 361-1012 (408) 745-0722

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

SOFTWARE MANUFACTURERS

Assisted Technologies (CUPL) Monolithic Memories Inc. (PLEASM)
2381 Zanker Road, Suite 150 2175 Mission College Blvd.

Santa Clara, CA 95050 Santa Clara, CA 95050

(408) 942-8787 (408) 970-9700

DATA 1/0 (ABEL}, {(PROMLINK)
10525 Willows Rd.

Redmond, WA 98052

(206) 881-6444

*Texas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA 1/0. Other
programmers are now in the certification process. For a current list of certified programmers, please contact your local T sales representative.

1.22 Texas Q‘
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FUNCTIONAL INDEX

GATES AND INVERTERS

POSITIVE-NAND GATES AND INVERTERS

TECHNOLOGY
STD
DESCRIPTION Tvee || oats jas ik | st s | VOLUME
Hex 2 Input Gates 804 . B cF ]
. e o ole 2|
‘04
Hex Inverters A L] 3
1004 .
L] L] * . L] 2
‘00
Quadruple 2 Input Gates A . 3
1000 A .
L o|eo & o 2
Triple 3 input Gates 10 A . 35 |
["1010 A 3 ]
o ele|ele 2
20 _
Duat 4 Input Gates A L] 3
[1020 A
* . L] L] L] 2
8 Input Gates 30
A . 3s
. 2
13-Input Gates 133 <
3
Dual 2 Input Gates ‘8003 .
POSITIVE-NAND GATES AND INVERTERS WITH OPEN-COLLECTOR OUTPUTS
TECHNOLOGY
STD
DESCRIPTION TYPE || ALs |as|H | L|LS|s | vowme
. . e e 2
05
Hex Inverters A 3
1005 .
) . . 2
o -
. 3
Quadruple 2-Input Gates 03 . | & e 2
A
3
1003 A
Triple 3 Input G 2 -2 ° 2
T nput Gar
ple P ares A s ﬂJ
Ld [ L] 2
Dual 4 Input Gates 22 1.
8 | 3 |
POSITIVE-AND GATES
TECHNOLOGY
TO
DESCRIPTION TYPE in ALS |AS| H | LS| S | vOLUME
Hex 2 Input Gates ‘808 s |8 CF
L] d . 2
‘08
Quadruple 2 Input Gates o |o ,
1008 A le
" L] L] L] 2
Trple 3 input Gates A e 3s
1011 A 3
Dual 4 | 21 b 2
ual nput Gates Py ry 3
Trple 4 Input AND/NAND ‘800 A
CF Denotes contact factory

® Denotes available technology.
A Denotes planned new products.

A Denotes ‘A’ suffix version available in the technology indicated.
B Denotes ‘‘B’’ suffix version available in the technology indicated.

S Denotes supplement to data book.

POSITIVE AND GATES WITH OPEN-COLLECTOR QUTPUTS

TECHNOLOGY
STD
DESCRIPTION Tvee | 0 lais| as| m|ts|s | volume
- e | 2
Quadruple 2 Input Gates 09 + 3
- » LJ 2
Trple 3 Input Gates 15
L 3
POSITIVE-OR GATES
TECHNOLOGY
STD
DESCRIPTION TP | |ALs| As|Ls | s | voLume
Hex 2 Input Gates 832 e | 8 cF
. . L 2
‘32
Quadruple 2 Input Gates o e
1032 2 [ e 3
Triple 4 Input ORINOR 802 A
POSITIVE-NOR GATES
TECHNOLOGY
STD
DESCRIPTION Tvee | D0 | sl as| L fis]s | vowume
Hex 2 Input Gates ‘805 e | B ce |
* L * . 2
‘02
Quadruple 2 Input Gates o | e 5 -
1002 a
. L) 2
Tnple 34nput Gates ‘27
. . 3
Dual 4-Input Gates with Strobe| 25 . 2
Dual 5-input Gates 1260 .
SCHMITT-TRIGGER POSITIVE-NAND GATES AND INVERTERS
TECHNOLOGY
STD
DESCRIPTION Tvee | Tl aLs|as|is | s | voLume
TTL
14 . L
Hex Inverters
‘19 L]
Octal Inverters 619 .
13 L .
Dual 4 Input Positve NAND 2
8 0
Trple 4 nput Positive NAND 618 0
a e 2 Input P NAND 24 °
uadrupie nput Positive 132 - Py o
CURRENT-SENSING GATES
TECHNOLOGY
DESCRIPTION TYPE VOLUME
as] as|is
[ Tel =
DELAY ELEMENTS
T Y
DESCRIPTION Typ [TECHNOLOGY] |\
AlS[As [Ls
I N {1
nverting and Nomnverting Elements . R 5
2 input NAND Butfers

{ip
TEXAS
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FUNCTIONAL INDEX

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS

GATES, BUFFERS, DRIVERS, AND BUS TRANSCEIVERS

AND-OR-INVERT GATES

TECHNOLOGY WITH 3-5TATE OUTPUTS
STD —
DESCRIPTION Tvpe |l oas fas ikl s s:l VOLUME TECHNOLOGY
T
2 Wide 4 input 55 e[e[o | DESCRIPTION TYPE | IALS [AS[LS | S | vOLUME
4 Wide 4 2-3 2 Input 64 D) T
, +— [ oo 2
4 Wide 2 2.3 2 mpat 54 . 241
2 A e 3
4 Wide 2 lnput 54 [ I D 2
4 Wide 2 3-3.2 input [ s o e 244 J T ;
Dua! 2 Wide 2 Input 51 ] @ T ealeiale 1 P 5
465
Nomnveting A 3
AND-OR-INVERT GATES WITH OPEN-COLLECTOR OUTPUTS
Octal Bulfers Drvers 267 . 2
TECHNOLOGY A 3
DESCRIPTION rvee 30 |ais |as|s | voume 541 * 2
T . CF
4-Wide 4-2.3.2 Input ‘ 65 \ . ) 2 4) 1281t a
J’wzui Al 3
EXPANDABLE GATES EER .
T - - 2
240 [—
- TECHNOLOGY \ — :
DESCRIPTION TYPE | T | Aus ASIH | L |Ls | voLume 166 . 2
— - Inverting Octal A 3
ual 4 -nput Positive NO ) e 8uiters Drvers M L] 2
With Strobe 468 ol R )
4 Wide AND OR 52 - B
2 [ 2
4-\Wide AND OF INVERT 53| a i 540 o
2 Wide AND OR INVERT 55‘_? : o e o -
J - - : L]
Octal Bulters Davers
EXPANDERS N
245
TECHNOLOGY Octal Transcevers { a2 |a 3
ST0 1245 ~ 35
DESCRIPTION TYPE ALS [ AS | H | VOLUME ] .
™ 165 A a 2
Dual 4 Input ‘60 [ 3 Noninverting i ‘J 3
Trple 3 Input 61 . 2 Hex Bufters Drivers 267 LA 2 2
32 2 3nput AND-OR 62 . a 3
266 |2 a 2
BUFFER AND INTERFACE GATES WITH OPEN.COLLECTOR OUTPUTS Inverting s 3
TECHNOLOGY Hex Bufters Drivers 168 A A 2
e a2 | | | 3
DESCRIPTION sTD
TYPE ALS (AS [LS | S | VOLUME 125 | ® A
T Quad Butfers Onvers e T 5
07| e R with independent 25 - — 2
17 ° Output Controls 226 . [ 1
35 . 35 .
el T e R 243 — \
— '06 | I - Quad Transcevers PyeT : i
z i
Hex fnverter 6 l | \ ] e 2
Toot ! | Inverting | 242 T
- Quad Transceivers AL 2
%o 5 ‘ [ v2aze a |
e 2 hall [Quad Teanscewers wah Storage [ 226 .
Quad 2 tnput Posibve NAND 3 \ 12 (nput NAND Gate 1
}j) 2 Controfler and Bus Driver
1003 A [ for BOBOA System
- e | 2
Quad 2 Input Positive NOR 33 5
BUFFERS, DRIVERS. AND BUS TRANSCEIVERS WITH OPEN.COLLECTOR OUTPUTS
TECHNOLOGY DESCRIPTION S |VOLUME
DESCRIPTION STO| acs | as | is| s | vorume [ Hex 2-1nput Positve NAND ‘804 [els
T [ Hex 2 inut Positve NOR 805 e s | o
Nommverting 743 4 cF [ Hex 2 Input Positive-AND ‘808 [e1s
g . -
Octal Butters Drivers 757 L 3 ) [Hex 2-input Positive-OR 832 [ el ® |
760 bt [Quad 2 Irput Positive NOR 128 |
[7a2 Iy cF Dual 4 Input P NAND 140 b ’
Inverting Octal 756 T [ ual 4 Input Positive [
Butters Duvers 763 ) CF Denotes Contact Factary
Inverting and Noninvertng 762 . s ® Denotes available technology.
Octal Buffers Drivers ] A& Denotes planned new products.
Nomnverting Quad Tran: s 759 . | ¥ Denotes very low power.
Inverting Quad Transcewers 758 . A Denotes A’ suffix version available in the technology indicated.
otes supplement to data .
S Denotes s lement to data book

{i’
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884

FUNCTIONAL INDEX

BUFFERS, DRIVERS, TRANSCEIVERS, AND CLOCK GENERATORS

BUFFERS, CLOCK/MEMORY DRIVERS

TECHNOLOGY
DESCRIPTION TYPE ?rf aLs |As [H[1s |s ‘ VOLUME J
Hex 2 input Positive NAND ‘804 L) B
Hex 2-input Positive NOR 805 e | B o
Hex 2-Input Positive-AND 808 « (B
Hex 2-Input Positive-OR 832 e |8 |
Hex Inverter 1004 L) .
‘34 A . 3
Hex Buffer s <o l }
37 o o o 2
Quad 2 Input Positive NAND A ) 5
+1000 A e
Ld . 2
28 =
Quad 2 Input Positive-NOR 503 =
1036 .
Quad 2-Input Positive AND 1008 Ale
Quad 2-Input Positive-OR 1032 A e 3
Trple 3-Input Positive NAND 1010 A
Triple 3 Input Posiuve AND 1017 A
Triple 4-Input AND NAND "800 a
Triple 4-Input OR-NOR 802 a
3 o e | e 2
40
Dual 4 Input Positive-NAND A 3 ‘
1020 A
Line Dnver:Memary Driver 436 .
with Series Damping Resistor | 2
Line Driver:Memory Driver 437 [ o]
81/TRI-DIRECTIONAL BUS TRANSCEIVERS AND DRIVERS
TYPE TECHNOLOGY
DESCRIPTION OF | rvee | aus I as|Ls l s | volume
ouTPUT
| Quad with Bt Dwection 3 State | 446 | .|
Controls 3Stwte | 449 .
ocC 440 .
oc 447 .
[3siate | a2 . 2
Quad Trdirection oo 1243 <
3 State | 444 .
oC 448 D
[ 4 8t with Storage 3 State | 226 .
OCTAL BUS TRANSCEIVERS/MOS DRIVERS
[ TECHNOLOGY ]
DESCRIPTION TYPE ST:T ALS| AS |ts | § | vOLUME
Invernng Outputs, 3 State 2620 hd
2640 . 3
True Outputs 3 State 2623 A
2645 o 1

OCTAL BUFFERS AND LINE DRIVERS WITH INPUT-OUTPUT RESISTORS

DESCRIPTION

Input Resistors

TECHNOLOGY

Output Resistors

CF Denotes contact factory

® Denotes available technology.
A Denotes planned new products.

A Denotes ““A’’ suffix version available in the

S Denotes supplement to data book.

laverting Outputs [ 736 ‘
[ Nonnverting Outpuss, ZZE o
Inverting Outputs 2540 - i |

Noninverting Outputs | 12541 . | J

technology indicated.

OCTAL BI-; TRI-DIRECTIONAL BUS TRANSCEIVERS

TYPE TECHNOLOGY
of
DESCRIPTION TYPE | ALS | as | Ls | voLuMe
OuTPUT
A e 3
5 Srate 245 5 -
Al e 3
621 S .
A |e 35
Low 3 Stae 623 -
12 va 24 A48 mABL mA [ Power ~
a ] . B
Sk T Outputs 0C 3 St 639 u
. 2
Al 3s
3 State 652 ] < -
a y
0C 3% | 654 3 5
oc 621 | &
wory Low
’ [ st 1623 | & 3
Puwer
UC 45w | 1639 | A
A | e 3s |
3 State 620 " |
K 35
or 672 -t =
‘2 mA 24 mA AR wASd mA | Liw N +
0C 3stae | 638 [
Sek lrertng Outhus P . g
a | ® 35
A Srae 651 - .
a .
0C 35w | 683 - .
4 State 620 | &
0C iz | A
Of 45w | 1618 | a
Al e
ac a1
o . P
12 mA 28 mA S8 A BA mA | Power A | e .
3 otate bas
Sk e Out . W 2
e Low o s
a | e
350ate 640 -
Low | . 2
121004 24 mA 48 - Brnne A | e 3
e 4z
Seerumting Our hd -
very on sswe | tean| A ‘I
e oc 647 | A 3
Al e
§ State 623 - -
12 mA 26 mA 48 mA B2 T S
Sk True and ac 6as < >
erting Dutpots
Vere Low 3 State 1633 | 4
3
Paver ot 1643 | &
Al e 35
Hearste e aith K il § s nat S [ s |
12 MA 24 ma 45 mA 64 mA
A IR
True Outputs ot 6a: o
2
Al 35
Hipatersd wirh Mulne xed 4 St 548 < 3
17 MA 24 A 48 A B A
A [
worting D s o 634 5 .
6 . 35
Uniiversar Trar s e
3 Stare 852 .
Bo Controliens CF
856 | . ‘{

Ttnﬁs‘y
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FUNCTIONAL INDEX

FLIP-FLOPS

DUAL AND SINGLE FLIP FLOPS QUAD AND HEX FLIP FLOPS

TECHNOLOGY

DESCRIPTION DESCRIPTION

VOLUME

Duat J K Edge Tragered

NO OF sTD
DESCHIPTION UTPUT | TYPE aLs | as
BITS T
_ s —
-— - .
. i 3 State | 378
Single J K Edge Trggered ‘ue Dats Outa |
3 State | 673 D
o — N R
| Jstae | 273
L]
Dual Pulse Trggered True Data wath Clear | Octer | 3 State | 675 .
1 35t
4 State
Te w with Enable [ 2 State |
! S e

Singly Pulse Trggernd

Qctal

oy

Dual J K with Data

Lockout N R N Ivertiog wien Clear | Octat s
Single J K with Data »73 State
Octal | 3 State

110 L et b Prosed
Lockout iverning weth Presel >
* N . e o 4 e Octal 3 State | B25
Dual © Type 4 A . — " Octal | 3 State | 826
— 3B

CF

981 | 3State | 824
3 State | 821

3 Staw | B22

Inverting

|

]

3 State | ‘823 ]
]

]

i

10 Bt

CF Denotes contact factory.

® Denotes available technology.

A Denotes planned new products.

A Denotes 'A’" suffix version available in the technology indicated.
B Denotes 'B’" suffix version available in the technology indicated.
S Denotes supplement to data book.

v/
26 TExas b
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FUNCTIONAL INDEX

LATCHES AND MULTIVIBRATORS

QUAD LATCHES

1 TECHNOLOGY
sTD
DESCRIPTION oUTPUT | TYPe | "I ALS | As| L (LS| voLumE
B | 2 State H e Te e
Dual 2 811
2 State e ol
Transparent . - J
2 State 375 i .
[on 25w | 29 | e 11 A

RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

VOLUME

DESCAIPTION TYPE
122
Simgae 30| e
422 . 2
o 23 e | o] |
s -
- ss] ] [ el |
O-TYPE
OCTAL. 9 BIT. AND 10-BIT RAD-BACK LATCHES
TECHNOLOGY
NO. OF STD VOLUME
DESCRIPTION TYPE ALS | AS | LS
BITS TTL
Edge Trggered Invertin
dge Trggered Inverting ootal 395 N
and Noninverting
Octal 990 a
Transparent Tra 9B | 992 A
o8Bt | 994 A
Octal | 991 a .
Tiansparent Noninverting 3 Bit 992 A i
1084 | 994 A
Transparent with Clear
Octal 666 A
True Outouts
Transparent with Clear R
Qg tal 667 A
Inverting Qutputs

CF Denotes contact factory.

® Denotes available technology.
A Denotes planned new products,
S Denotes supplement to data book.

OCTAL 9 BIT. AND 10 BIT LATCHES

- T TECHNOLOGY
NO OF
DESCRIPTION 8ITS OUTPUT | TYPE VOLUME
: 268
2
3 State i
franspane 0 373
| 3
3 St | 573
2 State | 100
Dual 4 Bit ~ 2
Octae 2 State 116 L]
Tracvsparent i =
: | 3State | 873 DRI
’ 3 State | 533 o« | e
vertna Tarparent Octar 3 Stae | 563 [e
N 3 State a80 . . 3
Dua 4 Bt .
Octa | 3S1aw | 880 o | e
Inverting Transparent o
3State | 604 0
> Inpt it Ot oc 605 b
2 1hput Multipexea o
' Pexe 3Saw | 608 . 2
ac 607 .
L]
L Addressatile Ot 2 State 259
Iy 3
.
Mol Made Bufteread Cetal 3 Stare a7 . 2
Tine Gaa | 3Staie | 845 ale
Inverting Octal | 3 Stae | 846 NI
T 9Ba | 3State | 843 A [ e ;‘5
Serting 981 | 3Sae | 844 4| 5
(T 1061 | 3Stae | 841 [ s
Mvering " Toee | 3swe | 842 | [a
MONOSTABLE MULTIVIBRATORS WITH SCHMITT TRIGGER INPUTS
I TECHNOLOGY
STD 1
DESCRIPTION TYPe | [ ALS| AS| LS | | vOLUME
Soale - 1 e v
S 7' 201 ® . ?
ll” il e a _ 1.2 | * 1 | i

‘Qi’
TeEXAas
INSTRUMENTS
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FUNCTIONAL INDEX

REGISTERS

SHIFT REGISTERS

SIGN-PROTECTED REGISTERS

NC MODES TECHNOLOGY —‘ NO MODES TECHNOLOGY
1 . TaTe
GESCRIPTION ofF |l lalol ree | sto DESCRIPTION ofF l.).lglaTree VOLUME
P ALS [ AS [ L [ LS voLUMI ALS | AS
evs [2|4[S[8 T ® ¢ srs [#|%[9] 8
Sign Protected x| Tx[x] 322 A Sign Protected Register 8 | x| [x[x | 322 [ Al 2 ]
X[x|x|x 198 . 2
Paraliel In .| e REGISTER FILES
Paralle) Out B 1 x 299 . 3
araliel Ou 4 [__TEchNoLOGY
Bidwectionat . 2
x[ x| x [x 3 STD VOLUME
13 e | & 3 DESCRIPTION OUTPUT | TYPE (“L ALS | AS | LS
L A . .
4 x|x|x|x | r9a : 8 Words = 2 Bite 3State | 172 | e
b ’ oc 170 | e . 2
Paraliel In 4 Words » 4 Buts
x| x| x|x | &n . 3 State | 670 .
Paralier Qut
a 3 State | 870 A
Registered Dual 16 Wards x 4 Bits 3
x| x| x|x 672 . 2 3 State 871 A
Outputs
8 x X[ X 1 .
o OTHER REGISTERS
s |« [x 9% | » B
A | 8 2 TECHNOLOGY
1| o8 . 35 ST VOLUME
DESCRIPTION TYPE as |as | L [is |s
Pacaliel In x x a9 . TTL
Parallet Qut [ 1x]x| 178 | o 2 98 . ,
a [T x T e [ e . .
Quadruple Muttipescrs 298
. aje 2 " s hd 3
x| |x 195 wih Starage 3
A 3 hd
x x 295 B 2 2
A 2 ¥ Bt Univarsal Shitt 298 o |
x| |x 395 < 3 g ot 9 PRI B
1% | % x x| &7 . Qaadruple Bus Butter ) ]
Senat In 2 103 . A
. ol . Registers 2
Par x
arael Out 8 164 > 3 Octal Stotage Regrster T | |
16 x x| X B74 . )
. A
Paraliel In x| | x|x | 185
» i
Senal Out 8
- A 2
x x| x 166
- 3
Senai In B X 81 A L] .
2
Senat Out 4 X X g4 .
SHIFT REGISTERS WITH LATCHES
NO TECHNOLOGY
DESCRIPTION OF OQUTPUTS | TYPE VOLUME
ALs| as | Ls
8IS
Paratlel In. Paraliel-Out 4 3State | 671 )
with Qutput Latches 3 State 672 .
16 2 State | ‘673 D
Senial-In, Pasaliel-Out Buffered | ‘594 .
with Output Latches 8 3 State ‘595 .
ocC ‘596 L 2
oc '599 .
Parallel In, Seral Out. B 2 State | 597 .
with [nput Latches 3 State '589 *
Paraliel 10 Ports with
Input Latches. Multiplexed 8 3 State | 598 .
Senial Inputs

® Denotes available technology.

A Denotes planned new products.

A Denotes “'A"" suffix version available in the technology indicated.
B Denotes ‘B’ suffix version available in the technology indicated.
S Denotes supplement to data book.

Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS TEXAS 75265
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FUNCTIONAL INDEX

COUNTERS

SYNCHRONOUS COUNTERS - POSITIVE EDGE TRIGGERED

ASYNCHRONOUS COUNTERS (RIPPLE CLOCN}

NEGATIVE-EDGE TRIGGERED

N

CF Denotes contact factory.

@ Denotes available technology.

A Denotes planned new products.

A Denotes ""A’’ suffix version available in the technology indicated.
B Denotes ‘‘B’’ suffix version available in the technology indicated.
S Denotes supplement to data book.

PARALLEL TECHNOLOGY PARALLEL TECHNOLOGY
DESCRIPTION TYPE [ STD VOLUME
DESCRIPTION conp | TTPE] S0 [ T T T s [s | vorume L0AD as|asl s s
TTL TTL
S 160 |2 [ A 2 Set to 9 30 A .
e B e CF 68 D
0 Al e F) } Decade i Yes 176 | ®
Syne 162 ) Yes 96| e . |
Decade — Ble | 1 o
Sync 560 a 3 } Set109 | 290 | e .
Sync '668 . None 93 A *| o
Syne 690 . 69 . 5
Sync 692 D 2 4 Bit Binary Ves 177 ®
s B L Yes 197 L] L .
vne 168 R £ Nore | 293 ® 0
. . 2 Diide by 12 None 92 A L
Asvne | 190 . 3 Noww | 390] .
Oual Decade
Decade Up Down R 192 o e 2 Settod | a30| o [
svne 0 Oual 4 Bit Binary None 393 e K
3
Sync 568 A
Sunc 696 » 8-BIT BINARY COUNTERS WITH REGISTERS
Svne | 1698 hd TYPE TECHNOLOGY
Decade Rate 1 Async 67| . 2 DESCRIPTION OF TYPE VOLUME
Muitipler N1O | Setwo9 ouTPUT ALS| AS [LS
Sync 61 2 [ | Parallel Register 3 State | 590 i [
Ble CF Outputs oC 591 I 0
L a L] 2 2
Syne 163 3 o Parallel Register Inputs 2 State | 592 [ .
L]
4 Bit Bina Porallel 1 O 3 State | 593 0
ronary G z 5 (orater 1€ !
Svac 569 hd FREQUENCY DIVIDERS, RATE MULTIPLIERS
Sync 691 . ,
Sync 693 . TECHNOLOGY
DESCRIPTION TYPE | STD VOLUME
Sync 169 fle aLs| AS |LS
v
FRID 35 TTL
. . 7 50 1o 1 Frequency Divider 56 .
sora Asyne ot . 2 60 t0 1 Frequency Divider 57 ) ,
" Binaty j . e o 2 60 Bit Binary Rate Multiptier 97 .
Up Down Asyre 193 . Decade Rate Multiplier 67 .
3
Svnc 569 A
Syns: 697 L]
Svnc 59Y . 5
6 Bit Binary T
oy 9/ L]
Rate Mottpler N2
Asyne CLR 867 .
8 Bit Up Down 0
Svac CLR | 869 .

/]
TeExas *’
INSTRUMENTS
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FUNCTIONAL INDEX

DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS AND SHIFTERS

DATA SELECTORS/MULTIPLEXERS

DECODERS/DEMULTIPLEXERS

TYPE TECHNOLOGY TYPE TECHNOLOGY
DESCRIPTION or rveelso [ T T T VOLUME DESCRIPTION or frveeistol T, o | VoLume
QUTPUT T ouTPUT ™ 'S
2 State 150 4 2 47016 3 State “154 L] *
16 To1 3 State  |'250 . ocC 159 | @
3State | 850 . 35 47010 BCO To Decimal| 2 State | 42| A e e
3-State | 851 D 470 10 Excess 3 To S st A 2
Dual 8 To 1 3Stare | 351 | ) Decimal e *
A . 4 To 10
2Stare [151 010 Excess 3Gay | )5 | aal a .
o |e 35 To Decimal
25wte |52 A » 131
. < 2 3708 with Address 3
St 1 atchy
6701 3 State |25 P DY 3 Latches 2 Swate [137 < ]
3 State_| 354 D S5 128 3|
2 State | 3585 . et | D 2
3 State | 356 . 2 3 State  |'538
oC ['357 . 3
2 State | 139
L Ld L] A 4
2 State  |'153 Dual 2 To 4
- . | e 3 | 2State | 165 @ a |l | 2
. 2 oC 156 | @ . ]
c 3State | 253 T+ 3 ST E Deesa <
s Dusl 4 To 1 : ual 1 To 4 Decoders 3 State |'539 a 3]
. L]
2] 2 State | 352
-, « |o 3 CODE CONVERTERS
D ?
g 3 State [ 353 Py 3 j TECHNOLOGY _ |
- : DESCRIPTION TYPE | STD VOLUME
o 3 State | 604 ° iy
- Octal 2 To 1 with Stor oc 505 2 6 Line BCD to 6 Line B o4 L 4L
— c wi rage !
5 9 G T e0e A 5 ne 106 Line Bnary O 4 Line to 4-Line | .
BCD 9's BCD 10's Converters 2
a ac 607 . cocs 51 8C A
® TSt % - 81t Binary 10 6 811 BCD Converters 185
ot - - 2 BCD 10 Binary Converters 484 A R
2s 298
Quad 2 To 1 with Storage | = o < T Binary 10 BCD Converters 185 A
2 Sate | 395 ° PRIORITY ENCODERS/REGISTERS
2 State | 399 . 2 ER;
. L) L]
2 swte | 187 TECHNOLOGY
CRID 3 DESCRIPTION TYPE | STD VOLUME
" B Tr || asiis
2 Swate | 1158 . [ 3 Fuli BCD 147 [
Quad 2 To 1 5 > e - b .
3 State | 257 Octal 128 | @ . 5
Ale CF Cascadable Octal with 3 State Outputs, ‘348 .|
st | 258 g 2 4 B Coscadabie with Remsters 1218] » B
Ale CF
6 o0 ) Universal SHIFTERS
3 State | '857 . | 3
Multiplexer
TECHNOLOGY
CRIPTH TPUT |TYPE| STD VOLUME
DES on ou s ALs|AS [L |LS |S
Last
4 Bit Shitter 3 State | 350 hd 2
Paraliel 16 Bit
Mult Mode 3 State | 897 A 5
Barrel Shifter J
CF Denotes contact factory.
@ Denotes available technology.
A Denotes planned new products.
A Denotes “A’’ suffix version available in the technology indicated.
B Denotes “‘B’" suffix version available in the technology indicated.
S Denotes supplement to data book.

INSTRUMENTS
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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 BESCRIPTION TYPE TECHNOLOG VOLUME
DESCRIPTION output |Tvee [sTo | | | g [voLume as[asis | s
VOLTAGE st L stem Controllers Unsursal of For BBS' 890 A 5
v 45 | ® . Transparent | 4K 16K 600 A
| Memory
60 v ‘141 . H Burst Mades 64K 601 A
BCD To Decimal | Retresh |
15 v ‘145 . - Cycle Steal 4K, 16K 602 A
Controllers
7V ‘445 . Burst Mades | 64K 603 A
30V 46 | A D Memory Cy ol Controfler 608 . 5
15V a7 | A DD [3 state 612 .
Mumory Mappers
55V 48 | @ . ) [oc 613 .
55V 49 | o . Memory Mappers [ 3 stare 610 D
; r
4 With ateh O n L]
BCO To Seven Segment 30V 246 [ ® ith Output Latches C 6
15V 227 [ @ . Mot Mode Latehes i80B0A Applications, a12 .
7V 347 .
7V 447 . CLOCK GENERATOR CIRCUITS
: : x 2:2 : : TECHNOLOGY
TYPE | STD VOLUME
DESCRIPTION in. ats | as |ts | s
OPEN COLLECTOR DISPLAY DECODERS/ORIVERS WITH COUNTERS/LATCH
Quadruple Complermentary Output 265 -
TECHNOLOGY Logic Elements
DESCRIPTION Tvee [sTO T T o |votume Dual Pulse Synchronizers Drvers 120 [ e
™ 320 .
Crystal Controlied Oscillators 2
BCD Counter:4 Bit Latch:BCD To Decimal 2| e 321 .
DecoderDriver Digital Phase Lock Loop ‘297 .
BCD Counter/4 Bit Programmable Frequency 292 .
Latch/BCD-To-Seven-Segment w3l e 5 Drviders Digital Timers 294 .
DecoderiLad Drver Tugle 4 nput AND NAND Drwvers 800 A 3
BCD Counter,4-Bit [ Tuple & Input OR NOR Divers 802 | a
Latch/BCD-To-Seven-Segment as | . [ buarveo 1247 | 1 [ . 2 |
DecoderiLamp Driver
VOLTAGE-CONTROLLED OSCLATORS
DESCRIPTION TECHNOLOGY
. TYPE VOLUME
N COMP'L RANGE [
° ENABLE Roxt | Max s | s
VCOs 2oyt INPUT MHz
Single Yes Yes Yes | No | 20 | 624 D
Single Yes Yes Yes | Yes | 20 | '628 D
Dual No Yes Yes | No | 60 |‘124 . z
Dual Yes Yes No | No | 20 ['626 .
Dual No No No | No | 20 |'627 .
Dual No Yes Yes | No | 20 [B29 .
RESULTANT DISPLAYS USING ‘46A, "47A, ‘48, ‘49, 'L46, 'L47, ‘LS47, 'LS48, 'LS49, '1S347
[ | [N | [ [ i 2 — =
(] [T o | R ) o} Y | | oy —_ =
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESULTANT DISPLAYS USING ‘246, "247, ‘248, ‘249, 'LS247, 'LS248, 'LS249, 'LS447
1 ] ) ] [l Dy =i — | — 11— l_
(S [N o | o | o gy [ — =
o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESULTANT DISPLAYS USING 143, “144
1 |l p == =i
Lt 11! N | 3 [} L ]
0 1 2 3 4 5 6 7 8 9
® Denotes available technology.
A Denotes planned new products
A Denotes “’A"’ suffix version available in the technology indicated.
884 N
Texas b 2.11
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FUNCTIONAL INDEX

COMPARATORS AND ERROR DETECTION CIRCUITS

N

X3puj |euonouny

4-BIT COMPARATORS PARITY GENERATORS/CHECKERS.
ERROR DETECTION AND CORRECTION CIRCUITS
DESCRIPTION TECHNOLOGY
OUTPUT TYPE | STD VOLUME
P Q|P.Q|P: Q[OUTPUT ALS | AS | L s |s NO TECHNOLOGY
ENABLE TTL —
DESCRIPTION OF | TYPE | STD VOLUME
Yes | Yes | No [ 2 Srate Yes 85 . e | o (o 2 ALS | AS[LS | S
8ITS TTL
g8 | 180 ®
8-BIT COMPARATORS 2
Odd Even Panty s | 280 ol e
DESCRIPTION TECHNOLOGY Generators Checkers A 3
— OUTPUT TYPE VOLUME 9 286 A 3
INPUTS P Q|P Q|P-Q|P -Q |OUTPUT ALS |AS | LS —
ENABLE 3 State 8 636 . 5
Yes | No No No o Yes 518 . oC 8 637 .
20 K No Yes No No 2 State Yes 520 L4 K 3 State 16 616 A 5
- No | ves | No | No ac Yos 522 | @ oc 16 617 a )
Puli Up Parallel Error
Yes | No | Yes | No 2 State No 682 . 3 State 16 630 L4
2 Detection Corraction 2
Yes | No | Yes | No oc No 683 . c oc 16 631 L]
wewt
Ves | Mo | Mo | No oC ves o | e s IState | 32| 632 A
3 -
No | Yes | No No 2 State Yes 521 . oc 32 633 A oF
Yes | No | Yes | No 2 State No 684 . 3 State | 32 634 A
Yes | No | Yes [ No oc No 685 . _ oc 32 635 A
Yes | No | ves | No [ 2stare Yes 686 . :
Standarg
Yes | No | ves | No oy veu o587 . FUSE-PROGRAMMABLE COMPARATORS
. E
No | Yes | No | ves | 2 State Yeu 68K - TECHNOLOGY
hd ‘ DESCRIPTION TYPE | STO VOLUME
. 3 ALS | As [L5 | S
No | Yes | No | No oc Yes 689 = m
hd 2 16 81t Identity Comparator 526 A
Lorched No | No | Yes ( ves | 2 Stam Yes 8§85 . 12 Bit identity Comparator 528 A 3
- s 8 Bit idenuty Comparator
Latched 527 A
Yes No Yes | Yes Latched Virs HAE6 . and 4 Bit Comparator
P and Q
ADDRESS COMPARATORS
OUTPUT | LATCHED TECHNOLOGY
DESCRIPTION TYPE VOLUME
ENABLE | OUTPUT ALS | AS
Y 677 .
16-Bit to 4-Bit kil 8
Yes 678 .
Y 679 . 3
e
12-Bit to 4 Bit i
Yes 680 .
CF Denotes contact factory.
® Denotes available technology.
A Denotes planned new products.
S Denotes supplement to data book.
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FUNCTIONAL INDEX

ARITHMETIC CIRCUITS AND PROCESSOR ELEMENTS

PARALLEL BINARY ADDERS OTHER ARITHMETIC OPERATORS
TECHNOLOGY TECHNOLOGY
DESCRIPTION TYPE | STD VOLUME STD VOLUME
As [as | H|Ls |s DESCRIPTION TYPE as |as|n | L |is|s
TTL T
1 81 Gated 80| e Guad 7 Inpot Exclusive OR o |_® e Al 2
2 Bit ‘82 . Gates with Totem Pole . 35
83| A A 2 Outputs 386 A
4Ba 2
283 P * | Quad 2 put Exclusive OR o -
Dual 1-B1t Carry Save 183 e[ e Gates with Open Collector 136
Outputs . 3s
ACCUMULATORS, ARITHMETIC LOGIC UNITS. Quad 2 Input Exclusive 266 o 2
LOOK-AHEAD CARRY GENERATORS NOR Gates 810 e | a 3s
TECHNOLOGY guad 2 input Exclusive NOR o .
ol 9 L]
DESCRIPTION TYpE [STD VOLUME ates with Open Collector . ?
Tr (s |As(is |s Outputs 2
pre " Quad Exclusive OR NOR 135 o
4 Bit parallel Binary Accomulators Gates
681 . 2 —— 2
- o S it True Complement 57 .
- Jeme
" 3 Element x
4 Bit Anthmetic Logic. Umits A c
Function Generators 381 Py 2 BIPOLAR BIT SLICE PROCESSOR ELEMENTS o
881 A 3 CASCADABLE TECHNOLOGY _E
4 811 Anthmetc Logie Unit 82 R 5 DESCRIPTION 10 TYPE VOLUME —
with Rippte Carry N-BITS ALS | AS LS| S ©
182 2 * 2 88 Slee Yes 888 A 5 c
Look Ahead Carry | 16 Bit A 3 [o]
Generators 282 A -
32 Bt ‘882 . 3 o
Quad Senal Adder Subtractar 385 D 2 c
8 Bil Sheo Elements 888 a 5 3
(18
MULTIPLIERS
TECHNOLOGY
DESCRIPTION TYPE [STD VOLUME
as |as|is |s
oyt
2 Bit by 4 Bit Pardliel Binery Multiphers 261 .
84| e
4 Bt by 4 Bit Parallel Bnary Muthpniers
285 o 5
25 MHz 6 Bit Binary Rate Muitiphers 97 e
25 MHz Decade Rate Multipners 167 L
8 Bt + | Bit 2 5 Complement Multiplors | 384 D
16 Bit Parallet Multiplrer 166 A S

® Denotes avallable technology.
A Denotes planned new products.
A Denotes A" suffix version available in the technology indicated

S Denotes supplement to data book.
U
TeExas ‘w‘
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS. TEXAS 75265



N

Xapu| |euonouny

FUNCTIONAL INDEX

USER PROGRAMMABLE READ-ONLY MEMORIES (PROM's) REGISTERED PROM's
STANDARD PROM's vrE
DESCRIPTION TYPE ORGANIZATION s | voLume
vrE OUTPUT
DESCRIPTION TYPE ORGANIZATION S | VOLUME TBP34R162 4096W - 4B 3State | A
OUTPUT TOK Bt Ay I SR 166 4096W - 4B 35S a 4
. tate
TBP28S166 204BW - 88 3State | o
TBP385166 2048W - 88 3State | A
TBP38S166 2048w - 8B 3Sate | A& RANDOM-ACCESS READ-WRITE MEMORIES {RAM's}
16K Bit Arrays | TBP38SAT65 2048W > 88 oc A
TBP38SA166 2048W - 8B oc A TYPE TECHNOLOGY
TBP3AS162 4096w - 48 3Swte | A DESCRIPTION ORGANIZATION | OF | TypE [ sTD | | | | o | VOLUME
TBP345A162 | 4096w ~ 48 oc A ouTeUT m
TBP245S81 2048W ~ 4B 3State | @ oen oo 3 state | 201 .
TBP24SA81 2048W + 4B oc . i Arrays . oc | 300 .
TBP28SB5A 1024w - 88 3State | A oc P
TBP28SBBA 1024w « 8B 3State | @ T | 189 e A
8K Bit Arrays | TBP28SAB6A | 1024W - 8B oc . 4 B Arays 6.4 T | 215 ~
TBP38585 1024w x 8B ?S(ale A 5 T 289 15
TBP38S86 1024W x 8B 3State | A oc | a1 ~
TBP38SA8S 1024w » 8B oc A 76 6n Murnie Por
TBP38SA8B6 1024W ~ 8B oC A 4 82 I State [ 172 .
4541 1024W « 4B 3 Stat: . Rogiater e 2
T8P2 tate oc 170 e -
TBP24SA41 1024w - 4B oc . 16 Bit Register Fite a4
3 State 670 .
TBP28542 512w - 88 IState | ®
4K-Bit Arrays Ouar 64 Bit B70 .
TBP285A42 512w - 8B Qc . % - 4 3 State 3
Register Files ‘87 L]
TBP28546 512W < 8B 3 State .
TBP285A46 512W ~ 88 oc )
TBP38522 266W x 88 3 Stae | & FIRST-IN FIRST-OUT MEMORIES (FIFO'S)
2 Bt Arrays P38SA22 256W x 8B oc
TBP3 x - - L] TYPE TECHNOLOGY
TBR24S10 256W 48 3 State M DESCRIPTION OF TYPE VOLUME
TBP24SA10 256W - 48 oc . ALS | AS | LS (LS
1K Bit Arrays ouTPUT
TBP34510 256W x 4B 3State | A
16 Words » 5 Bits 3 State 225 *
TBP34SA10 256W « 48 oc Py
64 Words » 5 Bits 3 State 233 I3 5
TBP185030 32w - 88 IStote | @
64 Words ~ 4 Bits 3 State 232 A
TBP18SAD30 32w - 8B oc .
256 Bit Arrays .
TBP38S030 32w - 88 3State | @
TBP38SA030 32w - 88 oc o
LOW-POWER PROM's
TYPE
DESCRIPTION TYPE ORGANIZATION s | VOLUME
QUTPUT
TBP26L166 2048W - 8B 3State | @
TBP3BL165 2048W - 88 3Stete | @
16K Bit Arrays
TBP38L166 2048W - 88 3State | @
TBP34L162 4096W - 48 ISate | A
TBP28LBSA 1024w . 88 3State | A
K Bt Anays | TBP2BLEBA 1024w - 88 3stte | e
ATEYE ] rapaaies 1024w - 88 3State | A
TBP38L86 1024W - 88 3statc | A 4
TEP28L42 512w - 88 3IState | @
4K Bit Arrays
TBP28L46 512W - BB 35wt | e
TeP28L22 256W - 8B 3State | @
2K Bit Arrays TBP28LA22 256W - BB ac L]
T8P3BL22 256W - 8B 3State | A
1K Bit Acrays | TBP3AL10 256W - 4B 3State | A
256 Bit Arrays | TBP38LO30 32W - 8B 3State | A
® Denotes available technology.
A Denotes planned new products.
A Denotes A" suffix version available in the technology indicated
B Denotes “'B’ suffix version available in the technology indicated

INSTRUMENTS
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FUNCTIONAL INDEX

PROGRAMMABLE LOGIC ARRAYS

PROGRAMMABLE LOGIC ARRAYS

outPuTs Tvee 7 N oF
DESCRIPTION weurs o - P | 007 vouume
& [ A e | PALERA . l
PALIBRIA . |
St ot g Soent PAL Curn s T e — - :
=] PALIORAA . |
F | Ac-ton | PALIGBA 2 D ‘
- .= A vonan 7 E !
Hl Poer PAL €] e | PacToRoA 2 v
v PR .
o L | Paczoies .
PazoRan a
Stavtant v Speea AL Cocurs | 20 f— TR i
5 vazonas .
3 | Ao ton | o zotaa s .
St surd Par Sgven N eaczomia 2 o,
ot P AL Cr s T .
& | PALIORBA I N
e | Teeal 0 | e
2| e [Avwerw | TERALZS R
P | TBRALTZR .
Autve i TIBPAL " 3HF 4
| s [aownon [ et . oo
Froarammaie | TRRAL 478 a
e | TORALTGRG .
Frah Pertcaman v FxED CR i b [ At we TIBPAL1bLE a 2
Prograre aae | TBPALTPE .
A | eeaie 2
w | e [CAanrion | TEPAUES a | o
Srogramma | T8PALTRE .
A | TBPALZO <
w0 | 2 A | TeeALzo i e
Frowsrmerami | TRPALZORE a
Ao ow | verAL e 5|8
g Pertormane Impant PAL . = EAETIE )
Crts 5 | easera [ TiReaeRe s |
= | TIBPA_16RS 15| &
B Avtive Luw TIBPA. 1618 25 . ‘
g Perfua e Ml P ) T Terronaze | e .
Imoact PAL” C reus P [Te] reantems [ TmeacRazy | e -
5 oo 2|
1o | A ton [ TRRATOORE | &
i Betmencs txtavsive on | [ T |4 |,
st PALCrcars 5| wasrene [ Teratomcr | a
e ] TEPALZONIC Xn | &
[T IR AT TR
[ N 7 eraar | 4 |
EXCLUSIVE DR e 1080 Srcars | 0 | b | A1 | eeatzoe e | a |
[0 | TBPALIOXI0 <x | &
5 i L | eramina e | &
P Portoumance Recstar . TeraR IR xx | &
PaL ot ® R fwareer [Toracaroms xx | a
f e mignn <x | 8
w | mioin [ eemmam s | a
Mgt Pastonance Mo Pos o L rearoneo | x|
Ruastered out PAL Cr 0| e [Tmeamonsxx | &
D e I
o | aovia | teeaciomen | &
Har B tonmance Lot e ot ) : Taraonaxx | &
PAL Corcos N o Br paiere TIBPALT19RB XX A o
] e TieRs o | a
v | e | raLT o ke | 4
P Pt e o 1 O W ] et | a4 ]
Lot et ot PAL ot T | bewerenn | Terattione o | &
[ & TeraiTions xx | &
[—— - S| e i
1 32 < b Ay ES Tans .
F b gt - Tams e <
14 - 48 -~ b Lage Seguerner v‘ - e A2316 A - -
o s .
[ — W | e e .
To - a8+ 8 Lo S o S0 .
v [mom B

“PAL 15 & reqistered tradem ik of Moro

ithic Memarnes 10 orpaatad

® Denotes available technology.

ADenotes planned new products.
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PAL1GL8A, PAL16R4A, PAL16RGA, PAL16R8A

STANDARD HIGH-SPEED PAL® CIRCUITS

FEBRUARY 1984 —-REVISED JANUARY 1985

Standard High-Speed (25 ns) PAL Family
Choice of Operating Speeds

PAL16L8"
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

HIGH SPEED, A Devices . . . 35 MHz (TOP VIEW)
HALF POWER, A-2 Devices . . . 18 MHz 1 Vee
. . . 12 o]
Choice of Input/Qutput Configuration 1 s /o
Package Options Include Both Plastic and 1 [a 110
Ceramic Chip Carriers in Addition to Plastic | Es /0
and Ceramic DIPs 1 [e 170
107 1/0
3-STATE | REGISTERED 1 s 170
DEVICE | INPUTS 1/0 PORTS
0 OUTPUTS | Q OUTPUTS 1e o]
PAL16LE 10 2 0 6 GND [Jro [
PAL16R4 8 0 4 (3-state} 4
PAL16R6 8 0 6 (3-state) 2
PAL16R8 8 0 8 (3-state} 0 PAL16LE’
M SUFFIX . . . FH OR FK PACKAGE
L C SUFFIX . . . FN PACKAGE
description (TOP VIEW}
These programmable array logic devices feature 8
high speed and a choice of either standard or — > O

half-power devices. They combine Advanced
Low-Power Schottky 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 resuit in significant power
reduction from an overall system level.

The PAL16’ M series is characterized for
operation over the full military temperature range
of —~565°C to 125°C. The PAL16" C series is
characterized for operation from 0°C to 70°C.

TIntegrated 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.

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

VIHH!

14 18] 1o
10s e}
106 110
gz 15[J 110
1[]s 14110

10 1112 13

AERE
oo

TeEXAs
INSTRUMENTS

*3

Copyright © 1984, Texas Instruments Incorporated

PQOST OFFICE BOX 225012 & DALLAS, TEXAS 75265
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PAL16R4A, PAL16R6A, PAL16RBA
STANDARD HIGH-SPEED PAL CIRCUITS

PAL16R4’ PAL16R4’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
ck [ W20 vee 85
12 19]] 10 - -0 >=
ids 8o
s w7pa 1fla 18 (] 1o
1I0s 1eJQ 1Ds 17} a
1I0s 1sJaQ 1De 16 a
i [:7 14:] Q 107 15{] Q
|[:8 13:]|/O iDs 1] a
Ifs 12Quo 10111213
GND [Jio 1] OE wn Ve
“slsee
©
PAL16R6" PAL16R6"
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
ek [ Uazo] vee
12 19[] 170
103 18] Q
10a 1 Bie!
1 [1s 16] ] Q
e 150] Q
17 1] a
1[s 1] a
Qe 2g o 910111213
GND [Jro  11[] OE
PAL16R8’ PAL16R8’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX FN PACKAGE
(TOP VIEW) (TOP VIEW)
cwk 1 Wao[] vee
12 19[] Q
ids 11a 12019
s 170a
Ids 1[daQ
s s[]aQ
107 w[ja
IJs 1Ja
10 112Ja
GND [Jio  11[] OE

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

{i,
TEXAs
INSTRUMENTS
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PAL16L8A, PAL16R4A
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8A
"PAL16L8A-2
& En 1
7 vp——o
3264 L2
7[ O———0
7
> 7 O-a—¢-»—1/0
110 16 7
! 7 +— ~
Z, - —¢»—1/0
6 16 ,7, 0—*—4—»— 1/0
7 O—/—{~
7 o—t—{ab— 110
,l
7
7 D—Q;—d—»— 10
Y/ 10 3
, - —4>—
(il : .9
(=]
Q
‘PAL16R4A -l
‘PAL16R4A-2 ©
o
OF e [1%] g
CLK > et £
P ! e
>1
32X 64 ; é 2v @ 8’
—7 10
\ =
8 $ a o
g ©
7
\ K
8 Q 2
D 7 ‘é [T
8 16 . —
! Il II ~ £ J) Q
i —\
7 >1
a 16 7 EN
7/ D—F ~ A \% 110
’,7 Cﬁ <> 1/0
7 o < <> 1/0
'Z ‘\ <4+ 1o
4
¥ ab-
4 -
4 i
, .-

~ denotes fused inputs

{ip
TExAs 35
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS. TEXAS 75265
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PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams {positive logic]

‘PAL16R6A
‘PAL16R6A-2
OE OfEN2
CLK [
& 8, -1 ({) 2V
e 10
32X 64 —
8
5
N
8, ¥
~
S - 2 —
L4 d
8, é
Gl
4 8
8,
2 16 N
~ 8 A
i
— N\
>1
EN
7
~ VB—\—Q—D—
7, D—e—4—»
a
2, P
~ <
—% e
‘PAL16R8A
‘PAL16R8A-2
OE ——OJEN2
CLK >
m| C
& 8, =1 + v
32x64 7 0
—.
8, %
[ N
8, %
8 > 16 N
| —A ~—~ 8, +
4
[— N
8
8 16 >4 {
~ [ N
I N
8, +
—\
8 {

A S
A

~ denotes fused inputs

/0

/0

{ip
Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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PAL16L8A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

W

Field-Programmable Logic

1
INPUT LINES
PRODUCT
UNES O ) 8 12 16 20 2 28 31
o - i —
. ] m L ¥ :
. T | (18) 0
*
.
a7
R — K
8 Y
.
L ]
: T AI/O
. +—4
L ]
15
RN
16 D
L]
. 7
. NN LA NP
[ ]
L]
23
| (4)[:'
24 X _\Hd
. ~+—
L]
. 18,0
.
.
a1
- e
32 )
L]
.
: 15,6
L]
L]
39
. (GlD :
40 ®)
.
. 1T (14)
. 0
. —
[ ] 4
.87
RN 1 — kK
a8 ] —
.
: 1 . 1 13)
b 3,4
L)
L]
@) 55
l‘l)i
I
56 N ™
: % (12)
. ! ; — 99
L ] -t +
: - ;
63 ‘ i ‘
LN I , . n
) ' N0 A S I kK-
—DLF"T“‘T*— ! AT ?J —— :

{ip
TEXAS
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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PAL16R4A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram
otk My L — S
INPUT LINES

PRODUCT

LINES  © 4 8 12 16, 20
o—+H 1 b ; Ea
i i 1y

—
|

e
fomt e e

e Pk 1

7
;

J

8) o

N eewoss 0
‘\
}
i
t
+
}
i
[ ;
t

-

s

j

-

esesee g
|
J
i

1D »«ﬁo—‘”’o

) (4)D

N
»

|
] 4

..

E (‘lG)cl

o
[

w
-

gg

w
N
Ll

E 15) o

W
w

=
|

%'Zg

e

g :u.occos
P !
|
T
0 |~]
-

7 ] !
NI 1 K —
L ‘ ;
p—
r [ (13)
T 11 P l——1/0
L]
L] g 4
g 58 I N ‘
| { )D' 4
56 -+ T 1
: L
e 1 t 02 170
. A ” ;
P ! ,
. ¢ B J—
63 : -
(O g RS g h s o ad - K 0
IRRERE RN g bt Snilks Lp M 5E

{ip
TeEXAs
INSTRUMENTS
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PAL16R6A

STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

ck M

INPUT LINES

™

91607 sjqewweiBoid-pjai4

[e]
o MMV

IRETWLEN

]

*;E e

—~1D

1

—H1D

Jq,__,f

! 1 !
B e

-
v

-

Cessese N

PRODUCT
LINES

) <t -
2%2-.... by
<

|
t
I
i

3-9

TeEXASs ‘Q’

STRUMENTS

IN

POST OFFICE BOX 2256012 ® DALLAS, TEXAS 75265




PAL16R8A

STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

(1
cik P> e S —
s INPUT LINES
PRODUCT
LINES  © a B8 12 16 20 24 28 3
0- . B ] ! 4 [
e T T 177 i -
. Z [ RN
S I N A T T : 1D _BOLS)Q
: —
7 . ] I>C1 p
L i unnnn K-
8 -
. —
L]
. T 10 "8 a
:7ﬁ -
318 PC1 P
(3)
l“_DE,* Jq,_
16
o T OTTE 1 I O N
L]
b T 1D —3;0—“7'0
-
3 * l B C1p,
23 .
4 A
1] i K
) % J - |
o .
a : . TR LN
L] [
3 .
c1
o 31
{5) oy
§ ng F o 2
o 32
3 : i
3 : t f 1 1D Bo—-“s’o
o . i 1
=2 . I [T | :
) 39 ] - [ ‘ PC1p
s ‘
- RS J “KH
=] 40 +
Q . - i
. T
) : ! _E (14)
L] I
i ¢ i
7 47 — L. H
| { )[:I
48
.
. - —
L - — tho ~%‘13)Q
L] — -
. .
i +>C1
55 8 Pel
. =i e
56 Bt e {
: R EEmERS {
: T - ] +1D —Bﬁ’o
: : 1 + +
_ - N I > C1
8y >|,;6'3 I EL T WT P PR - JG*:J ; 1) =—
Tt 1 T T LpVoE
i
310 Texas b
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

absol

NOTE

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

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

Csuffix . ... 0°C to 70°C
Storage temperature range . . . . ... ..ottt —-65°C to 150°C

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
v Hiahlevel i | OE input 2.4 5.5 2 55 |
H 'gh-level input valtage All others 2 55 2 55
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -2 -3.2 | mA
loL Low-level output current 12 24 | mA
TaA Operating free-air temperature -55 125 o] 70 °C
programming parameters, Tao = 25°C
MIN NOM MAX | UNIT
Vce  Verify-level supply voltage 4.5 5.0 5.5 \%
VIH High-level input voltage 2 5.5 \4
ViL Low-level input voltage 0.8 \2
ViyH Program-pulse input voltage 10.25 10.5 10.75 \4
PO 20 50
HHH Program-pulise input current PGM ENABLE, L/R 10 25 mA
Pl, PA 1.5 5
Vvee 250 400
twi Program-pulse duration at PO pins 10 50 Us
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 V¢ to 5 V to PGM VERIFYT 100 s
t42 Delay time from PGM VERIFY 1 to valid output 200 ns
Input voltage at pins 1 and 11 to open verify-protect {security) fuse 20 21 22 \'4
Input current to open verify-protect (security) fuse 400 mA
tw3 Pulse duration to open verify-protect (security) fuse 20 50 s
V¢ value during security fuse programming o] 0.4 A\

84

{ip
Texas
INSTRUMENTS

PQST OFFICE BOX 225012 ® DALLAS TEXAS 75265
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PAL16LBA, PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
I
MIN TYP MAX MIN TYP  MAX
felock Clock frequency 0 25 0 35 | MHz
. Pulse durati Note 2 Clock high 15 12
se duration, see Note ns
w Lee A Clock low 20 16
tsu Setup time, input or feedback before CLK * 25 20 ns
th Hold time, input or feedback after CLK t [*] 0 ns

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, feloci- 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

M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS T UNIT
MIN TYP} MAX | MIN TYP¥ MAX
ViK Vee = MIN, I} = ~18 mA -1.5 -1.5 v
VoH Vce = MIN, loH = MAX 2.4 3.2 2.4 3.3 \%
VoL Vee = MIN, loL = MAX 0.258 0.4 0.35 0.5 \4
Outputs 20 20
lozH Vee = MAX, Vo = 2.7V A
1/0 ports cc 0 100 00 | “
Outputs -20 -20
1 V = MAX, Vo = 04V A
ozL /0 ports cc 0 - 250 —280 | *
| Vee = MAX, Vi =55V 0.2 0.1 | mA
IH Voo = MAX, vy =27V 25 20 wA
| v MAX Vi = 0.4V OF INPUT ~0.25 -0.4 N
= , = 0. m
It cc ! All others ~0.2 ~0.2
108 Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 | mA
\ = MAX, QOutputs O
lec cc utputs Dpen 120 185 140 180 | mA
Vi =0V
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Voo = 5V, Ta = 26°C.
5The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, Igs.
switching characteristics over recommended supply voitage and operating free-air temperature ranges
{unless otherwise noted)
M SUFFIX C SUFFIX
PARAMETER FROM TO TEST CONDITIONS UNIT
MiIN TYP? MAX | MIN TYP¥ MAX
fmax 25 45 35 45 MHz
tod 1, /O, 0, 110 15 30 15 25 ns
tpd CLK?t Q RL = 500 Q, 10 20 10 15 ns
ten OE+ Q CL = 50 pF, 15 25 15 22 | ns
tdis OE+ Q See Note 3 10 25 10 15 | ns
ten I, 110 o, 10 14 30 14 25 ns
tdis 1, 1/0 O, I/0 13 30 13 25 | ns
Al typical vatues are at Vo = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
@ 118¢
312 Texas

INSTRUMENTS
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PAL16L8A-2, PAL16R4A-2, PAL16R6A-2, PAL16R8BA-2
STANDARD HIGH-SPEED HALF-POWER PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN TYP MAX MIN TYP MAX
felock Clock frequency o] 16 0 18 | MHz
Clock high 25
Ty Pulse duration, see Note 2 l ock g 28 ns
| Clock low 28 25
tsu Setup time, input or feedback before CLK* 35 28 ns
th Hold time, input or feedback after CLKt o] o] ns

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

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONSt M SUFFIX C suFFIX UNIT
MIN TYP? MAX | MIN TYP! MAX
VIK Vee = MIN, | = -18 mA -1.5 -1.5 A"
VOoH Vee = MIN, IoH = MAX 2.4 3.2 2.4 3.3 \
VoL Ve = MIN, oL = MAX 025 0.4 0.35 0.5 Y
Outputs 20 20
lozH Voo = MAX, Vg = 2.7V A 3
170 ports cc 0 100 00 | ¢
Outputs —-20 -20
i vee = MAX, Vo = 0.4V A
ozL 70 ports cc o ~750 250 | *
| Ve = MAX, V| = 55V 0.2 01| ma
H Vee = MAX, V=27V 25 20 pA
| v MAX Vi = 04V OE INPUT -0.2 -0.2 A
= = . m.
It cc ' : All others ~0.1 —0.1
Io§ Vee = MAX, Vg = 2.25 V -30 —125 | -30 -125 [ mA
=M
Icc Vee AX, Outputs Open 75 95 20 90 A
V=0V

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
+All typical values are at Vo = 5V, Tp = 25°C.

