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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes in the
devices or the device specifications identified in this publication
without notice. 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.

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
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.

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
Copyright © 1986, Texas Instruments Incorporated
Revised June 1986
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INTRODUCTION

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

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

0 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 T!'s two high-performance field-programmable logic arrays, TIFPLA839 and ‘840, are also
detailed. Designed with both programmable AND and programmable OR arrays, these functions contain 32

product terms and six sum terms. Each of the sum-of-products output functions can be programmed either,

active high (true) or active low (true). They provide high-speed, data-path logic replacement where several
conventional SSI functions can be implemented with a single FPLA package. Product preview information on
six field programmable logic sequencers (FPLS) has been included.

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

® 256-Bit, 1K, and 2K PROMs suitable for logic replacement
® Standard and low-power 512 x 8, 4K PROM, and 1024 x 8, 8K PROM
® Series 3 PROMs:
High-speed, 15ns, 32 X 8, 256-Bit PROM
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 *
AY
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
PROMs in a 300-mil, 24-pin DIP, and 28-pin chip carrier packages.

T!'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

® |on implant

® Oxide isolation

® Composed masks

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

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

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

INTRODUCTION

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

PART 1 — GENERAL CONCEPTS AND CLASSIFICATIONS OF CIRCUIT COMPLEXITY
Chip-Enable Input

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

NOTE: See ‘‘chip-select input.”’

Chip-Select Input

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

Field-Programmable Logic Array (FPLA)

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

Gate Equivalent Circuit

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

Large-Scale Integration (LSI)

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

Mask-Programmed Read-Only Memory

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

Medium-Scale Integration (MSI)

A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The
subsystem or system is smaller than for LSI, but whether digital or linear, is considered to be one that
contains 12 or more equivalent gates or circuitry of similar complexity.

Memory Cell

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

Memory Integrated Circuit

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

TeExas ‘t?
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GLOSSARY

Output-Enable Input

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

Programmable Array Logic (PAL)

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

Programmable Read-Only Memory (PROM)
A read-only memory that after being manufactured can have the data content of each memory cell altered
once only. '

Random-Access Memory (RAM)

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

uonew.ou| [eiauar) e

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.
1]
Small-Scale Integration (SSI)

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

Typical (TYP)
A calculated value representative of the specified parameter at nominal operating conditions (Vcg = 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.

TEVA o {?
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GLOSSARY -

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

fmax 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.

Icc Supply current
The current into* the V¢ supply terminal of an integrated circuit.

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

IccL Supply current, outputs low
The currentinto* the V¢ supply terminal of an integrated circuit when all {or a specified number)
of the outputs are at the low level.
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H High-level input current
The current into* an input when a high-level voltage is applied to that input.

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

IOH 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.

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

los (o) 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 leve! farthest from ground
potential {or other specified potential).

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

lozL 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 voitage 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.

‘Qip
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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 limits is guaranteed.

Vik Input clamp voltage
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage
swing.
(7]
‘:," VL Low-level input voltage
@ An input voltage level within the less positive (more negative) of the two ranges of values used to
Q. represent the binary variables.
=3 NOTE: A minimum is specified that is the most-positive value of low-level input voltage for which .
a-. operation of the logic element within specification limits is guaranteed.
=
3 VOH High- Ipvel output voltage
ﬂ The voltage at an output terminal with input condmons applied that, according to the product
g' specification, 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. (tdis = tpHz or tpPLZ)-
ten Enable time {of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms,

with the three-state output changing from a high-impedance (off) state to either of the defined active

levels {high or low). {ten = tpzH or tpzL).
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 hold time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the
shortest interval for which correct operation of the digital circuit is guaranteed.

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

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. (tpq = tpHL or

tPLH)- .
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GLOSSARY

tPHL 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.

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

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

tpLZ 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.

tPZH 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.

General Information

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

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

tsu Setup time -
The time interval between the application of a signal at a specified input terminal and a subsequent
active transition at another specified input terminal.
NOTES: 1.The setup time is the actual time interval between two signal events and is determined
by the system in which the digital circuit operates. A minimum value is specified that is
the shortest interval for which correct operation of the digital circuit is guaranteed.