8The output conditions have been chosen to produce a current that closely aproximates one hatf of the true short-circuit output current, Ips.

switching characteristics over recommended supply voltage and operating free-air temperature ranges

{unless otherwise noted)

Field-Programmable Logic

M SUFFIX C SUFFIX
PARAMETER FROM T0 TEST CONDITIONS MIN_ TYPt  MAX MIN_TYPE  MAX UNIT
fmax 16 25 18 25 MHz
tpd 1, 110, 0, /O 25 40 25 35 os
tpd CLK 4 Q R = 500 Q, 11 35 11 25 ns
ten OE! Q CL = 50 pF, 20 35 20 26 | ns
tdis OE* Q See Note 3 11 30 m 20 ns
ten 1, 10 0, 1/0 25 40 25 35 ns
tdis L, 170 0, /0 25 T35 25 30 ns
TAll typical values are at Vo = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
TEXAS 313
INSTRUMENTS
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16RBA

STANDARD HIGH-SPEED PAL CIRCUITS

PRODUCT TERMS 0 THRU 31

{TOP VIEW)

PGM ENABLE [+ U207 vee
PI0 (]2 19[] PO3
P13 18] PO2
P2 (Ja  17[] PO1
P13 []s 18] ] POO
P4 (s 15[ ] PAQ
PIs []7 1a[] PA1
PI6 []8 13[] PA2
P17 0o 12 UR

GND [J1o  11[J PGM VERIFY

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

TABLE 1 — INPUT LINE SELECT

PRODUCT TERMS 32 THRU 63

PGM VERIFY

(TOP VIEW)

v Uzo[] vee
pio (J2 19 J LR
pi1 (3 18]] PAO
pi2 (e 17071 PA1
Pi3 (s 16% PA2
pia e 15 ] PO3
pis []7  14[] PO2
PI& Es 13[] PO1
p7 Qe 12]] POO

GND []10 ng

PGM ENABLE

TABLE 2 — PRODUCT LINE SELECT

INPUT PIN NAME
NUMBER | PI7 Pi6 PI5 P4 PI3 P2 PI1 PO L/R
3 o HH HH HH HH HH HH HH L 2
1 HH HH HH HH HH HH HH H 2
-n 2 HH HH HH HH HH HH HH L HH
& 3 HH HH HH HH HH HH HH H  HH
= a HH HH HH HH HH HH L HH Z
"U 5 HH HH HH HH HH HH H HH 2
3 6 HH HH HH HH HH HH L HH HH
<@ 7 HH HH HH HH HH HH H  HH HH
N 8 HH HH HH HH HH L HH HH Z
3 9 HH HH HH HH HH H  HH HH 2
3 10 HH HH HH HH HH L HH HH HH
2 1 HH HH HH HH HH H HH HH HH
&= 12 HH HH HH HH L HH HH HH Z
- 13 HH HH HH HH H HH HH HH Z
o 14 HH HH HH HH L HH HH HH HH
Q 15 HH HH HH HH H  HH HH HH HH
o 16 HH HH HH L HH HH HH HH Z
17 HH HH HH H HH HH HH HH 2
18 HH HH HH L HH HH HH HH HH
19 HH HH HH H HH HH HH HH HH
20 HH HH L HH HH HH HH HH Z
21 HH HH H HH HH HH HH HH Z
22 HH HH L HH HH HH HH HH HH
23 HH HH H  HH HH HH HH  HH  HH
24 HH L HH HH HH HH HH HH Z
25 HH H HH HH HH HH HH HH Z
26 HH L HH HH HH HH HH HH HH
27 MH H HH HH HH HH HH HH HH
28 L HH HH HH HH HH HH HH Z
29 H HH HH HH HH HH HH HH Z
30 L HH HH HH HH HH HH HH HH
31 H HH HH HH HH HH HH HH HH

L= Vi, H = V)i, HH = ViR, Z = high impedance {e.g. 10 k2 to 5 V}

1. 63

&
\

PRODUCT PIN NAME
NUMBER [PO0 PO1 POZ PO3 PA2 PA1 PAO
03 |z z z HH Z z 2
1,33 |z z z HH z Z HH
23 |z zZ 2z HH Z HH z
335 |Z Z Z HH Z HH HH
43 |z zZ 7z WM WM Z 2
537 |z z z HH HH Z  HH
638 |z Z Z HH HH HH Z
730 |z 2z z HH HH HH HH
840 [z 2z HWH Zz 2z 2 2
941 |z z MM Z Z Z HH
1042 |2 Z HH Z Z HH 2
11,43 |z z HH Z 2 HH HH
1244 |z Z HH Z HH Z 2
1346 |2 Z HH Z HH Z  HH
1446 |2 Z HH Z HH HH Z
16,47 |z Z HH Z HH HH HH
16,48 |z HH Zz 2z 2z 2 2
1748 |2 MR z Zz 2z Z HH
18560 |z HH Z Z Z HH 2
19.51 |z HH Zz 2z Z HH HH
2052 |z HH z  Z HH 2z 2
2083 |z HH Zz  Z WM Z  HH
2264 |z HH 2z Z HH HH Z
2355 |2 MM Z Z WM HH HH
2456 |wH 2z z 2z 2z z 2
2567 |HWH z z Z z Z HH
2658 |WH Z Z 2z Z HH Z
2760 |HH Z z Z Z HH HH
2860 |HH z Z Z HH Z 2
2061 |HH Z Z Z HH Z HH
3062 |HH Z Z Z HH HH Z
31 HH 2 Z Z HH HH HH

‘{ip
TeEXAS
INSTRUMENTS
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PAL16L8A, PAL1G6R4A, PAL16R6A, PAL16R8A
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 Raise PGM ENABLE to V|HH.

Step 2 Select an input line by applying appropriate levels to L/R and Pl pins.

Step 3 Begin selection of the output line with appropriate conditions on PA pins.

Step 4 Raise VCC to VIHH.

Step 5 Blow the fuse by pulsing the appropriate PO pin to V|HH as shown in Table 2 for the product
line.

Step 6 Return VcC 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 ! !
i I
i . Vio

|
- tg, L
SELECTED !
PI, L/R,PA !
PINS (see \
Tables 1 and 2)

7 "

Vce

SELECTED
PO PINS (see
Table 2)
——tw2
P—'mq

ViH
PGM VERIFY |_|

Vi

@ 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

‘ |
| ) r“'w3"1 !
_____________ - 21V
PIN 1 l‘—‘h_’i :
|
|

|
|
‘h 1 ] L
PIN 11 r_ —’!/ \l‘tth’! av
! ov

W

Field-Programmable Logic

{i’
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20RBA
STANDARD HIGH SPEED PAL® CIRCUITS

02706, DECEMBER 1982 REVISED JANUARY 1985

Standard High Speed (25 ns) PAL Family PAL20LS8’
M SUFFIX . . . JW PACKAGE
Choice of Operating Speeds C SUFFIX . . . JW OR NT PACKAGE
HIGH SPEED, A devices . . . 30 MHz (TOP VIEW)
HALF POWER, A-2 devices . . . 18 MHz 1t Uaad vee
. ] . 102 230
Choice of Input/Output Configuration s 2200
Preload Capability on Output Registers 1gs =20 wo
s 2000 vo
DIP Options Include Both 300-mil Plastic 1ds 19 vo
and 600-mil Ceramic 10z s wo
s g wo
oEvice |meurs | FSTATE REGISTERED 10 1O 18] 10
0 ouTPUTS | 0 OUTPUTS | PORTS : o ‘5% '0
. 11 14
PAL20LBA 14 2 0 6 e o
‘PAL20R4A | 12 0 4 (3-state buffers) | 4
‘PAL20RBA | 12 o 6 (3-state butfers) | 2
‘PAL20RBA 12 0 8 {3-state buffers) 0 PAL20L8’

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

{TOP VIEW)

description

w

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 170
titanium-tungsten fuses. These devices will 170
provide reliable, high performance substitutes Ir;?:
over conventional TTL logic. Their easy 170
programmability allows for quick design of /o
““custom’’ functions and typically result in a /0

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 ) .

1i f ne switching speeds, and DIP pin assignments in operating mode (voltages at pins 1 and 13
opera Iﬂg 'fque Y. Ing sp ’ less then V). PLCC pin assignments in operating mode {voltages
power dissipation. In many cases, these Half- at pins 2 and 16 less then Viyp).
Power devices can result in significant power
reduction from an overall system level.

Field-Programmable Logic

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 0°C to 70°C.

PAL is a registered trademark of Monolithic Memaories Inc.
TIr\\egra(ed Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,9765.

PRODUCT PREVIEW . Copynght © 1985, Texas Instruments Incorporated
e lovsopm Texas W2
on a d under !
Texas Instruments reserves the right 3-17
t change or discontinue this prodact INSTRUMENTS
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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)

ouTtcik [ Uzag
12 23

ds 220

ds 220

gs 20

10 19[]

7 18]

o
10 15
1" 14

GND [J12 13

imimimimimin!
T &
2

PAL20R6’

vee
I
110
110
Q
Q
Q
Q
110
110
I
OE

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

PAL20R4"
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

b4

-

o

508 o

——0Z2>_=

g e o g

21
1]s [{e]
i[]s 24[]
g7 [ a
NC []8 22[} NC

141516 17 18
T T aQw -9

z zlo =

Q

PAL20R6’

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

(TOP VIEW) (TOP VIEW)
outclk [ 24[] vee
m i1fz 230
o 13 22 /0
o 1ds 2a2d0
o 1ids 200 a
3 iJs 11
Q
« 1Jr o a
o ide 700 e
3 1IJe 8[JQ a
3 1he 1sgro a
® e ed) a
= GNo [z 13 OF 14 1516 17 18
o
- PR
(=] ]
«Q
o PAL20RS’ PAL20R8’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
outcik [t U2aJ vee 3
102 23] 1
| Ez 22[] Q
I 94 21[Ja
i0s 200
1ds  [Ja
in 18[] Q
1 s 17[]Q
03 16[] Q
o sJa
ign e
GND [hz  13[]OCE
DIP pin assignments in operating mode {voltages at pins 1 and 13 less than Vi)
PLCC pin assignments in operating mode (voltages at pins 2 and 16 less than Viyy)
3-18
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PAL20L8A, PAL20R4A
STANDARD HIGH SPEED PAL CIRCUITS

functional block diagrams (positive logic)

PAL20L8A
PAL20L8A-2
& len -1
———
40 X 64 v °
7 b— o0
> 7 o—.\—<-b——-/o
14 20 7
] A 4~ 5
- O-&—4»—1/0
20 7 —4—»— /0
sl bl B o4
7 Ot_‘—'_ 110
,/
7 —ep—1/0
+
7
/2 O—Q—-‘-’— 10
6
A 4
7/ <
PAL20R4A
PAL20R4A-2
OF EN2
DUTCLK (o]
n |
& B 1=0
40 X 64 19 &D v @
[\
2 <!P o
’ N
3 Q
12 > 20 4 —\
. £ ~ 8
7 7 ] Q
7
s —\
¥ i
21
a 20 3 EN
14 D-—/—- ~ £ v /o
’17 o < P 10
7 1T /0
7 N
7 o—a 14> /0
4
4
ra -
7 -
q
b, <
7
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PAL20R6A, PAL20R8BA
STANDARD HIGH SPEED PAL CIRCUITS

functional block diagrams (positive logic)

OF
OUTCLK

OE
OUTCLK

PAL20R6A
PAL20R6A-2
EN2
¢t
e
& 8 =1 =0 23]
a0xes[” $‘°
8
Lm ¥
N
“ I =
12 20
~ > — ~
Da F
Gl
2 20
~ 8
—7—
en o
7
v Eﬁ»———
7 D <4+
2, P
6, «—
> <
PAL20RSA
PAL20R8A-2
—fEnz
c1
& 8 >1 %10 =0 v
a -
0 X 64 —
: ;
[ N
“ I =
12 20
g ~ 8
' T
N
8
8 20 7 é
O-r~— ~ —
“ =
" Y
N
8 :
81 b
d -

10

/0
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PAL20L8A

STANDARD HIGH SPEED PAL CIRCUITS

(1)

INPUT LINES
N
‘0 12 16 20 24 28 32 36
N ! . @3
PRODUCT
LINES O
: @2
L ]
@, T .
s ) - <
*
. &vo
[ ]
KIS ' .
B 16 Eal
M " (20)
[ ] /0
[ ]
(5 23 . 3
| —D,LF‘ —<— -
. as) 9
. y———1/0 o
o o
3l B |
| © : 4 °
D Ea 2
[ ]
. LT
b £
729 , ]
t Db — )
49 o
L4 '—-—“7) 1/0 D’.
. 3
8,37 . )
=D <— u
48
e {186)
[ ) /0
[ ]
|(9; . 55 ;
—Dbsg <—
° (15)0
[ ]
QU= G,
I(1u>; __:;Q__ﬁ .
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PAL20R4A
STANDARD HIGH SPEED PAL CIRCUITS

(1)
ouTCLK —1> INPUT LINES
A
2 o a ) 1216 20 24 28" 32 36 (23)
N —— =3
PRODUCT
LINES 0
T
(22)
—{L—»——l/o
7
(3)p_i 4
[ b = =
$
i 21
[ 3 i r—éo—»# 170
[ ]
15
(4}
=Dk )
16 7
°
i 20
) [ ] 10 ;'ts—) Q
[ ] >CHp
(5) ,23
' D —J
-24 &-
[ ]
19
- . ! (19) a
g 3l = =
o {6} ns
! 1 5 1
g’ 32 [ °
L 2
Q . [
Q Q
)] [ ] ZV
g I 39 ]
| 4
o 40 N
E °
[4°] [ ] 10 3.,‘17) Q
g 4_.7 Heip
«Q '(3) } 4
s | Vhg r +
. 1
I 16
: 1 80
T
(2 .55 .
L
1
) T ! 5’!/0
®
(10} 63 Yr 4
(s P ——

iy (14)
AL
5 I ] 1= T '__qﬁtl
13) —
*—QL—)OE

‘ti’
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PAL20RGA
STANDARD HIGH SPEED PAL CIRCUITS

[CITN Y
r=DE

114

&}
OUTCLK —
INPUT LINES
o 4 8 12 16 20 24 28 32 36 23
2 7 x < 170
b
PRODUCT
LINES 0 [2
. (22)
° 10
[ ]
7
Bt {
g —
! [I (21
1D
DCIp

J&

6)n_ s

o
JAL
3

(¥
wooo%

5
I

E
s
~Ne e 0O
K
Eﬁ
]

o [ro

F

J2$
Field-Programmable Logic H
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PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

(1)
outcik —1> INPUT LINES
, o 4 8 12 16 20 24 28 32 36
PRODUCT
LNES
[ ]
[ ]
L ]
Bt .
=Dk 5 QQJ
[ ]
[ J
15 ‘
{4) p_y .
e +<H
6
L ]
[ ] 10
[ ] pcip
& .23 ,
2D —g
24 —
[ ]
[ ]
®
3l
(6) ,
L —H
2 L
[ ]
o
39
[T s
I
—{>54o —3<H
[
[ ]
[ ]
‘(g) |47 "'G
"48 - a
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, @ )
[ ]
[ ]
'1101[:.53 »
'“-'{1) > I TITIT n
P T 1T
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siE
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[e)
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

absol

NOTE

lute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Ve (see Note 1) .. .. ... L 7V
Input voltage (see NoOte 1) . . .. . . .. .. 5.5V
Voltage applied to a disabled output (see Note 1} . .. ... ... ... .. ... ... ... .. ... ..... 55V
Operating free-air temperature range: M suffix. .. ... ... .. .. ... . ... . ... -85°C to 125°C
Csuffix ... .. 0°C to 70°C
Storage temperature range . . .. . ... oottt ~65°C to 150°C

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

recommended operating conditions

M SUFFIX C SUFFIX
PARAMETER MIN NOM MAX | MIN NOM MAX unNIT
LVCC Supply voltage 4.5 5 5.5 |4.75 5 b5.25 \"%
LVIH High-level input voltage 2 5.5 2 5.5 \
Vi Low-leve! input voltage 0.8 0.8 Vv
E'OH High-level output current -2 -3.2 | mA
L'OL Low-level output current 12 24 | mA
[ﬁ Operating free-air temperature - 58 125 8] 70 °C
programming parameters, Tp = 25°C
MIN NOM MAX | UNIT
Vee Verify-level supply voltage *4.5 5.0 55 v
ViH High-level input voltage 2 5.5 Vv
ViL Low-level input voltage 0.8 ﬁ
VIHH Program-pulse input voltage 10.26 10.5 10.75 T]
[ PO 20 50
NHH Program-pulse input current BGM ENABLE, L/R 10 25 mA
Pl, PA 1.5 5
Vee 250 400
twi Program-pulse duration at PQ pins 10 50 T’
tw2 Pulse duration at PGM VERIFY 100 ?‘
Program-pulse duty cycle at PO pins 25 %
tsu Setup time 100 ns
th Hold time 100 ns
41 Delay time from Vcc to 5 V to PGM VERIFY? 100 us
LtdZ Delay time from PGM VERIFY* to valid output 200 ns
L Input voltage at pins 1 and 11 to apen verify-protect {security} fuse 20 21 22 \4
Input current to open verify-protect (security} fuse 400 | mA
w3 Pulse duration to open verify-protect (security) fuse 20 50 us
V¢ value during security fuse programming o] 0.4 N

1184

w

Field-Programmable Logic
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH SPEED PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN TYP MAX | MIN TYP MAX
fciock  Clock frequency (¢} 20 0 30 | MHz
High 5
tw Pulse duration, clock 9 20 ! i
Low 20 15 ns
tsu Setup time, input or feedback before QUTCLK?® 30 25 ns
th Hold time, input or feedback after QUTCLK? 0 [ ns
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONS T M SUFFIX CSUFFX__ | UNIT
MIN TYP¥ MAX [ MIN TYP} MAX
ViK Vee = MIN, | = —18 mA -1.5 -5 V|
VOH Vce = MIN,  IgH = MAX 24 32 24 33 v
VoL Voe = MIN, 1oL = MAX 0.25 04 03 05] V |
0, Q outputs 20 20
[ Vee = MAX, vy = 2.7V A
0ZH 1,0 ports cc H 100 100 | ¥ J
Q, Q outputs -20 - 20
[ Ve = MAX, Vi = 0.4V A
3 OZL 710 ports cc 1H ~250 —250 | " J
OE Input 0.2 0.2
Y ey Ve = MAX, V) = 5.5V mA
All others 0.1 0.1
OE Input 40 40
.y i Vee = MAX, V) =27V A
o IH All others cc ! 20 20 *
a OF Input -0.4 ~-0.4
e | Py Ve = MAX, V| = 0.4V mA
) All others -0.2 -0.2
3 108 Vee = MAX, Vg = 2.25V ~30 ~125 | -30 -125 | mA |
«Q Vee = MAX, V| =0V,
= | hiy 150 210 150 210 A
o cc Outputs open, OE at V|4 m
3 TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Iy Al typical values are Vog = 5V, T4 = 25°C.
o SThe output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, ips.
)
~— switching characteristics over recommended operating free-air temperature range {unless otherwise
[=]
a noted)
e PARAMETER FROM TO TEST CONDITIONS M SUFFIX C SUPFIX UNIT
MIN TYP} MaxX | MIN TYP} MAX
fmax 20 30 MHz
tpd I, 110 0.0 | 15 30 15 25| ns
tpd OUTCLKT a ] RL = 500 2, 10 20 10 15| ns
ton OF Q CL = 50 pF 10 25 10 20| ns
tdis OEt Q See Note 2 11 25 11 20| ns
ten 1, 110 0, 110 14 30 14 25| ns
tdis 1, 110 0, /0 12 30 12 25| nms
Al typical values are at Vog = 5V, Ta = 25°C.
NOTE 2: Load circuits and voitage waveforms are shown in Section 1.
T {l’
3.26 EXAS
INSTRUMENTS
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PAL20LBA-2, PAL20R4A-2, PAL20R6A-2, PAL20RBA-2
STANDARD HIGH SPEED HALF-POWER PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX NIt
MIN TYP MAX [ MIN TYP MAX
feiock  Clock frequency 0 18 0 18 | MHz
High
tw Pulse duration, clock 9 ne
L Low ns
[ tsu Setup time, input or feedback before QUTCLK! ns
Lth Hold time, input or feedback after QUTCLK? ns
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONSt M SUFFIX C SUFFRIX UNIT
MIN TYP? MAX | MIN TYP? MAX
[ ViK Vee = MIN, §f = —18 mA -1.5 -15] v
VoH Vce = MIN, Igy = MAX 2.4 32 24 33 v
VoL Vee = MIN, Igp = MAX 0.25 0.4 035 05| V
0O, Q outputs 20 20
i Vee = MAX, Vi = 2.7V A
OZH /0 ports cc " 100 100 | ¥
0, Q outputs - 20 -20
1 Voo = MAX, Vi = 0.4V . A
OZL 71,0 ports cc tH ~250 —250 | " 3
OF input 0.2 0.2
l = MAX, V| = 5. A
! All others Vee = MAX, Vi = 8.5V 0.1 01| "
OF Input 40 40
| Vee = MAX, V) = 2.7 A
H All others cc X Vi=27v 20 20| *
OE Input ~0.4 -0.4
| = MAX, V| = 0.4 A
I All others vee X Vi=04v ~0.2 —oz2| "
10t Veg = MAX, Vg = 2.25V -30 -126 | -30 ~125 | mA
Vee = MAX, V| =0V,
\cc ce M} 75 100 75 100 | mA
Cutputs open, OE at V|4

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are Voo = 5 V. Ta = 25°C.

5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, igs.

switching characteristics over recommended operating free-air temperature range (uniess otherwise

Field-Programmable Logic

noted)
PARAMETER FROM TO TEST CONDITIONS M SUFFIX € SUFFIX UNIT
MIN TYP! MAX | MIN TYP! MAX
fmax 18 18 MHz
tpd 1, 170 0, /0 25 25 ns
tpd QUTCLKT Q RL = 500 @, 20 20 ns
ten OF Q CL = 50 pF, 15 15 ns
tdis ‘OEt Q See Note 2 12 12 ns
ten 1, 110 0, /0 25 25 ns
tdis 1, 1/0 0, i/lo | 20 20 as
Al typical values are at Vg = 5V, Ta = 25°C.
NOTE 2: Load circuits and voitage waveforms are shown in Section 1.
PRODUCT PREVIEW
Thi; page coma‘lin: information on a TE
product under development. Texas XAS
instruments reserves the right to - 3-27
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PAL20L8A, PAL2DR4A, PAL20RGA, PAL20R8A
STANDARD HIGH SPEED PAL CIRCUITS

PRODUCT TERMS 0 THRU 31

(TOP VIEW)

pGM eNaBLE [Tv U240 vee
PIO (]2 23 t
P s 220 PO3
P12 [Ja 21[] PO2
maBs 20(] POO1
P4 Qe 18[] POO
PIs 7 18] PAOD
P& (s 171] PAT
P17 e 16]] PA2
P18 {J10 18[] L/IR
219 [ W]t
GND [J1z_ 13[] PGM VERIFY

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

w

1 sjqewweiboid-piai4

2160

L=

INPUT LINE SELECT

PIN NAME

TABLE 1.
INPUT \
LINE
NUMBER

0 HH HH HH HH
1 HH HH HH HH
2 HH HH HH HH
3 HH HH HH HH
4 HH HH HH HH
5 HH HH HH HH
6 HH HH HH HH
7 HH HH HH HH
8 HH HH HH HH
9 HH HH HH HH
10 HH HH HH HH
11 HH HH HH HH
12 HH HH HH HH
13 HH HH HH HH
14 HH HH HH HH
15 HH HH HH HH
16 HH HH HH HH
17 HH HH HH HH
18 HH HH HH HH
19 HH HH HH HH
20 HH HH HH HH
21 HH HH HH HH
22 HH HH HH HH
23 HH HH HH HH
24 HH HH HH L

‘ 25 HH HH HH H
26 HH HH HH L
27 HH HH HH H
28 HH HH L HH
29 HH HH H HH
30 HH HH L HH
31 HH HH H HH
32 HH L HH HH

! 33 HH H  HH HH

\ 34 HH HH HH

1 35 HH H HH HH
36 L HH HH HH

; 37 H HH HH HH
38 L HH HH HH
39 H HH HH HH

Vi H = Vi, HH = Vipy, 2 =

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

HH
HH
HH
HH
HH
HH
HH
HH
HH
HH

high impedance (e.g., 10 k2 to 5 V)

HH

HH

HH HH L Z
HH HH H 2
HH HH L
HH HH H
HH L HH Z
HH H HH Z
HH L HH
HH H HH
L HH HH Z
H HH HH Z
L HH HH
H HH HH
HH HH HH Z
HH HH HH Z
HH HH HH
HH HH HH
HH HH HH 2
HH HH HH Z
HH HH HH
HH HH HH
HH HH HH Z

HH HH HH Z

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

HH HH HH 2

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

HH HH HH HH
HH HH HH HH

PRODUCT TERMS 32 THRU 63

(TOP VIEW)
pGM VERIFY []1 J24[] vee
PIOE2 23] +
P13 220 LR
sza 21[] PAO
p3[s 2000 Pa1
pialle 18] PA2
PIS E 18[] PO3
PI6 17{] PO2
Pi7(Je 1] POT
pig (Jio  1s[] POO
pion 1]t
GND [J12 13[] PGM ENABLE

TABLE 2. PRODUCT LINE SELECT

PRODUCT PIN NAME
LINE

NUMBER POOPO1PO2PO3PA2PA1PAD
0,32 Z Z Z HHZ 2z 2
1,33 Z Z Z HWHZ 2 HH
2,34 Z Z Z HHZ HR Z
3,35 Z Z Z HH Z HH HH
4,36 2 Z Z HHHH Z 2Z
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 zZ Z HHZ Z 7 2Z
9.4 Z Z HH Z Z Z HH
10,42 Z Z HHZ Z HHZ
11,43 Z Z HH Z 2 HH HH
12, 44 Z Z HHZ HH Z 2
13,45 Z Z HHZ HH Z HH
14,46 Z Z HH Z HH HH Z
15,47 Z Z HH Z HH HH HH
16.48 Z HHZ z Z Z 2Z
17.49 Z HHZ Z Z Z HH
18,50 Z HHZ 2 Z HHZ
18,51 Z HH Z Z Z HH HH
20,52 Z HHZ Z HHZ Z
21.53 Z HH Z Z HH Z HH
22.54 Z HHZ Z HH HH Z
23,55 2 HH Z Z HH HH HH
24,56 HH2Z 2z 2Z2 2Z Z 2Z
25,57 HH Z Z Z Z' Z HH
26,58 HH Z 2 Z Z HHZ
27.59 HH Z Z Z Z HH HH
28, 60 HH 2 Z 2 HHZ Z
29.61 HH 2 2Z Z HH Z HH
30,62 HH Z 2 Z HH HH Z
31,63 HH Z Z Z HH HH HH

3-28
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PAL20L8A, PAL20R4A, PAL20RGA, 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 V|HH.

Select an input line by applying appropriate levels to L/R and Pl pins.

Begin selection of the output line with appropriate conditions on PA pins.

Raise V(¢ to ViHH-

Blow the fuse by pulsing the appropriate PO pin to V}HH as shown in Table 2 for the product line.
Return VCC 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 _A \
ViL

i
B et _Hl"—th

SELECTED

Pl, L/R, PA PINS
{See Tables 1 and 2}

SELECTED
PO PINS

PGM VERIFY

W

Fieid-Programmable Logic

@ A high level during the verify intervai indicates that programming has not been successful.

@ A low level during the verify interval indicates that programming Has been successful.

security fuse programming

PIN 13 ov

285
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20REA
STANDARD HIGH SPEED PAL CIRCUITS

w

21607 9jqewweiboid-p|ai4

Vee

PRELOAD PROCEDURES

OUTPUTS DISABLED

_/
w \

OE
tdis | | > jeten
! ENABLE PRELOAD |
VIHH= ~ —— — — — —| e — - |
I 100 ns!
PIN 14 : : ! = min ;
i ! | |
ViL — | } 4‘
! ! ,O——-'wI — .
i i APPLY Q' I
Vi == — = — — B S ety :
VERIFY ) 1000s | | VERIFY NEW )
a, STATEQ, , MIN ’! | ! ‘sTaTEQ, VERIFY Q4q
OH | !
VoL z ]
| tpa &
PIN 1 ViH |

OUTCLK) vy,

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7

[

FIGURE 1. PRELOAD WAVEFORMS

preload procedure for registered outputs

Pin 13 to V|H, Pin 1 to Vi, and V¢ to 5 volts.

Pin 14 to Vi4H for 10 to 50 microseconds.

Apply Vy for a low and Viy for a high at the Q outputs.
Pin 14 to V).

Remove the voltages applied to the outputs.

Pin 13 to VL.

Check the output states to verify preload.

3-30
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TIBPAL12H10, TIBPAL12L10, TIBPAL12P10
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

@ High-Performance Operation
Propagation Delay . . . 15 ns
fmax - - - 50 MHz

® Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic

and Ceramic DIPs

DEVICE |} INPUTS | O OQUTPUTS ouTPUT
CONFIGURATION
PAL12H10 12 10 ACTIVE HIGH
PAL12L10 12 10 ACTIVE LOW
PAL12P10 12 10 POLARITY SELECT

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
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.

The TIBPAL12P10 allows the user to select
either active high or active low outputs. This
feature is provided via a polarity fuse which is
located on each EXCLUSIVE-OR output. If the
fuse is left intact, the output polarity will be
active high. If the fuse is blown, the output will
be permanently active low.

The TIBPAL12’ M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL12’ C series
is characterized for operation from 0°C to 70°C

TIBPAL12’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)

GND

TIBPAL12’

M SUFFIX . . . FH OR FK PACKAGE

NC

C SUFFIX . . . FN PACKAGE
(TOP VIEW)

Tintegrated Schottky-Barrier diode-clamped transistor is patented

by Texas Instruments, U.S. Patent Number 3,463,375,
PAL is a registered trademark of Monolithic Memories Inc.
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TIBPAL12H10, TIBPAL12L10, TIBPAL12P10
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL12H10
&
24 x 20
2e >1 °
2, o
> 12 % °
£ ~ 2,
12 > [
1 —— 2, o
7
12, ~ Z o
Lo 0
2e )
2, 0
2
> o
‘PAL12L10
&
3 24x 20
2s >1 0
n 2e o
- K
[1] D 2 0
a . [avY} 2, 0
_.° [Pty Ze 0
3 b2 |~ Z o
g ‘ :
-7
o 2 0
3 2e 0
3 2 °
[}
=2
@ ‘PAL12P10
-
o &
«Q 24 % 20
3
2, > =,
- ~
—32 y +
2, +
4 —
2, .
[ 12, 7 1,
~ .
7 [a V) i
12, ;
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7 b,
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— 3 '
*—{ "y
2, N
- av

TIf fuse is intact, output is active high. If fuse is blown, output is permanently low.
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TIBPAL14H8, TIBPAL14L8, TIBPAL14P8

HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

High-Performance Operatibn
Propagation Delay . . . 15 ns
fmax . - - 50 MHz

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

TIBPAL14"
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE
{TOP VIEW)

ouTPUT
DEVICE 1 INPUTS | O OUTPUTS
CONFIGURATION
PAL14H8 14 8 ACTIVE HIGH
PAL14L8 14 8 ACTIVE LOW
PAL14P8 | 14 8 POLARITY SELECT

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
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.

The TIBPAL14P8 allows the user to select either
active high or active low outputs. This feature
is provided via a polarity fuse which is located
on each EXCLUSIVE-OR output. If the fuse is left
intact, the output polarity will be active high. If
the fuse is blown, the output will be permanently
active low.

The TIBPAL14" M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL14’ C series
is characterized for operation from 0°C to 70°C.

GND

TIBPAL14’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

w

TIntegrated Schottky-Barrier diode-clamped transistor is patented

by Texas Instruments, U.S. Patent Number 3,463,975.
"PAL is a Trademark of Monolithic Memaries Inc.
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TIBPAL14H8, TIBPAL14L8, TIBPAL14P8
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUIT

functional block diagrams (positive logic)

(V)

21607 sjqewweiboid-pjai4
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It fuse is intact, output is active high. If fuse is blown, output is permanently low.
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TIBPAL16H6, TIBPAL16L6, TIBPAL16P6

HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

High-Performance Operation
Propagation Delay . . . 15 ns
fmax .. .50 MHz

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

DEVICE 1INPUTS | O OUTPUTS ouTPUT
CONFIGURATION
PAL16H6 16 6 ACTIVE HIGH
PAL16LE 16 6 ACTIVE LOW
PAL16P6 16 6 POLARITY SELECT
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
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.

The TIBPAL16P6 allows the user to select either
active high or active low outputs. This feature
is provided via a polarity fuse which is located
on each EXCLUSIVE-OR output. If the fuse is left
intact, the output polarity will be active high. If
the fuse is blown, the output will be permanently
active low.

The TIBPAL16’ M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL16’ C series
is characterized for operation from 0°C to 70°C

Tlmegrated 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.

TIBPAL16’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)

Vee

TIBPAL16"
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
{TOP VIEW)

Q
0 O
-___-Z > - -

4 3 2 1282726

NC C

Oo00=Z2000

- —no0o-—- - —

PRODUCT PREVIEW
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on a pi under
Texas Instruments reserves the right
to change or discontinue this product
without notice.
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TIBPAL16H6, TIBPAL16L6, TIBPAL16P6
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUIT

functional block diagrams {positive logic)

‘PAL16HE
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TIf fuse is intact, output is active high. If fuse is blown, output is permanently low.
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8

HIGH-PERFORMANCE IMPACT PAL® CIRCUITS

FEBRUARY 1984 - REVISED JANUARY 1985

® High-Performance Operation
Propagation Delay . . . 15 ns
fMAX - . . 50 MHz

® Functionally Equivalent, but Faster than
PAL16L8A, PAL16R4A, PAL16R6A, and
PAL16R8A

® 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 1/O PORTS
0 OUTPUTS | Q OUTPUTS
PAL16L8 10 2 o) [
PAL16R4 o} 4 (3-state) 4
PAL16RE 8 0 6 (3-state) 2
\ﬂ\UGRB 8 L 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 PAL16’ M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The PAL16’ C series is
characterized for operation from 0°C to 70°C.

7Imegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.

PAL is a registered trademark of Monolithic Memaries Inc.

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

ViHHI

TIBPAL16LB’
M SUFFIX . . . J PACKAGE

C SUFFIX . . . J OR N PACKAGE

{TOP VIEW)
1 U200 vee
12 9]0
1gs  18dwvo
1a 1713 vo
1Os 6] 110
10e 15[ ] 170
17 14[] ;0
ifs 130Qvo
e 12Jo
GNDEm 1

TIBPAL16L8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW|]

10

)
[a]
p=4
Q

w

Field-Programmable Logic
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Copyright © 1984, Texas Instruments Incorporated

POST OFFICE BOX 225012 ® DALLAS. TEXAS 75265

3-37



TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

TIBPAL16R4’

M SUFFIX . . . J P

ACKAGE

C SUFFIX. . . J OR N PACKAGE

{TOP VIEW)

cik [ U200 vee
10z 9[]ro
103 18] 1/0
s o
10s  sJa
1Je 1sPJa
10 14[Ja
1[]s 13[] 10
o 1120Jwo

GND (1o 1[]JGE
TIBPAL16R6’

M SUFFIX . . . J PACKAGE

C SUFFIX . .. J OR N PACKAGE

TIBPAL16R4’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW}

13

= -
-“goo

TIBPAL1GRE’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

3 {TOP VIEW} (TOP VIEW)
cwk [ \ 203 vee
-n 102 9wo
F3 s ¢a
'9'_ i 84 17[]a
o 1s 16% Q
= s 15[]a
]
«Q i 141 a
® Qs 3o
3 1{e 12% 1o
3 GND (o 1[J O
o
=)
®
- TIBPAL16RE’ TIBPAL16R8’
=] M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
@ C SUFFIX . . . J OR N PACKAGE C SUFFIX. . . FN PACKAGE
o {TOP VIEW) (TOP VIEW)
cik O vee
102 Q
13 Q
) Ea Q
i s Q
i1 e Q
10r Q
i1[s Q
1ge Q 9 10111213
GND [Jro OE
Pin assignments in operating mode (pins 1 and 11 less positive than
ViHH)
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TIBPAL16L8, TIBPAL16R4
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

functional block diagrams (positive logic)
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TIBPAL16R6, TIBPAL16R8

HIGH-PERFORMANCE IMPACT PAL CIRCUITS

functional block diagrams (positive logic)
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TIBPAL16LS

HIGH-PERFORMANCE IMPACT PAL CIRCUITS

il
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TIBPAL16R4
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

w

;
'..'..z g

21607 sjqewweiboid-pIdty

ok

PRODUCT

INPUT LINES

LINES ;

00—+

4 8 12 16 20 24 28

11

- T R

—

N esesee

;

LY R Y XN ]

-

5'%;

-

ssonoe

N
w

w
-

(5)

s

w
N

w
©0

(6}

5

o
o

&
~

(7 f—

7

I
®
I
I

rbety

H1D

[
(3]

g

o
o

o
w

;%

1181 0

long

| B (1510

~E (15) o

E a4,

13 e

| 12},

LpM M 5E

3-42

{ip
TeExas
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS. TEXAS 75265

6t



84

bt man

TIBPAL16R6
HIGH-PERFORMANCE IMPACT PAL CIRCUITS
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TIBPAL1B6R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

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

Supply voltage, VcC (see Note 1)
Input voltage (see Note 1)

Storage temperature range

C suffix

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

recommended operating conditions (see Note 2)

Voltage applied to a disabled output {see Note 1) . . ... ... ... .. N
Operating free-air temperature range: M suffix

55V
-55°C to 125°C
0°C to 70°C

M SUFFIX C SUFFIX
PARAMETER uNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 55| 4.75 5 5.25 \Y
VIH High-level input voltage 2 5.5 2 5.5 Vv
ViL Low-level input voltage 0.8 0.8 \4
IoH High-ievel output current -2 ~-3.2 mA
oL Low-level output current 12 24 | mA
Ta Operating free-air temperature -55% 125 0 70 °C

W

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, TA = 25°C %
MIN NOM MAX | UNIT 3
Ve Verity-level supply voltage 4.5 5.0 5.5 A\ 5]
Vi High-level input voitage 2 55 | Vv re)
Vi Low-level input voltage 0.8 vV o
ViHH  Program-pulse input voitage 10.25 10.5 10.75 \ E
PO 20 50 g
X PGM ENABLE, L/R 10 25 =
IHH  Program-pulse input current mA o
L_Pl' PA 1.5 5 E
vee 250 400 a
w1 Program-pulse duration at PO pins 10 50 us .6
tw2  Pulse duration at PGM VERIFY 100 s | D
Program-pulse duty cycle at PO pins 25 % u—_
tsy Setup time 100 ns ‘
th Hold time 100 ns |
td1 Delay time from Vg to 5 V to PGM VERIFY1 100 us j
tg2  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 us
Ve value during security fuse programming [¢] 0.4 A\

184
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8

HIGH-PERFORMANCE IMPACT PAL CIRCUITS

recommended operating conditions

M SUFFIX —20 C SUFFIX —15 uNIT
MIN  TYP MAX | MIN TYP MAX
felock  Clock frequency 0 40 0 50 MHz
High 10
tw Pulse duration, clock, {see Note 3} 9 8 ns
Low "
tsu Setup time, input or feedback before CLKT 20 15 ns ‘
th Hold time, input or feedback after CLKT 0 o] ns ‘

NOTE 3: The total clock period of CLK high and CLK low must not exceed clock frequency, fgjack. Minimum pulse durations specified

are only for CLK high or CLK low, but not for both simultaneocusly.

electrical characteristics, over recommended operating free-air temperature range

M SUFFIX —20 C SUFFIX —15
PARAMETER TEST CONDITIONS T T UNIT
MIN TYP? MAX MIN TYP MAX
[Vik Vee = MIN, ) = -18 mA ~1.5 -1.5 v
VOH Vee = MIN, lpH = MAX 2.4 3.2 2.4 3.3 \']
VoL Veg = MIN, lgL = MAX 0.25 0.4 0.35 0.5 \
Outputs 20 20
lozH Ve = MAX, Vo = 2.7V WA
1/0 ports 100 100
Outputs —-20 -20
lozL Vee = MAX, Vp = 04V A
-n 1/0 ports -250 - 250
"5' | v MAX v 5.5V Pin 1, 11 0.2 0.1 A
= B = . m
= cc ! All others 0.1 0.1
: Pin 1, 11 50 20
© |y Vee = MAX, V| = 2.7V n oy
= All others 20 20
(=]
@ m Voo = MAX, V| =04V -0.2 -0.2 mA
'~
93: 108 Voo = MAX, Vg = 225V -~ 30 -125 | -30 -125 mA
A\ = MAX, QOutputs O
3 Ice cc utputs Lpen 140 190 120 180 | ma
Vi=0V,
[
E TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
@ AN typical values are at Vee = 8V, Ta = 26°C.
r~ 5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, 19g.
&
o switching characteristics over recommended supply voltage and operating free-air temperature
ranges (unless otherwise noted)
PAR, ER FROM TO TEST CONDITIONS M SUFFIX —20 C SUFFIX —15 UNIT
AMET MIN TYP} MAX | MIN TYP? MAX
[ fmax 40 50 MHz
tod 1, /0 0. /0 10 20 10 15 ns
Tod CLKT Q RL = 500 2, 8 15 g 12 ns
ton OE! Q CL = 50 pF 8 15 8 12 | s
See Note 4
tdis OE? Q 7 15 7 10 ns
ton I, 170 0, 1/0 10 20 10 15 ns
Tais T, 170 0. 170 0 20 10 15 ns
AN typical values are at Voo = 5V, Tp = 25°C.
NOTE 4: Load circuits and voltage waveforms are shown in Section 1.
i
3.46 TEXAS b
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL1GR8

LOW-POWER HIGH-PERFORMANCE IMPACT PAL CIRCUITS

recommended operating conditions

M SUFFIX —30 C SUFFIX —25 umﬂ
MIN TYP MAX MIN TYP MAX
felock  Clock frequency 0 25 (0] 30 MHz
- High 15 10
tw Pulse duration, clock, (see Note 3} Tow 20 5 ns
tsu Setup time, input or feedback before CLK* 25 20 ns
th Hold time, input or feedback after CLKT 0 0 ns

NOTE 3: The total clock period of CLK high and CLK low must not exceed clock frequency. fejgck. Minimum pulse durations specified

are only for CLK high ar CLK low, but not for both simultaneously.

electrical characteristics over recommended operating free-air temperature range

W

PARAMETER TEST CONDITIONS! M SUFFIX - 30 C SUPAIX 25 UNIT
MIN TYP! MAX | MIN TYP! MAX
ViK Vee = MIN, = —18 mA 15 18 v
Von Vee = MIN, Ion = MAX 24 32 2.4 33 v
VoL Vee = MIN, oL = MAX 025 04 035 05 v
Outputs 20 20
lozx Vee = MAX Vg = 2.7V A
1/0 ports cc ’ 0 100 100 | ”
Outputs -20 -20
| Vee = MAX, Vg = 0.4V A
OZL 175 ports cc 0 ~250 “250 | "
| N A v 55y Pin 1, 11 0.2 0.1 R
= , = 5. m
t cc ! All others 0.1 0.1
| Vee = MAX V) = 2.7V Pin 1, 11 50 20 A
H cc - ’ e All others 20 20 | "
Iy Voo = MAX, V=04V -0.2 -0.2 mA
o8 Voo = MAX, Vg = 2.25 V -30 -125 |-30 —125 | mA |
Voo = MAX,  Outputs O
Ice ce Hrputs Gpen 75 105 75 100 | ma
Vi =0V,

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical vaiues are at Voo = 5V, T4 = 25°C.

5The 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)

Field-Programmable Logic

PARAMETER FROM TO TEST CONDITIONS M SUFFIX —30 C SUFFIX —25 UNIT
MIN_ TyP! MAX | MmN Typ  max

fmax 25 30 MHz
tpd I, 110 0, 10 15 30 16 25 ns
tpd CLK?T [¢} R = 500 Q, 10 20 10 15 ns
ten OE. Q CL = 50 pF, 15 25 15 20 ns
tdis OE? Q See Note 4 10 28 10 20 ns
ten 1, 1i0 0, 10 14 30 14 25 ns
tdis 1,170 0, 1’0 13 30 13 25 ns

*All typical values are at Voc = 5V, Ta = 25°C.

NOTE 4: Load circuits and voltage waveforms are shown in Section 1.

PRODUCT PREVIEW .
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16RE
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

PRODUCT TERMS 0 THRU 31

(TOP VIEW)
PGM enasLE [t U 20]] vee
po]2 9] PO3
pii s 18] Po2
P12 []a 17% PO1
p3[]s  16]] POO
P4 [e 15[ Pao
PIs [|7 14[] Pa1
Pis [J8  13[] PA2
Pz o 12JuwR
GND (1o 11[] PGM VERIFY
Pin assignments in programnnng mode {PGM ENABLE, pin 1 or 11, at Vi

TABLE 1 — INPUT LINE SELECT

PRODUCT TERMS 32 THRU 63

(TOP VIEW|

PGM VERIFY [[1 U 20

G

Pio [
P [
PI2
PI3
PI4
PI5 []
PI6 [
P17 [
ND [

W~ UGS W N

o

:
i

L
8

:

Ve
L/R
PAO
PA1
PA2
PO3
PO2
PO1
POO

] PGM ENABLE

TABLE 2 — PRODUCT LINE SELECT

g PIN NAME PRODUCT PIN NAME

NUMBER | PI7 PI6 PI5 Pia PI3 P2 PN PI0 L/R NUMBER [PO0 PO1 P02 PO3 PA2 PA1 PAD

3 0 HH HMH HH HH HH HH HH L 2 032 |2 Z z W4 Z 2z 2
1 HH HH HH HH HH HH HH H Z 133 |z 2z Z HH Z Z HH

- 2 HH HH HH HH HH HH HH L HH 23 |z Z z HH Z HH Z
o 3 HH HH HH HH HH HH HH H  HH 33 |z z Z HH Z HH HH

= 4 HH HH HH HH HH HH L  HH Z 43 |z zZ Z HH HH Z Z
o 5 HH HH HH HH HH HH H  HH 2 537 |2 Z Z HH HH 2 HH

3 6 HH HH HH HH HH HH L HH HH 638 |z Z Z HH HH HH Z
@ 7 HH HH HH HH HH HH H  HH HH 730 |Z Z Z HH HH HH HH

o 8 HH HH HH HH HH L HH HH 2 840 |2 2z HH 2z 2z 2z 2
3 9 HH HH HH HH HH H HH HH Z 941 |z Z HH Z Z Z HH

3 10 HH HH HH HH HH L  HH HH HH 10,42 |2 Z HH Z 2z HH 2
s 11 HH HH HH HH HH H  HH HH  HH 11,43 |2 Z HH Z Z HH HH

= 12 HH HH HH HH L HH HH HH 2 1248 |2 Z HH Z HH Z 2
—- 13 HH HH HH HH H HH . HH HH 2 13.45 |z Z HWH Z HH Z  HH

o 14 HH HH HH HH L HH HH HH  HH 14,46 |2 Z HH Z HH HH Z
Q 15 HH HH HH  HH HH HH HH  HH 16,47 |2 2 HH 2 HH HH HH

o 16 HH HH HH L HH HH HH HH Z 16,48 |2 HH Z Z z z 2
17 HH HH HH H  HH HH HH HH Z 1748 |2 HH 2 Z z Z hHH

18 HH HMH HH L HH HH HH HH HH 180 |z HBH z Z Z HH Z
19 HH HH HH H HH HH HH HH HH 19,51 2 HH 2 z 4 HH HH

20 HH HH L  HH HH HH HH HH Z 2062 |z HH z Z HH z 2
21 HH HH H  HH HH HH HAR HH Z 2163 [z HH Z Z HH Z  HH

22 HH HH L HH HH HH HH HH HH 2254 [2 HH Z Z HH HH 2
23 HH HH H HH HH HH HH HH HH 23,65 |z HH Z Z HH HH HH

24 HH L HH HH HH HH HH HH Z 2456 |WH z 2z z 2z z 2
25 HH H HH HH HH HH HH HH Z 2557 |WH z z z z z MM

26 HH L HH HH HH HH HH HH HH 2658 |HH 2 z Zz 2z HH Z
27 HH H HH HH HH HH HH HH HH 2769 |HH Z Z Z Z HH HH

28 L HH HH HH HH HH HH HH Z 2860 |HH 2 2z 2 HH Z 2
29 H HH HH HH HH HH HH HH 2 2961 |HH Z Z Z HH 2 HH

30 L HH HH HH HH HH HH HH HH 30, 62 HH z z z HH HH z
31 H HH HH HH HH HH HH HH  HH 3163 |HH 2 Z Z HH HH HH

L= VL H= V|, HH = V), Z = high impedance (e g . 10 k{2 to 5 V)
Texas W
3.48 EXAS
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
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 Raise PGM ENABLE to ViHH.

Step 2 Select an input line by applying appropriate levels to L/R and Pi pins.

Step 3 Begin selection of the output line with appropriate conditions on PA pins.

Step 4 Raise V¢ to VIHH.

Step 5 Blow the fuse by pulsing the appropriate PO pin to V|HH as shown in Table 2 for the product
line.

Step 6 Return V¢ 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 f :\
[
e i
I
[}

w

Field-Programmable Logic

v,
= tsu th-pf n
SELECTED :—-——— VIHH
PI, L/R,PA ! v
PINS (See m_ H
Tables 1 and 2) ViL
————————————————— — VIHH
Vce 1 | 5V
ﬁ—ﬂ—t | ¢ )
i ! Fon ov
-ty |
SELECTED T T T Ty T T T T T T T T — Vi
PO PINS ! v,
1 B I I AR VOH
(See Tabie 2) T RO VoL
)
,  lazHe¥ @
i E ol "_‘WZ
-td1-p | v
H
PGM VERIFY n
ViL

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

@ A low level during verify interval indicates that programming has been successful,

security fuse programming

PIN 1 '/ \ =

ov

1 - —— 21v

PIN 11 1

ov

TeExas {" 1.49
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TIBPAL18H4, TIBPAL18L4, TIBPAL18P4
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

® High-Performance Operation
Propagation Delay . . . 16 ns

fmax - -

. 50 MHz

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

DEVICE 1 INPUTS | O OUTPUTS ouTPUT
CONFIGURATION
TIBPAL18H4 18 4 ACTIVE HIGH
TIBPAL18L4 18 4 ACTIVE LOW
TiBPAL18P4 18 4 POLARITY SELECT

description

TIBPAL18"
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE
{TOP VIEW)

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
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.

The TIBPAL 18P4 allows the user to select either
active high or active low outputs. This feature
is provided via a polarity fuse which is located
on each EXCLUSIVE-OR output. If the fuse is left
intact, the output polarity will be active high. If
the fuse is blown, the output will be permanently
active low.

The TIBPAL18' M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL18’ C series
is characterized for operation from 0°C to 70°C.

TImegrated 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.

TIBPAL18’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFiX . . . FN PACKAGE

(TOP VIEW)

cC

=

Q
z
T
1 27

Bv
80,

s e g e
4 3 2

NC

“—o0o0Zo0oO0~—
(9]

121314 1516 17 18

PRODUCT PREVIEW
This d ins i
on a i under

Texas Instruments reserves the right
to change or discontinue this product
without notice.

{i’
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Copyright © 1985, Texas Instruments Incorporated
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TIBPAL18H4, TIBPAL18L4, TIBPAL18P4

HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUIT

functional block diagrams (positive logic)

w

01607 ajqewweib0id-piol4

11t fuse is intact, output is active high. If fuse is blown, output is permanently low.

'PAL18H4
&
36 X 20
6, >1
>4 13, ~ 7 0
18 7 2 1]
3 7
| 18 4/’ 0
o—F— " 5/ o
‘PAL18LA
&
36 X 20
6
[» 18, -y J >1 0
7 4 -
| _%81_ 4/ 0
18 7~ ——o
‘PAL18P4
&
36 X 20
6, >1 =1
t 3}
o 18, ~ 7 —~y
4 t 1]
—
| _18,1_ . AV)
. t 0
18 7 P
& ¢ ~ . p—
‘L t 0
7 ‘ r\/
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TIBPAL20H2, TIBPAL20L2, TIBPAL20P2
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS

JANUARY 1985

® High-Performance Operation
Propagation Delay . . . 15 ns
fmax - - - 50 MHz

® Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic

and Ceramic DIPs

DEVICE I INPUTS | O OUTPUTS outPuT
CONFIGURATION
TIBPAL20H2 20 2 ACTIVE HIGH
TIBPAL20L2 20 2 ACTIVE LOW
TIBPAL20P2 20 2 POLARITY SELECT

description

TIBPAL20’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

{TOP VIEW}

These programmabile 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
over conventional TTL logic. Their easy
programmability allows for guick 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 TIBPAL20P2 allows the user to select either
active high or active low outputs. This feature
is provided via a polarity fuse which is located
on each EXCLUSIVE-OR output. If the fuse is left
intact, the output polarity will be active high. If
the fuse is blown, the output will be permanently
active low.

The TIBPAL20" M series is characterized for
operation over the full military temperature range
of —565°C to 125°C. The TIBPAL20’ C series
is characterized for operation from 0°C to 70°C

TIBPAL20"
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW}

=

~gne
8( vee

Siaidnd i
1fIs !
116 2411
17 23] o
NC []8 22[] NC
1[0e 211 0
|
[

w

Field-Programmable Logic

TImegra:ed Schottky-Barrier diode-clamped tranststor is patented

by Texas Instruments, U.S. Patent Number 3,463,975
PAL is a registered trademark of Monolithic Memories Inc.

PRODUCT PREVIEW
This
on a p under
Texas Instruments reserves the right
to change or discontinue this product
without notice.

TEXAS {"

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

Copynght ©® 1985, Texas instruments Incorporated
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TIBPAL20H2, TIBPAL20L2, TIBPAL20P2
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

'PAL20H2
& >1
40X 16
8,
7
D
zg, ~
20
e
o 20, ~
8/
'PAL20L2
& >1
3 40X 16
8, I o
7
| > Ly ~
(5]
= 120, |
b DﬁZO; [a WV}
o
8, N
(._Q‘ 7
3
3
Y]
o ‘PAL20P2
o
- & »1 =
o
Q. 40% 16
O 8,
> 20 ~s
20 7’ o r
|+
2
b2,
8/
7
[ N,

TIf fuse is intact, output is active high. If fuse is blown, output is permanently low.
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL® CIRCUITS

SEPTEMBER 1984

@ Choice of Operating Speeds TIBPAL20L10’
HIGH RFORMAN L4 Hz M SUFFIX . . . JT PACKAGE
$ypi:§| CE oM C SUFFIX . . . JT OR NT PACKAGE
. TOP VIEW)
HALF-POWER . . . 25 MHz Typical ¢
o . v Uzd vee
® Preload Capability on Output Registers g 2] 0
® Power-Up Clear on Registered Devices s 2lwo
g« 2 wo
® Package Options Include Both Plastic and 1Os  20d 10
Ceramic Chip Carriers in Addition to Plastic 10e 19[J o
and Ceramic DIPs 1 epwo
1[e 17[J o
3-STATE REGISTERED 170 1O 6] 110
DEVICE | I INPUTS 1w ] 1o
0 OUTPUTS | Q OUTPUTS | PORTS iOn efo
'PAL20L10 12 2 Q 8 GND [z 13[]!
'PAL20X4 10 [o] 4 (3-state buffers) 6
‘PAL20X8 10 [¢] 8 (3-state buffers} 2
‘PAL20X10| 10 0 10 (3-state buffers) | O TIBPAL20L10

M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
{TOP VIEW|

description

w

These programmable array logic devices feature
high speed and functional equivalency when
compared with currently available devices. They
combine the latest Advanced Low-Power
Schottkyt technology *‘IMPACT ' with proven Vo
titanium-tungsten fuses. These devices will 110
provide reliable, high performance substitutes 22[] NC
over conventional TTL logic. Their easy 110
programmability allows for quick design of 20(} o
custom functions and typically result in a more e 1o
compact circuit board. In addition, chip carriers
are available for further reduction in board space.

25[] 110

The Half-Power versions offer a choice of

operating frequency, switching speeds, and Pin assignments in operating mode (pins 1 and 11 less positive than
power dissipation. in many cases, these Half- VIHH)

Power devices are as fast as the currently

available ‘‘standard’’ devices.

Field-Programmable Logic

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.

TIntegrated Schottky-Barrier diode-ctamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975
PAL is a registered trademark of Monolithic Memories Inc.

This page contains information on a
product under development. Texas TE
Instruments reserves the right to

change or discontinue this product INSTRUMENTS

without notice. POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

PRODUCT PREVIEW ‘. Copyright © 1984, Texas Instruments Incorporated
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TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

TIBPAL20X4'
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)
outcik [ Waa[] vee

12 23gwo
1[s 22[]1 o
s 20 wo
1fs 200a
IEG 9] a
17 1Da
e 7da
1 s[rvo
1o 1sJwo
1 18P wo
GND (2 13[]JOE

TIBPAL20XS’

M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE
(TOP VIEW)

w

TIBPAL20X4"
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

TIBPAL20X8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

QUTCLK
mn |
[} |
9. 1
) I
o |
@ |
o |
3 |
a |
o |
E GND
-]
-
(=]
Q,
3) TIBPAL20X10’ TIBPAL20X10’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) (TOP VIEW)
outcwk v Uaad vee o

102 20a

1igs 22Pa

s 210a

Ids 200a

1iJe 19da

i 1sda

1Ide 0o

e wpa

1o 1sda

] 141 Q

GND ()12 13[] GE
1213141516 17 18
298
Pin assignments in operating mode (pins 1 and 11 less positive than VjyH)
’:
3-56
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TIBPAL20L10, TIBPAL20X4
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

functional block diagrams {positive logic)

w

Field-Programmable Logic

‘PAL20L10
& >1
EN
40 X 40 3/ 2V o
3/ O—o0
> 3, O—e—4p— 1/0
12 20 #
, ; |-
3, D—a—¢»— 110
3 O—e—4>— 110
7
20 3, D& —4»— 110
8# o——{~ i
3’, Pe—e4»>— /0
3
y &+ 1/0
3, Do —¢»— 1/0
3,, %+ 1/0
R
‘PAL20X4
OE J enz
OUTCLK c1
-l [
& =1 1-0
a0 x a0 |2« $1D 2v a
RN
4 $ o
N
> 2 !, @
10 20 \
! 4 $ a
. Y
3 VPo—a—e>— /0
3 PD—eT—<4» 1/0
320 N
3 ANERAY 1o
3 O—ac—4->- 170
3 o N /o
3 P> 170
8 4
, <
4 4
~ denotes fused inputs
184 .
l
TEXAS b
INSTRUMENTS
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TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL20X8
O g En2
OUTCLK >t
ul C
& 4 =1 # 1=0.V Q
40 X 40 1D -
4 + Q
N
I’} Q
YR e - I T =
4 + Q
N
a4 Q
. 7
4 + a
R
4 + Q
2 20 [N
D——{ ~ 4 Q
3 ’ ?
NEX
r
| 5, | v — 10
o || 1
o 3 < 1/0
o i ]
Y g
[=]
«Q
o ‘PAL20X10
ouTCLK c1
B c
- a =1 1=0. v a
1) 40 X 40 [—— +ID 2
o 4 o @
«Q
& ) ) a
10 > 20 — N
1 —— o]~ . ? Q
—
4 + a
N
4, + Q
N
10 20 4 + [
|~
D—— —
4 + [o}
N
4 ? Q
4, é a
10, N

~denotes fused inputs

@ 284
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TIBPAL20L10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

INPUT LINES
A
/ \
\ 1 Oees 4+ B oo 1200 1§ oos 20cre 2420 28ecs 32 cor 360 39
0
PRODUCT .
e 5‘7—&0
(2} N
1 d <
8 ~
. 22 6
1
! (3} L
16
. (21) /0
19
L) Dt 1
24
: 20 o
27 3
(5) NG .
1 L o
32 o o
: (19) =
. o
35 110 g
(6) . ]
1 3 ®
40 -, )
* (18) ©
. y—— 1/0
43 E
N ny .
Dk X1 ‘%
a8 ~ o5
5 (17) o
. —— 1/0 e
51 o
; 8) ny _'j é
56 T i:__’
) {18) /o
59
(9) .
2 K
64 -
. {15) /o
67
, ho
72 ; 3
75
. (1) ] .j {13} .
Qoees A ere Boas1200s 160 e « 20+ oo 240+ + 2Be » ¢ 324+ 36+ +39

{i’
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TIBPAL20X4
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

INPUT LINES
/\
/ \

Dcee Aeee Gevo12-vs 16oc+ 200+ » 24» + + 28+ + + 32-« .+ 36- -39
1
OUTCLKLD

PRODUCT 0
LINES

{23) /o

(22) Vo

W

21607 sjqewweiboid-p|atd

64 -

—“4) /0

| (11)E N L 3 (13) o
0

eee fBoee Boas 12500 160 s 200 v o 24+ s+ 2840+ 32¢ 0 ¢ 36+ ¢ 39

{i,
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TIBPAL20X8
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

INPUT LINES
A
/ Oove deve Booo 1205+ 16 20200 « 0245+ 280 « « 32+ 36+ .39\
OUTcLKﬂD
prRODUCT 0 23)
LINES 1o
3
2
! Dt-q
8 {22)
22 o
1
(3) "
1 —t
b {21)
: Bo— Q
19
(4) N
I L=y
24
. E (20} a

o

(=]

Field-Programmable Logic H

o

BEEE:

o]

£ [ [0 (69 (60 60 [

{10)

72

(14}

1/0

75
)
i

{13

:

Rtk bataballadli
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TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

INPUT LINES
7\

Beoo 12000 162+ 200 ¢ o 24e e+ 28+ s+ 320+ 36++39

Foeee ge..

ourcLK%

PRODUCT
LINES .

7;

(23) a

22
(IQ

%

(21) a

w

T

- o

=]

1888

1
(4)0

Q%va%g#?% Ao %Q

=
e
ql

Qeos Jene Boos 120 ¢ 16e 0o 0 200 e e 24¢ 00 280+ o 32+ 36+ 39
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

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

Supply voltage, Ve {see Note 1) . .. ... ... e 7V
Input voltage (see Note 1) ... ... .. .. .. ... e 55V
Voltage applied to a disabled output (see Note 1) . . .. .. ... . ...... . ... .. ... ....... 55V
Operating free-air temperature range: M suffix. ... ... ... . .00 -55°C to 125°C

Csuffix ... ... 0°C to 70°C
Storage temperature range . .. .. .. ..ottt —-65°C to 150°C

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 55| 4.75 5 5.25 \
VIH High-level input voltage 2 55 2 5.5 \'4
ViL Low-level input voltage 0.8 0.8 \
I0H High-level output current -2 -3.2 mA
loL Low-level output current 12 24 | mA
Ta Operating free-air temperature -56 125 [¢] 70 °C

w

programming parameters, TA = 25°C

‘ min| NOom| Max [ UNIT |

Vee Verify-level supply voltage 4.5 5.0 5.5 v

VIH High-level input voltage 2 5.5 \

ViL Low-level input voltage 0.8 Vv

VIHH Program-pulse input voltage ’ Y
PGM ENABLE

HHH Program-pulse input current PO mA
Vee

twi Pulse duration at V¢ us

tw2 Pulse duration at PGM VERIFY ns

Setup time OET before PO (V iy}
tsu ns

Setup time POT (V|yy) before Voot (VigR!
Hold time PO (V|yn) after Vol

Field-Programmable Logic

th — ns
Hold time OE high after PO{

td1 Delay time from OE low tc PGM VERIFY? us

t42 Detay time from PGM VERIFY? to valid output ns
Input voltage at pins 1 and 13 to open verify-protect (security) fuse A2
Input current to open verify-protect (security) fuse mA
Puise duration to open verify-protect (security} fuse ms

{i,
Texas
INSTRUMENTS
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

recommended operating conditions

M SUFFIX-XX C SUFFIX-XX UNIT
MIN TYP MAX | MIN TYP MAX
fclock  Clock frequency 0 40 0 40 | MHz
tw Pulse duration, clock High ns
Low ns
tsy Setup time, input or feedback before OUTCLK? 15 15 ns
th Hold time, input or feedback after OUTCLK? 0 o] ns
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONS T M SUFFIX XX C SUFFIX XX UNIT
MIN TYP! MAX | MIN TYP! MAX
VIK Voe = MIN, || = —18 mA ~15 ~16| v
VOH Voo = MIN,  Igy = MAX 24 3.2 24 3.3 \
VoL Voo = MIN,  IgL = MAX 0.25 0.4 035 05| V
! Outputs Vee = MAX, Vi = 2.7V 20 291 A
OZH ™70 ports cc = coYiH =l 100 700 | *
Outputs -20 -20
! Vv = MAX, V) =04V A
3 0L 775 ports ce H ~250 —250 | "
!
t Vee = MAX, V) = 55V 0.1 0.1 | ma
- IH Vee = MAX, V=27V 20 20 pA
o m Ve = MAX, V| = 0.4 V 0.2 ~0.2 | mA
Q 108 Vee = MAX, Vg =225V -30 -125| -30 ~125 | mA
pY IcC Vee = MAX, V[ =0V, 140 180 140 180 | mA
[=]
[1e] TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
o Al typical values are Vo = 5 V, Ta = 25°C.
3 5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igs.
g switching characteristics over recommended operating free-air temperature range (unless otherwise
T noted)
@
M SUFFIX-XX C SUFFIX-XX
- PARAMETER FROM TO TEST CONDITIONS UNIT
Q MIN TYP? MAX | MIN TYP! MAX
Q fmax 40 40 MHz
e tod 1,170 0. 170 15 15 ns
thd OUTCLKT Q RL = 500 2, 10 10 ns
ten OE Q CL = 50 pF 10 10 ns
tdis OEt Q See Note 2 10 10 ns
ten 1, 110 0, 1/0 15 15 ns
tdis 1, /0 0, /0 15 15 ns
*All typical values are at Vee = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
y 1184
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE HALF-POWER EXCLUSIVE-OR IMPACT PAL CIRCUITS

recommended operating conditions

M-SUFFIX-XX C SUFFIX-XX UNIT
MIN TYP MAX | MIN TYP MAX
fciock  Clock frequency 0 25 0 25 | MHz
. High ns
tw Pulse duration, clock
Low ns
tsu Setup time, input or feedback before OUTCLKT 15 15 ns
th Hold time, input or feedback after QUTCLK? o] 0 ns
electrical characteristics over recommended free-air operating temperature range
M SUFFIX-XX C SUFFIX-XX
PARAMETER TEST CONDITIONS MIN TYPE MAX | MIN TYPE MAX UNIT
VIK Vege = MIN,  Ip = —18 mA -1.5 -1.6 \
VOH Vee = MIN, loH = MAX 24 32 24 33 Y
VoL Vce = MIN, gL = MAX 0.26 0.4 036 05| V
oz |outeuts Vee = MAX, Vi = 2.7V 20 il BN
/0 ports 100 100
ozl |outputs Vee = MAX, Viy = 0.4V _20 “201 A 3
1/Q ports - 250 -250
1 Vee = MAX, V) = 55V 0.1 01| mA
IH Voo = MAX, V| = 27V 20 20 | uA
ht Vee = MAX, V| =04V -0.1 -0.1 mA
108 Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 | mA
ice Ve = MAX, Vi =0V, 70 95 70 90 | mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are Vog = 5V, T = 25°C.

5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igg.

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

Field-Programmable Logic

noted)
PARAMETER FROM TO TEST CONDITIONS M SUFHIX-XX C SUFFIX-XX UNIT
| MmN TYPE mAX | MIN TYPF MAX

frmax 25 25 MHz
tpd I, 110 0, /0 30 30 ns
tad OUTCLK? Q Ry = 500 9, 20 20 ns
ten OF Q CL = 50 pF 15 15 ns
tdis OE? Q See Note 2 15 15 ns
ten 1, 170 0, /0 30 30 ns
tdis I, jo 0, 110 30 30 ns

*All typical values are at Voc = 5V, Ty = 25°C.

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

984
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR PAL CIRCUITS

PRODUCT TERMS

{TOP VIEW)

PGM VERIFY []1 [1vee
pio []2 [1rP00
pi1 3 Po1
PI2 s P02
PiI3[]s [1PO3
P46 1 PoO4
pis ]7 (] POS5

PA8 [Js []POS6

PAQ ] PO7

PA10 [] PO8B

PGM ENABLE [1PO9
GND [] OE

Pin assignments in programmming mode (PGM ENABLE, pin 11 at V|pQ!

TABLE 2. PRODUCT LINE SELECT

PRODUCT LINE ADDRESS

PRODUCT LINE NUMBER

PA8 PA3 PA10
L L L 0 8 16 24 32 40 48 56 64 72
L L H 1 9 17 25 33 41 48 57 65 73
L H L 2 10 18 26 34 42 50 58 66 74
L H H 3 il 19 27 35 43 51 59 67 75
POO | PO1 PO2 PO3 | PO4 | PO5 | PO6 PQO7 | POS8 PO9

OUTPUT PIN NAME

L=VviLH = Vg

3-66
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR PAL CIRCUITS

INPUT LINE SELECT

TABLE 1.

PIN NAME

™M

016077 9|qewweiboid-piai4

P11 PI2 P13 PI4 Pi5

PIO

INPUT LINE

NUMBER

10

12
13
14
18
16
17

18
18
20
21
22
23
24
25
26
27
28
29
30
31
32

33

34
35

36

37

38

L39

L

ViL H = Viy

984
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH PERFDRMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

programming procedure for array fuses

W

01607 sjgqewwieiboig-poi4

Array fuses are programmed by excuting 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 Raise PGM ENABLE to V|HH.

Step 2 Select an input line by applying appropriate logic levels to Pl pins.

Step 3 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).

Step 4 Raise OF to V|H.

Step 5 Raise the selected PO pin to V|HH.

Step 6 Program the fuse by pulsing Vc¢ to ViHH.

Step 7 Remove the output voltage

Step 8 Lower OE to V)L to enable device

Step 9 Verify the blowing of the fuse by checking for a VgL, 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

— — —- VIHH
PGM ENABLE J \ it
ViH
PI0-PI5 SRR SELECT INPUT LINE R0 Vit
ViH
PAB-PA10 ZREXXRNLE SELECT PRODUCT LINE GROUP 0088 viL

SELECTED
PO PIN

Vee

PGM VERIFY v
I

3-68
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TIBPAL20L10, TIBPAL20X4, TIBPAL20XS, TIBPAL20X10
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS

PRELOAD PROCEDURES

5V
e o/ A\
ov
OUTPUTS DISABLED
Vin
o8 ¥ X
ViL | i
tdis—p|  j¢— — be—ton
| ENABLE PRELOAD |
VIHH - = —— = — = = — — — |
I 100 ns'
PIN 18 | | je min
| | 1 |
] [
ViL T : ——
I ! r—tm—.l :
APPLY Q'
VIHH =~ — — = = — — :— -———t-- I
| 100ns ! | VERIFY NEW
Q Ve, VERIFY STATE Q, | MiN "| | sTATE Q' VERIFY Q'p, 4 1
OH wxwwmmereerorcmererrerrom f} | SRR
COOOOOCOOOCOO00CX XY
OO0 XX XX ORI XAX X XXX XX
VoL RS Z e,
f
H'pd
vt VIH M
{OUTCLK) V)

FIGURE 1. PRELOAD WAVEFORMS

preload procedure for registered outputs

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7

Pin 14 to V).
Remove the v
Pin 13 to VL.

security fuse programming

Pin 13 to VIH, Pin 1 to V|, and VCC to 5 volts.
Pin 14 to V|HH for 10 to 50 microseconds.
Apply an open circuit for a low and ViHqH for a high at the Q outputs.

oltages applied to the outputs.

Check the output states to verify preload.

0
e
t
H et 21v
PIN 1 —th—nl ov
l ]
1 N [
. H—ws-ﬂ_l__._ — 21V
PIN 13 je—mn—>al —-th ov

w

Field-Programmable Logic
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TIBPALR1918, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

D2709, DECEMBER 1982 —-REVISED AUGUST 1984

® Choice of Operating Speeds

HIGH PERFORMANCE . . . 30 MHz Max
HALF-POWER . . . 20 MHz Max

® Preload Capability on Output Registers

® Power-up Clear on Registered Devices

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

DEVICE 1/D INPUTS | | INPUTS 3-STATE REGISTERED 1/O PORTS
0 OUTPUTS Q OUTPUTS
‘PALR19L8 11 2 0 6
‘PALR19R4 11 [¢] 4 (3-state buffers) 4
‘PALR19R6 11 o] 6 (3-state buffers) 2
‘PALR19R8 1 0 8 (3-state buffers) 0

description

These programmable array logic devices feature high
speed and functionality similar to the TIBPAL16LS8,
16R4, 16R6, 16R8 series, but with the added
advantage of D-type input registers. f 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?
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. The Half-power devices offer
a choice of operating frequency, switching speed, and
power dissipation.

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.

INPUT REGISTER FUNCTION TABLE

INPUT OUTPUT OF
INCLK | D | INPUT REGISTER
t H H
T L L
L X Qo

TIBPALR19L8"
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

{TOP VIEW)

V[ 24 vee
wo 2 23] 1o
o s 22% o]
110 54 210J 1o
o [ds 20] 10
o (e 19% /0
[z e vo
w{ls 17Jwvo
110 [p 18] vo
w o 1sgo
D [u 1a[] INCLKF

GND 12 13 |

TIBPALR19L8"
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

{TOP VIEW)

22 _8%2,

= e b g ey g

4321
/b s 25(] 10
/D [le 240 1o
w0 [J7 23[] o
NC [18 22(] NC
110 ]9 21[Jyo
11D 10 20[j 1’0

11D 19 vo
12

==
eg

*Pin 14 is also used for the preload

Pin assignments in aperating mode {voltage at pins 1 and 13 less

w

Field-Programmable Logic

without notice.

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

than Vign}
’(ntegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,375.
PAL is a registered trademark of Monolithic Memaries Inc.
PRODUCT PREVIEW . Copyright © 1985, Texas Instruments Incorporated
This d ins inf
on a product under development. EXAS U
Texas instruments reserves the right 3-71
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TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

TIBPALR19R4’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

TIBPALR19R4’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW} (TOP VIEW)
outclk [r WaaJ vee
w2 2D
mw{ds 200 wo
w]s 20 wo
o [s 20(] Q
10 [J6 19% Q
w7 e a
1D [J8 17[] Q
vwoe ] wo
10 1o \5% 110
0 [J11 1a[] INCLKT
GND [J1z 13[] OF

TIBPALR19R6’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

TIBPALR19R6"
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

{TOP VIEW) (TOP VIEW)
ouTtcik [y U2d] vee X
- wo Q2 20w E 9
& ws 22 vo 2eggsee
Y ol B2 T TR R
n wo s 29 volis »d o
- e 19f]a
- 1D [J6 24(]a
o o 7 18[] @ b7 da
Q e /g a ne 8 2{]NC
; wlke o o he 20a
3 o Jio  1s[] vO vo [0 2d o
D [ 1a[] INCLKT v Ot 19 a
3 GND [Ji2 13[] OF
& 2133405181718
& EEEF P
© o
r- z
=}
Q
(¢} TIBPALR19R8’ TIBPALR19R8’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) (TOP VIEW)
outcik [T Tzal] vee z
o [z 233 wD 508
mwds 2o 2832520
whe  2fla TTTTRNR
o s 20%0 1'0([]s 25{]Q
volle o a 1o [l6 2[]a
o 7 18] Q o f7 da
we o Ne [1s 22[inC
VD P ‘55‘0 N 2]a
b Tho 5] Q 1.0 [J10 20[]
0 [n 1af] INCLKT Lo o] a
GND (12 13[] OF
ceggLo
o 3]
NC —No internal connection z
TPIN 14 is also used for preload
i
3-72 TExAs JU
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TIBPALR19L8, TIBPALR19R4
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALR19L8
38 fﬁtt 7 en 7 vp———0
7 b—————o0
INCLK > oc2 1 7 1o
ﬁ - 7 a4~
) _1:1__F21:2 1w | LA L“’—— /0
11 o 7 L ¢—»— 1/0
" 7, b—tL‘—b—— 110
>
| T, = g . 7 o—QLq—p— 1o
s 7 a4 110

!

.
w

‘PALR19R4
Q
OE EN2 o]
ouTCLK > c1 3
0 L
[}
1=0 -
& 8 >1 29 a =
38 X 64 |— /D ©
) £
8, a
7 13 _— £
©
8 1 Q ~
INCLK ﬁ> oc2 n - g’
. L 1c2 I 8 a P
D ——«— 12 " e
[o——1~ »1 ©
1 EN -
Mo A vp—a—e— 1o @
M1 ('
7, 4> /0
8 7 & P - Vo
> ~ 1 — & -4
8, | 7, a4 o
4
— 4
4 4—

884 .
(]
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TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

functional block diagrams {positive logic)

w

1 s|qewweiboid-piai4

2160

‘PALR19R6
3 EN2
oUTCLK c1
e
& 8 >1 =0,V a
38x 647 %VD
8 { a
8 a
INCLK P> o0c2 11
w1 L JF —
1 T
D ———«——2p i
L F—
O 8 a
"
MO 7 §
f [j M1 8 a
<]
1
= >
o
8, 7
>4 ~ 7 —= /0
8 J 7 ~—— /0
r ~ :
2/ —
> <4—
e >y
7 -
‘PALR19R8
OE EN2
OUTCLK > c1
B |
& 8 =1 1=0 57| Q
wxes [ jl""’
8 a
3 =
8 Q
INCLK ———— > acz ", 7 §
1c2 I 1
1 8 Q
un—rq 20 " ~ # —
D+—~
7 8, ; a
MO —
M1 s o
fl
— N
= s 8, Q
> 7~
. 8, ]{ a
JO—r~—1~ T L—\
_8
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TIBPALR1918
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

)

INPUT LINES
12 16 20 24 28 32 36
ocz oc2
vo 2L 382 e I
Mo Mo
M1 M1
= PRODUCT =
LINES
]
L]
: (22 4
-
c2 7 —K l—
(3) (e d
1/0 20 8
w | e 21
. —2y0
= -
2 15 1
] ——
I/DM) 20 16
Mo .
ﬁm . (20)'/0 3
L]
= .
oc2 z )
—<—
I/D(B) ‘Zgz 24 .2
" . (19) g
: —1/0 3
= .
DC2 3 { 2
) T Jrcz < e
/D 20 32 = ©
w . £
. (18)
+ . y————1/0 E
= : £
ocz |32 { -
Y AN . 1 K )
20 40 o
M1 . 17, x
T . 7,0 a
= . ©
ocz |47 . °©
1o & ‘:zg = —— i
fm .
. 7
1 . — 0
.
1 ocz 55 N
1c2 ﬁq-——
I/D(g) F2) 56
]
5_1 : (15)0
= .
ocz |—52
YT . ‘K)ﬁ“
MO
M1
ocz2
(1_1)} 1c2
I1/D 3/4%
M1
= %) ncLk
3y,
884 .,
T ‘&l’
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TIBPALR19R4

HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

{1

VUTCLK
INPUT LINES
- A
4 12 16 20 24 28 32 36
oc2 ocC.
wo AL 11e2 7 G2 )
MO MO
M M1
PRODUCT =
LINES
0
L]
. 22
. r—‘ Mo
L]
=
i/D 3 5,2 8
-«
M1
. (21)
. ———— 1/0
= .
oc2 15
1c2
/D @ 20 16
Mo .
1 . (20}
3 : o
* . b
L 0C2 %
T /D 81 8 24
b MO
4] M1 .
o 3 . — B a9
-'U N . pC1p
31
- oc2 -
‘g i @1 e P —H
MO
a‘, fm . 3
L]
3 1 . 10 18) Q
3 . C1
39
L ocz —3
o 14} 1c2 —KH
E 1/0 f‘,,’?,’ 4.0
o . (17)
- L . Q
.
8 5
=. @l ha
o /D — ® 48
M1 .
.
1 . ! {18 10
.
0c2 55
wo L 118? P5e K
e
. (15)
s . 1 1o
= . T )
oc2 |63 t
/D (10) é,g: 1, 3 1
M1
ocz 1
(1] qic2 1 I.T %
1/D 20 I T
fMl
E 04 ineLk
03 55
T {l’
3-76 EXAS

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS TEXAS 75265



884

TIBPALR19R6

HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

4]

OUTCLK —
INPUT LINES
R W—
12 16 20 24 28 32 36
—
[ 0oc2 oc2
vo 2L 3§ 162 23), 1,
[ Mo Mo
M 4
= PRODUCT =
LINES
0
: L
3 {22)
. —<<1/0
.
2 Li T)(,L
@ 1 s <
MO .
LU S Egzna
% . |ﬂ
= . b
[—1 15 .
Bl 18 16 +
m .
. 20
il BN 3
+ . Lerb
23 .
- .K’-
110(5’ n 24 = Q
Mo —
L o =
. 02g <)
§ Pl S
31 Q
1 —
I/D(G) 138 32 "q‘. el
MO 5]
M1 .
5 [ Luselg £
= L]
S ) E
J 0C2 39 i S
'/D(‘Z'L &2 40 «"Q‘ (=]
(M1 - 2
*
i . g 17 a
. bet b he)
47 —
oc2 . o
o & ':é’ a8 K ic
fw b4
.
+ L]
L)
4 0c2 55
1C2
7y e 66
z’l? .
-
_g . (50
= .
63
Qc2 N
o2 a8 —k—
M1
‘J ac2
1 1c2
/D 20
M1
= Uhncuk
Q‘”’b‘é

{i,
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TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

[&}]

OUTCLK ;
INPUT LINES
B
—
4 12 1% 20 24 28 32 36
oc2 oc2
wp 2] 138 =3 | e,
MO MO
M m
= pRODUCT =
LINES
0
.
. {22)
: 3‘“ °
o !
— 3
o B 2557 Fg K
m .
LI
. E 21,
1 . b
o] s
vp B 128 P e +
:“7 .
- .
f . E (20)0
= . bc1b
L 0C2 z
vo &L 1382 P, . —— 3 lJ
" .
. 19
s W o
L] D b
- 3
.
yo 1 i p— 4
MO
gm .
.
1 . (18,
1 . Lot b
39 l
0C2 —
vo 2L 18 P45 -
MO
M1 .
. 17
+ . 1‘-(—)0
1 . et
14
o BLL g2 e
MO
M1 L]
-
+ .
- b b
4L oc: 55
1c2
o O 435" [ 36
Mo -
M1 .
L]
= .
felor] 63
P e 11
M3
M1
T
o 1 i
{14}
INCLK
R
03 5¢
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

absol

ute maximum ratings over operating free-air temperature range (uniess otherwise noted}

Supply voltage, Vo {see Note 1) .. ... 7V

Input voltage (see Note 1) .. ... . ... .. . . 5.5V

Voltage applied to a disabled output {see Note 1) . ... .. ... . ... ... ... .. ... . ... ... .. 5.5V

Operating free-air temperature range: Msuffix. .. ... .. ... ... ... ... ... .. ~55°C to 125°C
Cosuffix ... . 0°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 (see Note 2)

M SUFFIX C SUFFIX um:
MIN NOM MAX [ MIN NOM MAX
Veg Supply voltage 4.5 5 55 |4.75 5 5.25 \
| VIH High-level input voltage 2 5.5 2 556 \%
‘ ViL Low-level input voltage 0.8 0.8 \
’TQH High-level output current -2 -3.2 mA
loL Low-level output current 12 24 [ mA
Ta QOperating free-air temperature -55 125 0 70 °C

NOTE 2: These recommended operating conditions apply for ail device dash numbers. Also refer to additional recommended operating conditions information

pertaining to appropriate device dash numbers.

programming parameters, Ta = 25°C

MIN NOM MAX | UNIT
Vg Verify-level supply voltage 4.5 5.0 5.8 Vv
VIH High-level input voltage 2 5.5 \2
VL Low-level input voltage 0.8 \%
VoH  High-level output voitage 5.5 \%
V)HH Program-pulse input voltage 10.25 10.5 10.75 v
PO 50
| P se i " ent PGM ENABLE, L/R 25 a
rogram-pulse input curren m
{HH g P! P Pl PA 5
vee 400
| twi Program-pulse duration at PO or I/D pins 10 50| us
tw2 Pulse duration at PGM VERIFY and INCLK 100 ns
tsy Setup time 100 ns
th Hold time 100 ns
141 Delay time from Ve to 5 V to PGM VERIFY?T 100 us
tq2 Delay time from PGM VERIFY? to verification of output 200 ns
143 Delay time 100 ns
Input voltage at pins 1 and 13 to open verify-protect (security) fuse 20 21 22 v
tw3 Input current to open verify-protect (security) fuse 400 [ mA
Pulse duration to open verify-protect (security) fuse 20 50 us
Ve value during security fuse programming 0 0.4 v

W

Field-Programmable Logic

TExAs {" 3.79

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75268



TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19RS

HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

recommended operating conditions

f M SUFFIX-XX C SUFFIX-XX UNIT
MIN  TYP MAX | MIN TYP MAX
felack  Clock frequency IC')\JS:"ELK MHz
INCLK high
ns
tw Pulse duration, clock INCLK Iow.
OUTCLK high
OUTCLK fow "
tsy Setup time, input or feedback before INCLKT ns
OUTCLK?
( th Hold time, input or feedback after INCLK? or OUTCLKT 0 Q ns
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONS ' M SUFFIX XX C SUFFIX XX UNITW
MIN TYPf MAX | MIN TYP? MAX
ViK Vee = MIN, I} = —18 mA -1.5 -1.5 \
VoH Voo = MIN, oy = MAX 24 32 24 33 A
3 VoL Vee = MIN, IoL = MAX 0.25 04 0.35 0.5 \4
oo g oo wn 27y 2 ]
n Outputs -20 -20
8 |92l [0 pons Vee = MAX. Vip = 04V =750 250 M
9‘ OE Input 0.2 0.2
I |y 1D Inputs Vee = MAX, V) =55V 0.1 0.1 mA
Q All others 0.1 0.1
< OE Input 40 40
s iy 1/D tnputs Vee = MAX, Vi =27V 20 0.1 A
3 All others 20 0.1
& | [OEmpu -0.4 ~0.4
=2 h I/D Inputs Vee = MAX, V) = 0.4V -0.6 -0.6  mA
@ All others ~0.2 -0.2
g o8 Vee = MAX, Vg = 2.25V -30 -125 | ~30 -1256 | mA
Q| Vee = MAX, V) = 0V, 150 210 150 210 | mA
le) Outputs open
TEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
YAl typical values are Vee = 5V, Tp = 25°C.
5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, lgg.
3-80 In TExas
STRUMENTS
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

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

INPUT TEST M SUFFIX-XX C SUFFIX-XX T
PARAMETER FROM TO UNIT
MGODE CONDITIONS MIN TYPY max | miN TYPT mMAX
fmax Either 30 30 MHz
[t i, 110 110, Either [ 16 18 ns
tpd OUTCLK? Q Either L 12 12 ns
ton OE! Q Either [ 8 8 ns
tdis OEt Q Either RL = 500, 6 6 ns
tpd INCLK? 110, Registered CL = 50 pF, 23 23 ns
[ ten INCLKT 110, Registered See Note 3 25 25 ns
tdis INCLKT 110, Registered 20 20 ns
tpd /D 170, Buffered 20 20 ns
ten 1D, O 1/0 Buffered 22 22 ns
tdis /D, 17O 1/0 Buffered 17 17 ns

TAll typical values are Veg = 5V, Ty = 26°C.

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

w
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TIBPALR19L8, TIBPALR19R4, TIBPALR13R6, TIBPALR19R8
HIGH PERFORMANCE HALF-POWER REGISTERED-INPUT PAL CIRCUITS

recommended operating conditions

M SUFFIX-XX C SUFFIX-XX |
MIN TYP MAX | MIN TYP MAX UNLI
fciock  Clock frequency INCLK I\M
OUTCLK
INCLK high
. INCLK low ﬂ
ty Puise duration clock OUTCLK high
OUTCLK low e
sy Setup time, input or teedback before INCLKT ns
OUTCLK?T
h Hold time, input or feedback after INCLKT or QOUTCLK® 0 0 ns_|
electrical characteristics over recommended free-air operating temperature range
M SUFFIX-XX C SUFFIX-XX
PARAMETER TEST CONDITIONS MiN_ TYPE MAX | WIN TYPT MAX UNL[
VK vee = MIN, I = —18 mA -15 15 v |
VoH Vee = MIN, IoH = MAX 24 32 24 3.3 v
3 VoL Voo = MIN, loL = MAX 025 04 035 05| v |
-
lozy outputs Voo = MAX, Vi = 2.7V 20 20 1A
/O ports 100 100
3 % o] Voo -MAX Vi =04V s8]
5 OF Input 0.2 0.2
v i /D Inputs Voo = MAX, V) =565V 0.1 0.1 mA
3 All others 0.1 0.1
<« OF Input 40 40
Q [ I/D Inputs Voo = MAX, V=27V 20 0.1] A
3 All others 20 0.1
g OE Input -0.4 -0.4
o I 1/D Inputs Veeo = MAX, Vi = 04V -0.6 -0.6 | mA
I All others ~0.2 -0.2
r~ 108 Vee = MAX, Vp = 2.25V -30 -125 | -30 -125 | mA
tg Iee vee = MAX, V) = DV, 75 105 75 105 | ma
a' Outputs open
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are Voe = BV, Ta = 25°C,
5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igg.
+p
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TIBPALR19LS8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE HALF-POWER REGISTERED-INPUT PAL CIRCUITS

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

INPUT TEST M SUFFIX-XX € SUFFIX-XX )
ARAMETER FROM TO UNIT
MODE CONDITIONS MIN TYPt MAX | MIN TYPT MAX

fmax Either 18 18 MHz

tpg L, 110 110, 0 Either 25 25 ns

tpd OUTCLK? Q Either 20 20 ns

ten QE? Q Either 15 15 ns

tdis OEt Q Either 12 12 ns

tpd INCLK? /0, O Registered RL = 500 Q, 32 32 ns

ten INCLK? /0, 0, Q Registered Cp = 50 pF, 35 35 ns

tdis INCLKT /0,0, Q Registered See Note 3 30 30 ns

tpd /D 170, O Buffered 30 30 ns

ten /D, /0 [1ie] Buffered 32 32 ns

tdis /D, 11O [f{e] Buftered 26 26 ns

TAll typical values are Vge = 5 V. Ta = 26°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
2
o
o
-l
L
2
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-
o
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A
o
|
T
2
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i
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

PRODUCT TERMS O THRU 31 PRODUCT TERMS 32 THRU 63

{TOP VIEW) {TOP VIEW)

rGMm enaBLE [1 W sl vee pam veriey (1 WaaJvee
rio(J2 23]+ pio (]2 .

P (3 22[]ro3 e (3 22[JLeR

P2 (Ja 213 p02 24 nf{lrac

p3(]s  20[] po1 pa(]s  20[]Par

Pa]s  19[] Poo pia[]6  19[]PA2

ps{]7  18[] rao Ps[]7  1s[]PO3

pi6 [ |8 17[] Pat me(]8 17[]Po2

m7 [l 16 PA2 rz® sl 1POY

14[ ] INCLK

13[] PGM VERIFY 13[] PGM ENABLE

"No programming function. Make no connections.

Pin assignments in programming mode (PGM ENABLE , pin 1 or 13, at V|qg)
TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
LINE LINE
3 NUMBER PI9 PI8 PI7 PI6 PI5 PI4 PI3 PI2 PI1 PIO L/R NUMBER POOPO1PO2PO3PA2 PAT1PAD
o] HH HH HH HH HH HH HH HH HH L Z 0,32 Z 2 Z HHZ Z 2
1 HH HH HH HH HH HH HH HH HH H Z 1,33 Z 2 Z HHZ Z HH
-n 2 HH HH HH HH HH HH HH HH HH L HH 2,34 Z Z Z HH Z HH Z
@ 3 HH HH HH HH HH HH HH HH HH H HH 3,3 Z Z Z HH Z HH RH
- 4 HH HH HH HH HH HH HH HH L HH Z 4,36 Z 2 Z HHHH Z 2Z
?‘ 5 HH HH HH HH HH HH HH HH H HH Z 5,37 Z 2 2Z HH HH Z HH
n”) 6 HH HH HH HH HH HH HH HH L HH HH 6,38 Z 2 Z HH HH HH Z
3 7 HH HH HH HH HH HH HH HH H HH HH 7,39 zZ Z Z HH HH HH HH
«©Q 8 HH HH HH HH HH HH HH L HH HH Z 8,40 z 2 HH Z 2z Z Z
3 9 HH HH HH HH HH HH HH H HH HH Z 9,4 2 2z HH Z zZ Z HH
3 10 HH HH HH HH HH HH HH L HH HH HH 10,42 zZ 2 HH Z Z HH Z
3 11 HH HH HH HH HH HH HH H  HH HH HH 11,43 2 Z HH Z Z HH HH
o 12 HH HH HH HH HH HH L  HH HH HH Z 12,44 Z 2 HHZ HHZ Z
o 13 HH HH HH HH HH HH H HH HH HH 2 13,45 Z Z HH Z HH Z HH
o 14 HH HH HH HH HH HH L HH HH HH HH 14,46 Z Z HH Z HH HH Z
15 HH HH HH HH HH HH H HH HH HH HH 15,47 Z Z HH Z HH HH HH
g 16 HH HH HH HH HH L HH HH HH HH Z 16, 48 Z HHZ Z 2z 2z Z
[2<1 17 HH HH HH HH HH H HH HH HH HH Z 17.49 Z HHZ Z 2Z Z HH
o 18 HH HH HH HH HH L HH HH HH HH HH 18,50 Z HH Z Z Z HH Z
19 HH HH HH HH HH H HH HH HH HH HH 19, 51 z HH Z2 2 Z HH HH
20 HH HH HH HH L HH HH HH HH HH Z 20,52 Z HHZ Z HH Z 2Z
21 HH HH HH HH H HH HH HH HH HH 2 21,53 Z HH Z Z HH Z HH
22 HH HH HH HH L HH HH HH HH HH HH 22,54 z HH 2 Z HH HH 2Z
23 HH HH HH HH H HH HH HH HH HH HH 23,85 4 HH Z 2 HH HH HH
24 HH HH HH L HH HH HH HH HH HH Z 24,56 HH 2 Zz2 2 2 2 2Z
25 HH HH HH H  HH HH HH HH HH HH 2 25,57 HH z z Z zZ 2Z HH
26 HH HH HH L  HH HH HH HH HH HH HH 26,58 HH Z 2z 2 2 HH 2
27 HH HH HH H HH HH HH HH HH HH HH 27,59 HH Z 2 2 Z HH HH
28 HH HH L  HH HH HH HH HH HH HH Z 28, 60 HH Z 2Z Z HHZ 2Z
29 HH HH H HH HH HH HH HH HH HH Z 29,61 HH Z 2 Z HH Z HH
30 HH HH L HH HH HH HH HR HH HH HH 30, 62 HH 2 2Z Z HH HH 2
31 HH HH H HH HH HH HH HH HH HH HH 31,63 HH Z 2 Z HH HH HH
32 HH L HH HH HH HH HH HH HH HH 2Z
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
37 H HH HH HH HH HH HH HH HH HH Z
L = V|, H= Vi, HH = V|yy. Z = high impedance (e.g., 10 kQ to 6 V)
T ‘l’
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

PROGRAMMING WAVEFORMS FOR ARRAY FUSES

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 puising 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 Raise PGM ENABLE to V|HH.

Step 2 Select an input line by applying appropriate levels to L/R and Pl pins.

Step 3 Begin selection of the output line wicth appropriate conditions on PA pins.

Step 4 Pulse INCLK to V|H.

Step 5 Raise V¢ to VIHH-

Step 6 Blow the fuse by pulsing the appropriate PO pin to V|4 as shown in Table 2 for the product line.

Step 7 Return Vi to b volts and pulse PGM VERIFY. The PO pin selected in Step 6 will be less than VgL 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. Verificatin is possible only with the verify-protect fuse intact.

To prevent further verification, two last fuses may be blown by raising pin 1 and pin 13 to 21 volts + 1 volts. V¢
is required to be at O during this operation.

—— —— —_— — VIHH
PGM ENABLE _/ \
1 ViL

[
)
|
tgy > +letn v
SELECTED i f 1 IHH
Pl L/R, PAPINS Y 1 VIH
(SEE TABLES ! !
1AND 2) = et viL
-]
___-:_' ':-_'“_' ______________________________________ — VIH
INCLK i ﬂ viL
I
| e ————— e —V
L \ IHH
vce L/ i\ sV
____1“_'" ______ pe— t'.'__’_iL ____________________ __ ov
i 1 ]
1 petwis e ViH
SELECTED :
PO PINS ) VOH
(SEE TABLE 2) VERIFY
i VoL
b2l @
~ tw2
le—tgr oy [ W v
H
PGM VERIFY v
L

@ A high fevel during the verify interval indicates that programming has not been successful.

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

W
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

programming procedure for architectural fuses (see Note 2)

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7
Step 8
Step 9

Step 10

Apply low levefls to all I/D pins and 5 volts to the V¢ pin.

Raise V¢ pin to VIHH.

Raise INCLK pin to V|HH

To program a D input pin into an | input pin pulse the selected pin to V(HH.

Lower INCLK to V|_ and V¢ to 5 volts.

Raise pin 13 and all I/D input pins to ViHH

Set pin 22 to Z to select pins 2 thru 11 or set pin 22 to V|HH to select pin 23,

Raise INCLK to VijHH.

To verify that fuse has been blown, puise selected | pin from V|44 to Vi, then to V|4 and back to
VIHH while clocking pin 1. If output at pin 15 follows the | input the fuse has been blown. The fuse
on pin 25 is verified from pin 2.

Repeat above steps 1 thru 9 for each D input to be programmed into an | input.

NOTE 2: Refer to pin assignments in operating mode for programming selected I/D pins from D input to | inputs.

programming waveforms

w

PROGRAM

VERIFY

ny
[1]
oy 1/D INPUTS
1]
v
-
[~}
«Q
-
g PIN 14
(INCLK)
3
o
j=a
® PIN 13
5" (OE)
Q
3]
PIN 22
(L/R)
PIN 16
(OUTPUT)
PIN 1
(QUTCLK)
i
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR13R8
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

preload procedure for registered outputs

Step 1 Pin 13 to Vi, Pin 1 to V|, and V¢ to 5 volts.

Step 2 Pin 14 to ViHH.

Step 3 Apply an open circuit or V| for a low and V|4H for a high at the Q outputs
Step 4 Pin 14 to V)L

Step 5 Remove the'voltages applied to the outputs.

Step 6 Pin 13 to V..

Step 7 Check the output states to verify preload.

preload waveforms

+BV—— - —
vee / l
ov

OUTPUTS DISABLED

VIR
o f -
ViL 1 i

His —>f  fo— - feten
|

ENABLE PRELOAD

|
VIHH~-—————— — == )
| | 100 ns!
PIN 14 : | ! MIN ll
i | 1
viL | —
o el |
I | APPLY Q'n 1
VIHH — =~ — — — — o At :
!
: 1&0';’_.' ! VERIFY NEW
a i VERIFY STATE Qp | X 1 STATEQ,  VERIFY Q'n+1
|

PINT VH——— = —— — — - - - - -
(OUTCLK} vy m

security fuse programming

Vee ov

[ : [
3

le-th-9| i S i 21v
f i/ \ i

PIN 1 ov
| T
l‘“w3"| |

I'—‘h—’l / \ [otnol——--- 21v

PIN 13 ' ; L ov

W
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184

TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

D2710, DECEMBER 1982 —REVISED JUNE 1984

® Choice of Operating Speeds
HIGH PERFORMANCE . . . 30 MHz Max
HALF-POWER . . . 18 MHz Max

® Preload Capability on Output Registers

Power-up Clear on Registered Devices

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

DEVICE /D INPUTS | | INPUTS 3STATE REGISTERED /O PORTS
0 OUTPUTS Q OUTPUTS
‘PALT19L8 1 2 2 ¢} 6
‘PALT19R8 11 0 0 8 {3-state buffers) 4
‘PALT19R6 11 0 0 6 (3-state butfers) 2
‘PALT19R4 11 0 o] 4 (3-state buffers) 0

description

These programmable array logic devices feature
high speed and functionality similar to the
TIBPAL16L8, 16R4, 16R6, 16R8 series, but
with the added feature of D-type transparent
latches on the inputs. If an input latch 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. The Half-power
devices offer a choice of operating frequency,
switching speed, and power dissipation.

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.

INPUT LATCH FUNCTION TABLE

WE D LATCH OUTPUT
L L L
L H H
H X Qo

TIBPALT19L8’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)

1O Y2ad vee
vo [z 23] 1D
ws 220o
wds  21Jwo
s 2o
woJe  1e[] 10
o [7 18[] 10
wls o
D [Jo 1s§ 110
o[ s[Jo
D [1r 1a[]INLE#

GND 12 13[]!

TIBPALT19L8°
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

[aly =}
-
4

3 2

D [1s 251 10
/D [16 24} 110
o7 1/0
NC 8 22{INC
/o e 21} 1o
110 310 1/0
/D 18{f v0

12

22
ge

Pin assignments in operating mode (voltage at pins 1 and 13 less
than ViHH!

Tintegrated Schottky-Barrier diode-ciamped transistor is patented

by Texas Instruments, U.S. Patent Number 3,463,975
HINLE is also used for the preload.
PAL is a registered trademark of Monolithic Memories Inc.

PRODUCT PREVIEW
This Ins | i
on a product under development.
Texas Instruments reserves the right
to change or discontinue this product
without notice.

‘_ Copynight © 1985, Texas Instruments Incorporated

TeEXAS
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TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

TIBPALT19R4’ TIBPALT19R4’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) (TOP VIEW)

QOUTCLK [ ]1 24| | Vce o

w2 230w

vo [Os 22% 10

ws  22a0wo

w]s 20]a

/D Es 19[] Q

wlr 1o

wds 17Qa

o [Jo  16[] vO

i Qo 1s(d 1o

7o [On mé INLE?

GND [ |12 13] | OE

w

1 a1qewwesboid-plai4

TIBPALT19R6’ TIBPALT19R6’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
b4
outck 1 Uaad vee o
w2 2w 5068
0020 000
wls 2P e
1D Ea 21Ja 321
vwo{]s 20 a /D [I5 25(] Q
mwe 19a 1D 16 2] a
w7 da 11D 2] a
we 0a NC 22 ne
we sda 11D 21|
o [Jro 18] 10 /D 20[]
/D En 18] M_ET 1D 190 a
GND [ 13] ] OF 12 1314 1516 17 18
228 %l8|7_,u e
9 F4
) TIBPALT 19RS8’ TIBPALT19R8"
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
ITOP VIEW) TOP VIEW)
outctk [J1 Uz2d] vee %
w2z 220w ?5’ 0
wls  20a 283858 ¢
s  210a e L
o )s 200 ] Q
”DEG ’9%0 D 15 25(] a
w8 a 1D {18 2 a
|/D[Ls 171] @ o g7 zfa
wik s a Nc[ls 22[] NC
wiho sfa I/D?O ;1) Q
D [t 1a[] INLEY D o
GND (12 13[]OF vo n o
TINLE is also used for preload ‘
Pin assignments in operating mode (voltage at pins 1 and 13 less == 5 zlo l“_:"
than ViHRH) z
i
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TIBPALT19L8, TIBPALT19R4
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALT19L8
& en 2!
3sxe4|l 7, vp———o
7, p——o0
7
INLE ———d0c2 1,1, - Z‘ o—&—4—»—1/0
1" +4-1c2
/D ———rf—— 2D n 7, o-&—¢»—1/0
~ 7
LV Mo 2 O-—&4»—1/0
M1
7 D—Q—C—b—l/o
7
- 8 7, 1
| 2 S /2 P A O-a—¢¥»—1/0
7, -4—»—1/0
8 | 7 O-&
El 4
L -
‘PALT19R4
OE JEN2
ouTCLK c1 J
]
|=
38?(64 > 7! (£ v e
7 /D
—
8 $ Q
d
[ N
> ! a
INLE —|0C2 "ol R —\
—+1Cc2 L. o]
I/D—1;‘—— 2D 11 ’
O—r—]~ >1
1 7 |EN
Mo - vof—‘* 1/0
M1
7, o> 1/0
— 7
81 7 h—e G—B /0
> /2 P R/ LB
8 | Z D—a-—¢—» 1/0
4’ a
L4 -
4
/P
4 -

w
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TIBPALT19R6, TIBPALT19R8

HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

functional block diagrams {positive logic)

‘PALT19R6
OE EN2
OUTCLK b>c1
9 C
& 8 >1 %l/l:li =02y Q
38 X 64 .
8 % a
1
N
8 + Q
INLE———oc2 L 7 —
412 a a
1 | ]
1D —1—"— 2D 11 ¢ ﬂ
1 ~ R a
Mo —\
M1 8 a
+
N
- en 21
8, —]en
> , oo v L—1/0
3 s, |, 7 - f—<-> 1o
2/ a4
T % -
1)
o
o ‘PALT19R8
3 OE EN2
Q ouTcLK > C1
P 9 C
3 & 8, =1 =05 a
38X 64[ o .
3 8 a
o 8 %
& : )
INLE ————CJoc2 o 7 + a
g R -
11 7
a. O_.f_ o~ "—'\
1 o 8, é Q
T A
M1 N
8, + Q
7
= N
- 8 |. — f ¢
[»] 7 \
8 > + @
O—F~A—{~ 7 ]
8
i
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TIBPALT18L8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

43}

INPUT LINES
A
0 4 12 16 20 24 28 32 36
0C2 ?CZ
wp 2 1382 o 1238
MO MO
M1 M1
= prOBUCT =
LINES
0
. (22)
. 2
L] — O
*
[0C2 7 {
o B 157 8 K—
m .
. (21}
. ——— 1/0
= L]
0C2 15
o B 1387 e x—
m .
; S 3
. {20 1/0
= .
23
1/D 2] 158 24 ‘«"Q_ 9
im . o) g’g
1 . 1/0 -
h .
oc2 31 s 2
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TIBPALT19R4

HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS
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TIBPALT19R6
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS
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TIBPALT19R8

HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

OUTCLK ﬂ{>
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TIBPALT19L8, TIBPALT19R4, TIBPALT19RG, TIBPALT13R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

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

Supply voltage, V¢ (see Note 1)
Input voltage (see Note 1) .. .. .. ... . .. . .. e
Voitage applied to a disabled output (see Note 1)
Qperating free-air temperature range: M suffix

C suffix

Storage temperature range

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

recommended operating conditions (see Note 2)

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 A
I0H High-level output current -2 -3.2 | mA
loL Low-level output current 12 24 | mA
Ta Operating free-air temperature ~55 125 o] 70 °C

W

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 numbers.

programming parameters, TA = 25°C

Field-Programmable Logic

MIN NOM MAX | UNIT
Vee | Verify-level supply voltage 4.5 5.0 5.5 \i
VIH High-level input voltage 2 5.5 \
VIL Low-level input voltage 0.8 \
VoH  High-level output voltage 5.5 Vv
ViIHH Program-pulse input voltage 10.25 10.5 10.75 \
PO 50
1 Program-pulse input current PGM ENABLE, L/R 25 A
- urren m
IHH g P P! Pl PA 5
vee 400
w1 Program-puise duration at PO or I/D pins 10 50| wus
tw?2 Pulse duration at PGM VERIFY and INCLK 100 ns
tsu Setup time 100 ns
th Hold time 100 ns
141 Delay time from Ve to 5 V to PGM VERIFY? 100 us
t42 Delay time from PGM VERIFY? to verification of output 200 ns
143 Delay time 100 ns
Input voltage at pins 1 and 13 to open verify-protect (security) fuse 20 21 22 \
w3 input current to open verify-protect (security) fuse 400| mA
Pulse duration to open verify-protect (security) fuse 20 50 us
V¢ value during security fuse programming 0 0.4 A\

{if
Texas
INSTRUMENTS
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

recommended operating conditions

M SUFFIX-XX C SUFFIX-XX UNIT
MIN  TYP MAX | MIN TYP MAX
foiock  Clock frequency OUTCLK MHz
TNLE low ns
tw Puise duration QUTCLK high ns
OUTCLK low
tsy Setup time, input or feedback before NLE ns
OUTCLK?
th Hold time, input or feedback after TNLET or QUTCLK? 0 o] ns
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONSt M SUPRX XX C SUPRXXX_ 1 uwir
MIN TYP! MAX [ MIN TYP? maAX
ViK Vee = MIN, ) = —18 mA ~1.5 -15[ v
VOH Vee = MIN, o4 = MAX 24 3.2 24 3.3 \
VoL Vee = MIN, oL = MAX 0.25 0.4 0.35 0.5 \
10zZH Outputs Vee = MAX VIH =27V 20 20 pA
3 /0 ports ! 100 100
lozL f/);!z::s Vee = MAX, - Vi = 0.4V 2 —250 2 250 M
I OF Input 0.2 0.2
& Iy 1/D Inputs Vee = MAX, V) =556V 0.1 0.1 mA
[ All others 0.1 0.1
3 OE Input 40 40
‘g IIH 1/D Inputs Vee = MAX, V) =27V 20 0.1 rA
a ﬂothers 20 0.1
3 OE Input -0.4 ~0.4
3 I 1/D Inputs Ve = MAX, Vi =04V ~0.6 -0.6| mA
1Y All others -0.2 -0.2
E 18 Vee = MAX, Vo = 2.25V - 30 ~125 | -30 -125| mA
o Vee = MAX, V=0V,
g Icc 150 210 150 210 mA
o Outputs open
%- TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*Al typical values are Vee = 5V, Ta = 26°C.
8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, i0s.
Texas ¥
3-98 EXAS
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TIBPALT1918, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8

HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

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

noted)
INPUT TEST M SUFFIX-XX C SUFFIX-XX
ETER FROM T UNIT
PARAM ° MODE CONDITIONS mMIN TYPT mAX [ MiIN TYPT MAX
fmax Either 30 30 MHz
tpd 1, 1/O 1/1Q, O Either 16 16 ns
thd QUTCLK? Q Either 12 12 ns
ten OEL Q Either 8 8 ns
tdis OEt Q Either R = 500 , 6 6 ns
tpd INLEL 10, O Latched CL = 50 pF, 16 16 ns
ten INLE | 1/0, 0. Q Latched See Note 3 25 25 ns
tgis TNLE| 170, 0. Q Latched 20 20 ns
tpd 11D /0, 0 Buffered 20 20 ns
ten /D, /0 170 Buffered 22 22 ns
tdis /D, 1/0 /0 Buffered 17 17 ns
TAll typical values are Voe = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
2
(=2]
Q
-l
2
0
E
©
A
o
[=]
el
a-
h)
2
L.
T {l’
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TIBPALT1918, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE HALF-POWER LATCHED-INPUT PAL CIRCUITS

recommended operating conditions

M SUFFIX-XX C SUFFIX-XX UNIT
MIN TYP MAX | MIN TYP MAX
felock  Clock frequency OUTCLK MHz
INLE low ns
tw Pulse duration QUTCLK high
OUTCLK fow ne
tsu Setup time, input or feedback before INLET ns
QUTCLK?
th Hold time, input or feedback after INLET or OUTCLKT 0 o] ns
electrical characteristics over recommended free-air operating temperature range
M SUFFIX-XX C SUFFIX-XX
PARAMETER TEST CONDITIONS UNIT
MIN TYPE MAX [ MIN TYP? maX
ViK Vee = MIN, I = -18 mA 1.5 15[ Vv
VoH Vee = MIN, IoH = MAX 24 3.2 24 33 v
VoL Vee = MIN, lor = MAX 0.25 0.4 0.35 0.5 \
lozn  |outputs Voo = MAX, Vg = 27V 20 CL N
3 1/0 ports 100 100
ozl |outeuts Vee = MAX, Vi = 0.4V _20 _20 uh
110 ports - 250 - 250
m OF input 0.2 0.2
o 0 /D Inputs Vee = MAX, V| = 55V 0.1 0.1 ] mA
o All others 0.1 0.1
13 OE Input 40 40
=] H 1/D Inputs Ve = MAX, Vi =27V 20 0.1 | uA
('-Q‘ All others 20 0.1
g OE Input -0.4 -0.4
m I/D Inputs Vee = MAX, V| =04V ~-0.6 —0.6 | mA
g All others -0.2 -0.2
o |0t Vce = MAX, Vg = 2.25V - 30 -126 | -30 -125 | mA
® Icc vee = MAX, V) = 0V, 75 106 76 105 | mA
r Outputs open
(]
"9. tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
© ANl typical values are Voo = 5V, T = 25°C.
8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Ips.
+p
3-100 TEXAS
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8

HIGH PERFORMANCE HALF-POWER LATCHED-INPUT PAL CIRCUITS

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

noted)
FROM T0 INPUT TEST M SUFFIX-XX C SUFFIX-XX UNIT
MODE CONDITIONS min TYPT MAX [ MIN TYpT maAX
fmax Either 18 18 MHz
tpd I /O /0. Either 25 25 ns
tpd OUTCLK? Q Either 20 20 ns
ten OE!l Q Either 15 15 ns
tdis OEt Q Either R, = 500 Q, 12 12 ns
tphd INLEL 1/0, Latched CL = 50 pF, 25 25 ns
ten INLE| 110, Latched See Note 3 35 35 ns
tdis INLE! 1/0, tatched 30 30 ns
tpd /D 1/0, Buffered 30 30 ns
ten /D, /G 170 Buffered 32 32 ns
tdis iD, 110 170 Buffered 26 26 ns
TAll typical values are Vog = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
2
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

PRODUCT TERMS O THRU 31

(TOP VIEW}

PGM ENABLE
PIO
P
P12
P13
P4
P15
PI6
PI7
PI8
P9

GND

% Vee
1

] ro3
1 ro2
1 PO1
0 roo
O pao
0 pat
O raz
0ur

] e

[ PGM VERIFY

TNo programming function. Make no cannection,
Pin assignments in programming mode (PGM ENABLE, pin 1 or 13,

PRODUCT TERMS 32 THRU 63

(TOP VIEW)
pamveaiey []1 Uaa[] vee
pol]2 23]t
s 220 R
2[4 21[J rao
pa[]s  20[] pai
pal]6  19]] Pa2
eis []7 13% PO3
PIGEB 17[] o2
p7(]® 18] Po1
pig(J10 15[] poo
poa[(J'1  18[] WLE
GND (12 13[] PGM ENABLE

at Viyy)
TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
LINE LINE
NUMBER | PI9 PI8 PI7 P16 PI5 Pl4 PI3 PI2 PI1 PIO L/R NUMBER POOPO1PO2P0O3PA2PA1PAO
0 HH HH HH HH HH HH HH HH HH L 2 0,32 Z Z Z HHZ Z 2
3 1 HH HH HH HH HH HH HH HH HH H 2 1,33 Z 2 Z HHZ Z HH
2 HH HH HH HH HH HH HH HH HH L HH 2,34 Z Z Z HH Z HHZ
3 HH HH HH HH HH HH HH HH HH H HH 3,35 Z Z Z HH Z HH HH
T 4 HH HH HH HH HH HH HH HH L HH 2 4,36 Z Z Z HHHHZ 2
o 5 HH HH HH HH HH HH HH HH H HH Z 5,37 Z Z Z HH HH Z HH
o 6 HH HH HH HH HH HH HH HH L HH HH 6,38 Z Z Z HH HH HH 2
[ 7 HH HH HH HH HH HH HR HH H HH HH 7.39 Z Z Z HH HH HH HH
3 8 HH HH HH HH HH HH HH L  HH HH 2 8,40 2 2 HHZ 2 2z 2
o 9 HH HH HH HH HH HH HH H HH HH Z 9,41 Z Z HHZ 2 Z HH
Q 10 HH HH HH HH HH HH HH L HH HH HH 10, 42 Z Z HHZ Z HHZ
o 11 HH HH HH HH HH HH HH H HH HH HH 11,43 Z Z HH Z Z HH HH
3 12 HH HH HH HH HH HH L HH HH HH Z 12,44 Z Z HHZ HHZ Z
3 13 HH HH HH HH HH HH H HH HH HH Z 13,45 2 2 HH Z HH Z HH
o 14 HH HH HH HH HH HH L HH HH HH HH 14, 46 Z Z HH Z HH HH Z
=2 15 HH HH HH HH HH HH H HH HH HH HH 15,47 2 Z HH Z HH HH HH
® 16 HH HH HH HH HH L HH HH HH HH Z 16,48 Z HHZ z z 2z 2z
- 17 HH HH HH HH HH H HH HH HH HH Z 17,49 Z HHZ Z Z Z HH
o 18 HH HH HH HH HH L  HH HH HH HH HH 18,50 Z HHZ 2 2 HHZ
Q 19 HH HH HH HH HH H HH HH HH HH HH 19,51 Z HHZ Z Z HH HH
o 20 HH HH HH HH L HH HH HH HH HH 2 20,52 Z HHZ 2 HHZ 2
21 HH HH HH HH H HH HH HH HH HH Z 21,53 Z HHZ 2 HH Z HH
22 HH HH HH HH L HH HH HH HH HH HH 22,64 Z HH Z Z HH HH Z
23 HH HH HH HH H HH HH HH HH HH HH 23,55 Z HH Z Z HH HH HH
24 HH HH HH L HH HH HH HH HH HH Z 24,56 HHZ 2 2z 2z 2z 2z
25 HH HH HH H HH HH HH HH HH HH 2 25,67 HHZ Z Z Z Z HH
26 HH HH HH L  HH HH HH HH HH HH HH 26,58 HH 2 Z Z Z HH2Z
27 HH HH HH H HH HH HH HH HH HH HH 27,59 HH Z Z Z Z HH HH
28 HH HH L HH HH HH HH HH HH HH Z 28, 60 HH Z 2 Z HHZ 2
29 HH HH H HH HH HH HH HH HH HH Z 29, 61 HH Z 2 Z HH Z HH
30 HH HH L HH HH HH HH HH HH HH HH 30,62 HH Z Z Z HH HH Z
31 HH HH H HH HH HH HH HH HH HH HH 31,63 HH Z Z 2 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 2
37 H HH HH HH HH HH HH HH HH HH Z

L= V(. H= VY. HH = Vg, Z = high impedance (e.g., 10 k(2 to 6 V)
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TIBPALT19L8, 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 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 Raise PGM ENABLE to V)HH.