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

tw Pulse duration {width) _
The time interval between specified reference points on the leading and trailing edges of the pulse
waveform. -

EXAS {" 1-11
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EXPLANATION OF FUNCTION TABLES

The following symbols are used in function tables on Tl data sheets.
H = high level (steady state)
L = low level (steady state)
T = transition from low to high level
l = transition from high to low level
e = value/level or resulting value/level is routed to indicated destination
Y\ = value/ievel is reentered
X = irrelevant (any input, including transitions)
Z = off (high impedance) state of a 3-state output
= the level of steady-state inputs A through H respectively
= the level of Q before the indicated steady-state input conditions were established

= complement of Qg or level of Q before the indicated steady-state input conditions were
established !

a h
Qo
Qo
Qnp = level of Q before the most recent active transition indicated by | or 1
_I_L = one high-level pulse
LI = one low-level pulse
TOGGLE

I}

each output changes to the complement of its previous level on each transition indicated by
lort. .

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 1 and/or'l, 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 alevel (H, L, QQ, or 50), 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
apulse, [ 1. or T _J ,the pulse follows the indicated input transition and persists for an interval
dependent on the circuit.) :
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SERIES 1 AND 2 PROMs, RAMs, MEMORY-BASED CODE CONVERTERS

PARAMETER MEASUREMENT INFORMATION

FOR THREE-STATE QUTPUTS AND BI-STATE TOTEM-POLE OUTPUTS FOR OPEN-COLLECTOR OUTPUTS
\Z] v2 Vee
‘2R \ RL Rr1
FROM OUTPUT FROM OUTPUT FROM OUTPUT
UNDER TEST UNDER TEST UNDER TEST
c
: (=]
cL R2 CL (See Note A} CcL RL2 ]
{See Note A) | | (See Note A) I g
—3 = — — g
= = - (=}
LOAD CIRCUIT THEVENIN EQUIVALENT TEST CIRCUIT FOR USE WHEN "E
CIRCUIT Ri1 AND R|2 ARE SPECIFIED -
‘ o
VOLTAGE VALUES O
Vee o
MEASUREMENTS Vee v1 v2 [+}]
5.5 V 55V | 3.7V /L o
" nd 1 5.25 V 5.25 V 3.5V FROM OUTPUT
PLH and TPHL 275V | 475V | 3.2V UNDER TEST
4.5 V 4.5V 3V
tpHz and tpzH ALL oV ov Cp (See Note A)
tpLz and tpz| ALt 5V | 33V |
RESISTOR VALUES =

TEST CIRCUIT FOR USE WHEN

lgLMAXT R1 R2 AL . SINGLE Ry IS SPECIFIED

24 mA 200 Q 400 @ 133 Q
20 mA 240 Q 480 Q 160 Q
16 mA 300 Q 600 @ 200 Q
12 mA 400 @ 800 2 267 @

8 mA 600 Q 1.2 k2 400 @

1See Recommended Operating Conditions.

NOTE A: C includes probe and jig capacitance.

TIMING 3v HIGH-LEVEL 3V
INPUT d 15 v/ PULSE t 15v 15V ’
_I__;__;_‘_.__ov ] tw 1 oV
h
:"tsu'd._ L _ay - ty _': 3V
] )
DATA 15V 15V LOW-LEVEL K15V 15V
INPUT ov PULSE / o _ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS

‘Qi?
. TExAs
. INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



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

PARAMETER MEASUREMENT INFORMATION

%1.5v : \Isv
INPUT (. : I oV

|
|<——'PLH—->' r—tpm —]
| | . === von
IN-PHASE
ouTPUT | ](1 i : . sV
| VoL
. L—‘PHL_"‘ "-—tpl_” ——Dl

A\
OUT-OF PHASE | | OH
OUTPUT . 15V 15V

———— VoL

L

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

3v
OUTPUT CONTROL 15V 15V
{Low-level enabling)
| e e ov
|
WAVEFORM 1 !
(See Note B) : \Q' 18V
———————— VoL

WAVEFORM 2 Y VoH
(See Note B) Ve=15V |
. |4— tpHZz —b] N0V
(Se '

e Note C)

uonewloju| [BIBUSY

(See Note C) |

T
1

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. Tinormally measures tp| z and tpz by reading at the 1.5-volt (Vy) point on the waveform and subtracting the RC time from

the reading. -

For tp 2, RCin V2 - VoL max

V2 - Vq

is subtracted from the reading.