Step 2 Select an input line by applying appropriate levels to L/R and Pl pins.
Step 3  Begin selection of the output line with appropriate conditions on PA pins.
Step 4  Pulse INLE to V|H.

Step 5 Raise Vc(C to VIHH-

Step 6  Blow the fuse by pulsing the appropriate PO pin to ViHH as shown in Table 2 for the product line.
Step 7  Return V¢ 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 pin 1 and pin 13 to 21 volts +1 volt.

VCC is required to be at O during this operation.

programming waveforms

-— —_
PGM ENABLE ﬁ AN
] i
Tsu e *fe-th
SELECTED ! e
PL L/R, PA PINS ! f 1
(SEE TABLES 1
1 AND 2) - ra—tsu
- t,
__ O e _
INLE : ﬂ
[}
Ve e e 2 —_
I d T
§
Vee ! ( : ¥
o sude ety _
| |<-‘w1*i __________________________________
SELECTED I

[}
PO PINS vvv‘
XXX

{SEE TABLE 2} /\

PGM VERIFY

@ 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 successfui.

ViIHH

ViL
ViHH
Vin

ViL
ViH
Vi
ViHH
5V
ov
VIHH
Vou

VoL

ViH
viL

84
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

programming procedure for architectural fuses (see Note 2)

Step 1 Apply low levels to all I/D pins and 5 volts to the V¢ pin.

Step 2  Raise VCC pin to VIHH.

Step 3  Raise INCLK pin to ViHH-

Step 4 To program a D input pin into an | input pin pulse the selected pin to VIHH.

Step 5 Lower INCLK to V| and V¢ to 5 volts.

Step 6  Raise pin 13 and ali I/D input pins to V)H4H.

Step 7  Set pin 22 to Z to select pins 2 thru 11 or set pin 22 to V|HH to select pin 23.

Step 8  Raise INCLK to V|HH.

Step 9  To verify that fuse has been blown, puise selected | pin from V|4 to V|L, then to V|4 and back
to V|4 while clocking pin 1. If output at pin 15 follows the ! input the fuse has been blown.
The fuse on pin 23 is verified from pin 2.

Step 10 Repeat above steps 1 thru 9 for each D input to be programmed into an | input.

NOTE 2: Refer to pin assignments in operating mode for programming selected I/D pins from D input ta 1 inputs.

programming waveforms

VIHH — — — — — — — —
vee ! I VERIFY
SV ———— ! i
3 ! |
v | 1!
. e
I VIHH ' | I
I Vg e —_—
‘l ! il I-bl t43 f
9_ 1/D INPUTS fdls-ﬁ i l"d3: : v
Ry viL + 4 f !
o ! ! ,
‘9‘ VIHH | T ;
5 PIN 14 ! @3 | I
(INCLK) X i | |
3 it L i ! L
[ : 1 : ' |
z e — e -
PIN 13 193 —>| [ I ! I
5‘ (OE) ~ bl ! ! _J !
Q v ' Il ! i : a3 ! !‘-:
a. I ] ! | o -:b' - tg3
PIN22 YMHH ——————————————— Al 4 ¢ L
(wR) i
Zz 1 T
| |
|
PIN 15 z E | i tpd e
{OUTPUT) ‘pdT’: ! o) - —— _von
VT e oL
tgu—wit = 1|
PINT VIH~ — — — — —— — — — o — — — = ——— - :
(OUTCLK) vy, ’ | I
%
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS

preload procedure for registered outputs

Step 1 Pin 13 to V|H, Pin 1 to V|, and VcC to b voits.

Step 2 Pin 14 to ViHH.

Step 3 Apply an open circuit or Vi for a low and VjH4H for a high at the Q outputs.
Step 4 Pin 14 to Vj_.

Step 5 Remove the voltages applied to the outputs.

Step 6 Pin 13 to V|..

Step 7 Check the output states to verify preload.

preload waveforms
5V
Vee / \
ov
OUTPUTS DISABLED

__ Vi
OE ) \
ViL | 1

tdis —»| _ fe— —’{ jo— ten
! ENABLE PRELOAD |
VIHH=——— — — — — 7 |
1 100 ns!
1
PIN 14 | |<-
H | MIN |
i ! | : I
ViL 4 | -+ }
t : twi :
1
H i APPLY Q'p, |
VIHH= == — — — — —:—-—-———|——— |
|
1
| 100ns | VERIFY NEW
o] VERIFY STATEQn ;  MIN X , STATEQ),,  VERIFYQp 41
v XXKIXLRGC R —
VoL z |
| tpa |
PINT VIH-—— —— e e e o i—1
IOUTCLK) vy

security fuse programming

]
| e-twa-9] :

ov

w

Field-Programmable Logic
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TIFPLA839, TIFPLAB40

14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

JUNE 1984 - REVISED NOVEMBER 1984

FIELD

PROGRAMMABLE

LOGIC

® Input-to-Output Propagation Delay . . .
10 ns Typical
24-Pin, 300-mil Slim Line Packages
Power Dissipation . . . 6560 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 SSI functions
can be designed into a single package.

The ‘FPLA8339M and 'FPLAB40OM are characterized for
operation over the full military temperature range of
-55°C to 1256°C. The 'FPLA839C and 'FPLA840C
are characterized for operation from 0°C to 70°C.

LOGIC FUNCTION

fh = PO + P1...P31 for polarity link intact
fly = PO* P1* ... *P31 for polarity link open
where PO through P31 are product terms

TIFPLAB3SM, TIFPLAS40OM . . . JT PACKAGE
TIFPLA839C, TIFPLAB40C . . . JT OR NT PACKAGE

(TOP VIEW)

24 ] vce
I

221

11
20 1

9

~N O AW N =
N
=

OO0OO0O0 _ _ - — - — —

GN

TIFPLAS39M. TIFPLA840M . . . FH OR FK PACKAGE
TIFPLAB39C, TIFPLA840C . . . FN PACKAGE

(TOP VIEW)
— O
w O O
__loz>__
Qg = s g g s S |
4 3 2 1282726
10s 25[] 1
1[1e 24(]1
17 23] |
NC []18 22[] NC
109 2171
1[0 20(] 1
ofJn 19(] o

12 13141516 1718

000 NOO
52

Ot

w

Field-Programmable Logic

Pin assignments in operating mode (pin 1 is less positive than V)
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TIFPLA839, TIFPLAB40
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

functional block diagram (positive logic)

2D ]
OE2 LI
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~denotes fused inputs.
- tFPILAB39 has 3-state (V) outputs; FPLABA0 has open-collector {Q) outputs.
% absolute maximum ratings
"U Supply voltage, Vg (see Note 1) .. . 7V
3 Input voltage (see NOte 1} . ... . .. 55V
‘2 Off-state output voitage (see Note 1) .. . . .. ... . . 5.5V
o Operating free-air temperature range: 'FPLA839M, 'FPLA84OM ... ... .. .. .. .. —-55°C to 125°C
3 ‘FPLAB39C, ‘FPLAB40C ... ... ... ... ... .. 0°C to 70°C
2 Storage teMPerature . .. . . . ...t —65°C to 150°C
% NOTE 1: These ratings apply except for programming pins during a programming cycle
-
Q
Q
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TIFPLA839, TIFPLAB4Q

14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

LOGIC DIAGRAM
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TIFPLA838, TIFPLAS40
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

recommended operating conditions

W

7 sjqewweiboig-plat4

o160

M SUFFIX C SUFFIX UNIT
MIN _ NOM  MAX MIN NOM _ MAX
Supply voltage, Vg 4.5 5 55 [4.75 5 5.25 \
High-level input voltage, Viy 2 2 A
Low-level input voltage, V)i 0.8 0.8 v
High-level output voltage, VoH 'FPLA840 5.6 5.5 \
High-level output current, loH ‘FPLA8B39 -2 -3.2 mA
Low-level output current, g 12 24 mA
Operating free-air temperature, TA -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS T T T UNIT
MIN _TYP MAX MIN _ TYP MAX
ViK Ve = MIN, I = -18 mA -1.5 -1.5 s
loy °‘FPLAB40 Vce = MIN, VoH = 5.5V 0.1 0.1 mA
VoH ‘FPLAB39 Vee = MIN, loH = MAX 2.4 3.2 2.4 3 \
VoL Voo = MIN, lgL = MAX 0.25 0.5 0.37 0.5 \
I Voo = MAX, V| = 6.5V 0.1 0.1 mA
hH Vce = MAX, V=27V 20 20 #A
L Vee = MAX, Vi =04V -0.5 -0.5 mA
108 Vee = MAX, Vg = 2.25V -30 -112 | -30 -112 mA
\ozZH Vce = MAX, Vp = 27V 20 20 uA
lozL Vee = MAX, Vp = 04V -20 -20 uA
V, = MAX,
Ice zcc Vi =0V, 130 190 130 180 | mA
OE inputs at V)4
'FPLA839 switching characteristics
M SUFFIX C SUFFIX
PARAMETER FROM TO TEST CONDITIONS L T UNIT
MIN TYP MAX | MIN TYP! mMAX
Ry = 500 to GND,
t Input Output 10 25 10 20
pd Py vipy CL = 50 pF to GND ne
ten Pin 1 RLp = 50010 7 V, 10 25 10 20
X or Output Ry = 500 to GND, ns
tdis Pin 13 CL = 50 pF to GND 8 20 8 15
‘FPLA840 switching characteristics
FI
PARAMETER FROM TO TEST CONDITIONS M SUF* X € SUFFIX UNIT
MIN TYP? MAX [ MIN TYPE mAX
t input | Output AL = 500 to Ve 10 30 10 25
pd neu utpu CL = 50 pF to GND ne
ten Pin 1 RLq1 = 500to 7V, 10 25 10 20
| or Output R = 500 to GND, ns
tdis Pin 13 CL = 50 pF to GND 8§ 20 8 15

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Vee = 5V, Ty = 25°C.
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, Igg.
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TIFPLAB39, TIFPLA840
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

OUTPUT POLARITY
(PGM ENABLE = V()

PGM ENABLE []1 [ vee!t
Pt ]2 B
P12 []s [ P13
P13 [a P2
P14 s [JPI1
PI5 [l6 Pio
Pi6 (|7 [Pl
P17 (s g
POS5 '] POO
PO4 ] PO1
PO3 ] PO2

GND ] OE2

AND MATRIX
Vees)

PGM ENABLE [ ]1 24[ ] Vee
P12 23] Pio
Pi2[]s 22[1PI13
PIz[Je  2adPn2
Pia(ls 20PN
pis[de  19[]PI10O
pie 7 1s8[]PI9
p7[Je  17[dPi8
PO 161 PAO

pa4[io  1s[]PA1
Pa3[]1r  1a[]Pa2
GND[12 13[]JPGM

Ve = Vegz for program and Veeg for venfy
Pin assignment in programming mode {pin 1 < Viyy) top views

programming parameters, Tg = 25°C

(Vge. PAS = V)

vee
PAO

P13

PI12
P
P10

P19
P8

] POO
1 PO1
[ PO2
[ PGM

PGM ENABLE
PA1
PA2
PA3
PA4
PAS

P16
P17
PO5
PO4
P03
GND

OR MATRIX

W

PARAMETER MEASURED AT PROGRAMMING MODE MIN  TYP MAX |UNIT
. . PGM ENABLE AND, OR
VIHH Program high-level input voltage PO pins Polarity 16.5 17 17.5 \ .9
ViLL Program low-fevel input voltage PGM ENABLE Any 0 0.4 \ g’
lIHH Program-level input current PO pins Polarity 100 mA -
PGM ENABLE AND, OR 150 K]
v Program-level input volta POO thru POS Polarity 95 10 105 Vv %
X i P o¢ PGM AND. OR £
Pl pins AND 0.6 2 E
lIx Program-level input current OE2 Polarity 5 | mA ©
POO thru PO5 OR 5 10 5
Vee Programming supply voltage Vee OR 8.5 8.75 9 \% E
Icca Programming supply current Vee OR 250 400 | mA o
Veez Programming supply voltage vVee Polarity 0 0.4 v '6
Vce3  Programming supply voltage vee AND 4.75 5 525 | V @
m High-level input voltage Any Any 2 v i-
ViL Low-level input voltage Any Any o] 08 Vv
VOH High-level output voltage Any Any 2.4 3.2 \%
VoL Low-level output voltage Any Any 0.25 056 A
tw Program pulse duration POO thru POS Polarity 50 1000 s
PGM AND, OR
Program puise duty cycle POO thru PO5 Polarity 10 50 %
PGM AND, OR
td Delay time Any Any 10 us
ty Rise time Any Any 25 us
584 ¢ -
TEXAS 3111
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TIFPLA839, TIFPLAB40
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

PROGRAMMING PROCEDURE

OUTPUT POLARITY

Program

Load all output pins with a 10-kQ resistor to 5 V and set pin 12 (GND) to O 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: Set PGM ENABLE {pin 1) to VL.
Step 2: Set V¢ (pin 24) to V! set OE2 (pin 13) to Vi and PIO through P113 to V|H.
Step 3: Ramp the appropriate output to V|4H and remove after ty.
Step 4: Repeat step 3 for each output to be programmed low.
Verify
Step 1: Set PGM ENABLE (pin 1} to V| 1 set Vg {pin 24) to Vcc2; set PIO through PI13 to VIH.
Step 2:  Wait td and raise V¢ (pin 24) to VcC1.
Step 3: Enable the device by applying V| to OE2 (pin 13).
Step 4: Sense the logic state of all six outputs. An output at VQH has been programmed to be inverting, while an
3 output at VoL has remained noninverting.
Step 5: Remove Vcic1.
- ==V
@ ALL PI/PINS —!
Q-' : === ====-Vceci
v Vee 0 r—‘,——— - - Vcez
[+] — td je—b|
Q o2 : T 1 '}""""V'H
4
o : | ViL
3 ! —tw ety |t
I o —}ITIoT T T Vikk
g 1 1 v OH
' H -1 - —voL
g POO THRU POS s . @ . —
:: tq [+—dj¢ PROGRAM {—VERIFY —3
‘g (‘D A high level during the verify interval indicates that programming has been successful.
5- @ A low level during the verify interval indicates that programmting 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-kQ resistor to 5 V and set pin 12 (GND) to Vy. 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: Set PGM ENABLE (pin 1} to V|LL; set Ve {pin 24) to VcC3.
Step 2: Disable all outputs by applying V|4 to PGM (pin 13}.
Step 3: Disable all inputs by applying V|x to the | inputs.
Step 4: Address the product term to be programmed (O through 31) by applying its binary code (V|4 for a high and
V|L for a jow) to outputs PAO through PA4 with PAO as the least significant bit.
T {l’
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TIFPLA839, TIFPLABAD
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

Step 5:
Step 6:
Step 7:
Step 8:
Step 9:

PROGRAMMING PROCEDURE

Step 10: Repeat steps 5 through 9 for each input.
Step 11: Repeat steps 4 through 10 for each product term.

Verify

Step 1: Set PGM ENABLE (pin 1} to V| ; set V¢ (pin 24) to Vcia.
Enable PO output by setting PGM to V|x.
Disable all inputs by applying V|x to the | inputs.

Address the product term to be verified (O through 31) by applying its binary code on outputs PAQ through

Step 2:
Step 3:
Step 4:

PA4.
Step 5:

PGM ENABLE

PGM

P10 THRU P13

ALL PA PINS

ALL PO PINS

Lower the voltage on the first input to V|4 for a true, or to Vj_ for the complement.
After tg, raise PGM ENABLE to VjHH.
After additional tq, pulse the PGM input to V| for ty,.
After additional tq delay, lower PGM ENABLE to V| .
Disable programmed input by raising it back to V|H.

Lower the input voltage on the first input to Vi and check the logic level of output PO, then lower the
same input to V| 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 | PO
L L
TRUE
H H
L H
COMPLEMENT
H L
L H
DON'T CARE
H H
L L
INACTIVE
H L
Step 6: Disable verified input by raising it back to V|x.
Step 7: Repeat steps 5 and 6 for all other inputs.
Step 8: Repeat steps 4 through 7 for alt other product terms.
trje—] td fe—e|
Vo - = ————m——— —== ViuH
1 ' !
1 ' !
1/ :
7 ! . ——————---- viL
: “ — wj o S Vix
: == ViH
td je—o]
A o
oo 7 H
1 R B 47 [ —— VL
ot | i ' _
T N v H
T : -= VL
: : -~ Vou
N ¥
: : WA == VoL

[e——— PROGRAM —ple——»{ vERIFY

FIGURE 2. AND MATRIX PROGRAMMING WAVEFORMS

{i’
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TIFPLAB3S, TIFPLAB40
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

PROGRAMMING PROCEDURE

OR MATRIX

Program

Program the output polarity before programming either the AND matrix or the OR matrix. Load all output pins with
a 10-kQ resistor to 5 V and set pin 12 (GND) to O 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:  Set PGM ENABLE (pin 1} to Vy { . Disable the outputs by setting PGM (pin 13) to V|H. Set V¢ to Vee3.
Set PI6 through PI13 and PAQ through PAS5 to V|H.

Step 2:  Wait tg and raise V¢ (pin 24) to the program level, Vcei.

Step 3:  Use the inputs PAO through PAS to address the product term (O through 31) that is to be removed by applying
the corresponding binary code with input PAO as the least significant bit.

Step 4: Raise the output pin to V|x.

Step 5:  Wait tg, then raise PGM ENABLE to V|HH.

Step 6:  Wait tg, then pulse PGM to V|x for a period of tp.

Step 7:  Wiait ty, then lower PGM ENABLE to Vy|.

Step 8: Wait tg, then remove V|x from output pin.

Step 9: Repeat steps 4 through 8 for all other output functions.

Step 10: Repeat steps 3 through 9 for all other product terms.

Step 11: Lower VC(C to VC(C3.

Verify

Step 1:  Set PGM ENABLE (pin 1) to V| L. Disable the outputs by setting PGM (pin 13) to VjH4. Set V¢ to Vcea.
Set PI6 through PI13 and PAO through PA5 to V|H.

Step 2: Wait tg and set V¢ (pin 24) to the verify level, Vcc1.

Step 3: Address the product term to be verified {O through 31) by applying its binary code to inputs PAO through PA5.

Step 4:  Wait tg, and set PGM (pin 13} to V|_.

Step 5:  Monitor the state of all six outputs (POO through PO5} 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
——V

ALL PI PINS IH

==Vcer

Vees
t

] S (e ViHH
PGM ENABLE I

tg Hﬁ— tw

PGM

ALL PA PINS Y

POO THRU POS 2 :
je—— PrOGRAM ——]

FIGURE 3. OR MATRIX PROGRAMMING WAVEFORMS
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FIELD
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LOGIC

TIFPLS104, TIFPLS105

16 X 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER

JANUARY 1985

® Power Dissipation . .

® 50-MHz Clock Rate
® Power-on Preset of All Flip-Flops
® 6-Bit Internal State Register with 8-Bit

Output Register
. 650 mW Typical

® Programmable Asynchronous Preset or

Output Control

® Functionally Equivalent to, but Faster than

82S104A and 825105A

description

The TIFPLS104 (open collector outputs) and the
TIFPLS105 (3-state outputs) are TTL field-
programmable state machines of the Mealy type.
These state machines (logic sequencers)
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 inputs to the AND array.

The state and output registers are positive-edge
triggered S/R flip-flops. These registers are
unconditionally preset to logical 1 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 TIFPLS104M and TIFPLS105M devices are
characterized for operation over the fuil military
temperature range of —55°C 10°125°C. The
TIFPLS104C and TIFPLS105C devices are
characterized for operation from 0°C to 70°C.

TIFPLS104, TIFPLS105

M SUFFIX . . . JD PACKAGE

C SUFFIX . . . JD OR N PACKAGE

{TOP VIEW}
cik [ Was[dvee
|7Ez 21]18
eds  26[d19
15 [Js 25%110
ia s 240111
13 O 23%”2
12E7 22{1113
nde  220n4
loag 207115
a7 o 191 PRE/OC
QGEH 18[] ao
as [z 7] a1
Q4 []13 16%02
GND [J14  15[] Q3

TIFPLS104, TIFPLS105

M SUFFIX . . . FK PACKAGE

C SUFFIX . . . FK OR FN PACKAGE

(TOP VIEW]

1213141516 1718

< M N - O

[a]
g z000O0
(&)

110
111
112
113
14
115
PRE/OC

w

Field-Programmable Logic

PRODUCT PREVIEW

Copyright € 1985, Texas Instruments Incorporated
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Taxas Instruments reserves the right
to change or discontinue this product

without notice.
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TIFPLS104, TIFPLS105
16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER

functional block diagram (positive logic)

PRE/OE ———— ¢

D -
S
CLK C1
>1 8 =1
>L 18
= 48 x 29 . 2 acar
45 48 ” 1R
> 16
16 7
-
10-16 ——e = — 18]~y L P
~o i —q C1
s
D 1A, T
- 6 6 =1
~y pfme 18
3 46, 1R
D
C = ]
n
@ 6
9_ 7
) ~denotes fused inputs.
a TTIFPLS104 has open collector { O ) outputs; TIFPLS106 has 3-state ( @ ) outputs.
(=]
-
3
o
g
]
-
=]
Q
(1)
T {l’
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TIFPLS167

14 x 48 x 6 FIELD PROGRAMMABLE LOGIC SEQUENCER

JANUARY 1985

® 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 . . . 650 mW Typical

Functionally Equivalent to, but Faster than
825167A

description

The TIFPLS167 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 S/R flip-flops. These registers are
unconditionally preset to logical 1 on power-up.
Pin 19 can be used to preset both registers or
by blowing the proper fuse be converted to an
output contro! function.

The TIFPLS167M is characterized for operation
over the full military temperature range of
-55°C to 125°C. The TIFPLS167C is
characterized for operation from 0°C to 70°C.

M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

{TOP VIEW)

ck O [ vee
16 02 117
15 [J3 18
14 s [ 19
13 s 10
12 0e "1
n iy 12
10 [de g 13
Qo PRE/OC
Q1 P
Q2 PO

GND a3

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

(TOP VIEW)

c
w

4
weg2ire

| S  SUR ) SHID § WA ) S ) S
4 3 2 1282726
14 19
13 110
12 111
NC NC
1 112
10 13
Qo PRE/OC

12 13141516 1718

—NOO®MO —
005200-'1-

Field-Programmable Logic

PRODUCT PREVIEW
This d Ins inf
on a under h

Texas instruments reserves the right
to change or discontinue this product
without notice.

Texas
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TIFPLS167
14 X 48 x b FIELD PROGRAMMABLE LOGIC SEQUENCER

functional block diagram (positive logic)

PRE/OE —__'G

D :
s
CLK c1
& >1 4 i=1
18
a5x 48 48 % 25 47/ RILY: Qo0-q3
—t 1R
D 14,
14 -\ T=1
10-113 ————— 14 ~ 2 1s N
JO—+<— 2
2 t PO, P1
72 1R
> 2
> N\ a8 ~
2.1~ ? c1
s
5 1. .
v 1=1
6 =
pSe— U ~ s
6,
1R
D
~ j
GJ
#
21
~

TOptiona\ fuse-programmabte 3-state { ' ) outputs
M\ denotes fused inputs

{ip
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FIELD 82S104A, 825105A
PROGRAMMABLE 16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER

LOGIC

JANUARY 1985

825104A, 828105A
M SUFFIX . . . JD PACKAGE
C SUFFIX . . . JD OR N PACKAGE

® Programmable Asynchronous Preset or
Output Control

® Power-on Preset of All Flip-Flops (TOP VIEW)
@ 6-Bit Internal State Register with 8-Bit CLK 1 vee
Output Register 17 [ 18
® Power Dissipation . . . 650 mW Typical :2 '?0
¢ Functionally Equivalent to 14 :11
Signetics 825104A/825105A 13 T2
. 12 1113
description T 114
The 82S104A (open collector outputs) and the 10 [11s
82S105A (3-state outputs) are TTL field- Q7 ] PRE/OC
programmable state machines of the Mealy type. Qs % Qo
These state machines (logic sequencers) contain as a1
48 product terms (AND terms) and 14 pairs of Q4 1] a2
sum terms (OR terms). The product and sum GND []03
terms are used to control the 6-bit internal state
register and the 8-bit output register. 825104A. 825105A 3
The outputs of the internal state registers M SUFFIX . . - FK PACKAGE
C SUFFIX . . . FK OR FN PACKAGE
(PO-PB) are fed back and combined with the 16 (TOP VIEW) L
inputs {I0-115) to form the AND array. In addition o
a single sum term is complemented and fed back ] 8 3
. woergzTe®
to the AND array which allows any of the ™
product terms to be summed, complemented 1282726 re)
and used as inputs to the AND array. 1o [1°]
The state and output registers are positive-edge 11 E
triggered S/R flip-flops. These registers are 12 @©
unconditionally preset to logical 1 on power-up. 13 ‘5",
Pin 19 can be used to preset both registers or na g
by blowing the proper fuse be converted to an ns [«
Output Control function. PRE/OC '6
15 16 17 18 K7
U OMN—O '8
dozQ000O
5}
PRODUCT PREVIEW . Copyright © 1985, Texas Instruments Incorporated
e raduet under St Texas b 3119
To change of discontinue this product INSTRUMENTS

without notice. POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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825104A, 82S105A
16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQGUENCER

functional block diagram {positive logic)

[ } EN
I s
CLK ct
>1 8 T=1
LD 15
- 9x2 [ et acar
45x 48 ie 1R
g 16
16 ”
.
0115 ——pe 18 ] 6]~ o |~
~ i L—ct
= s
6 r
5o T=1
6 6
LA PN L. 15
L 1R
D
= :I

~denotes fused inputs.
T82S104A has open collector { Q ) outputs, 82S105A has 3-state { 7 ) outputs.

21601 sjqewweiboid-plo4
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FIELD 82S167A

PROGRAMMABLE 14 x 48 x b FIELD PROGRAMMABLE LOGIC SEQUENCER
LOGIC
JANUARY 1985
® Programmable Asynchronous Preset or M SUFFIX . . . JT PACKAGE
Output Control C SUFFIX . . . JT OR NT PACKAGE
(TOP VIEW)

® Power-on Preset of All Flip-Flops

® 8-Bit internal State Register with 4-Bit
Output Register

Power Dissipation . . . 650 mW Typical

Functionally Equivalent to
Signetics 82S167A

description

The 825167A 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 pI’O‘dL:ICt and sum term§ are used to M SUFFIX . . . FK PACKAGE
control the 8-bit internal state register and the C SUFFIX . . . FK OR FN PACKAGE
4-bit output register. (TOP VIEW)

W

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.

i9

110
(Al
NC
12
13

PRE/OC
The state and output registers are positive-edge

triggered S/R flip-flops. These registers are
unconditionally preset to logical 1 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.

Field-Programmable Logic

The 825167AM is characterized for operation
over the full military temperature range of
-55°C to 125°C. The 82S167AC is
characterized for operation from 0°C to 70°C.

This
on a product under development.
Texas Instruments reserves the right

TEXAS
to change or discontinue this product IN STRU M ENTS

without notice. POST OFFICE BOX 225012 & DALLAS, TEXAS 75265

PRODUCT PREVIFW . ‘. Copyright ® 1986, Texas Instruments Incorporated
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82S167A

14 x 48 x 6 FiELD PROGRAMMABLE LOGIC SEQUENCER

functional block diagram (positive logic)

PRE/OE

| } L—1 EN
S
CLK c1
B
& 1 =1
‘4'[ 18 4
45 X 48 48 X 25 JH + . Q0.03
4 1R
>3 14
104113 — 14| ,Zl :t 2, R
b—;‘— T 2,
er 1R TH* PO, P1
>3 2 ~
* 48
2 sans AV
b—,ﬂ-— ~y L-.{ c1
s
3 5 s, | i
6 6 =1
b&e L e 15
L 6,
1 Y >4 1R
e ~
)
-~
& 6,
—
) 2,
3
3 TOptionat fuse-programmable 3-state | @ ) outputs
o denotes fused inputs
s v
o®
-
[}
Q
(1]
i
3-122 TExAs U
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DEVICE
27518
27S18A
27819
27S18A
27820
27821
27S28
27528
27530
27531
27832
27833
275180
275181
275184
275185
278191
275191A
3601
3604
3605
3608
3621
3624
3625
3628
3636
6300-1
6301-1
6308-1
6309-1
6330-1
63311
6340-1
6341-1
6348-1
6349-1
6352-1
6363-1
6380-1
6381-1
6388-1
6389-1
635081
6351681
6351681A
7117
7118
7121

BIPOLAR PROM CROSS-REFERENCE GUIDE

MANUFACTURER
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
AMD
INTEL
INTEL
INTEL
INTEL
INTEL
INTEL
INTEL
INTEL
INTEL
MM
MMl
MMI
MMI
MMI
MMI
MMI
MM
MMI
MMI
MM
MM
MMI
MM
MMi
MM
MM
MM
MM
FUJITSU
FUJITSU
FUJITSU

T
TBP18SA030
TBP38SA030
T8P185030
TBP38S5030
TBP24SA10
TBP24S10
TBP28SA42
TBP28542
TBP285SA46
TBP28546
TBP24SA41
TBP24541
TBP2BSAB6A
TBP28586A
TBP24SA81
TBP24581
TBP38S166-45
TBP38L166-35
TBP24SA10
TBP28SA46
TBP24SA41
TBP28SA86A
TBP24510
TBP28546
TBP24541
TBP28586A
TBP28S166
TBP245A10
TBP24S10
TBP28LA22
TBP28L22
TBP18SA030
TBP18S030
TBP285A46
TBP28546
TBP28SA42
TBP28542
TBP24SA41
TBP24S41
TBP28SA86A
TBP28S86A
TBP24SAB1
TBP24581
TBP385030
TBP285166
TBP38L166-35
TBP28LA22
T8P28L22
TBP24SA41

DEVICE
7122
7123
7124
7127
7128
7131
7132
7138
745188
748287
745288
745387
748470
745471
745472
748473
745474
745475
745572
748573
7602
7603
7608
7610
7611
76161
76161
7640
7640
7641
7641
7642
7642
7643
7643
7648
7649
7680
7680
7681
7681
7684
7684
7685
7685
82523
82823A
825123
82S123A

MANUFACTURER
FUNTSY
FUJITSY
FUUITSU
FUUITSU
FUJITSU
FUJITSU
FUJTSU
FUJITSU
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
HARRIS
MOTOROLA
HARRIS
MOTOROLA
HARRIS
MOTOROLA
HARRIS
MOTOROLA
HARRIS
MOTOROLA
HARRIS
HARRIS
MOTOROLA
HARRIS
HARRIS
MOTOROLA
HARRIS
MOTOROLA
HARRIS
MOTOROLA
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS

T
TBP24541
TBP285A42
TBP28542
TBP24SA81
TBP24S81
TBP28SAB6A
TBP28S86A
TBP28S166
TBP18SA030
TBP24S10
TBP18S030
TBP24SA10
TBP28LA22
TBP28L22
T8P28S42
TBP28SA42
TBP28S46
TBP285A46
TBP24SA41
TBP24541
TBP18SA030
TB8P18S030
TBP28S2708A
TBP245A10
TBP24S10
TBP285166
TBP285166
TBP285A46
TBP285SA46
TBP28546
TBP28S546
TBP24SA41
TBP24S5A41
TBP24541
TBP24S41
TBP28SA42
TBP28S42
TBP28SA86A
TBP28SA86A
TBP28S86A
TBP28S86A
TBP24SA81
TBPZ4SA81
TBP24581
TBP24581
TBP18SAQ030
TBP38SA030
TBP185030
TBP3BS030

PROMs
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DEVICE
825126
825129
828136
828137
825140
825141
825146
825147
825180
825181
8218181
825184
825185
825191
8251918
8252708
875180
875181

BIPOLAR PROM CROSS-REFERENCE GUIDE

MANUFACTURER
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
SIGNETICS
NATIONAL
NATIONAL

T
TBP24SA10
TBP24510
TBP24SA41
TBP24341
TBP28SA46
TBP28S46
TBP28SA42
TBP28S42
TBP2BSA86A
TBP28S86A
TBP28L86A
TBP24SA81
TBP24581
TBP28S166
TBP38L166-45
TBP28S2708A
TBP2BSAB6A
TBP28586A

DEVICE
875184
875185
878191
875191A
875181B
93417
93427
93438
93448
93450
93451
93452
93453
93511
93511C
93514
93515

MANUFACTURER
NATIONAL
NATIONAL
NATIONAL
NATIONAL
NATIONAL
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD
FAIRCHILD

Tl
TBP24SA81
TBP24S81
TBP285166
TBP385166-45
TBP385166-35
TBP245A10
TBP24510
TBP285A46
TBP28546
TBP28SABGA
TBP28S86A
TBP24SA41
TBP24541
TBP28S166
TBP38L166-45
TBP24SA81
TBP24581



SCHOTTKY TBP18S030, TBP18SA030
PROMS 256 BITS {32 WORDS BY 8 BITS)
' PROGRAMMABLE READ-ONLY MEMORIES

SEPTEMBER 1979 —REVISED AUGUST 1984

® Titanium-Tungsten {Ti-W) Fuse Link for TBP18SA030, TBP18S030 . . . J OR N PACKAGE
Reliable Low-Voltage Full Family Compatible {TOP VIEW)
Programming oo T vee
® Full Decoding and Fast Chip Select Simplify a1z s{1G
System Design 2z  ws]las
ifa
® P-N-P Inputs for Reduced Loading on gi 0 s :2 % 2:2;
System Buffers/Drivers as e 1l A
® Applications Include: a7 o0J a0
Microprogramming/Firmware Loaders GND ({8 af1az

Code Converters/Character Generators
Translators/Emulators
Address Mapping/Look-Up Tables

® Choice of 3-State or Open-Collector Outputs

description

These monolithic TTL programmable read-only memories (PROMs) feature titanium-tungsten (Ti-W) fuse
links with each link designed to program in 20 microsecands. The Schottky-clamped versions of these
PROM s offer considerable flexibility for upgrading existing designs or improving new designs as they feature
full Schottky clamping for improved performance, low-current MOS-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 0°C to 70°C.

‘, Copyright © 1983, Texas Instruments Incorporated

TexAs
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TBP18S030, TBP18SA030
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbol

SINOHd

TBP185030 TBP18SA030
PROM 32 X 8 PROM 32 X 8
AT ——%;— ao AQ :;: ao
a0 10 R AT T UL o AQ TQ"
a1 1 AY A Q2 A1 {11) ‘ AQ Q2
(2) 0o Av—Y _o3 112) o Aol B g
A2 A= (5} A2 A5 (3]
POSLE] 31 AT ) Q4 a1 31 AQ o [+
{14) A/ p——— Q5 (14) AQ Qa5
A ¢ A1 g M= 4 acol M
G | ——51 EN
6 EN Ay @ o ¢ AL 19 __ o7
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL TBP185030 OUTPUTS
vee . TBP18SAD30 OUTPUTS _ Vee
4 b N
2 OUTPUT ~'58 51 NOm
1 - - -—
INPUT T
3 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)
0T VL 1 - T T
Off-state output voltage ................ .
QOperating free-air temperature range: Full-temperature-range circuits —56°C to 125°C

Commercial-temperature-range Circuits ...........ceeeveeen. 0°C to 70°C
Storage temperature TANGE . ... ....uiunuennuttnr et anterontineetneessaretsnesoansonnns —65°C 10 150°C

recommended conditions for programming TBP18S’, TBP18SA PROMs

—

MIN _ NOM  MAX [ UNIT

s

Steady state 475 5 525 |

\
Program pulse 9 9.25 95

upply voltage, V¢ (see Note 1)

High level, Viy 24 5
Input voltage &—‘ v
\ put voliag Low level, Vi o] 05

( Termination of all outputs except the one to be programmed

See load circuit

R D ) I I I

{Figure 1)
Voltage applied to output to be programmed, Vo(pr) (see Note 2} 0 0.25 0.3 v
Duration of Vo programming pulse X {see Figure 2 and Note 3) 15 25 100 Hs
Programming duty cycle for Y pulse 25 35 %
| _Free-air temperature | 20 25 30 °c_ |

NOTES: 1. Voitage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.

2. The TBP18S030, TBP18SA030 are supptied 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 us in duration.

{i’
TEXAS
INSTRUMENTS

POST OFFICE BOX 226012 ® DALLAS, TEXAS 75265
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TBP185030, TBP18SA030
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

programming procedure

1.
2.
3.

10.

11.

Apply steady-state supply voltage (Vcc = 5 V) and address the word to be programmed.
Verify that the bit location needs to be programmed. if not, proceed to the next bit.

If the bit requires programming, disable the outputs by applying a high-logic leve! voltage to the chip-select
input(s).

. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through

3.9 k) and apply the voltage specified in the table to the output to be programmed. Maximum current into the
programmer output is 150 mA.

. Step V¢ to 9.25 nominal. Maximum supply current required during programming is 750 mA.

. Apply a low-fogic-level voitage to the chip-select input(s). This should occur between 1 us and 1 ms after V¢

has reached its 9.25 level. See programming sequence of Figure 2.

. After the X pulse time is reached, a high logic level is applied to the chip-select inputs to disable the outputs.

. Within the range of 1 us to 1 ms after the chip-select input(s) reach a high logic level, V¢ should be stepped

down 10 5 V at which level verification can be accomplished.

. The chip-select input{s) may be taken to a low logic levei (to permit program verification) 1 us or more after Vc¢

reaches its steady-state value of 5 V.

At a Y puise duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a
bit.
Verify accurate programming of every word after all words have been programmed using V¢ values of 4.5 and

5.5 volts.

sv

% .9 k
OUTPUT 39ka

LOAD CIRCUIT FOR EACH OUTPUT
NOT BEING PROGRAMMED OR FOR
PROGRAM VERIFICATION

FIGURE 1 — LOAD CIRCUIT

VERIFY }._ Y 3y TVPICAL‘..i
NEED TO —H / l-——.T_vsmrv PROGRAM
PROGRAM REMOVE Vgg TO

Vi REDUCE AVERAGE - 5V
is«onrqu“‘ j%‘lpnon!n FOWER - ——-— oV
s : iy ™ ViM
P L I

viL

9.28 v

APPLY  REMOVE
VO(pr) Vo(pr)

FIGURE 2 — VOLTAGE WAVEFORMS FOR PROGRAMMING

884

{@
TeExas
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PROMs

4.7



SINOYd

4.8

TBP18S030
256 BITS (32 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

recommended operating conditions {see Note 4}

T8P185030

PARAMETER

Supply volt \/ MJ
age.

upply voltage, V¢ IN

MJ
High-ievel output current, IgH N
Low-level output current, lo|

MJ
Operating free-air temperature, Ta, L—iJ N

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
{see Note 4}

FULL TEMP
(MJ})

PARAMETER TEST CONDITIONS?

High-level input voltage
ViL Low-level input voltage

Vix  Input clamp voltage Vec=MIN,  =—18mA

High-ievel output voltage

Low-level output voitage

Off-state output current,
high-level voltage apptied
Off-state output current,

{ow-level voltage applied
Input current at maximum

input voltage

High-level input current Voo =MAX, V=27V
L Low-level input current Vec=MAX, V=05V | ~0.25 |
los  Short-circuit output curren | Voo = MAX, ‘ —30 —100 \ —30 -—100 mA
Vee = MAX,

Chip select{s)atO V,
Outputs open,

See Note B

b

Icc  Supply current 80 110 80 110 mA

switching characteristics over recommended ranges of Ta and VC ¢ {unless otherwise noted)

ta(A) ta(S} tdis
TEST ACCESS TIME FROM ACCESS TIME FROM CHIP DISABLE TIME FROM UNIT
CONDITIONS ADDRESS SELECT (ENABLE TIME) HIGH OR LOW LEVEL

MIN  TYrt  MAX MIN  TYpi MAXJ MIN  TYPE  MAX

CL = 30 pF for 25 50 12 30 8 30 ns
ta(a) and ta(s),
s

5 pF for tgis.
prtor is 25 40 12 25 8 20 | n

TBP18S030MJ

TBP18S030

See Note 6

TFor conditions shown as MIN or MAX, use the appropriste value specified under recommended operating conditions.
FAll typical values are at Voe = 5 V, To = 25°C.
8Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
NOTES: 4. MJ designates full-temperature circuits {(formerly 54 Family), J and N designate commercial-temperature circuits (formerty
74 Family).
5. The typical values of I¢c are with all outputs low.
6. Load circuits and voltage waveforms are shown in Section 1.

{i,
TeEXAS
INSTRUMENTS

POST OFFICE BOX 225012 & DALLAS, TEXAS 75265
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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)

PARAMETER

Supply voltage, Voo

High-leve! output voltage, Vo

MJ
J.N

Low-level output current, ig|

Operating free-air temperature, Tp

MJ
J.N

TBP18SA030
] MIN  NOM  MAX UNIT
45 5 5.5 v
4.75 5 5.25
55 \Y
20 mA
—55 125 o
[} 70 ¢

electrical characteristics over recommended operating free-air temperature range {unless otherwise

noted)
PARAMETER TEST CONDITIONST MIN TYPi MAX UNIT
[ Vin High-level input voltage 2 v
ViL Low-level input voltage 08 v
ViK Input clamp voltage Vee = MIN, = —18mA i
Vee = MIN,
. cc VOH=24V B
IoH High-level output current VIH=2V, Vou =55V
V=08V OH =5
Vee = MIN, ViH=2V,
VoL Low-level output voltage cc *H
Vi =08v, oL = MAX |
Input current at maximum
I e Ve = MAX, V=65V
input voltage
[ wn High-level input current Ve = MAX, V=27V
liL Low-level input current Vee = MAX, Vi=05V "~ -0.25 | mA (
Vee = MAX,
Icc Supply current Chip select(s) at 0 V, Outputs open, 80 110 mA
See Note 5 §
switching characteristics over recommended ranges of Ta and Vo (unless otherwise noted) 8
_—
¢ tPLH o
ta) ACG aT‘S’E rmom | PROPAGATION DELAY
TesT ACCESS TIME FROM C ::I‘:’, s';l.ec:o TIME, LOW-TO-HIGH-LEVEL
TYPE CONDITIONS ADDRESS ENABLE TIME OUTPUT FROM CHIP UNIT
! ) SELECT (DISABLE TIME)
MIN  TYpf  MAX MiIN  TYpE MAX MIN  TYPE MAX
= 30pF,
TBP18SAO30MJ Ci=30p 25 50 12 30 12 30 ns
Ry 1=3000Q,
Ri2= Q,
TBP18SAQ30 L2 = 600 25 40 12 25 12 2% | ns |
See Note 6 | |
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Vo = 5V, Ta = 25°C.
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 I are with all outputs low.
6. Load circuits and voltage waveforms are shown in Section 1.
384 *"
TExas 4-9
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SERIES 24 AND 28
STANDARD AND LOW POWER PROGRAMMABLE READ-ONLY MEMORIES

SEPTEMBER 1979 - REVISED AUGUST 1984

® Expanded Family of Standard and Low ® P-N-P Inputs for Reduced Loading On
Power PROMs System Buffers/Drivers
® Titanium-Tungsten (Ti-W) Fuse Links for @ Each PROM Supplied With a High Logic

Reliable Low-Voitage Full-Family-Compatible Level Stored at Each Bit Location

Programming ® Applications Include:

Microprogramming/Firmware Loaders
Code Converters/Character Generators
Translators/Emulators

Address Mapping/Look-Up Tables

® Full Decoding and Fast Chip Select Simplify
System Design

description

The 24 and 28 Series of monolithic TTL programmable read-only memories (PROMs) feature an expanded
selection of standard and low-power PROMSs. 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 MOS-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 PROMSs 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
fevel. 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 S) 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

884

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. 8
PACKAGE! AND OUTPUT BIT SIZE TYPICAL PERFORMANCE o
TYPE NUMBER,| TEMPERATURE RANGE CONFIGURATION® | (ORGANIZATION) ACCESS TIMES POWER
DESIGNATORS ADDRESS | SELECT | DISSIPATION
TBP24510 MJ, J, N v 1024 Bits
TBP24SA10 MJ, J, N Q (256W x 4B) 35ms | 20ns 375 mW
TBP28542 MJ, 4, N v ]
TBP28SA42 MJ, J, N O. 4096 Bits
TBP28546 MJIW, JW, NW v (512W x 8B) 3sns | 20ns 500 mw
| TBP28SA46 MJIW, JW, NW [
[ TBP24541 MJ, J. N v 4096 Bits
[Tep2asA41 M, J, N ) {1024 x 48) 40ns | 200 475 mw
TBP24S81 MJ, J, N v 8192 Bits
[ TBP245A81 MJ, J, N o} {2048 x 4B} 45ns | 20ns 626 mw
TBP28S86A MJIW, JW, NW \% -
8192 Bits
TBP28SAB6A MJW, JW, NW (&3 (1024 x 88) 45ns | 20 ns 625 mW
TBP28S2708A NW v
TBP285166 NW \v4 (22’:\?\’45':& 35ns | 16ns 650 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 O = three state, Q= open collector.
% Copyright © 1985, Texas Instruments Incorporated
TExas 411
INSTRUMENTS
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SERIES 24 AND 28

STANDARD AND LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES

low power PROMs

To upgrade systems utilizing MOS EPROMs or MOS 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.

T packaget anp TYPICAL PERFORMANCE
TYPE NUMBER | TEMPERATURE RANGE ouTpuT BT Size ACCESS TIMES POWER
CONFIGURATION? | (ORGANIZATION)
DESIGNATORS ADDRESS | SELECT | DISSIPATION

TBP28L22 MJ, N v 2048 Bits

TBP28LA22 MJ, J, N [$) (256W x 8B) 48ms | 20ns 375 mw

TBP28L42 MJ, 3, N v 4096 Bits 0 me | 30 re 250 W

TBP28L46 MIW, JW, NW v (512W x 8B)

TBP2BLBEA MJIW, JW, NW v 8192 Bits 80ns | 35ns 350 mwW
(1024W x 88)

TBP28L166 NW v 16,384 Bits 65ns | 30 ns 350 mw
{2084W 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 Familyl.
to= three state, { = open coliector.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT EQUIVALENT OF 3-STATE OUTPUTS EQUIVALENT OF OPEN-COLLECTOR
OUTPUTS
Vee *— —- - Vee
3
b - —— OUTPUT
)
o INPUT -
g OUTPUT
/]
Programming circuit not shown Programming circuits not shown Programming circuit not shown
absolute maximum ratings over operating free-air temperature range {(unless otherwise noted)
Supply voltage (see Note 1) . .. .. .. . e e e 7V
InpUt voltage . . . . .. . e 55V
Chip-select peak input voltage (S, S1,S2) (seeNote 2} .. .. ... ... ... ... .. .. ... ... 1yv
Off-state oUtPUL VOItAgE . . . . . . . . .t i e e 55V
Off-state peak output voltage (see Note 2) . .. ... ... .. ... ... .. it 16.25 V
Operating free-air temperature range: Full-temperature-range circuits (M suffix) —-55°C to 125°C
Commercial-temperature-range circuits . . . ... .. 0°C to 70°C
Storage temperature range . . .. .. ...t u v in i —65°C to 160°C
NOTES: 1. Voitage values are with respect to network ground terminal.
2. These ratings apply only under the conditions described in the programming procedure.
T {l’
212 EXAS
INSTRUMENTS
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TBP24510
1024 BIT (256 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE QUTPUTS

logic symbol pin assignment
TBP24S10 TBP24S510
PROM 256 X 4 J or N PACKAGE
(5) {TOP VIEW}
AD 0
a_® As [ Uus%Vcc
) 12) As {12 5[] A7
A2 AVp———Q0 =
@ IR A4[fs  14[1G2
Al o AV ar A3(da G1
Ad (3) A 255 AT a0 o, 13
a5 2 4 TR A0[ds 12[dao
1} A A1 E 6 1] at
A6
5 5 A2[07 wo[d02
= GND
G2 (14) = " E 8 9 a3
G (13)
recommended operating conditions
MJ JORN
PARAMETER UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 475 5 5.25 A\
ViH High-level input voltage 2 2 v
VL Low-level input voltage 0.8 0.8 \4
loH High-level output current -2 -6.5 [ mA
loL Low-level output current 16 16 [ mA
Ta Operating free-air temperature range -55 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted}
PARAMETER TEST CONDITIONS mJ JORN UNIT
MIN TYP! MAX | MIN TyP¥ mAX »
[ vk Vee = MIN, ) = —18 mA ~1.2 “12] v S
L VOH Vce = MIN, loH = MAX 2.4 3.1 2.4 3.1 \% O
VoL Ve = MIN, lor = 16 mA 0.5 0.5 A o
10ZH Vce - MAX, Vo = 24V 50 50 | pA a
0z Vce = MAX, Vp = 05V ~50 50 | uA
Iy Ve = MAX, V| =556V 1 1 mA
I+ Ve = MAX, V) =27V 25 25 uA
TR Voo = MAX, Vi =05V -0.25 -0.25 mA
log? Vee = MAX -30 -100 | -30 -100 | mA
icc Ve = MAX 75 100 75 100 | mA
switching characteristics over recommended ranges of Ta and VcC (unless otherwise noted)
TEST MJ JORN
PARAMETER o UNIT
CONDITIONS MIN TYP! MAX MIN TYPE max
ta(A) Access time from address CL = 30 pF 35 75 35 55 ns
ta(s) Access time from chip select (enable time) See Note 3 20 40 20 35 ns
t Disable tim CL=>5pF 15 40 15 35
i I e ns
dis © See Note 3
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Voe = 5V, Ta = 25°C.
3Not more than one output should be shorted at a time, and duration of the short cicuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP24SA10

1024 BITS (256 WORDS BY 4 BITS)

STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR QUTPUTS

logic symbol

pin assignment

TBP24SA10 TBP24SA10
J OR N PACKAGE
) PROM 256 X 4 {TOP VIEW)
AQ o
6! Ae [+ Uis[d vee
Al —————— A E
7 (12) sz 15[ A7
A2 AQ a0 aalls D G2
(4) (11) 14
A3—-3) A o AQ al A3[]a 13 :] G1
A4(—J %5 AQ v& Q2 AQ
(2) 9 o3 5 12} ] Q0
A5 AQ A1 []e 111} Q1
A6 (1)
51 A2[Q7  1o[Ja2
gz 4 L . GND[]s  o]] Q3
= EN
& a3 N
recommended operating conditions
MJ JORN
PARAMETER R UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \"
ViH High-level input voltage 2 2 \4
ViL Low-level input voltage 0.8 0.8 \
VOH High-level output voltage 5.5 5.5 A
‘oL Low-level output current 16 16 | mA
I Ta Qperating free-air temperature range -55 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJ JORN
PARAMETER TEST CONDITIONS ! T s UNIT
) MIN TYP! MAX | MIN _ TYP! mMAX
X Vik Voo = MIN I = —18 mA 12 12| v
O cC |
VOH = 24 V 0.05 0.05
1 A\ = MIN, A
= oH cec Von =55V o1 o1 "
» VoL Voo = MIN, oL = 16 mA 05 045 | V
Iy Voo = MAX, Vi = 55V 1 1] mA
H Vce = MAX, Vi =27V 25 25 | 4A
m Vce = MAX, Vi =05V ~0.25 -0.25 | mA
[ icc Vee = MAX 75 100 75 100 | mA
switching characteristics over recommended ranges of Ta and VG (unless otherwise noted)
TEST MJ JORN |
PARAMETER UNIT
CONDITIONS MIN TYP? MAX [ MIN TYPf max
ta(A) Access time from address CL = 30 pF 35 75 35 65 ns
ta(S) Access time from chip select {enable time) R_1 = 300 Q 20 40 20 35 ns
PLH Propagation delnay time low-to-high-level Ri2 = 600 Q 15 40 20 35 ns
output from chip select See Note 3
tFor conditions shown as MiN or MAX, use appropriate value specified under recommended operating conditions.
¥All typical values are at Vee =56V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP28542
4096 BITS (512 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol pin assignment
TBP28S42 TBP28S42
PROM 512X 8 J oligPP\l/\I(E:\:IA)GE
{n
A0 ]
PORE] ‘ av ::: ao AO 1U20% vee
A2 (3 AVTQ'l A1 ]2 19]] A8
(4) A7 Q2 A2[]3 18] A7
A3 ———
PR 1 Al Avqos A3[]a 17] AB
16} 511 AV 04 Aa[]s 18[] A5
A5 — .
a7 Av:::gos ao[le 1sJG
A7 (18) AVEQS Q1E7 14:] Q7
ag 19 | s AV a7 Q2[0s 13[Jae
g_\19 E EN Q3{e 12[] Q5
GND[J10o wn[] Q4
recommended operating conditions
PARAMETER MJ J OR N UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 5.25 \
ViH High-level input voitage 2 2 A
VL Low-level input voitage 0.8 0.8 v
oK High-level output current . -2 -6.5 mA
log Low-level output current 16 16 | mA
Ta Operating free-air temperature range -85 125 o] 70 °C

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

PARAMETER TEST CONDITIONS T MJ J OR N UNIT
MIN TYP? MAX [ MIN TYP! mMAX

VIK Vee = MIN, I = —18 mA -1.2 ~1.2 \
VOH Ve = MIN, I0H = MAX 2.4 3.1 24 3.1 v
VoL Vce = MIN, IoL = 16 mA 0.5 06 | V
lozZH Vee = MAX, Vg = 24V 50 50 uA
lozL Voo = MAX, Vo = 06V - 50 - 50 uA
1 Voe = MAX, V| =65V 1 1| mA
I§H Vee = MAX, Vi =27V 25 25 pA
L Vee = MAX, Vi =05V -0.25 -0.25 | mA
1053 Vee = MAX - 30 -100 | -30 -100 | mA
Icc Ve = MAX 100 135 100 135 | mA

switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)

TEST MJ JORN
PARAMETER 3 0 UNIT
CONDITIONS MIN TYP MAX MIN TYP¥ MAX
talA) Access time from address CL = 30 pF 35 70 35 60 ns
ta(s) Access time from chip select {enable time) See Note 3 20 45 20 45 ns
. . CL = 5pF
di Disable t 15 4 1 4
dis isable time See Note 3 5 5 0 ns

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

*All typical values are at Ve = BV, Ta = 25°C.

5Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
NQTE 3: Load circuits and voltage waveforms are shown in Section 1.

{i’
Texas 415
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

PROMs



TBP28SA42
4096 BITS (512 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol pin assignment
TBP28SA42 TBP28SA42
PROMS12 X3 J OR N PACKAGE
" {TOP VIEW}
—_0
PO Aol 8 o Ao [T T2 vee
] 7
(3) aAQ a1 a1z 19[] A8
Az @
aa_@ AQ+02 A2[]s 18] A7
aq 15 a0 AQl———a3 A3[]s 7] A6
a5 118! 511 Aol UN o A4[]s 18 AB
(n aol 02 o Qo[Je 18]G
A6 (13)
(18) AQH =" _ s ot 7 4] Q7
ag_19) 8 aol U4 o ozEs 13(] Q6
— Q39 121] Q5
(15) N
G EN ono[Jio 11 4
recommended operating conditions
M
PARAMETER - JORN UNIT
MIN NOM MAX MIN NOM MAX
Vece Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
ViH High-ievel input voltage 2 2 \%
Vi Low-level input voltage 0.8 0.8 \'4
VOH High-level output voltage 5.5 5.5 v
lo Low-level output current 16 16 { mA
Ta Operating free-air temperature range -55 125 [¢] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJ J OR
o PARAMETER TEST CONDITIONS? OR N UNIT
] MIN TYP! MAX MIN TYP! maAX
O ViK Vee = MIN, = -18 mA -1.2 ~1.2 v
Vv =24V 0.05 0.05
2 IoH Vee = MIN, oH mA
7 VOH = 5.5 V 0.1 0.1
VoL Vee = MIN, lgL = 16 mA 0.5 05 \
[ Vee = MAX, Vi = 55V 1 1] mA
4 Ve = MAX, V=27V 25 25 | uA
e Vce = MAX, V) =05V ~0.25 ~0.25 | mA
icc Vee = MAX 105 135 105 135 mA
switching characteristics over recommended ranges of TA and V¢ (uniess otherwise noted)
TEST MJ JORN
UNIT
PARAMETER CONDITIONS MIN TYP! MAX MIN TYPf MAX
talA) Access time from address CL = 30 pF 35 75 35 65 ns
ta(s) Access time from chip select {(enable time) Rt = 300 @ 20 45 20 35 ns
.. Propagation del.av time low-to-high-level Rz = 600 1 15 45 15 35 ns
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 Vo = 5V, Ta = 25°C.
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 pin assignment
TBP28546 TBP28S46
RO 512 X3 JW OR NW PACKAGE
a8 lo (TOP VIEW)
Al _n AY ¢ Qo A7 j N oled
AZ(G)— AY & a1 A6 :] A8
Py — o AV L 01 o AS []NC
aq 4 A AT L A4 ]94
Y A8 o A3 (]G
o2 Av|—08 A2 ]G3
RG] avl_08 oo Al ] G2
ag 123 g Ay an AO ] a7
Ga2) N Qo 0 as
PRSP LU N o} [1as
G218 ___ | EN Q2 1] Q4
G120 I GND []a3
recommended operating conditions
PARAMETER MIW JW OR NW UNIT
MIN NOM MAX MIN NOM  MAX
vVee Supply voltage 4.5 5 55 | 4.75 5 5.25 v
ViH High-level input voltage 2 2 A
VL Low-level input voltage 0.8 08 \
I0H High-leve] output current -2 -6.5 mA
oL Low-level output current 16 16 | mA
TA Operating free-air temperature range - 55 125 ¢} 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJW JW OR NW €N
PARAMETER TEST CONDITIONS T MIN TYPE MAX | MIN TYPE  WAX UNIT E
ViK Vce = MIN, | = -18 mA 1.2 -1.2] v @]
Vou Vee = MIN, lon = MAX 24 341 24 31 v °
VoL vee = MIN, oL = 16 mA 0.5 058 Vv o
lozH Vee = MAX, Vo =24V 50 50 [ pA
lpzL Vee = MAX, Vg =05V -50 -50 pA
1y Vee = MAX, V=55V 1 1 mA
H Vee = MAX, V) = 27V 25 25 [ wA
m Vee = MAX, V| =05V ~0.25 -025 | mA
10s? Vee = MAX -15 -100 | -20 -100 | mA
Icc Ve = MAX 100 135 100 135 | mA
switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)
PARAMETER TEST MW __JW OR NW UNIT
CONDITIONS MIN_ Tyrt max | MIN TYP? MAX
ta(A} Access time from address C_ = 30 pF 35 70 35 60 ns
ta(S) Access time from chip select (enable time) See Note 3 20 45 20 35 ns
. . . CL = 5pF
tdis Disable time See Note 3 15 40 15 35 ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
1Al typical values are at Voo = 5V, Ta = 25°C.
3Not 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.
B4 %
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TBP28SA46
4096 BITS (512 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol pin assignment
TBP28SA46 TBP28SA46
ROMETCs JW OR NW PACKAGE

ro_t8 0 (TOP VIEW)
a1 ‘ AO ©® A7 [] vee
A28 Aol_00 o A6 (]2 ] A8
a3 _t5) a0 o As[]s ] NC

(4) 0 13) A4l |4 G4
A4 Ag;y AQE———a3 =

(3) (14} A3[]s G1
A5 AO[—= 4

(2) 15) A2[le ]G3
A6 ———— AQ .—(__ Qs

(1 116) At G2
A7 — AQL 2 g
ag _23) o aol__07 Ao[ls 1 Q7
ge 20 N @ Qo [] a6
G319 | Q1 [] Qs
Ga118) EN Q2 7 Q4
— GND 103

recommended operating conditions

PARAMETER MW JW OR NW UNIT
MIN NOM MAX | MIN NOM MAX

Vce Supply voltage 4.5 5 5.5 | 475 5 5.25 \%
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 v
VOoH High-level output voltage 5.5 5.5 A
loL Low-level output current 16 16 mA
Ta Operating free-air temperature range -55 125 o] 70 °C

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

PARAMETER TEST CONDITIONS ' MJVZ W OR‘NW UNIT
MIN TYP MAX MIN TYP MAX

VIK vVee = MIN, I = —18 mA 1.2 12| v
vee - W Vou TV o o] ™
VoL Voo = MIN, oL = 16 mA . 0.5 0.5 v
1y Vee = MAX, Vi =588V 1 1 mA
I Voo = MAX, Vi=27V 25 25 | uA
L Voo = MAX, Vi =05V ~0.25 -0.25 | mA
ice vee = MAX 100 135 100 135 mA

switching characteristics over recommended ranges of Ta and Vg (unless otherwise noted)

TEST MIW JW OR NW
PARAMETER UNIT
CONDITIONS MIN Ty} MAX | MIN TYP} MAX
ta(A) Access time from address CL = 30 pF 35 75 35 66 ns
ta(S) Access time from chip select {enable time) Ry = 300Q 20 45 20 35 ns
Py ti | i low-to-high-level R = Q
LM ropagation delay time low-to-high-leve L2 = 600 15 40 15 35 ns
output from chip select See Note 3

TFor canditions shown as MIN ar MAX, use appropriate value specified under recommended operating conditions.
tAll typical values are at Vg = 5V, Tp = 256°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

{if
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TBP24S41
4096 BITS (1024 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol pin assignment
TBP24S41 TBP24S41
PROM 1024 X 4 J OR N PACKAGE
(5 0 {TOP VIEW)
A ] as [+ sl vee
2; o As[]2 170 A7
A4 | (1a) Aaal]s 16[]as
a3 | AV X Az[]a 15[ A9
2 LAl AV|———O A0(]s 1aJao
AS—— " 03 L, 02 o, alls  13fat
A | AV o3 a2]? 202
AT | G1[Js n[ja3
A — e ] GND[]o  10[] G2
A9———9
éz_L &
G1 (8) EN
recommended operating conditions
MJ JORN
PARAMETER UNIT
MIN NOM  MAX MIN NOM MAX
Vee Supply voltage 4.5 5 65 | 4.75 5 5.25 \Y
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
10H High-level output current -2 -3.2 mA
loL Low-level output current 16 16 | mA
Ta Operating free-air temperature range —-55 125 o] 70 °C

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

PARAMETER TEST CONDITIONS ! MJt d OR,N UNIT
MIN TYPH MAX [ MIN TYPY max

ViK Vee = MIN, | = ~18 mA -1.2 -1.2 | Vv
Vo Voo = MIN, loy = MAX 2.4 3.1 2.4 31 v
VoL Vce = MIN, loL = 16 mA 0.5 0.5 \4
lozH Vee = MAX, Vo = 2.4V 50 50 pA
lozL Vee = MAX, Vg = 0.5V - 50 ~-50 | uA
1) Voo = MAX, V| = 55V 1 1| mA
I Voo = MAX, Vi =27V 25 25 | pA
N Voo = MAX, V| =05V -0.25 ~0.25 | mA
los? Vee = MAX -15 -100 | -20 -100 | mA
Icc Voo = MAX 95 140 95 140 | mA

switching characteristics over recommended ranges of Ta and VCC (unless otherwise noted)

TEST MJ JORN
PARAMETER T T UNIT
CONDITIONS MIN TYP MAX MIN  TYP MAX
ta(A) Access time from address C_ = 30pF 40 75 40 60 ns
t3(S) Access time from chip select (enable time) See Note 3 20 40 20 30 ns
Cy = 5pF
tgis  Disable time L=>e 20 40 20 30 | ns
See Note 3

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

Al typical values are at Ve =5V, Tp = 25°C.

$Not more than ane 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.

{i’
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TBP24SA41
4096 BITS (1024 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

SINOHd

logic symbol pin assignment
TBP24SA41 TBP24SA41
PROM 1024 X 4 J OR N PACKAGE
(5} 0 {TOP VIEW}
Al ———
P ae [+ Us[J vee
) A5 []2 171] A7
:3—(4)— A4[]3  18[] A8
ag__13) Al ——::;: Qo A3[]s 15[ A9
7] > A 0 AQf——— Ao[]s 14[Jao
AS— ] 023 o] 0D o ArJe [ ar
A= Aol oy a2(dr 1202
A} ——— c
o) cids nfos
A8 ——— G
GND [Je9  10{] G2
(15
A9———9g
G2 (10) 5
&1 (8) EN
recommended operating conditions
MJ JORN 1
PARAMETE UNIT
i MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 55 | 475 5 6.25 \
ViH High-level input voltage . 2 2 \4
ViL Low-level input voltage 0.8 0.8 \
VoH High-level output voltage 5.5 5.5 v
loL Low-level output current 16 16 mA
Ta Operating free-air temperature range -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS T MJ JORN UNIT
MIN_ TYPE MAX [ MmiN TYP? maAx
ViK Vee = MIN, | = —18 mA -1.2 -1.2] v
1 Ver = MIN VOH = 2.4 V 0.05 005 [ |
OH cc =M VoH =55V 0.1 01
VoL Vee = MIN, loL = 16 mA 0.5 0.5 \
[] Voo = MAX, Vi =55V 1 1 mA
I Vee = MAX, Vi =27V 25 25 pA
[ Vce = MAX, -V, =08V ~0.25 ~0.25 | mA
Icc Voo = MAX 95 140 95 140 | mA
switching characteristics over recommended ranges of TA and V¢ {(unless otherwise noted)
TEST MJ JORN
PARAMETER UNIT
CONDITIONS MIN_TYP max | MIN TYP! MAX
ta(A) Access time from address CL = 30 pF 40 75 40 60 ns
ta(S) Access time from chip select (enable time) Ry = 3000 20 40 20 30 ns
tPLH Propagation del_ay time low-to-high-level RL2 = 600 Q 20 40 20 30 ns
output from chip select See Note 3
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
*All typical values are at Vgg = 5V, Tp = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
T {l’
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TBP24381

8192 BITS (2048 WORDS BY 4 BITS)

STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol

pin assignment

PROMs

TBP24S81 TBP24S81
PROM 2048 X J OR N PACKAGE
(5} 0 4 {TOP VIEW)
AQ
a8 As [ Us[J vee
) As[12 17 A7
A2 —
(4) A4 E 3 16 :] A8
A3 (14) A3[]sa s A9
a3 | AY p———a0
2) 0 AV {13) a1 AO ES 14:| Qo
AS (1, A 047 AvI—02 o At[Qs 13[JaQt
2‘7‘ e avl_OY o az{]7 1202
A8 (16} A10 EB 11]9_3
GND [Ts 10[] G
Ag_.(_"i)_
ar0—2__ ho
FRAL I P
recommended operating conditions
MJ JORN
PAR UNIT
AMETER MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
ViH High-level input voltage 2 2 \4
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current ~2 -32 | mA
oL Low-level output current 16 16 | mA
Ta Operating free-air temperature range -556 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJ JORN
PARAMETER TEST CONDITIONS ' UNIT
MIN TYP¥ MAX MIN TYP? MAX
ViK Vee = MIN, I = -18 mA -1.2 -1.2]| Vv
VOH Vce = MIN, loH = MAX 2.4 3.1 2.4 3.1 Vv
VoL Vee = MIN, loL = 16 mA 0.5 05| Vv
lozH Vee = MAX, Vg = 2.4V 50 50 | wA
lozL Vce = MAX, Vg = 05V ~50 —-50 | uA
) Voo = MAX, Vi = 55V 1 1 ma
i1 Voo = MAX, V=27V 25 25 | uA
M Voo = MAX, V| = 05V ~0.25 -0.26 [ mA
1087 Vee = MAX -15 -100 | -20 -100 | mA
icc Vce = MAX 125 175 126 175 | mA
switching characteristics over recommended ranges of TA and VC¢ (unless otherwise noted)
TEST MJ JORN
PARAMETER UNIT
CONDITIONS MIN TYPY MAX [ MIN TYP? MAX
ta{A) Access time from address C_ = 30 pF 45 85 45 70 ns
ta(S) Access time from chip select {enable time) See Note 3 20 50 20 40 ns
. ) CL = BpF
tgi Disable t 2 20 40
dis isable time See Note 3 0 50 ns
tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
TAll typical values are at Voc = 5V, Ta = 25°C.
5Not 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.
i
TEXAS b 4-21
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 76265



TBP24SA81
8192 BITS (2048 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol pin assignment
TBP24SAB1 TBP24SA81
PROM 2098 X 4 J OR N PACKAGE
P 0 (TOP VIEW)
a7 8 Ae [ UsD vee
T A5[]2 17 A7
@] A4[]s  1s[]As
A3 —] A3[s 5[] A9
ag 3 a1 o =
@ 0 Aol U3 o LURE 141 | QO
AS A 2047 (12) A1[Js 131
A6 (1) AQ—=——aq2
(17) aol M o Az(]» 12002
A6 A10]s n[ja3
A8 eNo (e 101G
Ag_{15)
P LI— T
510 ey

recommended operating conditions

SINOHd

. MJ JORN
PARAMETER 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 2 v
ViL Low-level input voltage 0.8 0.8 A
VOH High-level output voltage 5.5 5.5 \
loL Low-level output current 16 16 | mA
Ta Operating free-air temperature range -56 125 0 70 °c
electrical characteristics over recommended operating free-air temperature range {(unless otherwise noted)
PARAMETER TEST CONDITIONS t My JOR N UNIT
MIN TYPE MAX | MIN TYPE maAX
ViK Vee = MIN, ) = ~18 mA -1.2 12| v
) A\ =24V 0.05 0.05
IoH Vee = MIN, oH VmA
VOH = 55V 0.1 0.1
VoL Vee = MIN, loL = 16 mA 0.5 0.5 \4
I Vee = MAX, V| = 5.5V 1 1| mA
IH VCC = MAX, Vi =27V 25 25 | pA
(TR Vee = MAX, Vi =05V -0.25 ~-0.25 | mA
Icc Vce = MAX 125 175 125 1756 | mA
switching characteristics over recommended ranges of Ta and VCC (unless otherwise noted)
TEST J JORN
PARAMETER ES M, 53 o T UNIT
CONDITIONS MIN TYP MAX MIN TYP MAX
ta{A} Access time from address Cy = 30 pF 45 95 45 70 ns
ta(s) Access time from chip select (enable time) Ry1 = 300 Q 20 50 20 40 ns
PLH Propagation del'ay time low-to-high-level Rz = 600 Q 20 50 20 40 ns
output from chip select See Note 3
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Vee = 5V. Ta = 26°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
%
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TBP28S86A
8192 BITS {1024 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3.STATE DUTPUTS

logic symbol

pin assignment

TBP28SB6A TBP28S86A
PROM 1022 X 8 JW OR NW PACKAGE
A0 (8) ° (TOP VIEW)
7 (9) A7 vee
:; {6} :g {10} 2(1) A6 A8
A3_18) AT 10 __op AS [] A9
A4 L o Ay —3_ . A4 [ Ga
as—2 Atz Ay 4, A3 1 G
A6 tf; AT 18 e A2 % G3
a7— ] A 06 g Al G2
a8 (23) Ag {17) a7 AO :] Q7
2, Qo 1 a6
L S - a 1 as
L. Q2 [ Qa4
(18) EN
—— GND 1 Q3
&1 (200 N
recommended operating conditions
PARAMETER MW JW OR NW UNIT
MIN NOM MAX MIN NOM MAX
vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \4
ViH High-level input voltage 2 2 \
ViL Low-level input volitage 0.8 0.8 "
loH High-level output current -2 -3.2 mA
oL Low-leve! output current 12 12 mA
Ta Operating free-air temperature range —-55 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
72}
PARAMETER TEST CONDITIONS MIW JW OR NW UNIT b=
MIN TYP! MAX MIN TYPE MAX o
VK Vee = MIN, I} = —18 mA -1.2 -1.2 \ o
VOH Vee = MIN, IoH = MAX 24 31 2.4 3.1 v o
VoL Vee = MIN, loL = 12mA 0.5 0.5 \
107H Vce = MAX, Vo = 24V 50 50 | uA
lozL Vce = MAX, Vo = 0.5V ~50 ~50 | uA
Iy Vce = MAX, V(= 55V 1 1 | mA
hH Voo = MAX, Vi =27V 25 25 uA
L Vce = MAX, Vi = 0.5V ~0.25 -0.25 | mA
los? Vee = MAX -15 -100 | -20 -100 [ mA
lcc Vee = MAX 110 170 110 165 mA
switching characteristics over recommended ranges of Ta and Vg (unless otherwise noted)
PARAMETER TEST MJW JW OR NW UNIT
CONDITIONS MIN TYP¥ MAX MIN TYP? MAX
taA) Access time from address CL = 30pF 35 80 35 65 ns
ta(S) Access time from chip select {enable time) See Note 3 20 50 20 40 ns
tgis  Disable time ;';e ’N:":; 15 40 15 35 | ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
ANl typical values are at Voo = § V, To = 25°C.
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 DUTPUTS

logic symbol

pin assignment

TBP28SA86A

PROM 1024 X 8
ro—8) o
a7 | ey M| E—Y
A2 {6) AD (10) a
a3 15 aol—tn o,
A4 :;: U A 0 AQ ——:%03
A5 — 1023 A QOF—21 s
ro— i N
A7-W— AQ TOG
A8 ——— AQOH——a7
ag—22 1.
64—5(21; &
G3 {19!
62118 EN
1 {20)

recommended operating conditions

TBP28SA86A
JW OR NW PACKAGE

{TOP VIEW)

PARAMETER MIW JW OR Nw UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 6.5 | 4.75 5 5.25 v
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 v
VOH High-level output voltage M 5.5 5.5 \]
loL Low-level output current 12 12| mA
Ta Operating free-air temperature range -55 125 Y 70 °C
X electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
O MJW JW OR NW
PA TER CONDITIONS t UNIT
= RAME TEST CO MIN TYP! mMAX | MIN TYP? MAX
» Vik Vee = MIN, I = -18 mA -1.2 -1.2| v
VOH = 2.4V 0.05 0.05
| V = MIN, mA
OH cc VoH = 55V 0.1 01
VoL Vee = MIN, loL = 12mA 0.5 0.6 \
i Vce = MAX, V| = 55V 1 1] mA
I} Vee = MAX, vy =27V 25 25 A
M Ve = MAX, Vi = 0.5V ~0.25 —0.25 | mA
Icc Vcc = MAX 125 175 1256 175 | mA
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
PARAMETER TEST MJwW JW OR NW UNIT
CONDITIONS MIN TYP} max [ MIN TYPF MAX
ta(A) Access time from address CL = 30 pF 35 80 35 70 ns
ta(s) Access time from chip select (enable time) Ryt = 300Q 20 50 20 40 ns
i i “to-high- Ry s =
tPLH Propagation delay time low-to-high-level L2 600 Q 15 20 15 a5 ns
output from chip select See Note 3
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Vee = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
T *’P
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TBP28S2708A
8192 BITS (1024 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol
TBP28S2708A
PROM 1024 X 8
a8 1o
A1—(l'-—-— 1 AV
228 Av]
a8 | A
A4_(M— L 0 AV
a8 | Phhzm AV
AB—(EL— AV
A7L AV
A8 (23) AY
ag 22 N
g (20} N EN

recommended operating conditions

pin assignment

Q1
Q2
GND

TBP28S2708A
NW PACKAGE
(TOP VIEW}
A7 [ vee

9) a A6 :] A8
(10} a A5 :| A9
an o, A4 1 Ne
RETI A3 G
04 o, A2 1 NC
1s) . A1 ] NC
a6 A0 0 o7
1 Q
an ., 0 1 a6

[] a5

aoat

Q3

NW

PARAMETER UNIT
MIN NOM MAX

\{eles Supply voltage 4.75 5 5.2% A"
VIH High-level input voltage 2 v
ViL Low-level input voltage 0.8 \%
loH High-level output current -3.2 mA
loL Low-level output current 12 mA
Ta Operating free-air temperature range 0 70 °C

electrical characteristics over recommended operating free-air temperature range

{unless otherwise noted)

(]
NW
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX UNIT g
VIK Vee = 4.75, I = —18 mA -1.2 \ o
VOH Vee = 4.75, IoOH = -3.2mA 2.4 3.1 \ o
VoL Vee = 4.75, oL = 12mA 0.5 v
lozH Vee = 5.25, Vo = 24V 50 A
lozL Vee = 5.25, Vg =05V -50 pA
I} Vee = 5.25, Vi =565V 1 mA
I+ Vece = 5.25, V=27V 25 nA
I8 Ve = 5.25, Vi =05V -0.25 mA
ios? Vce = 5.25 -20 -100 | mA
icc Vee = 5.25 110 165 | mA
switching characteristics over recommended ranges of Ta and Vg (unless otherwise noted)
PARAMETER TEST W UNIT
CONDITIONS MIN TYPT MAX
ta(A) Access time from address Cp = 30 pF 45 70 ns
ta(s) Access time from chip select (enable time} See Note 3 20 40 ns
tgis Disable time CL = 5pF 20 40| ns
See Note 3
TAll typical values are at Ve = 5V, Ta = 26°C.
1Not 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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TBP285166

16,384 BITS (2084 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol

TBP28S166

{1}
(23)
{22)

A9 —
(21) 10

A0

PROM 2048 X 8

A 3087

{19}
{18}

G2 ——
1 {20) [~

G3

EN

AV
AV
AV
AV
AV
AV
AT
AT

(9
[§]v)]

(13)

{15)

recommended operating conditions

(11)
(14)

(16)
{17)

pin assignment

Qo
o))
Q2
Q3
Q4
Q5
Q6
Q7

TBP28S166
NW PACKAGE

(TOP VIEW)

GND

NW
PARAMETER MIN NOM  MAX UNIT
Vee Supply voltage 4.75 5 5.25 Vv
VIH High-level input voltage 2 A
ViL Low-level input voltage 0.8 A
loy High-level output current -3.2 | mA
loL Low-level output current 16 [ mA
Ta Operating free-air temperature range 0 70 °C
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
g NW
o PARAMETER TEST CONDITIONS MIN TYPT  MAX UNIT
g VIK vee = 4.75, | = ~18mA -1.2 \"
I VOH Vee = 4.75, IoH = -3.2mA 2.4 3.1 v
VoL Vee = 4.75, loL = 16 mA 0.6 \
10zH Vce = 5.25, Vo = 2.4V 50 | uA
lozL Vee = 65.25, Vo = 056V -50 A
) Ve = 5.25, V| = 55V 1| mA
IIH Vee = 5.25, V=27V 25 A
IiL Vee = 5.25, V=05V -0.25 | mA
lost Vce = 5.25 ~20 ~100 | mA
Icc Vee = 5.25 130 175 | mA
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)
TESY NW
PARAMETER CONDITIONS MIN TYP? MAX UNIT
ta(A) Access time from address CL = 30 pF 35 75 ns
ta(s) Access time from chip select {enable time) See Note 3 15 40 ns
tdis Disable time g:e :‘:‘:; 15 40| ns
TAIl typical values are at Vee = 5V, Ta = 256°C.
*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.
3
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TBP28L22
2048 BITS (256 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

PROMs

logic symbol pin assignment
TBP28L22 T8P28L22
J OR N PACKAGE
PROM 256 X 8
(TOP VIEW}
a0 o ®)
a2 AV—8—ao A0 []1 vee
Azt Ava A1 []2 A7
a3 o AV A2z A8
P Azs AV a3 A3 [Ja A5
s 17 Ava A4 s G2
a6 118! AV|—=——a0a5 ao [Je G1
Ay 12 , AT ::+:QG a1 []7 Q7
5,18 = Ay——o7 Qz[]s Q6
518 EN a3 [e Qs
GND [0 Q4
recommended operating conditions
MJ JORN
PARAMETER MIN NOM MAX MIN NOM MAX UNIT
vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 v
ViH High-level input voitage 2 2 \'
VL Low-level input voltage 0.8 0.8 v
IoH High-level output current -2 -6.5 [ mA
log. Low-level output current 16 16 | mA
Ta Operating free-air temperature range -55 125 o] 70 oC
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJ JORN
PARAMETER TEST CONDITIONS T MIN TYPE  MAX MIN_ TYPE  MAX UNIT
VK Vce = MIN, I = -18 mA -1.2 12| v
VOH Vee = MIN, lgH = MAX 2.4 3.1 2.4 3.1 v
VoL Vee = MIN, loL = 16 mA 0.5 0.5 Vv
lozH Vee = MAX, Vo = 24V 50 50 aA
lozL Vce = MAX, Vo = 0.5V ~50 50 | uA
It Vce = MAX, V=55V 1 T mA
iy Vee = MAX, V=27V 25 25 Y-y
TR Vece = MAX, Vi =05V -0.25 -0.25 | mA
1os? Voo = MAX -285 -100 | -30 -100 | mA
Icc Vce = MAX 75 100 75 100 | mA
switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)
PARAMETER TEST M. J OR N UNIT
CONDITIONS MIN TYP? MAX | MIN TYP! MAX
taA Access time from address Ci = 30 pF 45 75 45 70 ns
ta{S} Access time from chip select (enable time) See Note 3 20 40 20 35 ns
tgis  Disable time ;:eLe T\‘i:; 15 35 15 30| ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
AN typical vaiues are at Vog = 5 V, Ta = 25°C.
8Not 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.
+p
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TBP28LA22
2048 BITS (256 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS

logic symbol

pin assignment

TBP28LA22 TBP28LA22
PROM 256 X 8 J OR N PACKAGE
(1) {TOP VIEW)
A0———| 0 )
A1_12) aol— 181 4 A0 [ vee
D Aok a1 A1 []2 A7
az_1@) 0 AQ\LQZ a2 []s3 A6
{5) A— AQLQ:’ A3 |:4 A5
A4 ——— 255 (11) I
a5 17 Aol o A4 []s G2
ag_18) AQ2 ao [Je G1
Ay 190 , aol—13 o6 Q1 [j7 Q7
5,8 N Aol o a2 s Qs
%1 (15) [E: EN Q3 C 9 Q5
‘ GND [Jio Q4
recommended operating conditions
MY JORN
PARAMETER UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.26 N
Viy High-level input voltage 2 2 \4
ViL Low-level input voltage 0.8 0.8 \4
VOoH High-level output voltage 5.5 5.5 \4
loL Low-level output current 16 16 | mA
Ta Operating free-air temperature range -55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range {(unless otherwise noted)
+ MJ JORN
PARAMETER TEST CONDITIONS 1 T UNIT
- MIN TYP MAX MIN TYP MAX
= ViK Vee = MIN, i} = ~18 mA -1.2 -1.2 v
o) VOH = 2.4 V 0.05 0.05
! Vv = MIN, A
2 OH cc VoH = 55V 0.1 o1 | ™
7 VoL Vee = MIN, oL = 16 mA 0.5 0.5 v
1 Vce = MAX, V=55V 1 1| ma
{[T¥] Vee = MAX, V=27V 25 25 pA
[ Ve = MAX, Vy = 05V ~0.25 —0.25 | mA
lec Vee = MAX 75 100 75 100 [ mA
switching characteristics over recommended ranges of TA and Vgg {(unless otherwise noted)
PARAMETER TEST MJ JORN UNIT
CONDITIONS MIN TYP! MAX MIN TYP MAX
taA Access time from address CL = 30 pF 40 80 45 75 ns
ta(S) Access time from chip select (enable time) Ry = 300 Q 20 40 20 35 ns
tPLH Propagation del.ay time low-to-high-level Ri2 = 600 Q 15 35 15 30 ns
output from chip select See Note 3
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Vec = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
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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

TBP28L42 TBP28L42
PROM G512 X 8 J OR N PACKAGE
m 0 (_TOP VIEW)
‘;‘: 2] Av+uo Ao U207 vee
Az 13 AV ® [+ A1[]? 19[] A8
T AV 92 az2[s 18] A7
YR Al AV @ As{e 17T A8
a5_019) 51 AV A4[ls  16[] As
2607 AVI— s ao[Jse 1[G
a7 18 AVl———as a7 4f]az
(19) avh18 o azl]s  13Jos
5 s~ :N asfe 20os
GND |: 10 11:| Q4
recommended operating conditions
PARAMETER MJ JORN UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voitage 4.5 5 55 | 4.75 5 5.25 \
ViH High-level input voltage 2 2 A
ViL Low-level input voltage 0.8 0.8 v
loH High-level output current -1 -1.6 | mA
loL Low-level output current 8 | mA
Ta Operating free-air temperature range -565 125 [¢] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJ JORN
PARAMETER TEST CONDITIONS T MIN TYP? MAX | MIN TYPE MAX UNIT »
VK Ve = MIN, Il = —18 mA 1.2 12| v b=
VOH Vee = MIN, lon = MAX 2.4 3.1 2.4 3.1 \ o
VoL Vce = MIN, oL = 8 MA 0.5 0.5 v o
lozH Vee = MAX, Vo = 24V 50 50 | uA a
lozL Voo = MAX, Vo =05V -50 -50 A
[ Voo = MAX, Vi =55V 1 mA
H Ve = MAX, V=27V 25 25 nA
M Vce = MAX, Vi = 05V ~0.25 -0.25 | mA
los® Voo = MAX -10 -100 | -10 -100 | mA
Icc Vee = MAX 50 85 50 85 | mA
switching characteristics over recommended ranges of TA and Vg (unless otherwise noted)
PARAMETER TEST mJ JORN UNIT
CONDITIONS MIN TYP? maX [ MIN TYP! MaAX
ta(A) Access time from address CL = 30 pF 55 110 55 95 ns
ta(S) Access time from chip select (enable time) See Note 3 25 60 25 60 ns
. . . CL = 5pF
tdis Disable time See Note 3 25 50 25 40 ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
TAll typical values are at Voe = 5V, TA = 25°C.
8Not 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.
+*p
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TBP28L46

4096 BITS (512 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol

pin assignment

TBP28L46 T8P28L46
PROMB5I2 X 8 JW OR NW PACKAGE
AQ 04 (TOP VIEW)
Al AY | @ Qo A7 [l vee
A2 agl—1% o A6 [] A8
az—2 a1, A5 [ NC
Py >Ag‘1’—1 agb—03 a3 A4 N Ga
a5 —) Avl—1 s A3 ] G1
AG—(Z)—— AY —-& Qas A2 :’ G3
a7 ATL—18 o Al N G2
A8 —L g~ Ay _“7)_ a7 AO j Q7
G I Qo 0 a6
PR L) N Qi [] a5
g2 18| EN Q2 [ 04
G120 I~ GND [] a3
recommended operating conditions
PARAMETER MIW JW OR NW UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 475 5 5.25 A\
ViH High-level input voltage 2 2 A
ViL Low-level input voltage 0.8 0.8 \
IO0H High-level output current -1 -1.6 | mA
oL Low-level output current 8 8 | mA
Ta Operating free-air temperature range -55 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
> PARAMETER TEST CONDITIONS MIW JW OR NW UNIT
X MIN TYP? MAX MIN TYP? MAX
o VIK Vce = MIN, | = —18 mA —1.2 12| V
< VoH Ve = MIN, IoH = MAX 2.4 3.1 2.4 31 v
» VoL Vee = MIN, oL = 8 mA 0.5 R v
lozH Vee = MAX, Vp = 24V 50 50 pA
lozL Vee = MAX, Vo = 0.5V - 50 -50 uA
) Ve = MAX, V| = 55V 1 1 mA
119} Vee = MAX, V=27V 25 25 A
m Vce = MAX, Vi = 06V ~0.25 —0.25 | mA
Igs? Vee = MAX -10 -100 | -10 -100 [ mA
Icc Vee = MAX 50 85 50 85 | mA
switching characteristics over recommended ranges of Ta and VgC (unless otherwise noted)
PARAMETER TEST MW JW OR NW UNIT
CONDITIONS MIN  TYPE  MAX MIN TYP! mMAX
ta(A) Access time from address Cy = 30pF 55 110 56 a5 ns
ta(S) Access time from chip select {enable time) See Note 3 2% 60 25 60 ns
tdis Disable time ;—e Tuoiepg 25 50 25 a0 | ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
Al typical values are at Vo = 5V, Ta = 25°C.
8Not 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.
*p
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TBP28LBGA
8192 BITS (1024 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbol

pin assignment

TBP28L86A TBP28LB6A
PROM 1024 X 8 JW OR NW PACKAGE
A0 8 0 (TOP VIEW}
a0 l av—2 g0 A7 % vee
A28 AT e o, A6 A8
A3_t8) Av 00, AS [] A9
P L o Av|—03 4 Ad N G4
Ap—i31 | ATz av|_4 o, A3 1 G1
ng_2 Agl_9 o A2 ]G3
az_ 0 R TS Al [1 G2
agi23 avl—" oy A0 ] a7
ag22 |4 Qo [] a6
Ea%h & Qi1 [] 05
G N Q2 [] 04
G2——— GND ] Q3
1 M
recommended operating conditions
MJW JW OR NW
PARAMETER MIN NOM MAX | MIN NOM MAX UNiy
Ve Supply voltage 4.5 5 55 | 4.75 5 5.25 \"
VIH High-level input voltage 2 2 v
ViL Low-leve! input voltage 0.8 0.8 \'
10H High-level output current -1 -1.6 | mA
loL Low-level output current 8 8 | mA
Ta Operating free-air temperature range ~55 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
MJW JW OR N\W
PARAMETER TEST CONDITIONS ' W TYPt Aax | N TveF max ] UNT
ViK Vee = MIN, I = ~18 mA -1.2 -1.2 \
VOH Voo = MIN, loH = MAX 2.4 3.1 2.4 3.1 \
VoL Vee = MIN, oL = 8 mA 0.5 0.5 v
lozH Vee = MAX, Vo =24V 50 50 | pA
lozL Vee = MAX, Vo =05V -50 -50 uA
] Veg = MAX, Vi =558V 1 1 mA
HH Vee = MAX, V)=27V 25 25 uA
m Ve = MAX, V| = 05V ~0.25 ~0.25 | mA
los 3 Ve = MAX ~10 -100 | ~10 -100 [ maA
Icc Vee = MAX 55 95 55 80 | mA
switching characteristics over recommended ranges of TA and VGG (unless otherwise noted)
PARAMETER TEST MJW JW OR NW UNIT
CONDITIONS MIN TYP} MAX MIN TYP¥ mMAX
ta(Aj Access time fram address Cp = 30 pF 65 200 65 110 ns
ta(s) Access time from chip select (enable time} See Note 3 40 125 40 80 ns
tgis  Disable time CL=50pF 25 100 25 60 | ns
See Note 3
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
tAll typical values are at Ve = 5V, Ta = 26°C.
8Not 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.
+p
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TRP2BL166

16,384 BITS {2084 WORDS BY 8 BITS)

LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS

logic symbot

pin assignment

TBP28L166 ' TBP28L166
PROM 2048 X 8 NW PACKAGE
A0 {8) 0 (TOP VIEW)
a2 | . a7 [ U2 vec
A2 (1] AVp—————Q0 A6 A8
(10)
S 23 an as [ A9
At — o — PR e g; Aa (s A10
AS @ 1 ¢ A%a7 A o4, A3 G
T Avl_18 A2 G3
A7 ———— (18) A1l G2
A2 N T AO a7
a9 22 J AVI————a7
A10 (21) 10 Qo a6
a3 19 z Q1 as
G218 N Q2 Q4
511200 I GND Q3
recommended operating conditions )
PARAMETER Nw UNIT
MIN NOM MAX
Vee Supply voltage 4.75 5 5.256 \"
VIH High-level input voltage 2 \4
ViL Low-level input voltage 0.8 \
on High-level output current -1.6 mA
oL Low-level output current 8 mA
Ta Operating free-air temperature range o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
B PARAMETER TEST CONDITIONS NW UNIT
o) MIN TYPT MAX
g VK Vee = 4.75, I} = ~18 mA -1.2 v
Iy VOH Vee = 4.75, IoH = - 1.6 mA 2.4 3.1 \
VoL Vee = 4.75, oL = 8 mA 0.5 \
lozH Vee = 6.25, Vo = 24V 50 | pA
lozL Vee = 5.25, Vg =05V -50 A
[ Vce = 5.25, V) =65V 1| mA
liH vee = 5.25, V=27V 25 | uA
M Vee = 5.26, V] =05V -0.25 mA
los? Vee = 5.25 -10 -100 | maA
lcc Vee = 5.25 75 110 mA
switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)
TEST NW
PARAMETER CONDITIONS min_TveT max | V7
ta(A) Access time from address CL = 30 pF 80 125 ns
ta(S) Access time from chip select (enable time) See Note 3 40 65 ns
tgis  Disable time ;:eLe T\':tep; 30 65| ns
TAIl typical values are at Vg = BV, Tp = 25°C.
¥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.
3
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SERIES 24 AND 28
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX UNIT

\jeady-state supply voitage Vee 4.75 5 6.25
Input voltage :,/:f c3) g 0‘: \'
\J)Itage at all outputs except the one to be programmed o [+ 05 A\
Supply voltage level to program a bit Vec(pr) 5.75 6 6.25 '
Select or enable level to program a bit VS(pr} 9.75 10 1 v
Output level during interval tg Vo(p,) 156.75 16 16.25 v

. P Low 44 45 4.6
Supply voltage during verification (see step 14) High 54 55 56 v
Time from V¢ to settle and to verify need to program t1 0 5 10 us
Time from V¢ = 6 V until chip select (enable} is at 10 V 2 5 5 10 us
Time from chip select {enabie) high to start of program ramp 13 01 5 10 us
Ramp time, output program pulse 17 10 15 20 us
Duration of output program pulse t5 15 20 20 us
Time from end of program pulse to chip select (enable) low t6 5 5 10 us
Time from chip select (enable) Vec =0V t7 0.1 5 5 1s
Time for cooling between bits 18 30 50 100 us
Time for cooling between words 19 30 50 us
Free-air temperature TA 20 25 30 °C

step-by-step programming instruction (see Figure 1)

1.

W N OO AW N

12.
13.
14.

Address the word to be programmed, apply 5 volts to Vg and active levels to all chip select (S and S)or chip

enable (E and E) inputs.

. Decreass Vg to O volts.

supply should be 250 milliamperes.

Reduce the voltage at 5 EorG inputs to V.

Decrease VC( to O volts.

. Verify the status of a bit location by checking the output level.

. For bit locations that do not require programming, skip steps 5 through 11,

Return to step 4 until all outputs in the word have been programmed.

Repeat steps 2 through 11 for each word in memory.

Verify programming of every word after all words have been programmed using V¢ values of 4.5 and 5.5 volts.

. Increase Vc( to VCC(pr) with @ minimum current capability of 250 milliamperes.

. After terminating the output pulse, disconnect all outputs from V) conditions.
10.
11.

- Apply Vg(pr) to all the S, EorG inputs. )| < 25 milliamperes. Active-high enables may be left high.

. Connect all outputs, except the one to be programmed, to V|i_. Only one bit is to be programmed at a time.

. Apply the output programming pulse for 20 microseconds. Minimum current capability of the programming

PROMs
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SERIES 24 AND 28
PROGRAMMABLE READ-ONLY MEMORIES

— SEwvioro v
ADDRESS ? NEW WORD ' 'H
INPUTS WORD ADDRESS VALID ., ADDRESS
3 — { § 1L
et
VCC_II—-I,:—S v | ’_I__I_’ '_r__l_VCC(Pr)
-_ -I—— ov
Jo—sd—1 t7 P—‘B—.' b-—tg_q
oo
. = —Vs(pr) L sTART NEXT BIT
SEG
| p—t5—e — ———
1 :-——!4——-1 Pt
|
' Vopn— |
OUTPUT
BEING
PROGRAMMED
A ——— VoL

—~ViL
NOTE 4: Rise and fall times should be = 1 pus.

FIGURE 1. TIMING DIAGRAM AND VOLTAGE
WAVEFORMS FOR PROGRAMMING SEQUENCE

SINOYd
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TBP34R16

16, 384-BIT (4096 WORDS BY 4 BITS) REGISTERED

PROGRAMMABLE READ-ONLY MEMORY

D2863, NOVEMBER 1984

Fastest Schottky PROM Family
High-Speed Access Times
Allows Storage of Output Data

description

The TBP34R16 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 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 iocation cannot be reversed.
The series 3 programming procedure should be
referred to for further details. Additional circuits
have been designed into these devices to

TBP34R165 . . . JT OR NT PACKAGE

(TOP VIEW)
ae (T2 vee
a7z 19[] A9
A6 (3 18] A10
A5 [Ja 17[] A11
a4ls 18]G
A3[J6  15[]RCLK
Az [} 14]] Qo
ar[ls  13Jas
Aao[le 1202
GND o 110 Q3

TBP34R16X . . . FN OR FK PACKAGE
(TOP VIEW)

improve testability and ensure high
programmability.
[22]
logic symbol logic diagram (positive logic) E
[REGISTERED PROM) g e
g 18l EN (15)
(15) RCLK
RCLK > c1 c1
1 C
PROM 4096 X 4 © PROM 4096 x 4 J
9) 14 A0 0)
A0 03 Aj1D Y Qo 8l b
(8} Al (14)
A1 RN
a2 2 az-2 A rJ 1° _§ a0
{6) (6)
Ao alio g3l o A3 5 b
Ad ‘ A4 (13)
4 | {4) A —— a1t
) A A5 0
AG 4095 (12) 13) s
(2) Al1D V=2 Ab
A7 ) a7 (2) b
:: (19} AB (1) Al— L_g(‘l_z) Q2
{18) (19
A10 alin @ an e A9 )
) I P (18)
AN Al0 (11}
17) J A a3
A1 1
e PRODUCT PRE‘",EV‘V ’, Copyright © 1985, Texas Instruments Incorporated
a 0 ‘ ’
%:x:‘ Innrunm::.r:'nrvn the right TEXAS 4-35
to change or discontinue this product INSTRUM E NTS

without notice.
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TBP34R16
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

TERMINAL FUNCTIONS

TERMINALS FUNCTION ]
AC — All Address inputs for data from PROM array ‘
g If § is high, QO thru Q11 are high-impedance state.
if G is low, QO thru Q11 are enabled.
RCLK Low-to-high transition ioads output register from
PROM array.
Q0 — Q3 Register outputs under control of G

recommended operating conditions for programming (see Figure 1)

. MIN NOM MAX |[UNIT
vee Supply voltage during verification 4.5 5 5.5 \
VIH High-level input voltage 3 4 5 \%
ViL Low-level input voltage 0 02 04 Y J
Enable G voltage during verification Q 0.2 0.4 V J
Enable G inactive voltage during programming 4.5 5 5.6 A J
VCC(pr) Supply voltage program pulse amplitude 12 125 13 A\ J
twi Ve program pulse duration, 1st attempt i0 11 12 s J
tw2 Vg program pulse duration, 2nd attempt 20 22 25 us J
tw3 V¢ program pulse duration, 3rd attempt 20 22 25 | us J
tsu Setup time, enable G low before VCC(pr)T 0.1 0.5 1 us
th Hold time, enable G low after Vg pr ¥ 0.1 05 1| us
Y(Vce)  Rise time, VeGipr) (5 V 10 12 V) 03 04 05 us
Hvee)  Fall time, Vocipr (12 Vto 5 V) 0.06 0.1 02| ps
19 Delay time between successive VCCipr) Pulses 10 20 30 | ps
teool Cooling time between words 100 150 200 | gus
o Ta Free-air temperature 20 25 30 | °C
g TMeasured from 1.5 V on enable pin to 5.5 V on VeClpr
g *Measured from 5.5 V on VCCipr) to 1.6 V on enable pin.
“© step-by-step programming instructions (see Figure 1)

1. Address the word to be programmed, apply 5 V to V¢ 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 V) to the output to be programmed.

6. Increase VCC to VCC(pr) for a pulse duration equal to tywX (where X is determined by the number of
programming attempts, i.e., 1, 2, 3). Minimum current capability for the Vg power supply should be
400 mA.

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 V¢ values of 4.5 volts
and 5.5 volts.

+p
4-36 TeExas
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184

TBP34R16
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED
PROGRAMMABLE READ-ONLY MEMORY

series 3 programming sequence

LA 4
A0 TO ATl VALID ADDRESS
. {L

jH- jeot— w1 !‘—’i‘th fe—tea 7
| 1|

% (len)—ﬂ - _’; .
: g B

|
| |
] {
g t 7
' [ !
e« L LY Y
I i
[ | i
@ | | |
| |
]

PROGRAM Qz——.i—ﬂ——’z—q
szmsv PROGRAM Q3

PROGRAM Q1
VERIFY

lllustrated above is the following sequence:

[72]
1) It is desired to program the selected address with 0111(Q0-Q3}. Outputs Q1, Q2, and Q3 need programming. E
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. o
3) Q3 is an example of an output requiring three attempts to be programmed successfully. m
4) Q3 is programmed to a high logic level. o
FIGURE 1. SERIES 3 PROGRMMING SEQUENCE
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VG fsee Note 1) . . . .. . e 7V
Input voltage, V| .. ... 55V
Off-state output voltage, VO(off) 1« - - - o oo i oo 55V
Operating free-air temperature range: Military-temperature-range circuits .. ... .. -55°C to 125°C
Commercial-temperature-range circuits . . . . . . .. 0°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.
%
NSTRUMENTS
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TBP34R16

16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED

PROGRAMMABLE READ-ONLY MEMORY

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX

Vee o Supply voltage 4.5 5 551 45 5 55 \Y
ViH High-level input voltage 2 2 A —‘
ViL Low-level input voitage 0.8 0.8 \ —‘
\OH High-level output current -2 -3.2 mA
loL Low-level output current 16 16 mA
tsu Setup time, address before RCLK ns
th Hold time, address after RCLK ns
Ta Operating free-air temperature range - 55 125 0 70 °c

electrical characteristics over recommended operating free-air temperature range {unless otherwise

noted)
PABAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT
MIN TYP? MAX | MIN TYP! MAX
ViK Voe = MIN, i = —18 mA -1.2 12] v |
VoH Vee = MIN,  IgH = MAX 24 3.1 24 3.1 v
VoL Vee = MIN,  IgL = 16 mA 0.5 0.5 A
ozH VCC = MAX, Vg = 2.4 V 50 50 | uA
071 Ve = MAX, Vg = 0BV -50 - 50 pA
] Ve = MAX, V=565V 1 1 mA
i Vee = MAX, V| =27V 25 25 HA
hL Vee = MAX, V) = 0.5V -0.25 ~0.25 mA
g% Vee = MAX, Vg = 225V 60 60 mA
[ Icc Vee = MAX 105 mA
switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)
g L FROM TO TEST CONDITION MILITARY COMMERCIAL
PARAMETER UNIT
(@] (INPUT) {OUTPUT) (See Note 2) MIN TYP! MAX | MIN TYP? MAX
= | tpd RCLK Q0 — a3 ns
(7] [ ten G Q0 - Q3 CL = 30 pF ns
L tgis G Qo - Q3 ns
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
TAIl typical values are at Vee = 5V, Ta = 25°C.
5The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, Igg.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
%
4-38 TEXAS
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TBP34S1, TBP34L1, TBP34SA1
1024-BIT (256 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

JANUARY 1985

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

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 256 words by 4 bits each, providing a total
of 1024 bits. The '34S1 has three-state outputs.
The '34SA1 is the open-collector version and
allows the device to be connected directly to
data buses utilizing passive pull-up resistors. The
tow-power '34L1 is available for applications
that require power conservation while
maintaining bipolar speeds. |t 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
execution of the programming procedure, the

TBP34S10, TBP34L10, TBP34SA10
N OR J PACKAGE

(TOP VIEW)
as [ Uie[dvee
As[)2  1s[]A7
A4z 1a[]G2
A3E4 13]@
A0[]s 12{]Qo0
Arlls nJo
A2[]7  1w[Ja2
GND (s a[] a3

TBP34S1X, TBP34L1X, TBP34SA1X
FN OR FK PACKAGE

(TOP VIEW)}

NC-No internal connection

PROMs

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.

PAODUCT PREVIEW

::isa product under development. TEXAS ¢
INSTRUMENTS

Texas Instruments reserves the right
to change or discontinue this product
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TBP34S1, TBP34L1 TBP34SA1
PROM 256 X 4 PROM 256 X 4
AOL 0 A0 &) [
Al (6) , A1 1:]
A2 (7 AT {12} Qo A2 {7} AD {12)
A3 (4) A 0o AV {11) Q1 A3 (4) A o AQ {11) a1
A4 g: CA s Av ‘::)) Q2 A4 :Z: 25 AQ -(:—0)’ a2
9
A5 —— AV Q3 A5 ] AQ Q3
(1) (1)
AS s J A
AT ) AT —m g —
G2 IS & EN S MM NI EN
&1 (13} I &1 13) N
Pin numbers shown are for J or N packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE QUTPUTS
_ OPEN-COLLECTOR OUTPUTS
Vee -= - —1!—— Vce
< S
:' OUTPUT :E
P - -——
S
INPUT —4 S
o
o s OUTPUT
2 QF -
: 3 B
‘P
PROGRAMMING CIRCUIT z
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage (see Note 1) . . . . .. .. e 7V
INput voltage . . . .. ... 5.5V
Off-state output voltage . . . . .. ... .. e 55V
Operating free-air temperature range: Military-temperature-range circuits .. .... . -55°C to 126°C
Commercial-temperature-range circuits . . . .. ... 0°C to 70°C
Storage temperature range . .. .. ... v ittt e e —-65°C to 150°C
NOTE 1: Voltage values are with respect to network ground terminal. The supply voitage rating does not apply during programming.
i
4-40 TeExas ‘v
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1024-BIT (256 WORDS BY 4 BITS)
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TBP34S1, TBP34L1, TBP34SA1
1024-BIT (256 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming {see Figure 1)

MIN NOM MAX [ UNIT |
Supply voltage during verification vee 4.5 5 5A5—r VT
input voltage Vir 3 4 5 v
ViL 0 02 05
Enable voltage during verification G1, G2 0 0.2 0.4 \
Enable inactive voltage during programming G1, 62 4.5 5 5.5 A
Vg program pulse amplitude VCCipr) 12 1258 13 Vv
1st attempt twi 10 11 12
Ve program pulse duration 2nd attempt tw2 20 22 25 us
3rd attempt tw3 20 22 25
L Enable set-up time¥ before Vecipn ts(en) 0.1t 05 1 ws
| Enable hold time? after Veg(pn thien) o1 05 1] us |
Rise time of VCGipn© wvee 03 04 05| us |
Fall time of Vocipn | 1(Vee) 0.05 0.1 02| s
Delay time between successive VcC(pr) pulses tq1 10 20 30| us
Delay time between successive VC((pr) pulses t42 10 20 30 | us
Cooling time between words teool 100 150 200 | s
Free-air temperature Ta 20 25 30| °C

tMeasured from 1.5 V on enable pin to 5.5 V on Vecion
tMeasured from 5.5 V on VCC(pr) to 1.5 V on enable pin
SMeasured from 6 V to 12 V
IMeasured from 12 Vto 5 V

step-by-step programming instructions (see Figure 1)

1. Address the word to be pragrammed, apply 5 volts to VCC and active levels to all enable inputs (G1,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.

Deselect PROM by applying 5 voits to G1or G2.

IR

Connect a 4-mA current source (clamped to V) to the output that is tao be programmed.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.

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 400 mA.

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). |f 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 Vc values of 4.5 volts

and 5.5 volts.