For tpHz, RCin VOHMIN i’ 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 following characteristics: PRR < 1 MHz, Zoyt = 50 Q, ty < 2.5 ns,
tf < 2.5ns. '

1-14 Texas b
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SERIES 3 PROMs

PARAMETER MEASUREMENT INFORMATION

INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

Vee
s1 . Vee
R1 R1
FROM OUTPUT o TEST F':?\I“SEU?’E‘;;
UNDER TEST POINT R
4 c
R22
cL b3 cL R2 .°
(See Note A) s
e —-‘L (See Note A) g
= = = -
LOAD CIRCUIT FOR LOAD CIRCUIT FOR \e
THREE-STATE OUTPUTS OPEN-COLLECTOR OQUTPUTS _E
RESISTOR VALUES E
loL MAX? R1* R2* 8
24 mA 200 Q 400 @ [}
20 mA 240 Q 480 @ o
16 mA 300 Q 600 Q
12 mA 400 Q 800 0
8 mA 600 @ 1.2 kQ
TSee Recommended Operating Conditions.
“U‘nless otherwise specified.
NOTE A: Ci includes probe and jig capacitance.
TIMING 3v HIGH-LEVEL A
INPUT 15V ov PULSE 15V 15V
- — - ) t ov
" tg, S th o,
i Ny b tw —¥ 3v
DATA ' LOW-LEVEL J ;
15V 15V 15V 15V
INPUT ov PULSE o _ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS
N . T3V 3v
OuUTPUT
INPUT 15V 15V
| | ov CONTROL 1.5V ; 1.5V
| (low-level N ___
[ i 0.3V
PLH-E—M _PTV enabling)  tpz) —tam - m—tprz
IN-PHASE | : 4 N OH i I
OUTPUT 15V 15V 1 N ~35V
! ! v WAVEFORM 1 ] [ 03V
¢ ! i oL $1CLOSED AL [ A [ T VoL
PHL—¢—N M—btPLH {See Note B) ¢ leat | 3
outorsrase ) . Von e ez
oUTPUT 15V 15V WAVEFORM 2 | ==~=3== VoH
. —=—— VoL S1OPEN
~ {See Note D) (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; = 4 = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is open.
T {:’
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SERIES TIBPAL’, PAL’, TIFPLA DEVICES

PARAMETER MEASUREMENT INFORMATION

. 7v
) Vee L Ry =R1=R2
S1
FROM OUTPUT k AL
NI’;"ER i .__PTEST FROM OUTPUT TEST
ul OINT UNDER TEST POINT v R1
cL RL FROM OUTPUT TEST
o (See Note A) CL UNDER TEST ~ ] PoINT
g (See Note A} CLAS R2
(52} - (See Note A)
- =
2
3 LOAD CIRCUIT FOR =
= BI-STATE LOAD CIRCUIT FOR LOAD CIRCUIT FOR
=]
§ TOTEM-POLE OUTPUTS OPEN-COLLECTOR OUTPUTS THREE-STATE OUTPUTS
Q
=,
o NOTE A: Cy includes probe and jig capacitance.
=3
TIMING 35V HIGH-LEVEL e ——— 35V
INPUT ! 1.3V PULSE d 13V .1.3 \" |
A _t ______ 03V ' tr ( o3v
e " 35V 1' tw —® 35V
—-—=3 1 .
DATA ! i H
INPUT 13V 13V LOW-LEVEL 13V 13V .
03V PULSE L —'— — 03V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS
INPUT Ne13v oV ouTPUT sV
713V N CONTROL 13V 13V
: | 03V {low-level -: ________ 0.3V
. ﬁ'PLH.: ktpHLt: enabling) ‘PZL-:" - "-'PLZ
INPHASE | i T iy Vou i) h ~35V
ouTPUT . 13V, - WAVEFORM 1 I £03V
T | VoL (51 cn_oszo) : E CETER. S VoL
QtpHLY RtPLH See Note B {
] h Vou tPZH M tPHZ o
OUT-OF-PHASE ! !
OGUTPUT 1.3V 1.3Vv WAVEFORM 2
A S10PEN
VoL
(See Note D) (See Note B}
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE QUTPUTS
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. Allinput 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 open.
i
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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 54LS189A J -00