PROMs

{i’
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TBP34S1, TBP34L1, TBP34SA1
1024-BIT (256 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

(4
AQTO A7 * VALID ADDRESS x
. )

| H—'m pq—m - ty2 -tz p-—tw1
! [— — 125V
Vee | ‘dﬂ ta2—p, —»tcool
L I \ ’ ’ \ \
5V
ls(an) |Q- +r: ov
- "1 -th(en)

Sy O R (S B

{
. I
4 — Vou
]
| | | |
P P l { Vot
A S S T (N (D s o S S
| i 1 4 ) 1
ﬁ; ! r ! | i VoL
i I | I — Vv
R S Y L4 i v
! 1 | ] (4 1 \ oL
! I I | | t

PROGRAM uz——h‘——ﬂr——?—-‘
PROGRAM Q3

PROGRAM Q1
VERIFY

lustrated above is the following sequence:

I

SINOYd

1) 1t is desired to program the seiected address with 0111 (Q0-Q3). Only outputs Q1, 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) Q2 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

4-42
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1024-BIT (256 WORDS B

TBP3451
Y 4 BITS)

STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

P ARAMETER | MILITARY COMMERCIAL | uﬁ
MIN NOM MAX [ MIN NOM MAX

Vee Supply voltage 4.5 5 55 4.5 5 5.5 A\

U'H High-level input voltage 2 2 v

\\\/“_ Low-level input voltage 0.8 0.8 v

loH High-level output current -2 -3.2 mA

oL Low-level output current 16 16 mA
TA Operating free-air temperature range -55 125 o] 70 LOC ,
electrical characteristics over recommended operating free-air temperature range {(unless otherwise

noted)
PARAMETER TEST CONDITIONS - [ _Mwrary COMMERCIAL uﬂ
MIN TYP! MAX [ MIN TYP! mMax

ViK Vee = MIN, I = -18 mA -1.2 ~-1.2 v

VOH Vee = MIN, IoH = MAX 2.4 3.1 2.4 3.1 \%

VoL Vee = MIN, oL = 16 mA 0.5 0.5 v

10zH Voo = MAX, Vo = 24V 50 50 | A

lozL Veoe = MAX, Vo = 0.5V -50 -50 rA

I Ve = MAX, Vi =55V 1 1 mA

IIH Vee = MAX, Vi =27V 25 25 uA

TN Vee = MAX, V=05V -0.25 -0.25 mA

108 Vee = MAX, Vg = 2.25 V 60 60 mA

Ice Vee = MAX 55 55 160 mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, igs.

switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)

<N
ta(a) ta(s) E
s
TEST ACCESS TIME ACCESS TIME dis @]
TYPE DISABLE TIME UNIT o
CONDITIONS FROM ADDRESS FROM ENABLE o
MIN TYPT Max | MIN TYPT MAX [ MIN TYPT MAX
Milit. 12 5
TBP34S1-20 oY i ne
Commercial C_ = 30 pf 12 6 5 ns
[
TBP34S1 Military » See Note 2 15 6 5 ns
Commercial 15 6 5 ns
TAll typical values are at Vee = BV, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
185 .
’
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TBP34i.1
1024-BIT (256 WORDS BY 4 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

PARAMETER MILITARY COMMERCIAL U“ﬂ
MIN NOM MAX | MIN NOM MAX

Vee | Supply voltage 45 5 55| 45 5 55| Vv |
Vi High-level input voltage 2 2 \g
Vi Low-level input voitage 0.8 0.8 v ]
loH High-level output current -1.6 -1.6 | mA
loL Low-level output current 8 8 | mA
Ta Operating free-air temperature range —55 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range {(unless otherwise

noted)
PARAMETER TEST CONDITIONSt MUITARY COMMERCIAL UNIT
MIN TYP} MAX [ MIN TYP¥ MAX

VIK Voo = MIN, Il = —18 mA -1.2 ~12 | v

[ Von Vee = MIN, ToH = — 1.6 mA 24 3.1 2.4 3.1 v

L VoL Vce = MIN, loL = 8 mA 0.5 0.5 VJ

L lozH Vee = MAX, Vo = 24V 50 50 | »A |
lozL Voo = MAX, Vo =05V -50 -50 [A.A;l
1 Vee = MAX, V=565V 1 T | mA
I Voe = MAX, Vi=27V 25 25 | pA
Im Ve = MAX, V| =05V ~0.25 —0.25 | mA
08 Ve = MAX, Vg = 225V 60 60 mA
Icc Ve = MAX 30 30 mA

TFor conditions shown as MIN or MAX,

use appropriate value specified under recommended operating conditions.
3The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgs.

switching characteristics over recommended ranges of TA and V¢ (unless otherwise noted)

v
m TEST MILITARY COMMERCIAL
(@] PARAMETER T 7 UNIT
CONDITIONS MIN TYP? MAX | MIN TYP+ MAX
§ ta(A) Access time from address 25 25 ns
ta(s) Access time from chip select {enable time) CL = 30 pF 15 15 ns
. . See Note 2
tdis Disable time 15 15 ns
*All typical values are at Vee = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP34SA1
1024-BIT (256 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

( PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX [ MIN NOM MAX

vee Supply voltage 4.5 5 5.5 | 45 5 5.5 N
Vi High-level input voltage 2 2 \4
ViU Low-level input voltage 0.8 0.8 \
VOH High-fevel output voitage 5.5 5.5 3
oL Low-level output current 16 16 | mA
Ta Operating free-air temperature range ~55 128 ¢} 70 °C

electrical characteristics over recommended operating free-air temperature range (uniess otherwise

noted)
PARAMETER TEST CONDITIONS ! MILITARY COMMERCIAL UNIT
MIN TYP! MAX | MIN TYP? mMAX
VIK Vee = MIN, I| = —18 mA 1.2 12| v
VoH = 24 V 0.05 0.05
| \% = MIN, mA
OH ce Von = 55V 0.1 0.1
VoL Vee = MIN, oL = 16 mA 0.5 0.5 \2
0 Vee = MAX, Vi=565V 1 1| mA
liH Vee = MAX, V) =27V 25 25 rA
I Vee = MAX, V=05V -0.26 ~0.25 mA
ice Voo = MAX b5 55 mA
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

switching characteristics over recommended ranges of Ta and Vg (uniess’

otherwise noted)

IN

PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP? MAX | MIN TYP? MAX
ta(a) Access time from address 15 15 ns ‘ (7]
ta(S) “Access time from chip select {enable time) CpL = 30 pF 9 9 ns E
“Propagation delay time, low-to-high-level See Note 2
PLr ropagation e'y gl €l o 8 8 ns o
output from chip sefect o
o
YAl typical values are at Vo = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
L]
185 b
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TBP34S15, TBP34L16, TBP34SA16
16,384-BIT (4036 WORDS BY 4 BITS)

PROGRAMMABLE READ-ONLY MEMORIES

AUGUST 1984 —REVISED DECEMBER 1984

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

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 4096 words by 4 bits each, providing a total
of 16,384 bits. The ‘34516 has three-state
outputs. The '34SA16 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.

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

TBP345162, TBP34L162, TBP345A162
N OR J PACKAGE

(TOP VIEW)

A8 E vee
A7 A9
A6 [ A10
A5 [ A1
A4 [] G1

G2
Qo
a1
Q2
a3

A35
A2
Al
o

GND [:1

W e NGO DA WA -

10

TBP34§16X, TBP34L16X, TBP34SA16X
FN OR FK PACKAGE

(TOP VIEW)

nov\cogm
LI >
oun o § o § e
3 21

2019

A5[]4 18] A10
Ad[]ls 17 A1t
A3fle 16[] G1

A2[)7 18] G2
A1[]ls 14[] QO

NC —No internal connection

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.

PRODUCT PREVIEW
This d
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PROMs

Texas Instruments reserves the right
to change or discontinue this product
without notice.
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TBP34S16, TBP34L16, TBP34SA16
16,384-BIT (4096 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

TBP34S16, TBP34L16 TBP34SA16
PROM 4096 X 4 PROM 4096 X 4
AQ 9) 0 A0 (9) 03
8) {8)
n o Ag 4 q A | (14) o9
A28 A 13) ol — NN
A3 \v) TZ) [} ] A3 (6) A —-“—-2) [o} ]
Aq B AVT‘UQZ A4 (5) ‘ AO|—— a2
o ap @ ] [_an
as (4 A v a3 a5 @ ‘ A 0 A a3
A6 3) 4095 A6 (3) 4095
ar 2 a7 @]
ag ag |
A9 :1:) ag 19|
A0 —”ﬁw ato 18| 11J
A1l an Al 7
PRI N gy PRI paary
g1 {16) EN Gt {16) EN
Pin numbers shown are for J or N packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
OPEN-COLLECTOR OUTPUTS
vee — -~ - Vec
< <
s QUTPUT 3
) —_—- R T }
3
INPUTﬁ b3
3
b3 OuUTPUT
S
-—— b3
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) . ... .. ... . e e e 7V
Input voltage . . .. .. e e 55V
Off-state output voltage . . . . . . . .. ... e 55V
Operating free-air temperature range: Military-temperature-range circuits ... .. .. ~65°C to 125°C
Commercial-temperature-range circuits . . . . . ... 0°C to 70°C
Storage temperature range . . . . ... . ..o vttt e e —-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.
T {i’
4-48 EXAS
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TBP34S16, TBP34L16, TBP34SA16
16,384-BIT (4096 WORDS BY 4 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX | UNIT
Supply voitage during verification Vee 4.5 5 5.5
VIH 3 4 5
Input voltage Vic 02 O% \
Enable voltage during verification G1, G2 o 0.2 0.4 \2
Enable inactive voltage during programming G1, G2 4.5 5 5.5 \
Ve program pulse amplitude VCCipn 12 128 13 \%
~ ] 1st attempt twi 10 11 12
Ve program puise duration 2nd attempt tw2 20 22 25 us
3rd attempt tw3 20 22 25
| Enable set-up time? before Vecipr ts(en) 0.1 0.5 1| ps
Enable hold time* after VCo(pr) thien) 01 05 1] ps
Rise time of Vogipn tvVee) 03 04 05| us
Fall time of Vcc(pn 1 t(vee) 005 01 02| ps
Delay time between successive VcC(pr) pulses td1 10 20 30 [ pus
Delay time between successive VC(C(pr) pulses 142 10 20 30| us
Cooling time between words tcool 100 150 200 | us
Free-air temperature Ta 20 25 30| °C _l

TMeasured from 1.5 V on enable pin to 6.5 V on VCCipr)
*Measured from 5.5 V on V¢Cipr) to 1.5 V on enable pin
SMeasured from 5V to 12 V
IMeasured from 12 V to 5

step-by-step programming instructions (see Figure 1)

1.

oo W

Address the word to be programmed, apply 5 volts to V¢ and active levels to all enable inputs (G1,G2).

Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.
Deselect PROM by applying 5 volts to G1 or G2.
Connect a 4-mA current source (clamped to V() to the output that is to be programmed.

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 400 mA.

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.

Verify programming of every word after all words have been programmed using VCC values of 4.5 voits
and 5.5 volts.

Texas
INSTRUMENTS
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TBP34S16, TBP34L16, TBP34SA16

16.384-BIT (4096 WORDS BY 4 BITS)

PROGRAMMABLE READ-ONLY MEMORIES

SINOHd

ADTO AN * VALID ADDRESS

[ty -ty [ tw2 P tw3

|
t | [ \ | | L R 125V
Vce ! ﬂ 41 —ﬂ— 'd2—>’ \ I \ ’ \ f——t-teool
5V
‘sl(on)-i‘ iﬂ- | _+_.r: ov

% M-th(en)

Ll
><

L L,

llustrated above is the following sequence:

1) it is desired to program the selected address with 0111 (Q0-Q3). Only outputs Q1, 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) Q2 is an example of an output requiring three attempts to be programmed successfuily.

4) Q3 is programmed to a high logic level,

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

4-50
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TBP34518,
16,384-BIT (4096 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 v
[ Vin High-level input voltage 2 2 v
[ Vi Low-level input voltage 0.8 0.8 Vv
EQH High-level output current -2 -3.2 | mA
uo;_ Low-level output current 16 16 | mA
UA Operating free-air temperature range -85 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
PARAMETER TEST CONDITIONST MILITARY COMMERCIAL UNIT
MIN TYP? MAX | MIN TYP¥ MAX

ViK Vee = MIN, | = —18 mA 1.2 -12[ v
VOH Vee = MIN, 104 = MAX 24 3.1 2.4 3.1 v
VoL Vee = MIN, loL = 16 mA 0.5 05 | V
lozn Vce = MAX, Vo = 24V 50 50 [ xA
lozL Voo = MAX, Vg = 0.6V - 50 ~50 [ uA
0 Voo = MAX, V=65V 1 T mA
WH Vee = MAX, V) =27V 25 25 nA
[ Vce = MAX, Vi = 05V ~0.25 -0.25 | mA
ot Vee = MAX, Vg = 225V 60 60 mA
Icc Vee = MAX 95 95 mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditians.
5The output conditions have been chosen to produce a current that closely approximates one haif of the true shart-circuit output current, lgg.

884

switching characteristics over recommended ranges of TA and Vcc (unfess otherwise notedi 7]
talA) ta(s) tgi g
TEST ACCESS TIME C IME ind
TYPE ACCESS T DISABLE TIME | UNIT [
CONDITIONS FROM ADDRESS FROM ENABLE o
MIN TYPT MAX [ MIN TYPT MAX | MIN TYP! MAX
il 1 10
TBP34516-30 Military 4 8 10 ns
Commercial CL = 30 pf 18 10 10 ns
TBP34516 Military See Note 2 20 10 10 ns
Commercial 20 10 10 ns
Al typical values are at Voo = 5V, Ta = 25°.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
i
b 4-51
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TBP34L16

16,384-BIT (4096 WORDS BY 4 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

MILITARY ERCIAL
PARAMETER R comm J UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 45 5 5.5 4.5 5 5.5 v
ViH High-level input voltage 2 2 v
Vi Low-level input voltage 0.8 0.8 v
10H High-level output current -1.6 -1.6 1 mA
\_ oL Low-level output current 8 8 mA
‘ Ta Operating free-air temperature range -55 125 [¢] 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS Tm TYPY MAX | MIN TYPY MAX UNL;
ViK Vee = MIN, If = —18 mA -1.2 -1.2 \
VOH Vee = MIN, IoH = - 1.6 mA 24 341 24 34 v
VoL Vee = MIN, loL = 8 mA 0.5 0.6 A
10zH Ve = MAX, Vo = 24V 50 50 A
lozL Vee = MAX, Vo =05V ~50 -50 A
I Vee = MAX, V) =65V 1 1] mA
H VeC = MAX, Vi =27V 25 25 | uA
I ViC = MAX, Vi =056V ~0.25 —0.25 | mA
108 Vee = MAX, Vo =225V 60 60 mA
Icc Vee = MAX 55 55 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, lgg.

switching characteristics over recommended ranges of Ta and VG (unless otherwise noted)
TEST MILITARY COMMERCIAL
PARAMETER uNIT
CONDITIONS MIN TYP! MAX | MIN TYP? MAX
ta(A) Access time from address 35 35 ns
ta(S) Access time from chip select (enable time) Cp = 30 pF 20 20 ns
. See Note 2
tgis Disable time | 20 20 ns
Al typical values are at Voo = 5V, Tp = 25°.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP34SA16
16,384-BIT (4096 WORDS BY 4 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

MILITARY COMMERCIAL

E PARAMETER }TVIIN NOM MAX | MIN NOM MAX UNIT
vee Supply voltage 4.5 5 55 | 4.5 5 5.5 v

m Migh-level input voltage 2 2 v

[ Vi tow-level input voltage 0.8 0.8 v
Vor High-level output voitage 5.6 5.5 \
loL Low-level output current 16 16 mA
Ta Operating free-air temperature range -55 125 4] 70 °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise

noted)
MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS T W TPt mAX [MIN TYRt MAX—l UNIT
VIK Vee = MIN, | = —18 mA -1.2 -1.2 | Vv
Ve - M B Leg i o] ™
‘_VOL Vee = MIN, loL = 16 mA 0.5 05 | V
] Voo = MAX, Vj =565V 1 1 mA
HH Voo = MAX, V=27V 25 25 pA
m Vee = MAX, Vi =05V -0.25 ~0.25 | mA
icc Voe = MAX 95 95 mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

switching characteristics over recommended ranges of Tap and V¢ (unless otherwise noted)

PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP} MAX |MIN TYP} Max
ta(A) Access time from address 25 25 ns 17,
1a(S) “Access ime from chip select {enable time) CL = 30 pF 12 12 ns E
Propagation delay time, low-to-high-ievel See Note 2
tPLH , 10 10 ns @]
- output from chip select | | m
Al typical values are at Voe = 5V, Tp = 25°. a.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP34SR16
16,384-BIT (4096 WORDS BY 4 BITS)

SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

02863, JANUARY 1985

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 monolithic 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 TBP34SR16 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 (SDI). In addition, it can be loaded with
paraliel 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.

TBP34SR165 . . . JT OR NT PACKAGE
(TOP VIEW)

MODE [Jo 16| ] DQ2

SRCLK [0 DQ3
SDI[J1t  14[] spo
GND[ 12 13]] ORCLK

TBP34SR16X . . . FN OR FK PACKAGE
(TOP VIEW)

vee
A8

o
<

WO~
<<«
=
2

Q
z
L=
1

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 focation 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.

PRODUCT PREVIEW
This d f
on a
Texas Instruments ressrves the right
to change or discontinue this product
without notics.

j i
prod! under TEXAS b
INSTRUMENTS

Ad A10
A3 A1
A2 G
A1l DQO
A0 NC 4
NC DQ1
MODE paz2
=
3QUxXoo
X3 22583 e
Q 5] O mno
& S &«
Q.
NC - No internal connection
Copyright ® 1984, Texas Instruments Incorporated
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TBP34SR16

16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

logic symbol
s ((119h eny  [SHADOW-REGISTERED PROMI
0RCLK-—3)——>C6
mope 2 G5 mox
SRG4
M1
{10) —
SRCLK ————> T-/C3
M2
ﬁ_ L - —L 8
sDI 7, 3D7 24 wols vV Dao
130,1,2,30 +z10 .
f311230 | [
2045 230
$32,1,2,30 +z12° ]
+33,1,2,3D Z13 {17)
L Q1
£ 111 5 o 7vj D
PROM 4096 X 4 14z 231
(8)
A0 o 01 12J_5 79| 18) o
Al ————] A4 220
PrL TGD . l
(5) 2245 232
AS (4) j
L (15)
i I L T T
AGE 4095 I
NS A+222 2345 z33
PO | X
a
g Ag_(%J W ° —(ﬂspo
o A10 (2) A-L22313 Lg
2 At 1 1
[/}
i
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TBP34SR16

16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

logic diagram (positive logic)

~ {19)
ORCLK 13
SHADOW REGISTER
@ SRG4
MooE 100 M REGISTER
SRCLK ——————————>> T/C3
MUX EN
(11} C
SD1 *—{1.30 3
1,2,3D s 6D V]
5
1.2,30

ha) sDO
PROM 4096 X 4

AD 8 | 07

Al (7} A

A2 (:)

o

A4 A 2
o [ 2
AT 23 A %
AS (22)

A9 {21)
A10 0) A
A1l —11)

Pin numbers shown are for JT and NT packages.
185 Q’
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TBP34SR16

16,384-BIT (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

SRCLK

Low-to-high transition locads data into
shadow register under SDI control.

Low-to-high transition shifts data present
on the SDI input into the shadow register.

SDI

If SDI is high, shadow register does nothing. If SDI is

low, data may be clocked into shadow register from

output bus.

Serial input to shadow register LSB

Elsle}

Output for data directly from SDi for cascading other
shadow-registered PROMs

Output for shadow register MSB

ACLK

Low-to-high transition loads output register from

shadow register,

Low-to-high transition loads output register
from PROM array.

OTHER TERMINAL FUNCTIONS

TERMINALS FUNCTION
A0 — All Address inputs for data from PROM array
¥ Gis high, DQO thru DQ11 are in high-impedance state and can accept
G external data for shadow register. If G is low, DQO thru DQ11 are
outputs for data from output register.
DQO-DQ3 Input/output ports under control of G

recommended operating conditions for programming (see Figure 1)

MIN NOM  MAX | UNIT

vee Supply voltage during verification 4.5 5 5.5 \

ViH High-level input voltage 3 4 5 vj

Vi Low-level input voltage 0 02 04[] V |

Enable G voltage during verification 0 02 04 VJ

0 Enable G inactive voltage during programming 4.5 5 5.5 VJ
8 Vecipny  Supply voltage program pulse amplitude 12 125 13 A%
twi V¢ program pulse duration, 1st attempt 10 11 12| us
g w2 Vg program pulse duration, 2nd attempt 20 22 26| s
«© tw3 Ve program pulse duration, 3rd attempt 20 22 25 us
tsy Setup time, enable G low before vecipnt 0.1 0.5 1| s
th Hold time, enable G low after Vecpn ¥ 0.1 0.5 1{ us
tvce)  Rise time, Vog(pr) (5 V10 12 V) 03 04 05| us
tyvce)  Fall time, Vegpn) (12 Vo 5 V) 0.05 0.1 0.2 us
td Delay time between successive VCC(pr) pulses 10 20 30 us
teool Cooling time between words 100 150 200| us
Ta Free-air temperature 20 25 30 °C

TMeasured from 1.5 V on enable pin to 5.5 V on vccipn-
*Measured from 5.5 V on VCCipr) to 1.5 V on enable pin.

4-58
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TBP34SR16
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

step-by-step programming instructions (see Figure 1)

I

Address the word to be programmed, apply 5 V to V¢ and a low logic level to the G input.
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.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for the
next word.

Deselect PROM by applying 5 V to G.

Connect a 4-mA current source {(clamped to VC() to the output to be programmed.

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 400 mA.

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.

Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts
and 5.5 volts.

series 3 programming sequence

A0 TO A1l * VALID ADDRESS

| —’1 [*-th (en)
s _ | | I
ov
| | | | |
| | i { | | :
} Py
DQ1 —V
| |" ", l —f— i 1 OH
i | | ] | VoL
| i i \ |
paz 1 | | r LI I',_L‘_r,_l‘l—/F —i- — Vou
1 ) [ | | | v
l | ! o
T Lo !
paz || I | | 1;__|J_L1_|_— VaH
] | 1 | T | | VoL
I i i | I !
PROGRAM oz—.l——f ’——»Z—"i
ZVEFHFY PROGRAM Q3
PROGRAM Q1
VERIFY
Hlustrated above is the following sequence:

1)
2)

3)
4}

it is desired to program the selectd address with 0111 (Q0-Q3). Only outputs DQ1, DQ2, and DQ3 need programming.

Q1 is verified to be at a low logic level and then the programming seguence is executed. The output is then verified to be at
a high logic level.

DQ2 is an example of an output requiring three attempts to be programmed successfully.

DQ3 is programmed to a high logic level.

FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE

PROMs
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TBP34SR16
16,384-BIT (4096 WORDS BY 4 BITS)
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

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

Supply voltage, Vo (see Note 1) .. o . L e

Input voltage, V|

Storage temperature range

Off-state output voltage, VO(off) - - - - - o oo
Operating free-air temperature range: Military-temperature-range circuits . . .
Commercial-temperature-range circuits

55V

~55°C to 125°C
0°C to 70°C
—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

MILITARY COMMERCIAL J
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX
vee Supply voltage 4.5 5 55| 45 5 5.5 Vo]
ViH High-level input voltage 2 2 v J
ViL Low-level input voltage 0.8 0.8 Y
IoH High-level input current -2 -3.2 mA
oL Low-level input current 16 16 mA
fetock  Clock frequency, SRCLK (MODE = L) MHz
SRCLK high
) SRCLK low
tw Pulse duration ORCLK high ns
ORCLK low
0Q3 thru 0Q0 before SRCLKT
(G and MODE = H, SDI = L)
SDI and MODE before SRCLK?T ]
) Address before ORCLK?
tsu Setup time IMODE = L) ns
v MODE before ORCLK?
2] SRCLK1 before ORCLKT
o (G and MODE = H, SDI = L)
3 DQ3 — DQO after SRCLKT
» (G and MODE = H, SDI = L)
SDI and MODE after SRCLK1
th Hold time or QRCLK1T ns
Address after ORCLK?
{MODE = 1)
MODE after ORCLK?
Ta Operating free-air temperature range -55 128 (o] 70 °C
3
4-60
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TBP343R1

6

16,384-BIT (4096 WORDS BY 4 BITS)

SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY

electrical characteristics over recommended operating free-air temperature range {unless otherwise

noted)
MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS ' N TV Ak TN Tvrt mAX ] uniT
ViK Vce = MIN, = -18 mA 1.2 12| v
VoH Vce = MIN, 1oH = MAX 24 31 2.4 31 v
VoL Ve = MIN, oL = 16 mA 0.5 05| Vv
E lozH Vee = MAX Vo = 2.4V 50 50 | pA
[ TozL Ve = MAX, Vg = 05V - 50 -50 | uA
[ 1) Voo = MAX, V| = 5.5V 1 1] mA
[ Iy Voo = MAX, V) =27V 25 25 | uA
m Vee = MAX, Vi = 05V -0.25 ~0.25 | mA
168 Voo = MAX, Vg = 2.25V 60 60 mA
icc VCe = MAX, 120 120 mA
switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)
FROM TO TEST CONDITION MILITARY COMMERCIAL
PARAMETER UNIT
(INPUT) (OUTPUT) {See Note 2) MIN TYP? MAX [ MIN TYP? MAX
fmax SRCLK (MODE = L) MHz
thd ORCLK DQO ~ DO3 [
tod SRCLK (MODE = L) SDO [
tpa SDT (MODE = HI SDO CL=30pF [ ns
tpd MODE (SDT = L)
ten G DQO — DQ3
tgis G pao ~Da3 | | ns

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.,
YAl typical values are at Voc = 5V, T4 = 25°C.

8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, 10s.

NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.

PROMs
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L0O3X, TBP38SAQ3X

256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

02852, AUGUST 1984 - REVISED DECEMBER 1984

Fastest Schottky PROM Family
High-Speed Access Times

Low-Power, Open-Collector, and 3-State
Options Available

Titanium-Tungsten (Ti-W) Fuse Links for
Reliable Low-Volitage 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 monolithic 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. The "38S030 has three-state outputs.
The '38SA030 is the open-collector version and
allows the device to be connected directly to
data buses utilizing passive pull-up resistors. The

TBP38LO30, TBP38S030, TBP38SA030 . . . J OR N PACKAGE

{TOP VIEW)
ao[r Ue[Jvee
a1]2 s[JG
OZE3 14 ] A4
a3f]a 13[]A3
Q4{]s 12{]A2
as[e 11%A1
a6z 1w0[]A0
GND[ls  of]a7

TBP38LO3X, TBP38S03X, TBP3BSAO3X . . . FN OR FK PACKAGE
(TOP VIEW)

Q2] s 18[1 A4
03[1s 17{] A3
NC[]6 16 (] NC
Q41{]7 165{1 A2

as(]s

9 10111213
o Tem Vo T Wi
©au~o
0520<

NC —No internal connection

[7;]
low-power '38L030 is available for applications E
that require power conservation while (o]
maintaining bipolar speeds. o
Data is programmed at any bit location with the standard Series 3 programming algorithm. The program o
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
. . . . .e. A . . .y

has been designed into these devices to improve testability and insure high programmability.

PRODUCT PREVIEW ’, Copyright © 1984, Texas Instruments Incorporated
This d i i *P

duct under devel .
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38L03X, TBP38SAQ3X
256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

TBP38S030, TBP3BLO30 TBP38SA030
PROM 32 X 8 PROM 32X 8
1 1
AT ——:2: Qo AQ ——:2; Qo
a2 i N T a9 1o A
1 AVp———a2 (11) AQp———02
AT {4) Al ——— (4)
Az 12 AL AV o % a2 12 Al A Q‘-(—)os
: j N oag—E s 3 ol 8 s
a3_13) v © a3 13! A 6
(14) s A -—m—os (18) . AQ TQS
LS — 7
-~ (15) AV E——Q6 15 AQf—"——aq6
EN EN
G agl—2 o G aol—@
Pin numbers shown are for J and N packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
_ OPEN-COLLECTOR OUTPUTS . v
Vee —— *E_ cC
S b3
S OuTPUT 1
1 )

INPUT >
>
>

<
b4 ouUTPUT

SINOYd

—_— 3 Ja
PROGRAMMING CIRCUIT ;7
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage {see NOte 1) . .. . .. . e e 7V
Input voltage . . . . .. .. e 55V
Off-state output VOItAgE . . . . . . . . o it e e e e 5.5V
Operating free-air temperature range: Military-temperature-range circuits .. .. ... —55°C to 125°C

Commercial-temperature-range circuits . . . ... .. 0°C to 70°C
Storage teMPErature range . . ... ... .ttt it e e -65°C to 150°C

NQOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.

{i’
464 Texas
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP38LO3X, TBP38SA03X
256-BIT (32 WORDS BY B BITS) PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX [ UNIT
Supply voltage during verification vee 4.5 5 55 \%
ViH 3 4 5
Input voltage Vit o o2 G A
Enable voltage during verification G 0 02 04| V
Enable inactive voltage during programming G 4.5 5 55 A\
Vcc program pulse amplitude Vecipr) 12 125 13 v
1st attempt tw1 10 11 12
Ve program puise duration 2nd attempt tw2 20 22 25 us
3rd attempt tw3 20 22 25
Enable set-up time ! before Ve (pr) ts(en) 0.1 05 1| s
Enable hold time? after Voc(pr) thien) 0.1 05 1] us
Rise time of Vogipn tdvVee) 0.3 04 05| gs
Fall time of VCC{pr)‘ H(Vee) 005 0.1 02| s
Delay time between successive Vcc(pr) pulses td1 10 20 30 | us
Hold time between successive VCC(pr) pulses 142 10 20 30| us
Cooling time between words tcool 100 150 200 [ us
Free-air temperature Ta 20 25 30| °C

TMeasured from 1.5 V on enable pin to 6.5 V on VCClpr)
*Measured from 5.5 V on V¢cipr) to 1.5 V on enable pin
8Measured from 5 V to 12 V

Measured from 12 V 1o 5 V

step-by-step programming instructions (see Figure 1)

1.

@ o & w

Address the word to be programmed, apply 5 volts to V¢ and a low-logic-level voltage to the enable
G input.

Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.
Deselect PROM by applying 5 volts to G.
Connect a 4-mA current source {clamped to V() to the output that is to be programmed.

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 400 mA.

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.

Verify programming of every word after all words have been programmed using VCC values of 4.5 volts
and 5.5 voits.

PROMs
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TBP38S030, TBP38L030, TBP38SA030
TBP38S03X, TBP3BL03X, TBP38SAD3X
256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

L4
A0 TO A4 VALID ADDRESS X
X .,
F""'WT M—'w1 [—¥tw2 l‘_q—'w3 4 -ty

I
!
Vee f

=

—————— 125V

& td1 -ﬂ— tg2— ﬂ {—Pteool

‘s(an)-ﬂ ". 4 —4_1: : \\;
-ﬂ [&-th(en)

~ I —————5V
G I I |
— ] 4 ov
L | L
i t
@ 1 [ ) — vou
! | ! i ! VoL
| 'I | | | . \ {
az | | | | ’ | | o + — VoH
)
—t | e
[ [ l-' Y
f | — vV
a7t L oH
{ | i | | A
! ! ] T i I Vou
| | i ] '

PROGRAM oz—-b‘——y—'z——ul
VERIFY PROGRAM Q7

PROGRAM Q1
VERIFY

Hllustrated above is the following sequence:

1) It is desired to program the selected address with 01100001 (Q0-Q7}. Onily outputs Q1, 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

SINWOHd
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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 \'
ViH High-level input voltage 2 2 \Z
Vi Low-level input voltage 0.8 0.8 \
loH High-level output current -2 -3.2 | mA
oL Low-leve! output current 16 16 | mA
TA Operating free-air temperature range -55 1256 0] 70 °C

electrical characteristics over recommended operating free-al

ir temperature ra

nge {unless otherwise

noted)
PARAMETER TEST CONDITIONS T MILITARY COMMERCIAL UNIT
MIN TYPE MAX | MIN TYP¥ MAX

Vi Vee = MIN, | = —18 mA -1.2 -1.2 v
Vo Vee = MIN, lgH = MAX 24 31 2.4 31 v
VoL Vee = MIN, oL = 16 mA 0.5 05 v
lozH Vee = MAX, Vg = 2.4V 50 50 | uA
lozL Veeo = MAX, Vo = 05V -50 -50 rA
) Voo = MAX, Vi = 55V 1 1| mA
hH Vee = MAX, V| =27V 25 25 | pA
he Voo = MAX, V| = 0.5V ~0.25 025 | mA
'O§ Vee = MAX, Vo = 226V - 30 -112 | -30 -112 mA
Icc Vee = MAX 80 125 80 125 | mA

TFar conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, I0s.

switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted) (7]
ta(A) ta(s) | E
. TEST ACCESS TIME ACCESS TIME tdis o
TYPE DISABLE TIME UNIT o«
CONDITIONS FROM ADDRESS FROM ENABLE o
MIN TYPH MAX | MIN TYP} MAX | MIN TYP} MAX
TBP385030-20| Military 10 20 5 15 3 10 ns
TBP38S030-15| Commercial CL = 30 pF 10 15 5 12 3 8 ns
TBP38S030-30] Military See Note 2 10 30 5 15 3 10 ns
TBP38S030-25| Commercial 10 25 5 12 3 8 ns
Al typical values are at Voe = 5V, TA = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
184 @
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TBP38L

030, TBP38LO3X

256-BIT (32 WORDS BY 8 BITS)
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX

vee Supply voltage 4.5 6 55| 45 5 5.5 u
VIH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current -1.6 -1.6 mA
loL Low-level output current 8 8 | mA
Ta Operating free-air temperature range ~55 125 Q 70 °C

electrical characteristics over recommended operating free-air temperature ra

nge (unless otherwise

noted)
PARAMETER TEST CONDITIONS ! MILITARY COMMERCIAL UNIT
MIN TYP! MAX | MIN TYP? MAX

ViK Vee = MIN, Ij = —18 mA 1.2 -12 | v |
VoH vVee = MIN, IoH = ~1.6 mA 24 31 2.4 3.1 v
VoL Vee = MIN, loL = 8 mA 0.5 0.5 A
lozH Vee = MAX, Vo = 2.4V 50 50 | uA
lozL Vee = MAX, Vo =056V -50 -50 | A |
I Ve = MAX, Vi =56V 1 1| mA |
H Vee = MAX, Vi =27V 25 25 | uA
M Vce = MAX, V=05V ~0.25 ~0.26 | mA
o8 Vee = MAX, Vo =225V 80 80 mA
lee Vee = MAX 45 45 mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igg.

switching characteristics over recommended ranges of Ta and Ve (unless otherwise noted)

TEST MILITARY COMMERCIAL
PARAMETER UNIT
CONDITIONS MIN TYP! MAX | MIN TYP} MAX
ta(A) Access time from address 20 20 ns
ta(s) Access time from chip select (enable time) CL = 30pF 15 15 ns
See Note 2
tdis Disable time 12 12 ns
*All typical values are at Vee = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
i
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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 \Y
VIH High-level input voltage 2 2 \%
Vi Low-level input voltage 0.8 0.8 Y
VOH High-level output voltage 5.6 5.5 \Y
ot Low-level output current 16 16 | mA
| Ta Operating free-air temperature range -565 125 o] 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
MILITARY COMMERCIAL
PARAMETER TEST CONDITIONST MIN TYPT MAX | MIN TYPF MAX UNIT
ViK Vee = MIN, I = -18 mA -1.2 -1.2 Vv
Vou = 2.4V 0.05 0.05
IoH Vee = MIN, mA
VpoH = 5.5V 0.1 0.1
VoL Vee = MIN, lo = 16 mA 0.5 0.5 \%
I Vo = MAX, V) =55V T T mA
IIH Vee = MAX, V) =27V 25 25 »A
I Vee = MAX, V| - 05V ~0.25 ~0.25 | mA
ice Vee = MAX 80 125 80 125 | mA

TFor conditions shown as MIN or MAX,

use appropriate value specified under recommended operating conditions.

switching characteristics over recommended ranges of Ta and Vg (unless otherwise noted}

T MILITARY
PARAMETER TES COMMERCIAL UNIT
CONDITIONS MIN TYP MAX | MIN TYP? MAX »
ta(A) Access time from address 15 25 15 20 ns E
1a(S) Access time from chip select {enable time) CL - 30pF 10 20 10 15 ns o
Propagation delay time, low-to-high-level See Note 2 o
tPLH . 9 18 9 14 ns
output from chip select [«
*All typical values are at Vee =5V, Ta = 256°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
i
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TBP38S16, TBP38L16, TBP38SA16
16,384-BIT (2048 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

D2853, JANUARY 1985

Fastest Schottky PROM Family T8P38L165, TBP38S165, TBP38SA165 ... NT OR JT PACKAGE
TBP38L166, TBP385166, TBP38SA166 . . . NW OR JW PACKAGE
High-Speed Access Times (TOP VIEW)

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

® Package Options Include 300-Mil or 600-Mil
24-Pin DIP, and 28-Pin Chip-Carrier

PROMs

Packages
TBP38L16X. TBP38S16X, TBP38SA16X . . . FN OR FK PACKAGE
description (TOP VIEW)
I8}

These Series-3 monolithic TTL programmable 2ez289%22
read-only memories (PROMs) feature high-speed g == g = e g e e e g
access times and dependable titanium-tungsten 432128272
fuse link program elements. They are organized A4l]s A10
as 2048 words by 8 bits each, providing a total A3[]e G1
of 16,384 bits. The ‘38516 has three-state A2[]7 G3
outputs. The '38SA16 is the open-collector A1[]s G2
version and allows the device to be connected A0 [le NC
directly to data buses utilizing passive pull-up NC [I10 Qa7
resistors. The low-power ‘38L16 is available for Qo :|1 ! as
applications that require power conservation 121314 15 16 17 18
while maintaining bipolar speeds. it also has -~—NQ UMY W
three-state outputs. odz=z govo
Data is programmed at any bit location with the NC —No internal connection
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 shouid be referred
to for further details. Additional circuitry has been designed into these devices to improve testability and
insure high programmability.

PRODUCT PREVIEW . Copyright © 1984, Texas Instruments Incorporated
i : &ip
on a under TEXAS 4-71
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TBP38S16, TBP38L16 TBP38SA16
PROM 2048 X 8 PROM 2048 X 8
(8) < (8) N
Aa—-—m 0 Ao——————m 0
Al ———— (9) AT ———— (9}
a2 (6) A Y f———00 az_t8 AQ Qo
a3_9) A9 g Az a0 g
@ AV o e @ Aol 1Y o
Al ——— (13) — (13}
(3 0 AV f———a3 (3) 0 AO Q3
A ——— S A (14) A5 —————o A oo (14)
P 2047 A }—————04 ag—2 2047 AQ 2 Q4
L — rse—— 1
oy AV-::—::OS Ay (0 AO :16) s
A8 {23) AV TQG A8 (23) AQ —“7)—06
A Q7 22 AQ———a7
a2 — N 22—
ao—=—"__ 10 a0 10)
a3 % a———J =&
G2 (18) EN G218 | EN
& (20) E & (20) [~
Pin numbers shown are for JT, JW, NT, or NW packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
OPEN-COLLECTOR OUTPUTS
Vee > — — i — g
S
< S
S OUTPUT 1
1 b
p - .
5" WL _
b v 3
(@] INPUT —4 2
‘i
% W S QUTPUT
[
$ ‘.}H
p— 3
PROGRAMMING CIRCUIT E
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage {see Note 1) . ... .. . .. . e e
Input voltage . . . . . ... . e e e 55V
Off-state oUtpUT vOITage . . . . . . . . . e 5.5V
Operating free-air temperature range: Military-temperature-range circuits ... .. .. —-55¢°C to 125°C
Commercial-temperature-range circuits . . ... ... 0°C to 70°C
Storage temperature range . . . .. .. ... e —-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.
i
4.72 TExas "’
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TBP38S16, TBP38L16, TBP38SA16
16,384-BIT (2048 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming (see Figure 1)

MIN NOM MAX |UNIT

mppw voltage during verification vee 4.5 5 5.5 v
ViH 3 4 5

Input voltage Vi ) W] G \2
. I G1 0 02 04

Enable voltage during verification G2, G3 3 2 5 4
i i K . G1 4.5 5 5.5

Enable inactive voltage during programming G2, 63 5 02 04 Y

Ve program puise amplitude Vecipn) 12 125 13 A
1st attempt twi 10 M 12

Ve program pulse duration 2nd attempt w2 20 22 25 | us
3rd attempt w3 20 22 25

Enable set-up time' before Vecipr ts(en) g.1 g.5 1 us

Enable hold time?* after Vo (pr) thien) 0.1 05 1| s

Rise time of VCC(pr)® t{Vee) 03 04 05| us

Fall time of Vcc(pn Y tfvee) 005 01 02| s

Delay time between successive VCC(pr) Pulses 41 10 20 30 [ us

Delay time between successive VCC(pr) pulses 142 10 20 30 | us

Cooling time between words teool 100 160 200 | us

Free-air temperature Ta 20 25 30| °C

TMeasured from 1.5 V on enable pin to 5.5 V on Veceipn
*Measured from 5.5 V on Vecipr) to 1.5 V on enable pin
SMeasured from 5 V to 12 V
YMeasured from 12 Vto 5 V

step-by-step programming instructions (see Figure 1)

1.

I

Address the word to be programmed, apply 5 volts to VCC and active levels to all enable inputs (G1,
G2, G3).

Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.
Deselect PROM by applying 5 volts to G1, or O volts to G2 or G3.

Connect a8 4-mA current source {clamped to V() to the output that is to be programmed.

Increase V¢ to VCC(pr) for a pulse duration equal to tyx (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 400 mA.

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). {f the output has not been programmed by the third attempt,
stop programming and go to a new device.

Verify programming of every word after all words have been programmed using V¢ values of 4.5 volts
and 5.5 volts.

PROMs
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TBP38S16, TBP38L16, TBP38SA16
16,384-BIT (2048 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMGORIES

A
4
A0 TO A0 * VALID ADDRESS Y x
| [H—tw [P—tw [ tw2 ——tw3 4 -ty
| ! L : I [ 125V
vee | | td1 */_V" g2, ' \ 4 /-_\__1"_”— tcool
L 5V
( 4
tsien) By &= | l—{-—r: ov
! > ¥ {-th(en)
_ | ————— 5V
5 | I i
4 ] ov
| | 1 i | | :
‘—l_i"_"'l ! ! 4 | ' Vv
ar | ! ' T ¥ T Jow
| { ! | i J VoL
I : i i Lo I
Q2 | | I | r | | 1 1 2 t t — VoH
| | ' : | i - VoL
| ! | | i | 1
o 3 L, [ e
L
1 ! | | | r ' I VoL
| | { | | t

PROGRAM Q1
VERIFY

llustrated above is the following sequence:

SINOYd

PROGRAM oz——b‘—?—lz—al
PROGRAM Q7

1) It is desired to program the selected address with 01100001 (Q0-Q7). Only outputs Q1, 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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TBP38S16
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 \%
ViH High-level input voitage 2 2 v
VL Low-level input voltage 0.8 0.8 \
loH High-level output current -2 -3.2 mA
loL Low-level output current 16 16 mA
TA Operating free-air temperature range -55 125 ¢} 70 °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise

noted)
MILITARY COMMERCIAL

PARAMETER TEST CONDITIONS MIN TYPF MAX | MIN TYP? MAX UNIT
VIK Vee = MIN, | = —18 mA -1.2 ~1.2 \
VOH Vce = MIN, o = MAX 24 31 24 3.1 \
VoL Vee = MIN, lopL = 16 mA 0.5 0.5 \4
1oZH Ve = MAX, Vp = 24V 50 50 pA
lozL Vce = MAX, Vg = 0.5V -50 -50 A
] Vee = MAX, V) =55V 1 1 mA
4 Vee MAX, V=27V 25 25 pA
L Vge = MAX, V) =05V -0.25 -0.25 | mA
108 Vee = MAX, Vg = 2.25 V 60 60 mA
lec Vee = MAX 120 120 160 | mA

TFor conditions shown as MIN or MAX,

use appropriate value specified under recormmended operating conditions.
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.

switching characteristics over recommended ranges of Ta and V¢ (unless otherwise noted)

s
ta(A ta(s
ACCE(SS) TIME Accsa;s’ TIME dis O
TYPE TEST DISABLE TIME | UNIT o
CONDITIONS FROM ADDRESS FROM ENABLE a
MIN TYP? MAX | MIN Typ: MAX | MIN TYP? MAX
Muilit 18 1 10
TBP38S16 onary - > T
Commercial CL = 30 pF 18 10 10 ns
ili N 10
TBP38S16 Military ‘ See Note 2 20 10 ns
Commercial 20 10 10 ns
*All typical values are at Voc = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
T {I’
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TBP38L16
16,384-BIT (2048 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 MAX uniT
vee Supply voltage 4.5 5 5.5 4.5 5 5.5 v
VIH High-level input voltage 2 2 v
VL Low-level input voltage 0.8 0.8 v
loH High-level output current -1.6 -1.6 mA
oL Low-level output current 8 8 | mA
TA Operating free-air temperature range -55 125 8] 70 °C

electrical characteristics over recommended operating free-air temperature ra

nge (unless otherwise

noted)
PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT
MIN TYP mAX [ MIN TYP? MAX
ViK vee = MIN, | = -18 mA -1.2 -1.2 | v
VoH Ve = MIN, IoH = - 1.6 MA 24 31 2.4 3.1 %
VoL vee MIN, oL = 8 mA 0.5 0.5 Vv
lozH Vee MAX, Vg =24V 50 50 #A
lozL Vce = MAX, Vo =05V -50 -50 rA
h Voo = MAX, V| =556V 1 1 mA
ItH Vce = MAX, V) =27V 25 25 | uA
iy Voo = MAX, V) =05V -0.25 -0.25 mA
o8 Voo = MAX, Vg = 2.25 V 60 60 mA |
[ icc Ve = MAX 65 65 100 [ mA |

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditiens.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Igs.

U switching characteristics over recommended ranges of Tp and VGG (unless otherwise noted)
oo
[®) r ta(A) ta(s) o
TEST ACCESS TIME ACCESS TIME dis
Z TYPE DISABLE TIME | umiT
” CONDITIONS FROM ADDRESS FROM ENABLE
MIN TYPT MAX | MIN TYPT MAX | MIN TYPT MAX
TBP38L16-XX | Military 26 12 8 ns
TBP38L16-45 | Commercial C_ = 30 pF 26 45 12 25 8 20 ns
TBP38L16-XX | Military See Note 2 26 12 8 ns
TBP38L16-35 | Commercial 26 35 12 20 8 15| ns
TAll typical values are at Vee = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
T {l’
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TBP38SA16
16,384-BIT {2048 WORDS BY 8 BITS)
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

PARAMETER ) MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX

vee Supply voltage 4.5 6 55 4.5 5 5.5 \
ViH High-level input voltage 2 2 v
ViL Low-level input voitage 0.8 0.8 \Z
VOoH High-level output voltage 5.5 5.5 \
loL Low-level output current 16 16 mA
Ta Operating free-air temperature range -55 125 o] 70 °C

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

MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS MIN TYPE MAaX | MIN TYPE MAX UNIT
VK Vee = MIN, I} = —18 mA ~-1.2 -1.2 \
o0 veo -MN et ey o7 o] ™
VoL Vee = MIN, lpL = 16 mA 0.6 0.5 \i
] Vee = MAX, V) =565V 1 1 mA
liH Ve = MAX, V=27V 25 25 pA
I Vee = MAX, V=05V -0.25 -0.26 | mA
Icc Vee = MAX 120 120 160 | mA

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

switching characteristics over recommended ranges of TA and VCC (unless otherwise noted)

PARAMETER TEST MILITARY COMMERCIAL UNIT
CONDITIONS MIN TYP} MAX | MIN TYP! MAX
ta{A) Access time from address 25 25 ns
ta(s) Access time from chip select (enable time)} Cp = 30 pF 12 12 ns
tPLH Propagation delay time, low-to-high-level See Note 2 10 10 ns
output from chip select
LAl typical values are at Voe = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
i
TEXAS
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TBP38S8, TBP38L8, TBP38SA8
8,192-BIT (1024 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

JANUARY 1985

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-Volitage 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 1024 words by 8 bits each, providing a total
of 8,192 bits. The ’'38S8 has three-state
outputs. The '38SA8 is the open-collector
version and allows the device to be connected
directly to data buses utilizing passive pull-up
resistors. The low-power ‘38L8 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 fevel high after programming. After
execution of the programming procedure, the

TBP38L85, TBP38S85, TBP38SA85 . . . NT OR JT PACKAGE
TBP38L86, TBP38S86, TBP38SA86 . . . NW OR JW PACKAGE

{TOP VIEW)

TBP38L8X, TBP38S8X, TBP38SABX . . . FN OR FK PACKAGE

(TOP VIEW)

w[] A6
Sl A7
=l NnC

(@]

o
>
T
28

8l as
80 a9

0]
<

J
)

Ga

A3 G1
A2 G3
A1 G2
A0 NC

Q7
Q6

NC—No internal connection

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.

PRODUCT PREVIEW
This
on a product under development.
Texas Instruments reserves the right
to change or discontinue this product
without notice.

Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

‘, Copyright © 1984, Texas Instruments Incorporated
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TBP38S8, TBP38LS TBP3BSA8
PROM 1024 X 8 PROM 1024 X 8
Ao(g)— 0 A0 (8) 0
At _—:6: Ay —(‘Z’) a0 P U — AQ—8 a9
1
A2T A7 TQ‘I AZL A LQ‘]
A3 - AY —(—13)—02 az_ 8 | A8 o,
A4T A 0 AY pb——Q3 A4———(5—)—-— A 0 AQLQ:’
A5 —=——— 1023 av |18 o4 as—B___| PAm Aol 18 o
6 {2) {15) (2) {15)
Al T AV f———as A6 ——] AQl———05
T AV |0 ] s o|——os
A8(22— AY ———a7 AgL A —)07
AQ# 9 ag—22 |4
G2 N Ga21 =
(19) {19}
G3—— G3—
(18) EN G218 EN
&1 (20) &1 (20) ~
Pin numbers shown are for JT, JW, NT, or NW packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
OPEN-COLLECTOR OUTPUTS
v P -4 Vee
cc ‘E
< b3S
S OUTPUT 9
1 b
A
n) 2
o s INPUT —¢ s ‘
o ] $
g b3 OUTPUT
u’ ¢
x - IES
PROGRAMMING CIRCUIT /%
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)
Supply voltage (see Note 1) .. . ... . . e e
Input voltage . . . . . . . e 55V
Off-state output VOItagE . . . . . . . . o 5.5V
Operating free-air temperature range: Military-temperature-range circuits .. .. ... -55°C to 125°C
Commercial-temperature-range circuits . . . .. ... 0°C 1o 70°C
Storage temperature range . . . . . ..ot i i —-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.
i
4.80 TeExas b

TBP38S8, TBP38L8, TBP38SAS
8,192-BIT {1024 WORDS BY 8 BITS)
PROGRAMMABLE READ-ONLY MEMORIES

logic symbols
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

DECEMBER 1984

Fastest Schottky 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 monolithic 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 8 bits each, providing a total
of 2,048 bits. The ‘38522 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.

TBP38S22, TBP38L22, TBP38SA22 . . . J OR N PACKAGE

(TOP VIEW)
ao [ W2oJvee
A1 []2 19[] A7
A2[]s 18[] A6
A3[]a 17[]AS
A4[ls 16[1G2
ao[Je 15[]G1
a7 14[]Q7
Q2[s 13[] a6
a3 ]e 12%05
GND 1o 11JQ4

TBP38S2X, TBP38L2X, TBP38SA2X . . . FN OR FK PACKAGE
{TOP VIEW)

NC—No internal connection

PROMs

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.

PRODUCT PREVIEW

s g i
I:‘ a prodi under TEXAS b
INSTRUMENTS

Texas Instruments reserves the right
to change or discontinue this product

without notice. POST OF FICE BOX 225012 ® DALLAS, TEXAS 75265

Copyright © 1984, Texas Instruments Incorporated
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

logic symbols

SINOYHd

TBP38522, TBP38L22 TBP38SA22
PROM 256 X 8 PROM 256 X 8
(1 ()
a0———— o A0 0
a2 Avp—8L a0 a2 A Q8 _qo
3 Aavl—2 o 3] aol—T o
A2 ———— {8) A2——— 8) p
(4) AVf———a2 514 AQ 02
As {5) A-—o- A Log A (5 A___O_ AQ (9} 03
e rrea— %5 [5k1} Ad——— 255 (1)
as 17 AV p———a4 as 7 AQ Q4
a6 18 A2 o5 e as Aol 12 o
a7 119 . AV -%—oe ap 9 , AD :13: as
e 14 e 14,
- Ayb————aqa7 -
s I e T T
G1 _9 I~ G1 “)B
Pin numbers shown are for J or N packages.
schematics of inputs and outputs
EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS
OPEN-COLLECTOR OUTPUTS
Vee : ® —— ¢ Vecc
<
< ‘b
$ OuTPUT <
> - - .1 (
S
INPUT —4 b3
3
b3 OUTPUT
[
x S
X 1
PROGRAMMING CIRCUIT ,;7
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage (see Note 1) .. .. . . . e 7V
INput VOItAgE . . . . e e e e 5.5V
Off-state output voltage . . . .. .. . ... e 5.5V
Operating free-air temperature range: Military-temperature-range circuits . ... ... —-55°C to 125°C
Commercial-temperature-range circuits . . . . .. .. 0°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.
i
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TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

recommended operating conditions for programming {see Figure 1}

MIN_NOM_ MAX | UNIT |

Supply voltage during verification Vee 4.5 5 5.5 \%

Input voltage ViH 3 4 5|
ViL 0 02 05

Enable voltage during verification G1, G2 0 02 04| Vv

Enable inactive voltage during programming G1, G2 4.5 5 55 \

Ve program pulse amplitude VCC(prl 12 125 13 A
1st attempt twi 10 1 12

V¢ program pulse duration 2nd attempt w2 20 22 25| us
3rd attempt tw3 20 22 25

Enable set-up time' before VCCipn) tg(en) 0.1 0.5 1 1s

Enable hold time? after Ve (pr) thien) 0.1 05 1| s

Rise time of Vcc(on 4 (Vee) 0.3 04 05| ps

Fall time of VCC(pr)‘ yivVee) 005 01 0.2] s

Delay time between successive VcCipr) pulses td1 10 20 30| us

Hold time between successive Vccipr) pulses tq2 10 20 30| us

Cooling time between words tcool 100 150 200 | s

Free-air temperature Ta 20 25 30| °C

TMeasured from 1.5 V on enable pin to 5.5 V on vecipr)
*Measured from 5.5 V on Vec(pr) to 1.5 V on enable pin
SMeasured from 5 V to 12 V
1Measured from 12 Vto 5 V

step-by-step programming instructions (see Figure 1)

1.

e o b w

Address the word to be programmed, apply 5 volts to VcC and a low-logic-level voltage to the enable
inputs G1 and G2.

Verify the selected bit location that requires programming. Note: The only bit positions that require
programming are outputs needing a high logic level.

For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word.
Deselect PROM by applying 5 volts to G1 or G2*
Connect a 4-mA current source (clamped to VC(C) to the output that is to be programmed.

Increase VCC to VcC(pr) for a pulse duration equal to tyx (where X is determined by the number
of programming attempts, i.e., 1,2,3). Minimum current capability for the V¢ power supply should
be 400 mA.

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.

Verify programming of every word after all words have been programmed using Vcc values of 4.5 volts
and 5.5 volts.

PROMs

{iP
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INSTRUMENTS

POST OFFICE BOX 225012 # DALLAS, TEXAS 75265

4-83



TBP38S22, TBP38L22, TBP38SA22
TBP38S2X, TBP38L2X, TBP38SA2X
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES

A0 TO A1 VALID ADDRESS

—’: twi “" l‘-‘w‘l - k—‘wZ - k—‘w3

|
[ | " ! | 1 |
vee / \4—‘.11—-5/ \Q— tdz-b/ \ ’ \
4
‘s(en)-ﬂ F— I 1 4
I —»| j#-thien)

i A S I R N

YT

[—j————-QSV
ov

A
| | i | LA I
t ! b I, | | y
Q1 I h - VoH
I | } [ ’ I I 1—V0L
! I — ' I
Q2 | I | 4 + - VOH
| I | v | 'I L VoL
I

PR (N S —

| | |

. | I e
t ] ¥ | VoL
|

PROGRAM 02—.‘—1,—'.2—.(
VERIFY PROGRAM Q7

PROGRAM Q1

VERIFY

lllustrated above is the following sequence:

1) It is desired to program the selected address with 01100001 {Q0-Q7). Only outputs Q1, 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

SINOYd

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
i
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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 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 \
ViL Low-level input voltage 0.8 0.8 v
toH High-level output current -2 -3.2 mA
loL Low-level output current 16 16 | mA
Ta Operating free-air temperature range - 55 125 o] 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
PARAMETER TEST CONDITIONS MILITARY COMMERCIAL UNIT
MIN_ TYP} MAX | MIN TYP? MAX

ViK Vce = MIN, I = —18 mA -1.2 -1.2 | v
VOH Vee = MIN, loH = MAX 24 31 24 34 \
VoL Vee = MIN, loL = 16 mA 0.5 0.5 \
l0ZH Vge = MAX, Vp = 24V 50 50 pA
lozL Vee = MAX, Vo = 0.5V -50 -50 A
[] Vee = MAX, Vi =556V 1 1 mA
I Voo = MAX, Vi =27V 25 25 rA
L Vee = MAX, Vi =05V -0.25 -0.26 [ mA
108 Vee = MAX, Vg = 2.25V 60 60 mA
Icc Vee MAX mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

8The output conditions have been chaosen to produce a current that closely approximates one half of the true short-circuit output current, Ing.

. . s et . (2}
switching characteristics over recommended ranges of Ta and VcC (unless otherwise noted) s
ta(a) ta(s) i @)
TEST ACCESS TIME ACCESS TiM| 'S
TYPE CCESS TIME DISABLE TIME | UNIT E
CONDITIONS FROM ADDRESS FROM ENABLE
MmN TYP} MAX | Min TYP? max| miIN TYP mAX
TBP38S22-XX | Military ”
TBP38$22-XX | Commercial CL = 30 pF 14 8 7 ns
"
TBP38S22 Military : See Note 2 ns
Commercial 14 8 7 ns
Al typical values are at Voe = 5V, Ta = 25°C.
NOTE 2: Load circuits and valtage waveforms are shown in Section 1 of The 77L Data Book, Volume 4, 1985.
i
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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 UNIT
MIN NOM MAX | MIN NOM MAX

vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High-level input voltage 2 2 A
ViL Low-level input voltage 0.8 0.8 Vv
loH High-level output current -1.6 -1.6 | mA
oL Low-level output current 8 8 mA
Ta Operating free-air temperature range -55 125 0 70 °C

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

PARAMETER TEST CONDITIONS T WILITARY COMMERCIAL UNIT
MIN TYP} MAX | MIN TYP! MAX

VK Vee = MIN, ) = —18 mA -1.2 12| v
Vo Vee = MIN, IoH = - 1.6 mA 2.4 3.1 2.4 3.1 A
VoL Vee = MIN, gL = 8 mA 0.5 0.5 \
lozH Vee = MAX, Vo = 24V 50 50 A
lozL Vee = MAX, Vg = 0.5V -50 50 | pA
) Voo = MAX, V| = 55V 1 1] maA
H Vee = MAX, V) =27V 25 26 | pA
L Vee = MAX, V) =056V -0.25 -0.25 mA
08 Voo = MAX, Vg = 2.25 v 60 60 mA
Icc Vee = MAX mA

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ipg.

switching characteristics over recommended ranges of Ta and VG (unless otherwise noted)
PARAMETER TEST MILITARY COMMERCIAL oNIT
CONDITIONS MIN TYP! MAX [ MIN TYP! MAX
t A ti f dd ns
tatA) Access t!me frorn ah. ress] — CL - 30 pF -
. ccess time from chi n .
alS) : ! 0 p select {enable time See Nate 2
tdis Disable time ns
*All typical values are at Veg = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The T7L Data Book, Volume 4, 1985.
i
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TBP38SA22, TBP38SAZX

2,048-BIT (256 WORDS BY 8 BITS)

STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 55 4.5 5 5.5 Vv
VIH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 A
VoH High-level output voltage 5585 5.5 v
oL Low-level output current 16 16 mA
TAa Operating free-air temperature range -55 125 o] 70 °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise

noted)
MILITARY COMMERCIAL
PARAMETER TEST CONDITIONS 1 "

0 MIN TYP? MAX | MIN TYP! MAX UNIT

ViK Vee = MIN, | = -18 mA -1.2 -1.2 | v
VoH = 2.4V 0.05 0.05

1 Ve = MIN, A
OH cc VOH = 55V o1 o1 | ™
VoL Vee = MIN, oL = 16 mA 0.5 05 | V
[ Vee = MAX, Vi =66V 1 1 mA
TN Voo = MAX, Vi = 2.7V 25 25 | xA
I Vce = MAX, Vi =05V -0.25 ~0.25 | mA
Ice Vee = MAX mA

sWitching characteristics over recommended ranges of Ta and V¢ (unless

TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

otherwise noted)

TEXAS
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

T MILITARY COMMERCIAL
PARAMETER EST UNIT
3 __CONDITIONS MIN TYP} MAX [ MIN TYP? MAX 7
| ta(a) Actess time from address ns E
ta(S) Access time from chip select (enable time) CL = 30 pF ns (@]
Propagation delay time, low-to-high-level See Note 2 o0
tPLH . ns
output from chip select [«
Al typical values are at Voc = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985,
285 ‘
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SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

D1416, DECEMBER 1972 —REVISED FEBRUARY 1984

® For Application as a’*Scratch Pad’* Memory SN7489 . .. J OR N PACKAGE

with Nondestructive Read-Out (TOP VIEW)
® Fully Decoded Memory Organized as 16 AD {1 Ussld vee
Words of Four Bits Each ME[2 5P AT
WE[]s 14[JA2
® Fast Access Time . . . 33 ns Typical D1 E“ 13[] A3
Diode-Clamped, Buffered Inputs @1(s 12[JD4
. . p2[Je 11[]Q4
® Open-(.:_ollector Outputs Provide Wire-AND a20 10l 03
Capability GND s al] @3
Typical Power Dissipation . . . 375 mW
Compatible with Most TTL Circuits logic symbol
description RAM 16 x 4
(1)
This 64-bit active-element memory is a A0 (1_51 o
monolithic, high-speed, transistor-transistor logic Al a4 al
(TTL) array of 64 flip-flop memory cells organized A2 ——— 15
in a matrix to provide 16 words of four bits each. A3 MU
Each of the 16 words is addressed in straight ME 42 n~Jic2iea
binary with full on-chip decoding. we B Ngy
The buffered memory inputs consist of four () u = -
address lines, four data inputs, a write enable, D1 —‘E ! o 15) &4
and a memory enable for controlling the entry A, 2D A1, 3|
and access of data. The memory has open- p2 16 | 7 52
collector outputs which may be wired-AND p3 10 | 9 53
connected to permit expansion up to 4704 pa 12 0N 54

words of N-bit length without additional output
buffering. Access time is typically 33
nanoseconds; power dissipation is typically 375
milliwatts.

FUNCTION TABLE

ME (WE| OPERATION CONDITION OF OUTPUTS

L | L |Write Complement of Data Inputs

L [ H | Read Complement of Selected Word
H | L | Inhibit Storage Complement of Data Inputs

H | H | Do Nothing High

write operation

read

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.

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.
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SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

logic diagram

CELL TELL
1-1

1)
@) 1
mE {2 )
CELL
341 3-2
13)
{1} N\ CELL TELL
AC S oL 1
14 )
) J CELL
= ) g %) 5ma

Cl CELL CELL
S 5=2
15}

Qs) CELL CEL
Al —DOTQD ey
.|
16
5
17
(14) CE CE
Az —DO—T—QD s
|
8
— HEH HEH
2
-
A3 = } 2 CELL CELL
T HEH
{10)
TerL TELL
EH HE
111

CECL CELL L
12-1 12=2 12-3 12~4

P o
=

112 — &
CELL CELL CELL
G
113)
CELL P [ CELL MEMORY CELLS
1z 3 1t 8I1AS NETWORK
CELL CELL CELL —]__
15~2 153 15=a [ =
CELL CELL
16=-2 16~4
SENSE LINE
L BIAS NETWORK
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64-BIT RANDOM-ACCESS READ/WRITE MEMORY

SN7489

schematics of inputs and outputs

AAA,
\ 4

Data Inputs:  Rgq = 6 ksy NOM
All others:  Reg = 4 k2 NOM

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee 4 -
OUTPUT
Req
INPUT I
—-——

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

Supply voltage, Vcc (see Note 1}
Input voltage (see Note 1)
High-level output voltage, VOH (see Notes 1 and 2)
Operating free-air temperature range
Storage temperature range

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, Veo 4.75 5 5.25 Vv
Width of write-enable pulse, ty 40 ns
Setup time, data input with respect to write enable, tg,, {see Figure 1) 40 ns
Hold time, data input with respect to write enable, t, (see Figure 1) 5 ns
Select input setup time with respect to write enable, tg, 0 ns
Select input hold time after writing, t, (see Figure 1} 5 ns
Operating free-air temperature, Ta [¢] 70 °C

" TEXAS '&?
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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 CONDITIONS MIN TYP? MAX UNIT J
ViH High-level input voltage 2 \ J
Vi Low-level input voltage 0.8 v J
ViK Input clamp voltage Vee = MIN, ] = —12mA -1.5 v
. Vee = MIN, ViH =2V,
| High-level output current 20 A
OH ¢ pu V)L = 0.8V, VOH = 5.5V “
Vee = MIN, ViH = 2V, | igL = 12 mA 0.4
\% Low-level output volt. \2
0L Rowrlevel output voliage ViL = 0.8V oL = 16 mA 0.45
| t t at maxim
I [nput current at maximum Vee = MAX, V| = 5.5V 1| ma
input voltage
i1 High-level input current Vee = MAX, Vi =24V 40 A
I Low-level input current Voo = MAX, V) =04V -1.6 mA
Ice Supply current Vee = MAX, See Note 3 75 105 mA
Ve = 6 V. Vo =24V,
C Off-stat tput capacitanc 8.5 F
o state output capacitance = 1 MHz p
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Ve = 5V, Ty = 25°C.
NOTE 3: Icc is measured with the memory enable grounded, all other inputs at 4.5 V, and all outputs open.
switching characteristics, Vg = 5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
tPLH Propagation delay time, low-to-high-level 26 50
output from memory enable ns
P tion delay time, high-to-low-level
tpHL ropagation delay time, high-to-low-leve a3 50
output from memory enable C = 30 pF,
Propagation delay time, low-to-high-level RL1 = 300 Q,
tPLH . 30 60
output from any address input Ry 2 = 600 Q, ns
. Propagation delay time, high-to-low-level See Figure 1
tPHL ) 35 60
output from any address input
N Sense recovery time Output initially high 39 70 ns
SR after writing Output initially low 48 70

*p
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SN7489
64-BIT RANDOM-ACCESS READ/WRITE MEMORY

PARAMETER MEASUREMENT INFORMATION

MEMORY

Vee ENABLE

Rp1=3000Q
From output

st I
underte CL=30pF & Ri7=6000 zg;nsss

LOAD CIRCUIT

MEMORY
ENABLE

WRITE
ENABLE
ANY
ADDRESS ANY HIGH
OUTPUT
- i
ANY ANY LOW \\ 15v
OUTPUT OUTPUT ~ -
———————— — VoL
Write enable is high,
READ CYCLE WRITE CYCLE FROM WRITE ENABLE

NOTES: A. The input pulse generators have the following characteristics: t, < 10 ns, ty <= 10 ns, PRR = 1 MHz, Zoyt = 50 Q.
8. CL includes probe and jig capacitance.

FIGURE 1-SWITCHING CHARACTERISTICS

i
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SN7489

54-BIT RANDOM-ACCESS READ/WRITE MEMORY

TYPICAL CHARACTERISTICS

INPUT CURRENT
'

PROPAGATION DELAY TIME
Vs

INPUT VOLTAGE FREE-AIR TEMPERATURE
4 — 40 —T —T T
Vee=5V L tpHL SELECT INPUTS —
2(-Ta=25°C L—=
—+—— 35 —
L
« 0 [DATAINPUTS J 30 X '(\
£ 2= W i
L o2 ALL OTHER INPUTS o 25 R h—%
§ E tPHL MEMORY ENABLE INPUT
= |
3 -4 5 20 Ly SELECT INPUTS
o = |
2 g g 15 tpLH MEMORY ENABLE INPUT
£ a
] 3 ‘
= _g * 10 ——
vVee=5V
—10 5 [ CL = 30 pF —
RL =300 2
ol 1] , AL |
-1 0 1 2 3 a 5 0 10 20 30 40 50 60 70
V}—input Voltage—V T a—Free-Air Temperature—"C
FIGURE 2 FIGURE 3
X
=
7
i
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SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

FEBRUARY 1971 REVISED DECEMBER 1972

SN54184, SN74184 BCD-TO-BINARY CONVERTERS
SN54185A, SN74185A BINARY-TO-BCD CONVERTERS
SN54184, SN54185A ... J OR W PACKAGE

SN74184, SN74185A ... J OR N PACKAGE
(TOP VIEW)

vi [y YUsld vee
v2 0z s G
v3 s [ E
vya [Ja 13D
description 5 ES 20 ¢
These monolithic converters are derived from the ve (e nll 8
custom MSI 256-bit read-only memories SN5488 and v7 s w[] A
SN7488. Emitter connections are made to provide GND ES 93 Y8

direct read-out of converted codes at outputs Y8
through Y1 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

TABLE 1
SN54184, SN74184
PACKAGE COUNT AND DELAY TIMES
FOR BCD-TO-BINARY CONVERSION
INPUT PACKAGES | TOTAL DELAY TIMES (ns}
(DECADES) | REQUIRED TYP MAX
2 2 56 80

. . 6 140 200

are logically equal, and in each case the LSB bypasses " 196 280

the converter as illustrated in the typical applications. 19 280 400
This means that a 6-bit converter is produced in each

28 364 520

case. Both devices are cascadable to N bits.

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 "1856A
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 SN74184 and SN74185A are characterized for operation from 0°C to 70°C.

SN54184 and SN74184 BCD-to-binary converters

The 6-bit BCD-to-binary function of the SN54184 in  addition to BCD-to-binary conversion, the
and SN74184 is analogous to the algorithm: SN54184 and SN74184 are programmed to generate
BCD 9'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,

a. Shift BCD number right one bit and examine
each decade. Subtract three from each 4-bit

decade containing a binary value greater than these complements can be produced on three lines.
seven. As outputs Y6, Y7, and Y8 are not required in the
b. Shift right, examine, and correct after each BCD-to-binary conversion, they are utilized to
shift until the least significant decade contains provide these complement codes as specified in the
a number smaller than eight and all other con- function table {following page, right) when the de-
verted decades contain zeros. vices are connected as shown above the function
table.
285 @ Copynight © 1985, Texas Instruments Incorporated
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SN54184, SN74184

BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54184 and SN74184 BCD-to-binary converters {continued)

6-B!T CONVERTER
MSD LSD

BCD 9'S BCD 10°'S
COMPLEMENT CONVERTER COMPLEMENTY CONVERTER
BCD 8CD

A S5vV° D [ B8 A

B A 2] c B A
E D C B A =f{ e o c 8 a E D C B A
SN54184 OR SN74184 SN54184 OR SN74184 SN54184 OR SN74184
¥5 v4 Y3 Y2 Y1 Y8 Y7 Y6 Y8 Y7 Y6
v g _l'
\25 24 28 22 21 20, Np Nc Ng Na To T¢c Tg Ta
~ e T Te Ty ML ELY
6-8IT BINARY OUTPUT BCD 9’'S COMPLEMENT BCD 10°S COMPLEMENT
FUNCTION TABLE FUNCTION TABLE
BCD-TO-BINARY BCD 9°S OR BCD 10°'S
CONVERTER COMPLEMENT CONVERTER
INPUTS OUTPUT:
WORDS = WORD =
E D C B T‘ G [Y5 Y4 Y3 Y2 Yt E' p c B A|G|vs ¥v7 vg
ot rL L L LfLufbt © v t L o} L L L L L|L|H L H
23 L t b L H|L|L L L t # 1 L ¢t L L H[LIH L L
4.5 L t L H L]|L]|]L L L H L 2 Lt L L H L|L[L H H
67 L Lt L H H|L|bL & L H HI 3 L L Lt H H[L[L H L
89 L LH L LJL]L L H L L | 4 L L H L L|L|lL H H
00 L H L L L«‘ LU e oL ow R TR T YU AR
1203 L H L L MLl b oHoHoL 6 Lt L H H L|L|L L H
1415 L H L H Lttt © H H H ! 7 L L H H H|L|L L L
1617 L H L H H[L L H L L L 8 L H L t L|L|L L H
18 19 L H H L L Lt H L L H 9 L H L L HiLIL L L
2021 [H L L L L[L|L H L #H T‘ 0 H L L L L|L|L U t
2223 H L L L HfIL]L H L H H 1 H L L L H|L|H L L
24-25 H L L H L Lt H H b L ‘ 2 H L ¢t #H L|fL[{H L L
2627 # L L H H|L|L H H L H ‘\ 3 H L L H HfL Lt H H
28 29 H L H L LjL|[L H H H L 4 H L H L L|LIL H H
3031 JH H L L L|L|L H H H H 5 [H € H L H[L[L ® L
3233 1JH H L L H LM L oL oL oL [ H L H H LJL|]L H ¢
34 35 H H L H L L|H L L L H 7 H L H H H|L|L L H
363/ [H H L H H|L|H L L H t 8 H H L L Lfut|uv b H
3839 |H H H L LlLlH L L H H 9 H o H L L oHiule Lo
| any 1x x x x x[H[H "W H n H [any Tx x x x x L« [H H H
H = high tevel, L = low level, X = irretevant H = high level, L = low level, X = irrelevant
NOTES: A. input conditions other than those shown produce NOTES: C. input conditions other than those shown produce
highs at cutputs Y1 through Y5, highs at outputs Y6, Y7, and Y8,
B. Outputs ¥6, Y7, and Y8 are not used for BCD-to- D. Outputs Y1 through Y5 are not used for BCD 9's or

binary conversion,

BCD 10's complement conversion.
YWhen these devices are used as complement converters, input E is
used as a mode control. With this input low, the BCD 9%
complement is generated; when it js high, the BCD 10's comple-
ment is generated.
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SN54185A, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54185A and SN74185A binary-to-BCD converters

6-BIT CONVERTER
6-B!T BINARY INPUT

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
shift left one bit,

. Examine each BCD decade. !f the sum is

greater than four, add three and shift left
one bit,

. Repeat step b until the ieast-significant

binary bit is in the least-significant BCD
location.

/e
/
E o [ 8 A
SN7418B5A
Y5 Y4 ¥3 Y2 vi

6-B1T BCD OUTPUT

TABLE I
SN54185A, SN74185A FUNCTION TABLE
PACKAGE COUNT AND DELAY TIMES SNARY s‘:::g: smmer QUTPUTS
FOR BINARY-TO-BCD CONVERSION € ocoB Al T |v8vrvevsvavavzys
INPUT PACKAGES | TOTAL DELAY TIME (ns) | S B
(BITS) REQUIRED VP MAX | SO T I R S S W W
4106 3 25 20 Lol e L . H H L L L L HL
L L L H H L H H L L L L H H
7or8 3 50 80 L L H L b L H H L L L H L L
9 4 75 120 L LW LH Ji J HMOH L L H L L oL
10 6 100 160 L L H H L L H H L L H L L H
11 7 125 200 L L H HH L H OH L L WL MWL
12 8 125 200 [T L H H L L HLHGH
L H L t H L H + L H H L ¢t
3 1o 150 240 L H L H L L H H L H L L [T
14 12 175 280 L H L oK L HoH LWL L LH
15 14 175 280 24 2% L H H L L] L H H L H &t L H t
15 16 200 320 26 27U H H L H L H H L H L L HH
17 19 225 360 <) H H H L L H H L H L H L L
H H H H L H H L H H L L L
18 2 225 360 b [ L L L H H L H H L L H
19 24 250 400 ! LU H L H H L HH L H L f
20 27 275 440 LU H L % H H L HH L HH
2 L L H H L H H L H H H L L
L H L i L H H H L L L [
L H L H L H H H L L L L H
L H H L L H H H L L L H L
_7[7 H H_f 8 H H H L L L -LHJ_‘
L H H H L L H L bt
L H H H L H L L L
L H H H L H L L H
L H H H L H L oH L
L : Hﬂ ;‘(ﬂ L’ L H H
L H H H L H oL L
L H H H H L Lt |
L H H H H LoLoHd
i LH H H H H H
H = high level, L = low level, X = irrelevant
i
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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, Vc( (see Note 1)

Input voltage . . . . . .
Operating free-air temperat

ure range: SN54184, SN54185A

SN74184, SN74185A

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

7V
55V

~55°C to 125°C

0°C to 70°C
—65°C to 150°C

SN54184, SN54185A

SN74184, SN74185A

MIN  NOM  MAX

MIN  NOM MAX

UNIT

Supply voltage, Vo

4.5 5 5.5

4.75 5 525

v_|
mA

Low-level output current, 10y 12 12
Operating free-air temperature, T —55 125 ¢ 70| °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS? MIN TYPi MAX| UNIT
V(4 High-level input voltage 2 v
Vi Low-levetl input voltage 08| V
Vik tnput clamp voltage Vee = MIN, I| = —12mA —-1.5 \4
Veg = MIN, Vig=12V,
loH High-level output current cc H 100 | uA
ViL=038V, VoH =55V
Vee = MIN, ViH=2V,
VoL Low-level output voltage 04 Y
ViL=08vV, lgL=12mA
I Input current at maximum input voltage Veg = MAX, V=55V 1| mA
It High-level input current Vee = MAX, V=24V 40| uA
LTH Low-level input current Vee = MAX, Vi=04V —1| mA
i Supply current, all outputs high 50
CCH Supply current, all outp 9 Vee - MAX A
IccL Supply current, all programmed outputs low 62 99

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

a

switching characteristics, Vg =5V, Ta = 25°C

TAll typical values are at Vec =5 V, Ty = 25"C.

) PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
> tpH Propagation delay time, low-to-high-level output from enable G Cy = 30pF, 19 30 ns
g tpHL Propagation delay time, high-to-low-level output from enable G Ry =300, 22 35 ns
0 tpLH Propagation delay time, low-to-high-level output from binary sefect R 2 =600, 27 40 | ns
tpHi. Propagation delay time, high-to-low-level output from binary select See Figure 1 and Note 2 23 40 ns
Texas W2
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SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

schematics of inputs and outputs

EQUIVALENT OF

ALL INPUTS

Vee -
6 k2
NOM

INPUT — -

TYPICAL OF
ALL OUTPUTS

QUTPUT

PARAMETER MEASUREMENT INFORMATION

Vee
Req %300 Q
30 pF
FROM QUTPUT 1
UNDER TEST 1
Co
Ry 22 60052

NOTE 2: See General Information Section for load circuits and voltage waveforms.

Cy includes probe and jig capacitance.

LOAD CIRCUIT
FIGURE 1

RAMs H

i
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SN54184, SN74184
BCD-TO-BINARY CONVERTERS

BCD
A\
/ \
MSD LSD

| ]

E D C B A

YS Y4 Y3 Y2 Y1

11

E D C 8 A

¥5 Y4 Y3 ¥2 Y1

bt bl

b6 bS5 b4 b3 b2 b1 b0

BINARY

FIGURE 2-BCD-TO-BINARY CONVERTER

FOR TWO BCD DECADES

MSD —most significant decade
LSD—least signiticant decade

Each rectangle represents an SN54184 or SN74184

TYPICAL APPLICATION DATA
SN54184, SN74184

BCD
Y
7 \
MSD LSD
Y S W G
PELT
EDC B A
Y5 Y4 ¥3 Y2 V1
INNENR
E D C B A E D C B A
¥5 Y4 Y3 Y2 Y1 Y5 v4 Y3 Y2 Y1
N
OPEN E D C 8 A

Y5 Y4 Y3 Y2 Y1

111

E D CB A

¥5 Y4 Y3 Y2 Y1

!

= |E D C B A

¥5 ¥4 Y3 Y2 Y1
R Ved e
OPEN hg h8

b7 b6 b5 b4 b3 b2 b1 b0,
—r
BINARY

\

FIGURE 3—BCD-TO-BINARY CONVERTER
FOR THREE BCD DECADES

xas WP

E
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS TEXAS 75265

385



SN54184, SN74184
BCD-TO-BINARY CONVERTERS

TYPICAL APPLICATION DATA
SN54184, SN74184

8COD

—

MSD

)
LSD

D5 C5 B5 A5 D4 C4 B4 A4 D3 C3 B3 A3 D2 €2 B2 A2 D1 C1 B1 A1 DO CO BO A0

E D C B A

Y5 Y4 Y3 Y2 Y1

INRRE

E D C B A
YS Y4 Y3 ¥2 Y1

E D C 8 A
YS Y4 Y3 Y2 Y1

.

11171

—

QPEN

[ |vs va v3 v2 v1

E D C B8 A

E D C B A

Y5 Y4 Y3 Y2 Y1

] [

111

€E D C&8 A
YS Y4 ¥3 Y2 Y1

E D C B A
Y5 Y4 Y3 Y2 Y1

E D C B A

Y5 Y4 ¥3 Y2 Y1

[ 1171

[ 11

| [

€E D C B A

YS Y4 Y3 Y2 Y1

E D C B A

Y5 Y4 Y3 Y2 Y1

€E D C B A

YS Y4 ¥3 Y2 Y1

€E D C B A

Y6 Y4 Y3 Y2 Y1

1

| [ ]

1

Y

110

OPEN

£E D C B A
Y5 Y4 Y3 Y2 Y1

E D C B A
Y5 Y4 Y3 Y2 Y1

E O C B A
Y5 Y4 Y3 Y2 Y1

EDCGB A EODCGB A EDCGB A
v5 va v3 v2 v1| | [vs va va v2 va| | lvs va v3 vz v1
EDC B A EDCGEB A €E DCGB A
v5 va v3 vz vi] | |vs va va v2 vi| [ [vs va va v2 v1
EDCGB A E D C B A
OPEN vs va v3 v2 v1] | {v5 va v3 vz v1
E D C B A E D CB A §
v5 va va vz vif | |vs va v3 vz vi <
l I o
NC E D C B A
Y5 Y4 ¥3 ¥2 Y1
EDCGB A
Y5 ¥4 Y3 Y2 Y1
* ]
4
= E D CB A
Y5 Y4 Y3 Y2 Y1
MSD—mast significant decade I l
LSD-least significant decade N v l v v ! v v | v
Each rectangle represents and SN54184 or SN74184. OPEN ¥ b18 ¥ bI6 ¥ b14 ¥ b12 ¥ b10 V b8 V¥ b6 ¥ b4 ¥ b2 ¥V b0
\b19 b17 B15 b13 b11 b9 b7 h% b3 b1 /
BINARY
FIGURE 4—-BCD-TO-BINARY CONVERTER FOR SIX BCD DECADES
385 %
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SN54185A, SN74185A
BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54185A, SN74185A

BINARY BINARY
/ N\
B6 B4 jz B2 B1 BO 88 B7 B6 B85 B4 B3 B2z 81 BO
E O C 8 A E D C B A
Y6 Y5 ¥4 Y3 Y2 Y1 Y6 Y5 Y4 Y3 Y2 Y1
IR =
N N— —
MSD Lsp Y5 _va Y3 Y2 _ Y1
8co £E D € B A]J]Jp ¢ B A
FIGURE 5—6-BiT BINARY-TO-BCD Y6 Y5 VY4 Y3 Y2 4 v3 vz Y1

REREERRERNS

\ / \ /' \m
A4 Vo

ol

Y1
i
[

Y3 vz Y |vs

Y4
FIGURE 6—8-BIT BINARY-TO-BCD ‘L EI

CONVERTER

< ol

Y2 v1i

SINVY

D ) B A

D sD
\ MS| L
BINARY BCD
/5 5o 5o 84 B3 8 87 80 FIGURE 7-9-BIT BINARY-TO-BCD
J ] l ' ] CONVERTER
E DCGB A
Y6 Y5 Y4 Y3 Y2 Y1 BINARY
S,
[~ N\
T D C B A B11 B10 B9 B8 87 B6 B5 B4 B3 B2 Bl BO
Y5 Y4 Y3 Y2 Y1 | l 11
J E D C B A
= [T o5 c 5 & Y6 Y5 Y4 Y3 Y2 Y1
Y5 Y4 Y3 Y2 Y1 | ] ]
T D C B A
l l II L Y5 Ya_ Y3 Y2 Y1
MSD LSo E D B8 a}fE c B A
N —
BCD Y6 Y5 _va v2 ¥5 vi_ v2
)
va
a
v1

b w——m mb{z o

—
«—3 o3
<

IERERE)

NV
B8CD

FIGURE 8-12-BIT BINARY-TO-BCD
CONVERTER (SEE NOTE B)
MSD-—Most significant decade
LSD— Least significant decade
NOTES: A. Each rectangle represents an SN54185A or an SN74185A .
B. All unused E inputs are grounded.

l. 385
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SN54185A, SN74185A
BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54185A, SN74185A

BII\;ALRV
/;5 B14 B13 B12 B11 B10 89 BE B? 86 B5 B4 B3 B2 B1 BF\
L 1 1]
E o [ 8 A
Y6 ¥5 v4 Y3 Y2 Vi
1 |
E [>) [ 8 A
Y5 Yv4 Y3 Y2 Y1
[ | |
13 o C B A E o} C B8 A
Y6 Y5 Y4 ¥3 Y2 Yi|ly5 Y4 Y3 Yy2 vi
[ [ 1 ] [
E D c B A E D [ 8 A

Y5 Y4 Y3 Y2 Yi]|Y5 ¥4 v3 Y2 VY1

Lll[IELLL

o [+ 8 A

Y6 Yv5 Y4 Y3 Y2 Yifivys Y4 v3 v2 Y11 lvys v4 Vv3 Y2 Y1

1T 11 [ [ [ T 1 [T

A E o [+ -] A [»] c 2] A

Y1l [yS Y4 v3 vz vYiJ|ys Y4 v3 vz VY1

——

E B
Y5 Y2
1 L
8 D
Y6 Y5 Y4 Y3 Y2 VYI]|¥Y5 Y4 Y3 Y2
1 L
D A
Ya Y1

Y3 Y2

MSD LSD
—/
BCD

FIGURE 916 BIT BINARY-TO-BCD
CONVERTER {SEE NOTE B)

MSD —most significant decade

LSD—least significant decade

NOTES: A. Each rectangle represents an SN54185A or SN74185A,
B. Al unused E inputs are grounded.

{i’
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SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A
64-BIT RANDOM-ACCESS MEMORIES

02417, SEPTEMBER 1980 - REVISED FEBRUARY 1985

Organized as 16 Words of Four Bits
Each

Choice of Buffered 3-State or Open-
Collector outputs

Choice of Noninverted 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 decading
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

Information to be stored in the memory is written into the selected address location when the chip-select
(S) 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 puli-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.

SN54LS189A, SN54LS289A . . . J PACKAGE
SN741L5189A, SN74LS289A . . . J OR N PACKAGE

{TOP VIEW)
1 Uie vee

SOz spOar
RW s 1a[d Az
D1 Qs 1a[] A3
a1 [Qs 120 pa
p2[Je w[Qas
az[j» w03
GND [1s 9/] @3

SN54LS219A, SN54LS319A . . . J PACKAGE
SN74LS219A, SN74LS319A . . . J OR N PACKAGE

{TOP VIEW)
Ao Uhed vee
S[2 s Al
RIW [ 1a] ] A2
D1 Ga 135IA3
Q1]s 12[]D4
D2[Js n[J 04
02E7 10[] D3
GND s o[] Q3

FUNCTION TABLE

INPUTS OUTPUTS
CHiP WRITE
FUNCTION ‘LS189A ‘LS289A ‘Ls21 ‘LS31
SELECT | ENABLE 89 S219A 3194
Write L L z off z Off
Complement Complement Dat D
Read L H of Data of Data ata ata
Entered Entered
Entered Entered
Inhibit H X z Off z Off

H = high level, L = low level, X = irrelevant, Z = high impedance

Texas ”
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SN54LS189A, SN54LS219A, SN54LS283A, SN54LSI19A
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A
64-BIT RANDOM-ACCESS MEMORIES

logic symbols

‘LS189A LS219A
RAM 16 X 4 RAM 16 X 4
(n (1}
AD 0 A0 0
A]E {15)
P A= ] Al
Az t14 15 POMLL 15
1
A3%— 3 A3i— 3
s el s
R/W 1EN [READ] R/W 1EN [READI]
1C2 (WRITE] m 1C2 IWRITE]
S -
o1 _rA%p AVE2 5 o1 4_Ii7m A v—2 as
0218 5, 0218 0 a2
D3 ———:12’) >——:?’” a3 D3 ——“g’ ‘ ———:?’1) Q3
D4 —— Q4 D4L— Qa4
'LS289A 'LS319A
RAM 16 X 4 RAM 16 X 4
YL 0 a0 0
a1_18) 0 PORGL /A
a2 14 5 az_1a | =
A3 ‘;3’ 3 LN P
§——‘>l:3: G1 §—B-g; G1
R/W—E 1 EN [READ] RAW 1EN [READ]
1C2 WRITE] _I; 1C2 IWRITE) I}
o1 4 A, 2D A Q| G a1 o1 7 A B o
p2—8 :;’ Q2 p2—8 L D o,
o502 o oot o
DAL‘ Q4 04& Q4
5 schematics of inputs and outputs
EQUIVALENT OF § EQUIVALENT OF TYPICAL OF 'LS189A TYPICAL OF 'LS289A
o AND W INPUTS D AND A INPUTS AND ‘LS219A OUTPUTS AND ‘LS319A QUTPUTS
S |vee —— —- | Ve p—-—| - ——— ¢ Vcc
> 501 2
7] 7.5k g L 22 k0 3
NOM T 3 Nom
| $ Nom r OUTPUT
INPUT - - -
INPUT
3 OUTPUT
1
I
% 284 |
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SN54LS183A, 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)
Input voltage

Off-state output voltage: ‘LS189A, 'LS219A

Operating free-air temperature range: SN54LS’ Circuits
SN74LS’ Circuits

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

‘LS289A, ‘LS319A

recommended operating conditions

-55°C to 125°C
0°C to 70°C
-65°C to 1560°C

SNS54LS189A, SN74LS189A,
SN54LS219A SN74LS219A UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 55 | 475 5 5.26 A\
High-fevel output current, IgH -1 ~2.6 | mA
Low-level output current, IgL 12 24 | mA
Width of write pulse (write enable low), ty(wr) 100 70
Address before write pulse, tgu(ad) ol ot ns
Setup time Data before end of write pulse, tgy(da) 1001 60!
Chip-select before end of write pulse, ts,(g) 1001t 601
Address after write pulse, th(ag) o)) ot
Hold time Data after write pulse, th{da) o1 o1 ns
Chip-select after write pulse, th(s) of ot
Operating free-air temperature, T -5§ 125 0 70 [ °c ]

11 The arrow indicates the transition of the write-enable input used for reference: t for the low-to-high transition, | for the high-to-low transition.

&)

RAMs
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SN5ALS189A, SN54LS219A, SN74LS189A, SN74L5219A
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 SNS4LS219A SN74LS218A UNIT
MIN_TYP¥ MAX | MIN TYP¥ MAX
V|H High-level input voltage 2 2 \
ViL Low-level input voltage 0.7 0.8 A\
Vik Input clamp voltage Vee = MIN, 1) = —-18 mA -1.5 -1.5 \2
Vi =MN, V=2V,
Vou High-level output voltage | * CC tH 24 3. 24 31 v
Vi = Vymax, loy = MAX
Vee = MIN, vy =2V, [igL = 12mA 0.25 0.4 0.26 0.4
VoL Low-level output valtage v
VL = Vi max loL = 24 mA 0.35 0.5
Off-state output current | Voo = MAX, Vi = 2V,
lozH .. . 20 20| uA
high-lgvel voltage applied | V| = V| imax, Vg = 2.7 V |
lozL Off-state output curre.nt, vVee = MAX, Vg =2V, _20 ~20| A
low-level voltage applied | Vi = Vjpmax, Vg = 0.4V
| t t at
y o eutcurrenta Vee = MAX, Vi =7V 100 100 | uA
maximum input voitage
iy High-level input current Veog = MAX, V= 27V 20 20 | wA
i Low-level input current Vee = MAX, V) =04V -0.4 -0.4 | mA
Short-circuit output
! Vi = MAX - 30 -130 | -30 -130 | mA
05 CUH’EI’\(§ cc
Icc  Supply current Vgg = MAX,  See Note 2 35 60 35 60 | mA

tFor conditions shown as MIN or MAX,

Al typical values are at Vge = 5 V, Ta = 25°C.
8Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
NOTE 2: Icc is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.6 V, and all outputs open.

use the appropriate value specified under recommended operating conditions.

switching characteristics over recommended operating ranges of T and V¢ C (unless atherwise noted)

r SN5ALS189A SN74LS189A T
PARAMETER TEST CONDITIONS SN54LS219A SN74LS219A UNIT
MIN_TYP? MAX_| MIN TYP? maAX
5 talad) Access time from address CL = 45 pF, 50 90 50 80 ns
ta(S) Access time from chip select (enable time} See Note 3 35 70 35 60 ns
tsp  Sense recovery time 55 100 55 90 ns
§ tpxz Disable time from high or low level from 5 = CL = 5pF 30 80 30 50 ns
g from R/W See Note 3 40 70 40 60
[7) Al typical values are at Vge = 5V, Ta = 25°.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
Texas W
5-22 EXAS
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SN54LS289A, SN54LS319A, SN741S289A, SN74LS319A
64-BIT RANDDM-ACCESS MEMORIES
WITH OPEN-COLLECTOR OUTPUTS

recommended operating conditions

SN54LS289A. SN7415289A, B
SN54LS319A SN74LS319A UNIT
MIN NOM MAX MIN NOM MAX
[ Supply voltage, Ve 45 5 55 |4.75 5 525 V
High-level output voltage, VOR 5.5 5.5 \Y
Low-level output current, lg| 12 24 mA
Width of write pulse (write enable low). twiwr} 100 70
Address before write pulse, tgy(ad) ol ot ns
Setup time Data before end of write pulse, tg,(da) 100t 60t
Chip-select before end of write pulse, tg(s) 1001 60t
Address after write pulse, th{ad) of [] |
Hold time Data after write pulse, th{da) ot ot ns
L Chip-select after write pulse, th(g) ot ot
B)perating free-air temperature, T -55 125 o] 70 °C

11 The arrow indicates the transition of the write-enable input used for reference: t for the low-to-high transition, ! for the high-to-low transition.

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
SN54LS289A SN741LS289A ]
PARAMETER TEST CONDITIONS SN54LS319A SN74LS319A UNIT
MIN_ TYP} max | MmN TYP? MAX
Vi High-level input voltage 2 2 v
D"L Low-level input voltage 0.7 08| V
| ViK_Input clamp voltage Vee = MIN, || = —18mA 15 15[ vV
IgH High-level output current Ve = MIN. Vi = 2V, [Vg = 24V 20 20 uA
Vi = Vjmax, Vo = 5.5V 100 100 |
VoL Low-level output voltage Vee = MIN, Vg =2V, |lgL = 12 mA 0.25 0.4 0.25 0.4 v
VL = Vi max oL = 24 mA 0.35 0.5
Input current at
U ) . Vee = MAX, Vi =7V 100 100| A
maximum input voltage
“lH High-level input current Vee = MAX, V=27V 20 20| uA
L Low-level input current Vee = MAX, Vi =04V -0.4 ~0.4 mA
Icc  Supply current Ve = MAX, See Note 2 35 60 35 60| mA

TFor conditions shown as MIN or MAX,

Al typical values are at Voo = 5V, Ty = 25°C.
8Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

NOTE 2: Igc is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.5 V, and all outputs open.

use the appropriate value specified under recommended operating conditions.

RAMs W&

switching characteristics over recommended operating ranges of TA and V¢ (unless otherwise noted)

SN54LS289A SN74LS289A
PARAMETER TEST CONDITIONS SN54LS319A SN74LS319A UNIT
MIN TYP¥ MAX | MIN TYr! MAX
ta(ad) Access time from address 50 90 50 80 ns
Access time from chip select
ta(s) A 35 70 35 60 ns
{enable time) C_ = 45 pF, RL = 6679,
tgr  Sense recovery time See Note 3 55 100 55 90 nsj
Propagation defay time, from S 30 60 30 50 ]
tpLH low-to-high-leve! — ns
output (disable time) from R/IW 40 70 40 60
*All typical values are at Vo = 5V, Ta = 26°.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
TEXAS bi
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SN54S189B, SN545289B, SN74S189B, SN7452898
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

SEPTEMBER 1976 REVISED FEBRUARY 1984

STATIC RANDOM-ACCESS MEMORIES

® Fully Decoded RAMs Organized as SN545189B, SN545289B . . . J OR W PACKAGE
16 Words of Four Bits Each SN7451898, SN74S289B . . . J OR N PACKAGE
(TOP VIEW)
® Schottky-Clamped for High Speed:
Read Cycle Time . . . 25 ns Typical A0 LI sl Vee
Write Cycle Time . . . 25 ns Typical S0z A
wWs a[daz
® Choice of Three-State or Open-Collector p1 s 130 A3
Outputs a1[]s 12[]D4
Compatible with Most TTL and 12L Circuits 02(]s n1[JQ4
. - az[]» 1o[]D3
Chip-Select Input Simplifies External GND (s 9[] Q3
Decoding
description

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 545/74S 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 low, the 'S189B 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
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 ‘S1898 output will be in the high-impedance state and the ‘'S289B output will be off.

ol

(23
FUNCTION TABLE E
INPUTS ! :
EUNCTION $1898 52898 o
CHIP SELECT WRITE ENABLE OQUTPUT OUTPUT
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
284 % Copynght € 1979, Texas Instruments fncorporated
TEXAS §-25
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SN545189B, SN545289B, SN745189B, SN7452898
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

logic symbols

functional block diagram

SNVY mé

5-26

'S1898 ]
RAM 16 X 4 pryL [
Ao—j‘” 0 —
A1l _s ) 0 A1 {15) — ]
az_14) Als ADDRESS 1-0F16 [~ 64811 MEMORY
BUFFERS DECODERS
(13) (14) ORGANIZED
A3 A2 | 16-X4
E—b(s) G1 —
RAW. 1EN [READ] az 13 —]
_Eg €2 {WRITE]
o012 _fao avE2 g J r
(6} n_ - @
02 62 LI
(10 L (9~ CHIP SELECT (5) WRITE AND SENSE
) oy 2 _(3) AMPLIFIER CONTROL
D4 - aa READ/MWRITE (R/W)
014
‘82898 D2 (6)
RAM 16 X 4 L
a1 o b 112)
aq.18) 0 @ o] @ an
A2 14 Als at G2 a3 s
A3 (;3’ 3
§-—:§%>u G1
RW 1EN [READ]
_T; 1C2 (WRITE]
@ {5) -
D1 A, 2D A O a1
0218 (;) a2
or-ce]
{12) Ga
schematics of inputs and outputs
EQUIVALENT OF EACH INPUT "S1898 OUTPUT ‘S2898 OUTPUT
Vee . 2 - - "———Q———VCC
>
58 2 NOM
b OUTPUT
INPGT L
S
b4 OUTPUT
3
?
i
Texas b
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SN5451898, SN545289B, SN7451898B, SN745283B
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

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

Supply voltage, VGC (see Note 1)
Input voltage
Off-State output voltage

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

SN74S’ Circuits .. ... ... ... .. ...

Operating free-air temperature range: SN54S’ Circuits

0°C to 70°C

~65°C to 150°C

SN548° SN748’ UNIT
MIN NOM MAX [ MIN NOM MAX
Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 b5.25 \
High-level output voltage, VoH 'S2898 5.5 5.5 \'
High-level output current, loH 'S1898 -2 -6.5 mA
Low-level output current, lg| 16 16 mAT
Width of write pulse (write enable low), ty(wr) 25 25 ns
Address before write pulse, tgy(da) ot 0i
Setup time Data before end of write pulse, tgy(da) 251t 251 ns
Chip-select before end of write pulse, tg(g) 251 251
Address after write puise, th{ad) 31 ot
Hold time Data after write pulse, th(da) ot ot ns
Chip-select after write pulse, th(3) ot ot [
Operating free-air temperature, Ta —-55 125 0 70 Ij—‘

*1The arrow indicates the transition of the write-enable input used for reference: 1 for the iow-to-high transition, { for the high-to-low transition.

82
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SN545189B, SN545289B, SN74S189B, SN745289B
64-BIT HIGH-PERFORMANCE
RANDOM-ACCESS MEMORIES

electrical characteristics over recommended operating free-air temperature

{unless otherwise noted)

range

PARAMETER TEST CONDITIONSY 51898 52898 UNIT
R MIN TYP} MAX | MIN TYP? MAX
Vi High-level input voltage 2 2 \
Vit Low-level input voitage 0.8 08| Vv
Vi  Input clamp voltage Vee = MIN, I = -18 mA -1.2 -12| Vv
v Hiah-level ¢ volt Vee = MIN, Vg = 2V, | SN54S’ 2.4 3.4 v
- voltage
OH Highrlevel output voltage 1\ '"_ 0.8V, Ioy = MAX|SN745' 24 32
: Vee = MIN, Vg =2V, Vg =24V 40
- A
loH High-level output current Vil - 08V Vo =55V To0] “
Vee = MIN, vy = 2V,
- | 0.35 0.5 0.35 05| Vv
VoL Low-level output voltage Vil = 0.8V, loL ~ 16 mA
Off-state output current, Vee = MAX, vy = 2V,
lozH . ’ 50 7
high-level voltage applied V) = 0.8V, Voy = 2.4V
Off-state output current, | Voo = MAX, Vg =2V,
lozL . -50 nA
low-level voltage applied | V| = 0.8V, Vg =04V
I !nput current at maximum Vee = MAX, V| = 5.5V 3 1| ma
input voltage
ItH  High-level input current Vee = MAX, V| =27V 25 25| WA
he Low-level input current Vee = MAX, V=05V -~ 250 ~250 | uA
Short-circuit output
[ Vee = MAX -30 -100 mA
0S5 currents cc
Icc  Supply current Vee = MAX, See Note 2 75 110 75 105 mA

NOTE 2: Icc is measured with the read/write and chip-select inputs grounded. All other inputs at 4.5 V, and the outputs open.

‘$189B switching characteristics over recommended operating ranges of TA and V¢

(unless otherwise noted)

SN545189B SN7451898
PARAMETER TEST CONDITIONS UNIT
MIN TYP¥ MAX | MIN TYP? MAX
tajad) Access time from address 25 50 25 35 ns
Access time from chip select Cy = 30 pF, R
t 18 25 18 22
5 a(8)  (enable time See Note 3 ns
tSR Sense recovery time 22 40 22 35 ns
Disable time from high From S CL = 5 pF, 12 25 12 17
tpxz — ns
g or fow level From W See Note 3 12 30 12 25
= ‘$2898B switching characteristics over recommended operating ranges of TA and VoC
o0 {unless otherwise noted)
SN5482 2898
PARAMETER TEST CONDITIONS 898 SN74528 UNIT
MIN TYP} MAX [ MIN TYP? mMaAX
tajad) Access time from address 25 50 25 35 ns
A time from chip-select
tagg) | ooestime dr prselec CL = 30 pF, 18 25 18 22| ns
{enable time) R - 3000
1SR Sense recovery time R::; - 600 Q: 22 40 22 35 | ns
P ion delay time, z
ropagatlnon elay time From § See Note 3 12 25 12 17
tpLH  low-to-high-level — ns
output (disable time) From W 12 30 12 25
TFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
T All typical values are at Vge = 5V, Ta = 26°.
SDuration of the short circuit should not exceed one second.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
TEXAS 0"
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SN748201, SN74S5301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

D2007, SEPTEMBER 1877- FEBRUARY 1984

STATIC RANDOM-ACCESS MEMORIES

® Static Fully Decoded RAM's Organized as SN745201. SN74S301 . . . J OR N PACKAGE

256 Words of One Bit Each (TOP VIEW)
Schottky-Clamped for High Performance ao T 1611 Vee
® Choice of Three-State or Open-Collector Atz 1s[] A2
Outputs S510s  aJA7
520« 3D
Compatible with Most TTL and 12L Circuits 53 (0s 12[] RW
Chip-Select Input Simplify External Decoding alse 1[das
A3[7 wo[das
Typical Performance: GND (s o7 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 ‘S201 outputs are in the high-
impedance state and the ‘S301 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 cycie) is
available at the output when the write-enable input is high and the three chip-select inputs is low. When
any one of the chip-select inputs are high, the ‘S201 outputs will be in the high-impedance state and the
‘S301 outputs will be off.

82

FUNCTION TABLE §
INPUTS <
‘$201 '$301 [+
FUNCTION CHIP SELECT WRITE ENABLE — _
= — OUTPUT (Q) OUTPUT (Q}
b} RIW
Write L L High Impedance Off
Read L H Compiement 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 = al! Si inputs low, H = one or more Si inputs high
284 ¢ Copyright ® 1979 Texas Instruments incorporated
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SN745201, SN748301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

logic symbols

SN748201

RAM 256 X 1

Sz 1AL o) G1

R/W 1EN [READ!
—E 1C2 [WRITE]

schematics of inputs and outputs

SN748301

RAM 256 X 1

R/W—L-;l 1EN [READ]

1C2 [WRITE]

oAz RoG

82

EQUIVALENT OF EACH INPUT

Vee - —-

‘8201 OUTPUT

58 2 NOM $

—_ ——1:—— Vee
>
>

OUTPUT

AAA
W

‘8301 OUTPUT

ouUTPUT

SINVY

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

otherwise noted)

Supply voltage, Vo (see Note 1) . .. ... 7V
INPUL vOIage . . . . . 55V
Off-State output voltage . ... .. .. .. .. . e 5.5V
Operating free-air tempPerature range . . . . . . ..ottt e it e 0°C to 70°C
Storage temperature range . . .. . . .. ... i e e -65°C to 160°C

5-30

POST OFFICE BOX 225012 ® DALLAS. TEXAS 75265

{ip
Texas
INSTRUMENTS



SN748201, SN743301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

recommended operating conditions

SN748201 SN748301 UNIT
MIN NOM MAX | MIN NOM MAX
\\Supply voltage, Vccisee Note 1} 4.75 5 525 |4.7% 5 5.25 \Y
Uighvlevel output voitage, VgH 5.5 A
u—iigh—level output current, IgH -10.3 mA
Low-level output current, IgL 16 16 mA
Width of write pulse (write enable low), ty(wr) 65 65 ns
Address before write pulse, tgy{ad) 04 04
Setup time Data before end of write pulse, tgy(da) 661 651 ns
Chip-select before end of write pulse, t54(5) 651 651
Address after write pulse, th(ad) ot ot
Hold time Data after write puise, th(da) 01t ot ns
Chip-select after write pulse, ty(G) 0t 0t
Operating free-air temperature, TA [4] 70 o 70 °C

1 {The arrow indicates the transition of the write-enable input used for reference: 1 for the low-to-high transition, | for the high-to-low transition.
NOTE 1: Voltage values are with respect to network ground terminal.

electrical characteristics over recommended operating free-air temperature range {unless otherwise
noted)

PARAMETER TEST CONDITIONS ' 5201 3301 UNIT
MIN TYP¥ MAX [ MIN TYP? MAX
V|4 High-level input voltage 2 2 v
Vit Low-level input voltage 0.8 0.8 \
Vik  Input clamp voltage Ve = MIN, ) = -18mA -1.2 -1.2 \4
] Vge = MIN, Vi = 2V,
Vou High-level output voltage 2.4 3
ViL = 0.8V, gy = MAX
VoL Low-level output voltage | Voe = MIN, Vg = 2V, gL = 16 mA 0.45 0.45 Vv
. Ve =MIN, Vg =2V, Vg =24V 40
loH High-level output current Vi = 0.8V Vo =55V 700 A
lozH Off-state output current, Vee = MAX, Vig = 2V, 20 LA

high-level voltage applied | V) = 0.8V, Vgy = 2.4V

Off-state output current, | Voo = MAX, Vi = 2V,
lozL . -40 rA
low-level voitage applied ViL =08V, vgL =05V

o1

jnput current at maximum Voo - MAX, V| = 5.5V ] 1| (2]
input voltage E
iy High-level input current Veg = MAX, v = 2.7V 25 25 | A <
I Low-level input current Vee = MAX, V) =05V ~250 -250 | pA [0
| Short-circuit output v ~ MAX _10 ~100 mA
05  currentt cc
Icc  Supply current Vee = MAX, See Note 2 100 140 100 140 | mA

TFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
Al typical values are at Vog = 5V, Ta = 25°C.

$Duration of the short circuit should not exceed ane second.

NOTE 2: icc is measured with all chip-select inputs grounded, all other inputs at 4.5 V, and the output open.

{i’
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SN748201, SN745301
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES

‘S$§201 switching characteristics over recommended operating ranges of Tap and VC¢
{unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP¥ mAX | uniIT
talad) Access t?me from ad‘dress . CL - 30 pF, 42 65 ns
ta(s) Access time from chip select (select time) See Note 3 13 30 ns
tSR Sense recovery time 20 40 | ns

X X X From S Cp = 5 pF,
tpxz Disable time from high or low level — 9 20 ns
From R/W See Note 3
‘8301 switching characteristics over recommended operating ranges of Ta and V¢
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP¥ mMaX | UNIT
t Access time from address 42 65 ns
alad) : C_ = 30 pF,
ta(S)  Access time from chip enable {enable time} R - 3000 13 30 ns
tSR Sense recovery time L= ’ 20 40 | ns

_ R 2 = 600 Q,
Propagation delay time, low-to-high-level From S 8 20
tPLH — See Note 3 ns
output (disable time) From R/W 15 35

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

o

SINVH

Al typical values are at Vge = 5V, Ta = 26°.
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SN54284, SN54285, SN74284, SN74285
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

MAY 1972 -- REVISED DECEMBER 1983

e Fast Multiplication of Two Binary Numbers SN54284 ... J OR W PACKAGE
8-Bit Product in 40 ns Typical SN74284 ... JOR N PACKAGE
(TOP VIEW)
e Expandable for N-Bit-by-n-Bit Applications:
16-Bit Product in 70 ns Typical 2¢ [T Use vee
32-Bit Product in 103 ns Typical 28 []2 1s[] 2D
. . o 2a (3 a0 GA
e Fully Compatible with Most TTL Circuits b s 30 T8
e Diode-Clamped Inputs Simplify System 1A 0s 2] v4
Design B Qs n[] vs
1c 7 wd ve
description GND []8 9 Y7
These high-speed TTL circuits are designed to be used SN54285 . . . J OR W PACKAGE
in high-performance parallel muitiplication applica- SN74285...J OR N PACKAGE
tions. When connected as shown in Figure A, these (TOP VIEW)
circuits perform the positive-logic multiplication of
two 4-bit binary words. The eight-bit binary product 2C E1 186 vee
is generated with typically only 40 nanoseconds 2B ]2 18] 2D
delay. 2a [0 [ ca
10 4 1 GB
This basic four-by-four muitiplier can be utilized as a 1A ES ‘g% Yo
fundamental building block for implementing larger 18 s wld v
multipliers. For example, the four-by-four building 1c E7 10 v2
blocks can be cc?nnectedias shown in Figure B to GND EB 9 v3
generate submultiple partial products. These results
can then be summed in a Wallace tree, and, as .
llustrated, will produce a 16-bit product for the two logic symbols
eight-bit words typically in 70 nanoseconds. 284
SN54H183/SN74H183  carry-save  adders  and 1a 19 o ;
SN545181/SN745181 arithmetic logic units with the 1B ((;;; b
SNB4S182/SN745182 look-ahead generator are used €3 A2,
to achieve this high performance. The scheme is ;2 (3) g PRIV
expandable for implementing N X M bit multipliers. 28 ((f’) }Q e s%vs
7 Y7
The SN54284 and SNG54285 are characterized for 20 ::g; 3 5
operation over the full military temperature range of 7374)“ & EN
—55°C to 125°C; the SN74284 and SN74285 are GA——" »
characterized for operation from 0°C to 70°C. E
285 <L
NI e o
18 {6}
e p
w413 o2 v
PYSIETIIN by IRV
2B (2) 7O 2 {10} V2
[§}] Q 3 {9 v3
(15)
SO
GB—— R
GA 4) _‘EN
Pin numbers shown are
for J and N packages.
’. Copyright © 1985, Texas Instruments Incorporated
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SN54284, SN54285, SN74284, SN74285
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

schematics
EQUIVALENT OF TYPICAL OF
EACH INPUT ALL OUTPUTS
Vee -
OUTPUT
6 k2 NOM
INPUT ——

/77
BINARY INPUTS
WQRD 2 WORD 1
A A
723 22 21 0% 733 22 21 20
20 2C 28 2A D 1C 1B 1A 20 2C 2B 2A D 1IC 18 1A
GA GA
SN542B4/SN74284 SN542B5/SN74285
GB GB
Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y0
> - I
g 27 26 25 24 23 22 21 20,
72

\4
BINARY OUTPUTS

FIGURE A—4 X A MULTIPLIER
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SN54284, SN54285, SN74284, SN74285

4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS
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SN54284, SN54285, SN74284, SN74285
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS

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

Supply voltage, V¢ (see Note 1)

Input voltage

Operating free-air tempe

Storage temperature range

rature range: SN54’ Circuits

SN74’ Circuits

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

A%
bV

—55°C to 125°C
. 0°Cto70°C
—65°C to 150°C

SN54284 SN74284
SN54285 SN74285 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Ve 4.5 5 55 | 4.75 5 5.25 A
High-level output voltage, Vo 5.5 5.5 \Z
Low-level output current, |g 16 16 | mA
Operating free-air temperature, T p —-55 125 o] 70 | °C

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

PARAMETER TEST CONDITIONS! MIN TYP MAX |UNIT
V|1 High-level input voltage 2 v
VL Low-level input voltage 08| Vv
vV, Input clamp voltage Vee=MIN, )= -12mA -15| Vv
Vee=MIN, Vig=2V,
loH High-fevel output current cc 1" 40 | uA
VyL =08V, VgH=55V
Ve =MIN, 1o 2maA 04
VoL Low-level output voltage ViH=2V, v
ViL =08V 1oL = 16 mA 0.45
1} Input current at maximum input voltage Voo =MAX, V=556V 1| mA
Iy High-level input current Veg=MAX, V=24V 40 1 uA
. Low-level input current Voo =MAX, V=04V -1 mA
Ve = MAX,
o SN54284, SN54285
Ta=125C, 29
N package only
lcc  Supply current See Note 2 mA
Ve = 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.

fan typicat valuesare 8t Ve =5V, Ta = 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, Vcc =5 V. TA =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
tpH Propagation delay time, low-to-high-level output from enable CL =30 pF 10 GND, 20 30 ns
tpHL Propagation delay time, high-to-low-level output from enable Ri1 7300 2 to Vg, 20 30
1pLH Propagation delay time, low-to-high-level output from word inputs Ry 2 =600 2 1o GND, 40 60 s
tpHL Propagation delay time, high-to-low-level output from word inputs See Note 3 40 60

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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TTL SN54S484A, SN54S485A, SN74S484A, SN74S485A
LSl BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS
02534, JUNE 1979—-REVISED FEBRUARY 1984
SN54S5484A, SN74S484A, BCD-TO-BINARY CONVERTERS
SN54S485A, SN74S485A BINARY-TO-BCD CONVERTERS
® Significant Savings in Package Count SNE4S484A, SN54S485A . . . J PACKAGE

Compared with SN54184, SN54185A,

SN54S484A, SN54S485A . . . J OR N PACKAGE

POST OFFICE BOX 225012 ® DALLAS. TEXAS 75265

SN74184, or SN74185A (Over Half in (TOP VIEW)
Many Applications) e [T T2el] vee
® Three-State Outputs p(]e 19[]F
INPUTS c:s 1806 INPUTS
description B+ 70H
All5 18] | G2
These monolithic converters are derived from the Y1 EG 15] &1 } ENABLES
TBP28L22 factory-programmed read-only v2 07 14% Y8
memories. Both of these converters comprehend OUTPUTS vae 3] v7
that the least-significant bits (LSB) of the binary vals 121 ve OUTPUTS
and BCD are logically equal, and in each case, GND C‘O 10 vs
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. 5
logic symbols
[22)
SN545484A SN54S485A E
SN74S484A SN74S485A <
- s BCD/BIN BIN/BCD o
G & g, 9 ] &
G2 16 EN g1 EN
G2 16 my
()
A 2/Ga 257 E v1 >318va +
) ATV ATV A L )
c 8 ¥1
I 83 V-8 v3 g 2 20 V [Fy
@ o Vi 165 V|2 va c-8L1g da v g Y2
D 0 8 —— v3
g ;0 32¢3v%')-v5 D :f’ 16 «v o
STTETI S 6ag V2 v € —1'9—— 32 1007 (== ve
G (18) 80 1zsav“—3)v7 F—EI—B))— 64 2007 -(—1:,—Y5
y 02 ) 2ssavﬂY8 G ——— 128 400V f=——— Y6
50 P\ b/ B Y 80a 7 H2 vz
1600 7 H3L vs
i Copyright © 1979 Texas Instruments Incorporated
TEXAS b 5-37
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SN545484A, SN54S485A, SN745484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54S484A/SN748484A vs SN54184/SN74184

MAXIMUM TYPICAL
DECADES PACKAGE SUPPLY ACCESS TIME
COUNT CURRENT @7Ta = 25°C
(A} {ns)

‘S484A ‘184 ‘S484A | '184 ‘S484A ‘184
3 3 6 0.41 0.59 17 1356
4 5 1M 0.72 1.09 180 189
5 8 18 1.18 1.78 270 270
6 12 27 1.78 2.67 342 351
7 16 38 2.37 3.76 405 4086
8 21 49 3.14 4.85 495 485
9 27 62 4.02 6.14 567 540

SN54S485A/SN745485A vs SN54185A/SN74185A

MAXIMUM TYPICAL
BINARY PACKAGE SUPPLY ACCESS TIME
BITS COUNT CURRENT @ Ta = 25°C
(A} {ns}
‘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
=
=
@ 284
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SN54S484A, SN545485A, SN74S5484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54S485A, SN745485A
BINARY-TO-BCD CONVERTER

SN54S484A, SN74S484A
BCD-TO-BINARY CONVERTER

FUNCTION TABLE

FUNCTION TABLE

QUTPUTS
Y7 Y6 YE Y4 Y3 Y2 Y1

Y8
180

10

80 40 20

INPUTS

4 2

18

256 128 64 32

hry

QUTPUTS
¥7 Y8 Y6 Y4 Y3 Y2 Y1

A{:]

4 2

16

128 64 32

Invalid BCD code
(Ail outputs are high)

L

H L L H L L H L|KH H H L H L L H
H L L H L L H H|H H H L H t H L

INPUTS

2 | 266

4

10

160 80 40 20

H H ® H

H

rrelevant

X =

low tevel

L=

H = high level

Yo

BCD INPUT

LsD

SINVY

1
N — bl 2
p— oL
< S~
- 2
— oL
2° 3 >~
b1 <
Zo 5 ef .o
A A
Rz y [Te] o
Msl m S
me_ 1 I oo
© L >r=
© @
a—fo W.I.W
]
© ol 92
a1 >eg
~
-
~N—— W||l2
« —yjwo S—-=
3
xd
[ o—v m S
r o | S ol __©
< o M N 2
<
s— § ¢}—=
2
=] Ww oL
< m > 2
o ~ 8
L 8 © S—-=
Q o ©
7] ol
E 2 S8

LsSD

BCD OUTPUT

BINARY OUTPUT LS8

mss
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SN545484A, SN54S485A, SN745484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

N

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

Supply voltage, Ve (see Note 1) . . ... ... . e 7V
Input voltage . . .. ... . 55V
Off-state output voltage . . . . .. .. .. .. .. 5.5V
Operating free-air temperature range: SN54S484A, SN54S485A . . . ... ... ... -55°C to 125°C
SN74S5484A, SN74S485A . .. ... ... .. .... 0°C to 70°C
Storage temperature range . . .. .. ... ... ... -65°C to 1560°C
recommended operating conditions
SN548° SN745° UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voc 4.5 5 5.5 | 475 5 5.25 \
High-tevel output current, IgH -2 -6.5 | mA
Low-level output current, ig 16 16 | mA
Operating free-air temperature -585 125 o] 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise
noted)
PARAMETER TEST CONDITIONS T MIN TYP? MAX | UNIT
VIH High-level input voltage 2 \4
VL Low-level input voitage 0.8 \%
ViK Input clamp voltage Vee = MIN, Il = —18 mA -1.2 \4
V = MIN, ViH = 2V, ViL = 0.8V,
VgH  High-level output voltage vv tH It 2.4 3.1 \
IoH = MAX
Vce = MIN, Vig = 2V, Vi = 08V
V Low-level output voltage 0.5 \
oL P 9 loL = MAX
Off-state output current,
! \ = MAX, Vi = 2V, Vg = 24V 50 A
oZH high-level voltage applied cc H 0o *
Off-state output current,
I V = MAX, ViH = 2V, Vo ~ 05V - 50 A
ozL low-level voltage applied cc iH 0 #
Input current at maximum
Iy ) Voe = MAX, V| =55V 1 mA
5 input voltage
%) High-level input current Vee = MAX, Vi 27V 25 wA
L Low-level input current Voo = MAX, Vi =05V -0.26 mA
o los Short-circuit output current3 Vee = MAX, -30 - 100 mA
> Icc Supply current Vee = MAX, See Note 2 75 100 mA
% switching characteristics over recommended ranges of Ta and VCC (unless otherwise noted)
PARAMETER TEST SN548° SN74S’ UNIT
CONDITIONS MIN TYP! MAX MIN TYP! MAX
tafA) A time f dd 45 75 45 70 | ns
a(A) ccess rme rom a 'ress CL = 30 pF.See Note 3
tais) Access time from chip select 20 40 20 35 ns
tpxz Output disable time C_ = b pF, See Note 3 15 35 15 30 ns
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating condtions.
*All typical values are at Vee = 5 V. Ta = 25°.
8Not 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 té network ground terminal.
2. With outputs open and enable {G) inputs grounded, Icc 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.
3. Load circuits and voltage waveforms are shown in Section 1
i
5.40 EXAS b
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS TEXAS 75265

284



284

SN54S484A, SN54S485A, SN74S484A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee Py —
$20 ke - — Vee
>
‘L Nom 130 52 NOM
INPUT ———¢
ouTPUT
TYPICAL APPLICATION DATA
PACKAGES REQUIRED PACKAGES REQUIRED
Vs vs
DECADES OF CONVERSION BINARY BITS OF CONVERSION
80 [ 80 -
70 70 ~
I
60 60 -
i 5
50 50 |
wn
W a 17
9 Q
2 a0 g - E
Q 3] <
< SN54184/SN74184 03 SN54185A/SN74185A
& = o
30 | 30 -
‘ '
20 - 20 +
|
1 i
10 /’ 10+
| SN54S484A/SN745484A : SN54S485A/SN745485A
0 - . PR S 0= . . L L s
0 1 2 3 4q [ [ 7 8 9 0 q B8 12 16 20 24 28 32
DECADES BINARY BITS

{i,
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SN545484A, SN745484A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

2-DECADE-
BCD-TO-BINARY
CONVERTER

RO

o
KON
RO =

TYPICAL APPLICATION DATA
SN54S484A, SN745484A

11 l[l||l|| T * 640 111 F |
" 64 25| 23| 21
24" 22 | 5]
64 25| 23| 20
29 | 27 24 20
28 26 21312111 28 | 27
212 210 287 26
3-DECADE- 4-DECADE-
BCD-TO-BINARY BCD-TO-BINARY
CONVERTER CONVERTER
84 21
0000842
0000000
KK KKKKK

L]
' 1T 0
2!
2.048K zﬂ;g 2527 26 ﬁ#x 210| 28 | 26
1t 2% 27
215152”132‘2” - * 65.536K 215|213 [ 211
5 215 213 2 214 212
219 1217
218 216
o) 5-DECADE- 6-DECADE-BCD-TO-BINARY
> BCD-TO-BINARY CONVERTER
g CONVERTER
L] *SN54184A/SN74184A can be used.
K =103, M = 108
i
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SN545484A, SN74S484A

BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S484A, SN74S484A

|
xOO=
x oW
RO
XON

64

;|

L
[TT1]
48K J210)
29

.11
213 | 211
214 212

6K

2231221 | 219
222 220 2

217
8 216

7-DECADE-BCD-TO-BINARY
CONVERTER

RAMs H

8-DECADE-BCD-TO-BINARY
CONVERTER

*SN54184A/SN74184A can be used.
K =103, M = 108

284
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SN545484A, SN545485A,

SN748484A, SN745485A

BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN545484A, SN745484A

8421
0000842
00000 00
MMM MG MY
'E=P—L-|—LLLLL|0342
20M 842
mmmm 382
1000
2m MKKKI
£ 1M [[[]o8eaz
[ 64M J L 200K Jk & kK,
i 150 (N O Y O I Pt
[ 6.4M HI 20K Ik k k
ITTT I TTITJIITT 1] ],84z2
[ 640K ) 1[ 2K K
1 T irrrloraryrorriifts, .,
[ 2048mM ] 64K 200 0000
F:Ei‘—‘—u-“
2.048M 6.4K 20 084 21
£ 111 [ T1 JITTITITI7ITIT I 111
[ * 655M ] 204.8K | 640 1] 2 |
I_L.l | 117 LT
6.55M 20.48K 64 25 ] 23| 21
[T 24 22 20
655K 2.048K 210| 28 | 26
L] 29 27
[ 21.0M 65.536K 215] 213 | 2™
‘ l 214 212
2.10M 220|218 | 216
+= 219 217

*SN54184A/SN74184A can be used.
K =103, M - 108

*  33.6M 225|223 [ 221
224 222
229 | 527

228 226

9-DECADE-BCD-TO-BINARY
CONVERTER

vy [

6-BIT-BINARY-TQ-BCD
CONVERTER

*SN54185A/SN74185A can be used.
K =103, M= 108

TYPICAL APPLICATION DATA
SN54S8485A, SN74S485A

7-BIT-BINARY-TO-BCD
CONVERTER

8-BIT-BINARY-TO-BCD
CONVERTER
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SN545485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

29 27

18421
0

421842
000000
ocoo

11-BiT-BINARY-TO-BCD
CONVERTER

9-BIT-BINARY-TO-B8CD
CONVERTER

10-BIT-BINARY-TO-BCD
CONVERTER

212 210 28 36

211 | 29 | 27
21 (- 64 24 22 20
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13-BIT-BINARY-TO-BCD
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12-BIT-BINARY-TO-BCD
CONVERTER

*SN54185A/SN74185A can be used.
K =103 M =108
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SN545485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

[
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218 2
000 KKK
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>
2 16-BIT-BINARY-TO-BCD 17-BIT-BINARY-TO-BCD
@ CONVERTER CONVERTER
“SN54186A/SN74185A can be used.
K =103, M = 106
:i
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SN54S485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S5485A, SN745485A

218 216

217 215 213 211
6 2

18-BIT-BINARY-TO - BCD 19-BIT-BINARY-TO-BCD
CONVERTER CONVERTER

219 217

218 | 216
L 214 212
* 65.536K 215 [ 213 | 211

20-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K =103, M = 106
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SN54S485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S8485A, SN74S485A

219 217
220 1218 | 216
L 214 912
* 65536K 215|213 | 211

21-BIT-BINARY-TO-BCD CONVERTER

221 219 217

655.36K

22-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K =103, M - 106
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SN54S4B5A, SN748485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN548485A, SN74S485A

222 220 318 216
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24-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
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SN548485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S5485A, SN74S485A
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K =103, M = 106

- 2.048M s.4|5_]___1;| 20
= * 30.48M [ ax ] (1 00 118 4
I TTITLTTTIITTTT ¢ ¢
7K 1842
K0O O
20K 1842 ©°0°0
0 KKK
1842K
0000
0 KKK
2 g
0
0
K

i
5.50 Texas {'
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS TEXAS 75265

284



SN545485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A
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SN54S8485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN545485A, SN74S485A
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*SN54185A/SN74185A can be used.
K =103, M =108
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SN54S485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

229 227

225 223 221

30-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K =103, M = 106

A

RAMs

284

{i’
TeExas
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS TEXAS 75265

5-53



SN54S485A, SN745485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN548485A, SN745485A

230 228 576

215 213 N
2141 212

210 28 26

+ ]

31-BIT-BINARY-TO-BCD CONVERTER

*SN54185A/SN74185A can be used.
K =103 M = 106
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SN54S5485A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN54S485A, SN74S485A

*74185A CAN BE USED
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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes in the
devices or the device specifications identified in this publication
without notice. Tl 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, inctuding 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 Tl 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, Tl assumes no
liability for Tl 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 Tl warrant
or represent that any license, either express or implied, is granted
under any patent right, copyright, or other intellectual property right
of Tl 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
MSI/SSI functions can be repiaced 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 implemented much
more quickly.

The PAL and FPLA, will fill the gap between
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
A B C

PRODUCT
OUTPUT
LINE +| + I ) F o AC
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
4x3 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 0. 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

i
A
INPUTS
>
O
PR;DUCT TERMS
TR O
- SUM

OF PRODUCTS

OUTPUT
Figure 2. Basic Symbology Example

PRODUCT
LINES

F=AB+AB
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FAMILY ARCHITECTURES

As stated before, the PROM was the first widely
used programmable logic family. [ts 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 cvery 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

16 WORDS X 4 BITS

b ¢ B A “OR"” ARRAY
(PROGRAMMABLE)
e e,
\ /
\/
“AND" ARRAY
(FIXED) 03 02 071 Og

Figure 3. PROM Architecture

6-8

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 cach input variable added. the size
of the fuse matrix doubles. Currently. manufacturers are
not producing PROMs with over 13 inputs.

“OR" ARRAY
FIXED

Ly~
\, /
V N
“AND" ARRAY
{(PROGRAMMABLE) 03 02 04 Op

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 4x1024 (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

D c B8 A

“OR” ARRAY
(PROGRAMMABLE)
r—
H

\ /

Va
“AND” ARRAY

{PROGRAMMABLE) 03 02 01 Og

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
TIBPALI6GLS. Its basic architecture is the
discussed in the previous section. but with the addition of
some special ctreuit 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 euch product term controls each 3-state
output. The architecture used in this PAL makes it very
useful in generating al! 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%,
This allows the user to insert the Xs wherever an intact
fuse is desired.

The basic concept of the TIBPALI6LE can be
expanded further to include D-type flip-flops on the
outputs. An example of this is shown in Figure 7 with the
TIBPALI6RSE. 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.

same  as

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.

6-9
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Figure 6. TIBPAL16L8 Logic Diagram
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Figure 7. TIBPAL16R8 Logic Diagram
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ENABLE —%

0 _Wb
b4 PO
° ™\
INPUTS o
° gL_J
- °
In ]
°
of )
[T]
ocooo
r——- - = =
! |
| = = 1
POLARITYIFUSE |
- —— - — -
OUTPUTS
PO Pn
INTACT: OUTPUT = PO + P1 + ... + Pn
BLOWN: QUTPUT = PO+P1-..-Pn

Figure 8. Polarity Selection

Figure 10 shows an example 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 latch 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 1/O0 Structured Design
Digelec Sunrise Electronics
Kontron Valley Data Science
Wavetec Varix

Stug Micro Systems

At Texas Instruments. we have coordinated with
DATA [/O  using their Model 19 for device
characterization.  Currently. DATA /O, 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 vour 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. Fortunately, this problem has also
been greatly simplified by recent advances in computer
software.

DATA I/O has developed a software package called
ABEL"™. Also available is CUPL"™. 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 PALASM"™ 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

D> oc2

T 1Cc2

2D

MO {INTACT}
M1 {BLOWNI

D-TYPE REGISTER
FUNCTION TABLE

cLock | b |a | @
1 H H L
+ L L | H
L X | Qg [ @

Qp = THE STATE OF Q BEFORE CLOCK t

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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LATCH FUSE INTACT

000

oc2
T 1c2
2D o
MO (INTACT)

M1 (BLOWN}

TRANSPARENT LATCH
FUNCTION TABLE

ENABLE| D | 0o | @
H S N U Y
H H|H|L
L x |ag ! Qg

Qg = THE LEVEL OF Q BEFORE ENABLE |

Figure 10. Input Latch Selection

DEFINE
APPLICATION

GENERATE
LOGIC EQUATIONS

v

SELECT APPROPRIATE
PAL

v

CONSTRUCT
FUSE MAP

¥

I PROGRAM I

WORKING
DEVICE

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 t 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
1 0 CLKC
1 1 CLKD

As can be seen, three MSI functions are required. The
'LS162 is used to gencrate the 4-bit counter while the clock
selection is handled by the "LS253. The "LS6&S is an 8-bit
comparator which is used for selecting either the binary or
decade count. In this example. only five of the cight
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 =0 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 fuscs, 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 gencrating 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
techniques. such as Karnaugh Maps! to be used in
generating specitic logic functions. As with the separate
component example above. it is casier to break it into
separate functions. The first one that we will ook at is the
clock selector, but remember that the overall goal will be
to reduce this design example into one PAL.

classical

6-13
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‘L$253 'LS162
SEL 0 ] Qo
SEL 1— o
CLK A—] gb‘; cLK o2
CLK B = CL_R
CLK ¢ — a3
CLK D=
'LS688
Vce
r0 ao
— P a1
—r2 02
P3 Q3
Y
8D Pe Q4 cc
P5 Qs
P6 Q6
P7 Q7
= | — =
= | P=a
L 1

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 TIBPALI6R4
(Figure 13) will handie our application.

CLOCK SELECTOR DETAILS

The first step in determining 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

4 00 4 40O 2 40O 200 e O00 e S0 = OO

O 000000000000 O0000 000000000 O o o
S m s 4 L a4 L 4 L a s L e a5 0000000000000 000
S A 0 L e s w0000 0000 - a0 a0 400000000
w8 000 00 w2 0000 20 s 20000 -0 000
- 0 4 O 2 0 20 =0 -0 -0 =0 =0 =0 =20 -3 =20 =20 =0 — O
- 2 0 L D0 OO 5 0000 OO0 4 A a o s a0 0000000

N =

6-14

SEL1 SELO CLKA CLKB CLKC CLKD CiLKOUT

S5 4 A A s LG m g s a0 0000000000 000000

D 4 4 L L L OO0 00000 2 a0 00000 0O
- - 4 4 00 OO - m 420000 =S = 20000 == =000 0
- 2 00 - 2 00 = 200 220022002 200==00-=2 2020
O w0 e O SO a0 D D a0 20 50 e0 20202020 =0
2 D 2 O - O m O -0 5O -0 =0 5 900 2 > 00 =2 00 - - OO0
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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 cither have to do DeMorgans
theorem on the equation. or solve the inverse of the
Karnangh map. Figure 15 shows the imverse of the
Karnaugh map and the resulting equation. This equation
can be casily implemented in the TIBPALTORY

S0
50,48 —
A A
$1.C.0 — —
[1]7] B
1[4 "1 1 o
11 ”1 1
c
T [k
« D EERE o
¢ 11111 11111 |1
NI EE
| I —_
B B

cLKOUT = STS0AKED + Sisokefk + s1S0KKcH + s1sof kgD
CLKOUT =S330A + 57508 + $150C + S1S0D
Figure 14. Karnaugh Map for CLKOUT

S0
50,48 —
A A
s1.C0D mrmmm |
1k Th 1
1|1 1 1
D
111 1 1
[od
1|1 1 1
L I
1111111 111111
111111
s1 o
Cc
111 111
T T
[E— [E—
B B

CLKOUT = 5150AKYY + S1soXkBEY + s1S0kKECYH + s1s0Xk&D
CLKOUT = S1SOA + S1S0B + $150C + S1S0D
Figure 15. Karnaugh Map for CLKOUT

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 ditference is that
now we are dealing with a present state, next state
situation. This means a D-type tlip-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 Q3 Qz Q1 Qo Q3 Q2 Q1 QO
o] X X X X 0 0 0 0
1 0O 0 0 © 0o 0 ¢
1 o o0 o 1 ¢ 0 1 0O
1 o 0o 1 0 0o 0 1
1 o o0 1 o 1 0 0
1 o 1 o 0 ¢ 1 0 1
1 o 1 o 1 0 1 10
1 [V 1 0 0 1 1 1
1 o 1 1 1 1 0 0 ©
1 i 0 0 0 1T 0 0
1 10 0 1 1 0 1 0
1 1 0 1 0 10 1 1
1 t 0 1 1 1 i 0 0
1 1 1 o 0 1 10 1
1 1 1t 0 1 1 1 10
1 1 1 1 0 1 1 1 1
1 1 1 1 1 0 0 0 O

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 "07. and
the counter output is equal to “97. 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 O shown in the truth table is the function we desire.



CLR,Q3,02 CLR

CLR,Q3,Q02
Q1,00

Qz

= CLRG9e2240¢ + C+Ra8020180 + CtR@8Q2Q100
+ GtR@sd2e400

8

Q2 = CLR + G2Q1 + Q20100 + 0280
(¢) KARNAUGH MAP FOR Q2
CLR,Q3,02 CLR
Q1.0 Q3 a3
! | — | —
-
Al 1] [
N EIBE 11
1 1 F11 1
o 0 O)
N R 11}
T~
Q2 Q2

3

CLRasezata@e + CtRO302e4a0 + CRD3@20108
+ ceRQ3a2@400 + CERQ3020Q100
- CLR + Q3Q2 + Q301 + G300 + Q302Q1Q0

(d) KARNAUGH MAP FOR Q3

8l

Figure 16. Karnaugh Maps

| —
Q3 Q3
Q1,00 —/ —
111111
11141 ] 1p1f1]1
Qo
1l1{1]1 11]1]1
a1l
11]1]1
| I | S|
Q2 Q2
Qa0 =CLR £Q9 + Ct Q0
ab =CLR + Qo
(a) KARNAUGH MAP FOR Q0
R
CLR,Q3,02 ,CL—|
Q3 Q3
01,00\ — —
111 | ERERER
1111
F Qo
I KIERE 11 [1[1]
Q1
1111411
[— = — —
| E— L1
Q2 Q2
Qa1=¢ELR 1@ + Ct Q100 + Ct Q100
Q1=CLR +0100 + Q100
(h) KARNAUGH MAP FOR Q1
In this particular example, ¢ Karnaugh map is not
required  because  the  cquation  cannot  be  further
simplified. The resulting equation is given below.
BD OUT = BDQ302010N
Table 4. Truth Table
BD Q3 Q2 Q1 Q0 e a BD Q3 Q2 Q1 Q¢ a a
0 0 0 0 0 0 1 10 0 0 O 0
0 0 06 0 1 o 1 1 ¢ 0 0 1 0
o0 0 1 0 [V 10 0 1 0 0 1
00 0o 1 1 0 1 10 0 11 0 1
0 0 1 0 O o 1 1.0 1 0 0 (O
00 1 0 1 0 1 10 1 0 1 [
00 1 1 0 0 1 10 1 1 0 0 1
o0 1 1 1 0 1 10 1 1o 0 1
0 1 0 0 © 0 1 1 1 0 0 O [V
01 0 0 1 10 11 0 0 0 1
01 0 1 0 0 1 11 0 1 0 0 1
o 1 0 1 1 0 1 11 0 1 0 1
01 1 0 0 0 1 11 1 0 o0 0 1
o1 1 0 1 0o 1 11 1 0 0 1
o1 1 10 0 1 11 1 1 0 0 1
o1 1 1o o 1 111 1 0 1

FUSE MAP DETAILS

Qo

Qo

Now that the logic equations have been defined. the
next step will be to specify which fuses need to be blown.
Betore we do this however. we first need to label the input
and output pins on the TIBPAL16R4. By using Figure 12
as u guide. we can make the following pin assignments in

Figure 17.

PIN
20 VOO
19 CLKOUT
18 NC
17 QU
16 Q1
o6 CLKC 15 Q2
7 CLKD 14 O3
¥ CLR 13 NC
9 BD 12 BD OUT
10 GND 11 OFE

With this information defined. we now need to insert
the logic cquations mto the Togic diagram as shown in

Figure 17.
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Figure 17. Programmed TIBPAL16R4




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

NEVICE TYPE

. 156R4

PIN LIEYT NAMES =

PIN NUMERER
FIN NUMBER
PIN NUMRER
PIN NIMBER
FIN NUMBER
PIN NUMBE
FIN NUIMBRER
PIN NIMpER
PIN NUMEBER
FIN NUMBER
FIN NUMRER
FIN NUMBER
FIN NLMBER
FPIN NUMBER
PIN NUMBER
PIN NWBER
PIN NUMRER
FIN NLMBER
FIN NUMRER
PIN NUMBER

EXPRES
EXPR I0ONE

ACLEOUT=/3EL1#/SELO#/CLEKA +/SELTRSELO®/CLER +EEL1#/5ELOR/0LEC #5601

TONS

ooy

RV RN ST I ST NI

10

1%

= 20

PIN
PIN
PIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
PIN
FIN
FIN
PIN
FPIN
FIN
PIN

NAME
NAME
NAME
NAME
NAME
NAME
NAME
NAME
NAME
NAME
NAME.
NAME
NAME
NAME
NAME
NAME
NAME
NAME
NAME
NAME

AR R O T T I ¢

Bowom

[ I 5

AND DESCRIPTION =

11 =

/= /CLR +/01#/700 +0O1#00

IONC

EXFREZD

S RHR=/C

ONL

31 =

t +/02% /01

HY =

+Q2#OIRA0 + /0

+/ A% /(1]

BLsGas /Q2% /61 #00

/G0

+ /R /G0 QIR

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.

Figure 18. Pin ID and Logic Equations
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Figure 19. Fuse Map

XXXX
XXXX
XX XX
XX XX
XX XX
X XXX

XXXX
XXXX
XXXX
XAXX
XXXX

—X—
XXXX
XXXX
XXXX
X XXX
XXX X
XXX X

XX XX
XXXX
XXXX
XXXX
XXXX
XXX X

1
kS
4

/CLR+
a0

/1 R+
/31 %/ 00+

/CLR+

SRR/ +

/B2 /D20 /6] %00



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 developing 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
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 I/O’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

manufacturers

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 fi;,¢. Also available is a new. higher
speed family of devices called TIBPALSs. 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 f,y. 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.

6-21
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modole BOOMMINT £Yan o —-r 07
trtle “d4-hit banacrv/decade counter

Lan} Hevire "P1ARAT -

prn Aas asament . and constant doeclarations
CLE_IN SFLO SFILT CLEA nin
CLyR MLREC CLED @in

CLR._BD_IN. OFE rin
BT 1

T aln
z i8] ain
[ S T T T S .
OLITPLIT = oz

vanntaer states
~HOOOD =a

212="61100;
bO101 S123="b11013%
bOHO1O0, S&£="b0O110; B10="181010: $1484="b1110;
[Jelel b I “EO111: S11="b1O11; S15="bl111,

equations
- el ark etector
CLE QT = CLEA & 'EELO &% 'SELY # CLER & !'SEL1 & SELO
# CLKC % SELD % 'SELO # CLKD % SEL1 & SELO:

count nine 1ndicator far decade counting
BRD_NIT = Y('BO_IN & Q2 % '0O2 2 ‘01 & QO):

ctate.diaaram T2, 02 71, ROT

State IF LR 0 THEN S0 ELSE S1;
State IF LR 0 THEN SO ELSE S2;
State 1IF CLR O THEN SO ELSE  S3:

IF CLR 0 THEN S0 ELSE S4:
IF CLR © THEN SO ELSE S5:
IF CLR 0 THEN SO0 EILLSE  Sé4;
IF OLR O THEN S0 ELSE S7:
1IF NLR O THEN €0 ELSE S8;
TF LR O THEN S0 ELSE S9:
1F MR O THEN SO ELSE S10:
IF CLR O THEN S0 ELSE Sti;
IF LR 0 THEN SO ELSE S12;
IF CLR © THEN SO ELSE 313;
IF IR 0 THEN SO ELSE S14;
1F CLR O THEN S0 ELSE S15;
JF CLR == 0 THEN S0 ELSE S0
tect_vectors “clock selictar”

(LKA, CLEB, fLKe, CLKD, SELl, SELOY -> CLK_0UT)
te X X . LN L, t 3y -> Ly
cH o, ox X, X L, (W ™
tx , v . X . X L. L Ls
Cx , H X X, t, H 1 -> H;
[ 4 X Lo 4 H. Lty > Ly
rx X H X . H, [ ] Hs
[ X X [ H, H 1>
[ X X, H H, H 1 -

test_vectors ‘counter’

(ICLK_IN, NFE, LR, RDLUIN] TPUT, BD_OUTI)
C L L x 2 € S0, H I
C Lo, H. X ] t =51, H 1:

r L H X [ S2, H ;s
L L H. X 7 L H 1
C L H X 1 r H 1z
{ L H, X b C H ]
r L H, X ) r H 1:
T Lo, M, X 3 t H 3.
C . H, x 1 r H 13
L 1 H, Lt o1 r [N
r L H, X 2 r H J:
C ) o, X 1 C H 1:
C L H. X ] r H J:
[ Lo, H, X 1 € H 1:
r o L H, X 2 ¢ H 1.
[ . H, H 3 4 H 1
T ¥, ] H. X 1 C H I
¢ X H X, X 1 C H D

end BO_COUNT

Figure 20. Source File for ABEL
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ABEL (tm) Version 1.00 - Document
a~bi1t binarvy/decade counter

Equatiocns faor Module BOD_COUNT

Device IC1

Reduced Equations:

CLK..OUYT = "((SEL1 & SELO &
# (SEL1 &% 'SFRLO %
# ('SELY & SFLO &
# 'SELT 8 'SELO &

BD_QUT = (03 % 'D2 L ‘01 &

MR 1= (B2 % N2 % Q1 % 00
# (102 L 02
® 0Nz 8 o0
¥ (02 & 'Q0
® CLRII Y,

Page 1
Generator

CLKD

'CLKD
1cLrR
ICLKARY Y)Y X g

00 & 'BD_IN);

N2 3= (02 & Q1 % RO # ('02 & '01 ¥ ('02 & 'O # 'CLR))));

01 = '((A1 & B0 # (‘01 & '00 # 'CLR)));

PO = (D0 # 'CLR)Y)

ABEL (tm) Version 1.00
4-bit binary/decade counter

Chip diagram for Module BD_COUNT

Devsice IC1

cLk _IN[]
SELO
SEL1
CLKA
cLkB[]
cLke
CLKD [
CLR{]

BD__IN
GND

end of module BD.COUNT

Page 2

— Document Generator

vVee
CLK __oUT

BD__OUT
OE

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 VO

10525 Willows Rd.
Redmond. WA 98032
(206) 881-6434

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

Kontron Electronics

630 Price Avenue
Redwood City, CA 94063
(415) 3611012

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

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

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

SOFTWARE MANUFACTURERS

Assisted Technologies (CUPL)
2381 Zanker Road. Suite 150
Santa Clara, CA 95050

(408) 942-8787

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

“Texas [nstruments does not endorse or warrant the supplicrs

referenced.

Reference

L H. Troy Nagle Je  BUDL Caerolls and David Iewin, A fvroduierion
to Computer Logie. New Jersey: Prentice-Hall. Ine.. 1975
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MECHANICAL DATA

DW plastic dual-in-line packages

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within
a ptastic 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 PACKAGE
(TENTATIVE SPECIFICATIONS)

12,9 (0.508})
12,7 10.500)

AAANAAARAAR

n

10,65 (0.419)
10,15 (0.400)

755 (0.287)
7,45 (0.293)

1

IR

o
/.1 Z P‘:ggES 9,0 10.354)
2,65 (0.104} 8,6 (0.338)

S 0531 0.5 (0.02) X 45°
2,35 (0.083) ¢

[ 1\ _ \

ooz T , L/’T: . { /
030 (0.012) ' _4 le_0:490 10.019) E D __ﬂ\‘ﬂ NOM 1,27 (0.050)

0,10 (0.004) —
‘ i 0,350 {0.014) 0,320 {0.013) 4 PLACES ganT0.018)

0,230 (0.0091
0,785 (0.031) -» H
0.585 (0.023}
1,27 (0.050) TP

ALL LINEAR DIMENSIONS IN MILLIMETERS AND PARENTHETICALLY IN INCHES

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.
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MECHANICAL DATA

DW plastic dual-in-line packages {continued)

24 PIN PACKAGE
{TENTATIVE SPECIFICATIONS)

15,5 (0.610)
15,3 {0.602}

AONAA0ANAHS

10,65 {0.419)
10,15 {0.400}

7,55 (0.297)
7.45 {0.293)

HEHHHEHHHEHY

9,0 {0.354)

7° NOM 8,6 {0.338)
4 PLACES 0.5 {0.02) X 45° L

e j
‘ L,
:t{'/::’; \.\.,7°NOM

2 _4 l‘_o,aan 10.019}
0,10 (0.004) ) 0,350 (0.014) 4PLACES
0,785 (0.031) 1 0320 (0.013) 1,27 (0.050)
0,230 (0.009) 040 (0.0161
0.585 (0.028) 1,27(0.050) TP -

ALL LINEAR DIMENSIONS IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Body dimensions do not include mold flash or protrusion
B. Mold flash or protrusion shall not exceed 0,15 {0.0086).
C. Leads are within 0,25 {0.010) radius of true position at maximum material dimension

eleq |eslueyosiy

~
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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 metai lid
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050-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 PACKAGES
{28-terminal package shown}

—
)

B

CERAMIC CHIP CARRIERS

oUTLINE NO. OF A 8 j
DES'GNA‘”ON" TERMINALS MIN MAX MIN MAX
869 908 | 780 909
i Msooace 20 ©342)  (0.358) | (0.307)  (0.358)

63 | 1031 1163
(0.458) | 0.406)  (0.458]

676 | 1258 1422
Ms004ch a (0.660) | (0495) (0560}

1878 1932 | 1258 14,22
_ Msoosce | s2 (0.739]  (0.761) | {0.495)  (0.560)
"2383 2443 126 218

MS004ck i had 1 (0.938) (0.962) | (0.495) (0.862)

INDEX e
CORNER— MS004CG 5 2883 2959 126 270
(1.135)  (1.165) | (0.495)  {1.065)

Al mensians and notes for the specified JEDEC outline apply

MSDOACC 28

>
R

051 (0.020) _"
0,25 (0.010) ‘ r\ .
+

051{6.020)
0,25 (0.010)

1,40 {0.055)
1,14 (0.045) 1.14 (0.045)
_[0,39 {0.035)

2,03 {0.080)
1.63 (0,064}

0.71(0.028) 4’ l‘;
0,56 (0.022) HLU 10050)

1,14 {0.@
0,89 {0.035)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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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 nonconductive 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 (0.050)
centers. Leads require no additional cleaning or processing when used in soldered assembly.

FN PLASTIC CHIP CARRIER PACKAGE
{28-terminal package shown)

NO. OF C
TERMINALS MIN MAX MIN MAX MIN MAX
20 9.70 10,03 8,89 9,04 8,08 8,38
(0.382) (0.395) | (0.350) (0.356) | (0.318) {0.330}
28 12,24 1257 11,43 1158 10,62 10,92
(0482)  {0.495) | (0.450) (0.456) | (0.418)  (0.430)
4,78 (0.188}
|

1,27 (0.050) > 45° ——
NOM

4,06 (0.160)

— 1,14 (0.045)
0,63 (0.025)

2,41 (0.095) MIN

0.25 (0.010) R
MAX

__0.46(0.018)
0,36 {0.014)

ansz (0.060) M

3’ NOM

N

18

17 16 15 14 13 12

26 27 28 1 2 3 4

O

1,14 (0.045) x 45° 4:.
NOM |

_L
—[135(0053)

1,19 (0.047)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

hid
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MECHANICAL DATA

J ceramic packages (including JT and JW dual-in-line and JQ quad-in-line packages)

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 JT packages are intended for insertion in mounting-hole rows on
7.62 (0.300) centers, JW packages for mounting-hole rows on 15,24 (0.600) centers, and the JQ quad-in-line
package for mounting-hole rows on 15,24 (0.600) and 20,32 {0.800) 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: Forthe 14-, 16-, 18-, 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 (0.785)
19,18 {0.755)

Falls Within JEDEC TO-116 and J‘ @ @ @ ® @

E1A MO-001AA Dimensions

0,63 (0.025) R NOM

€ ¢
7,87 (0.310)
7 Y
gy COOO®O
6.22 (0.245)
|
N — 1,78 (0.070) MAX 14 PLACES
- 127 051 (0.020) Mi
10.050) NOM GLAss
i 5,08 (0.200} SEALANT
] MAX
L0 ’ | SEATINGPLANE 0,69 (0.027] MIN
9 14 PLACES
14 PLACES
Pl | i-——fg'gg :g'gfg: 14 PLACES
0,358 (0.014) s 03 250 hant 38 (0.
%?:L(:&?:) e 78100701 PIN SPACING 2554 (0.100) TP
4PLACES (Sea Note A)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

16-PIN J CERAMIC
i 19,94 (0.785! 7**

19,18 (0.765)

1.®®@@®'®

Y 0.63 (0.025) R NOM

—®

2,87 (0.210)
7.37 10.290]

2,13 (0.280)

Lo BBy
8,22 (0.245) POOOROO®O®
—-1 1,27 (0.0501 NOM -1 1 1,78 (0.070) MAX 16 PLACES

GLASS

.
2 . SEALANT
MAX 1
’ - SEATING PLANE ——
pl'- 051 (0.020¢ | 0.69 10.027) MIN
90 MIN 12 PLACES

Mechanical Data

18 PLACES
/,\\‘r:';:: :: :::: 330 (01301 Ly _0.58 (0.023)
MIN ‘ 0.38 {0.015) 16 PLACES
18 PLACES T
0,305 (0.012) mm ,‘ -
punces =~ 1,27 (0.050}
PIN SPACING 254 (0 100) TP 3350 0TS, 4 PLACES

TFov memories of 64 bits and up and a few MSI/LSI products in Seres 54/74 and Sernes 545/74S that are deriv-
ed from mamaory circuit bars, this maximum is 7,62 (0.300). All other dimensions apply without modification.

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NQTE A: Each pin centerline is located within 0,25 {0.010} of its true longitudinal position.

TEXAS {'f 7.7
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MECHARNICAL DATA

J ceramic dual-in-line packages (continued)

18-PIN J CERAMIC
23,1(0.910) MAX
§ & 58030
73710295} 0,63 (0.025) R NOM— &
762 0200 EATACAVAVATATATAS)
e oJeololo)ololole)
_.1 1.27 (0.050) NOM 0,51 (0.020) ->| r-us (0.070) MAX 18 PLACES
4
T T 1 GLASS
508 (0200 e seaLanT
SEATING PLANE
108° 3,30 (0.130) 1o | 0,69 (0.027) MIN
90° MIN i U L 14 PLACES
TorLAcEs 0,356 (0.018) b oss 0oz
0,203 (0.008) |7 o238 w0 LACES
18 PLACES 1,27 (0,050)
PIN SPACING 2,54 (0.100) —»| | 22090, ) Aces
(See Nots A) 038 (0.015)
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
20-PIN J CERAMIC
24,76 {0.975)
23,62 {0.930)
OGO
NSNS A SR
& 0,63 {0.026}) R NOM.
| . 7.87(0.310)
7,37 (0.290}
L 762 0.300) AT YAV AVATATATAVAN
a2z @@@@@@@@
20|
_.I ’-____ 1.27 (0.050) NOM J 051 (00 } | .78 (0.070) MAX 20 PLACES
h GLASS
5,08 (0.200) SEALANT
MAX 1
062 SEATING PLANE 3,30 (onu)f ‘ | 0,68 {0.027) MIN
20?7 ‘ 16 PLACES
LACES
"\ 0,356 (0.014) T—~ 058 (0.023)
0,203 {0.008) 0,305 {0.012) MIN > - 20 PLACES
J hefiiy
0133 (D.OlS]APLACES
PIN SPACING 2,54 (0.100) T.P.
(See Note A)
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centetline is located within 0,25 {0.010) of its true longitudinal position.

{i’
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MECHANICAL DATA

J ceramic dual-in-line packages (continued)

24-PIN JT CERAMIC, 0.300-INCH ROW SPACING
31,8 (1.250} MAX *-1
& 0,63 (0.025) R NOM
8,26 (0.325)
7,37 (0.290)
| TATATATLTITATITATATATLY
522 (0.265) 01616]0/6/0]0/00C[DIC)
. 051 (0 020}
1,27 {D.050) NOM 1,78 {0.070)
A.I | "_'I I'— 8.76 (0.030) = " -ACES GLASS
SEALANT
5,08 (0 200)
MAX
SEATING PLANE
10 T 0,69 (0.027) MIN
0,356 (0.014) 0,58 (0.023)
/.\\‘ 0,203 (0.008) 3'30,\;?,;,130) —-I l-— 0.35 (0, 015)24 PLACES
24 PLACES
PIN SPACING 2,54 (0.100} T.P.
254 (0.100) MAX {See Note A}
4 PLACES
ALL DIMENSIONS ARE {N MILLIMETERS AND PARENTHETICALLY IN INCHES
24-PIN JW CERAMIC
| 328 1(1290)
"‘ 31,3 (1235
@ DICICCIUAOIBIOLIC)
ATATATASATATATATATAY
0,63 (0025} R
& ¢ RNV AVAV AV ANV AV AVAVIVY
19242026 OPROEEO®OVO®
10600 + 0.010) 14,2 {0.560)
T 131 (0515 191 10.075)
A == 1127 (00S0)NOM {127 (0.050) 1.78 (0.070) MAX 24 PLACES o=
— GLASS SEALANT . - 57 (0225
‘ i v‘bII‘II J T AR H'
}' (4 SEATING PLANE n o {0 i i
//_ 1950 2apLaces \\ 178 (00700 J Ty
¢ 0.30 (00121 _» = 05700207 - N ;“’g ig:x: 24 PLACES
0,20 (0.008) gi: :g‘ﬂl%-- 0,71 (0 028) MIN = == 254 (©.100)
24 PLACES Z‘APLACES - . 24 PLACES - ‘:52 16.060) 4 PLACES
PIN SPACING 254 {0 100) T P
(See Nots A)
Falls within JEDEC MO 015AA dimensions
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010} of its true longitudinat position.
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MECHANICAL DATA

ceramic packages — side-braze (JD suffix)

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads.

¢ 3 _
. | 0,51 (0.020)

[ 8 MAX

INDEX DOT ~

o
®

5,1 (0.200}
- MAX
MIN l'
SEATING 2 ]i‘
105° PLANE ‘
sl 90 (0.075) —7
1 0.1
; ~ 1,62 10.060)
MAX L 3,05 (0.120)
JL 0,25 (0.010) 7,02 10.0401 305
Nom 0,53 (0.021)
2,54 (0.100} T.P. 0.38 ©.016
PIN SPACING
(See Nota A}
PINS 24 28 40 48 52 64

DIM

A £ 0,25 (0.010) | 15,24 {0.600) 16,24 (0.600} | 15,24 (0.600) | 15,24 (0.600) | 15,24 (0.600)

22,86 (0.900)

B MAX

32,8 (1.290) 36,8 (1.450} | 62,1 (2.050) | 62,2 (2.450) | 67,3 (2.650)

82,6 (3.260)

C NOM

15,1 (0.595) 15,1 (0.595) | 15,1 (0.595) [ 15,1 (0.595) | 15,1 (0.595)

22,6 (0.890)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

eleq |edueyaap

~

NOTE A: Each pin centerline is located within 0,25 {0.010) of its true longitudinal position. ,
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MECHANICAL DATA

N plastic packages (including NT and NW dual-in-packages)

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within an electri-
cally nonconductive plastic compound. The compound will withstand soldering temperature with no deformation and
circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are intend-
ed for insertion in mounting-hole rows on 7,62 {0.300) centers for the NT packages and on 15,24 (0.600) centers for
the NW packages. Once the ieads 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 the 14-, 16-, 18-, 20-, and 28-pin packages, the letter N is used by itself since these packages are available in only one row-
spacing width: 7,62 (0.0300) for the 14-, 16-, 18-, and 20-pin packages or 15,24 {0.600) for the 28-pin package. For the 24-pin
package, if no second letter or row spacing is specified, the package is assumed to have 15,24 (0.600) row spacing.

14-PIN N PLASTIC

§ < 2.4 (0.093) R NOM
| 762:025 28 (0 110) NOM
10.300 = 0 010)
_ . 83s:0z
I 025000100
2,0(0.080) NOM
*1 h r‘ 1,78 {0.070) MAX 14 PLACES
== ¥ osTmazo [
0.25 80100 508 (0200 MAX MIN
fed .08 (0 200}

 ~SEATING PLANE ——-. 0,84 {0 033) MIN

14 PLACES

105

028+ 0,08 -
reraces o (00111 0.003) ‘
14 PLACES awmusmm
(Sa¢ Notes B and C} 2035081 | o

(0.080 = 0.0201

4 PLACES PIN SPACING 2,54 (0.100) T. P,
(540 Note A}

Fatls Withn JEDEC TGO 116 and EIA MO 001AA Dimensions

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

] e 0457 £ 0076
(0018 « 0.003)
14 PLACES
iSee Nates B and C1

Parts may be supplied in accordance with the
alternate side view at the option of T} plants
located in Europe. In this case, the overall
length of the package is 22,1 (0.870) max.

16-PIN N PLASTIC

18,8 0.780) MAX —-.1
§R282220

aVal !
@
y 762:025 2,4 (0.093) R NOM
10.300 1 0.010)
. 6351025 2.8 (0 1701 NOM
10250 = 0.010) \7 7 Q
- 2,0(0.080} NOM @ @ @@@@@
—q P—-l 78 (0.070}) MAX 16 PLACES
¥o.25 0010 Nom J ]
1 5.08 (0.200} MAX
n SEATING PLANE. T
% i .1 0,84 (0.033] MIN
U 12 PLACES
18 PLACES 0.28+0,08 I
"“"m 011+ 0003) 31710 126) N B Lt
s 165 0.065) vy
{5ee Notes B and C) 0,38 0.015) (See Nows 8 and C)
APLACES PIN SPACING 2,54 (0.100) T #.
(Sou Note

ALTERNATE SIDE VIEW
—] pa- 178 (0.070) MAX 16 PLACES

0,51 10.020]
MIN
5.08 (0.200) MAX

T Wﬁmmiwsszw

2,17 (0 125) MIN i j- 0,457 + 0,076
10.018 + 0.003)
241 0.095) 16 PLACES
1,02 10,040} 1588 Notes 8 and C)

vm SPACING 2,54 0 100) TP
4PLACES (See Note A

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A.
B.
C.

Each pin centerline is located with 0,25 (0.010) of its true longitudinal position.
This dimension does not apply for solder-dipped leads.

When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating

plane.
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

18-PIN N PLASTIC

23,4 (0.920) MAX ———————»{

OO
ANANANANANN
262+ 025 2.3610.0931 R NOM—E

™ (0.300 - 0,010} 4,06 (0.160) NOM ——

VA YAVAVAVAVAV]

U
.99 (0.275) MAX @@@@@ @@ @

2,03 {0 080} NOM

rt- 1,78 {0.070) MAX 18 PLACES

=% 05100 ozo)
0.25 (0.010) NOM M,N

5,08 {0.200) MAX
——SEATING PLANE
%’, 0.8910.035) MIN
18 PLACES 18 PLACES

,\\.0279 0076 e mN —f po— 0457 0,076
i

0.011 - 0.003} 10.018 + 0.003}

L

18 PLACES 18 PLACES
(See Notes B and C) 1,91 (0.075) (See Notes B and C}
m PIN SPAC(ISI\LSNZ 5': 20’ 100} T.P, .
4 PLACES ©

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

20-PIN N PLASTIC
r.i Eraa 533335'—'1

5®
D@
)6
.
@
@
3@

T 3 2.410.093) A NOM——]
762- 025
10300 - 0010) 2,8 (0.110) NOM
|PAVAVAVAVAVAVAY AV
6861025
Postra (006 X0XOXGRORCIOXC]
"I f= i 2.0 {0.080} Now —=| o178 0070 MAx 20 PLACES
i 051 0.020] [
02510010/ NOM ¢ 011200 max M’IN
——SEATING PLANE
? al 0,88 {0,033} MIN
o 16 PLACES
ZOPLACES 1 o] e 0457+ 0076
_—-\\"m ou unaa) 3,94 (0.155) (0,018 2 .003)
31710125) 20PLACES
Son ot 20 61 168100861
022 G.0091 PIN SPACING 254 (0 1001 TP
4PLACES “
ALTERNATE SIDE VIEW
#—1.78 (0 070} MAX 20 PLACES
Part b lied dance 55102 | |
arts m e supplied i accordanc
av PP 5,08 {0.200) MAX Mi"
with the alternate side view at the
option of Tl plants located in Europe B 0,84 (0 633) MIN
in this case, the averall length of the 20PLACES
0457 ¢ 0,076
package 1s 26,7 {1.050) max. 3,94 (0 155) 10,098 - 0.003)
317 10926 20pLACES
1.9110.075) oo PIN SPACING 254 (0 1001 T
7.0 (6 030)
4PLACES

ALL 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.
8. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 {0.020) above seating
plane.
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

24-PIN NT PLASTIC, 0.300-INCH ROW SPACING

31,8 (1.250} MAX

HHOOE®EOOOEO®
RAARARRRAANRA

& [ 2,4 0.093) R NOM—E
e

- (70233 (2,?5010, 2,8 {0.110} NOM— _
(PAVAVAVAVAVAVAVAVAVAVAY
} 7.1(0.280) MAX 038 0015 @@@@@@@@@@
TN 1,78 (0.070}

b 2,0 {0.080) NOM
_’I r i —01 l‘—083(0033) 24 PLACES
L 0,25 (0.010) NOM

‘ 5,08 (0.200)
MAX
108 —— SEATING PLANE
90° 0,84 (0.033) MIN
24 PLACES 24 PLACES
__.“., 028 + 0,08 3,17 (0.125) MIN fe—— 0.457 : 0,076
(0.011 + 0.003) (0.018 + 0.003)
24 PLACES 24 PLACES

2,16 (0.085) MAX —|
4 PLACES PIN SPACING 2,54 (0.100) T.P.

{See Note A}
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

24-PIN NW PLASTIC

fe— - - —  -——-33,311 310) MAX - e
OO0 EOOO
ATATATATATATATA TATATAYA

4 15,24 : 0,26
(0.600 ¢ 0.010}

(VA AVAV AV AV AV AV LV AV LY
(OJORORONORORORONOROND)

mﬁﬁfsmw 2001 MAX

13.97 (0.550)

2,36 (0.093) A Nom-a
2,79 (0.190) NOM 4

2,03 (0.080) NOM

—s ¢ 178 (0070) MAX 24 PLACES

ﬁﬁﬁﬁﬁﬁ

0.25 (0.010} NOM
"
=t

~SEATING PLANE

©
b
©
(]
©
2
c
©
£
Q
(Y]
2

0.5110.020) MIN

108°
gg° 24 PLACES

0,279 + 0,076 w1+ ‘083 (oummm 317 (01251 MIN
0,011+ 0003 24 PLACES 24 PLACES
24 PLACES 0457+ 0,076 ; ?
(See Notes c and d) 10.018 < 0003) __A 242 (0 095} MAX—-I -
4PLACES
24 PLACES PIN SPACING 2,54 10.100) TP
(See Notes c and d) (Sow Note &)

ALL 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.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020}) above seating

plane.
.Ji
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MECHANICAL DATA

N plastic packages (continued)

‘uonisod jeutpmibuo; 8Nl SHt 40 (010’0} GZ'0 UIYUM Pa1ed0) Si duNIBWBD uid Yyaeg 1y JLON

SIHONI NI ATTVOILIHANIHY NV SHILIWITTIN NI 3HY SNOISNIWIG 1Y

WON (090°0) 25°L
(0200 - 050°0)

o ; ‘d "L {00L°0) vmwoz_oim NId
(£00°0 = 81L0°0) (€000 - LLO® ea//Qi
NIW (E£0°0) ¥8°0 ..:¢ 80°0 + 9¥'0 80°0 : 820 06
O
NIW (SZL°0) LL'E S0L
o
XVW (002°0) wo m
_ NIW
(020°0) 15°0
(0100 7 009°0)

S2'0 - vZ'st
3 3

(V 810N os5)

X3ANI

A "3IHL3

DD0O0EEEEEOEO®

XVI (Op¥'L) 9'9€

J11SVId N NId'82
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MECHANICAL DATA

N plastic packages (continued)

40-PIN N PLASTIC

———— 53,1 (2.090} MAX -~

i iemienTahiosVon Ul aslonmelam]ns oo ios o on ] |
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INDEX :
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15,24 - 0,25

¢
{0.600 - 0.010)
4,51 (0.020)
MIN

-®

-

5,08 (0.200) MAX
%Zi o — SEATING PLANE ﬁmﬁ|mhﬁmm#mrxmg L?}Zo.ns) MIN

0457 - 0,076
0011 0.003)’\r (0,018 - 0.003) “34 (0.033) MIN
PIN SPACING 2,54 (0.100) T.P. %g'ggg’;
(See Note 1,52 {0.060) NOM o
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
48-PIN, 52-PIN, AND 64-PIN N PLASTIC
P BMAX
N)e——
< ¢
A
EITHER
INDEX . ’
105,
%0
T
—_ P e
PIN SPACING 1S 2,54 (0.100)T P,
(See Note A)
PINS
4 2
oM 8 ) 64
A + 0,25 (0.010) 15,24 (0.600) | 15,24 {0.600) | 22,86 (0.900)
B MAX 62,2 (2.45) 67,3 {2.65) 81,313.20}

ALL 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.
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