Prefix

Must contain two to four letters

SN = Standard Prefix

c
o
=
®
£
1
o
A
£
©
E
)
£
@
o

Unique Circuit Description

Must contain four to eight characters

Examples:
7489
54185A
74LS319A
5451898
Pach

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)

1These 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 Tl 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

{i;
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ORDERING INFORMATION

PROM NUMBERING SYSTEM AND ORDERING INSTRUCTIONS

To complement Texas Instruments continually expandingline 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 e‘xplained in the following

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

example.
@
g These two digits
) comprise the
B series designation
5 EXAMPLE: TBP 2 8 SA 8 .6 M
g T 77 TTTT L
2 Prefix Package Type
3 TBP = standard prefix JJIT,JW = ceramic dual-in-line
,g.’. MBP = MACH IV N,NT,NW = plastic dual-in-line
6' SNM processing FK = ceramic chip carrier
3 cpPB = MILSTD-8838 Mitary FN = plastic chip carrier
vendor-equivalent
X > Product
SNC processing Versionst
JBP = JEDEC standard
MIL-STD-883B Temperature Range
SNJ processing No designator (commercial} 0°C to 70°C
B M -55°C to 125°C
tSee Tl publication CB233A for detailed
explanation and processing flow diagrams.
Package Size?
Row Spacing in
Inches (Millimeters)
Generic Programming 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-collector * Package-size designation is not applicable with chip
RA = registered open-collector carrier (FE or FN}, and should be replaced with the
SR = shadow register ’ 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
1-18 TEXAS



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 Cc N
Prefix /

Tl Bipolar Leadership
PAL Circuit Designator

Product Family Designator

Input Regi: Type

No Designator = No Input Register
R = D-Type Register
T = Transparent Latch Register

c
o
k=
1]
£
-
O
[t
£
©
-
-]
c
[}
(&)

Number of Array Inputs

Output Configuration Designator

R = Registered
L = Active Low
X = Exclusive-OR

Number of Outputs in the
Designated Configuration

Performance D

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)

P Type

N 20-Pin Plastic DIP

J = 20-Pin Ceramic DIP’

NT = 24-Pin, 300-mil Plastic DIP
JT = 24-Pin, 300-mil Ceramic DIP
JW= 24-Pin, 600-mil Ceramic DIP
NW= 24-Pin, 600-mil Plastic DIP
FN = Plastic Chip Carrier*

FK = Ceramic Chip Carrier

PAL is a registered trademark of Monolithic Memories Inc.

/} :
Texas {’ 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 Clara, CA 95050
(408) 727-6562

DATA 1/0

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

Structured Design

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

Sunrise Electronics

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

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

Varix

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

Wavetec/Digelec

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

General Information i

SOFTWARE MANUFACTURERS

Assisted Technologies (CUPL)
2381 Zanker Road, Suite 150 2175 Mission College Blvd.
Santa Clara, CA 95050 Santa Clara, CA 95050
(408) 942-8787 (408) 970-9700

Monolithic Memories Inc. (PALASM)

DATA /O (ABEL)
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 {/0, Sunrise,
Structured Design and Digital Media. Other programmers are now in the certification process. For a current list of certified programmers,
please contact your focal Tl sales representative.

{i,
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESS FOR PROM PROGRAMMING AND SOFTWARE MANUFACTURERS*

HARDWARE MANUFACTURERS

Citel

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

DATA I/O

10525 Willows Rd.
Redmond, WA 98052
(206) 881-6444

DIGITAL MEDIA

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

uolleWIOU| |EI8UDD)

Kontron Electronics

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

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

SOFTWARE MANUFACTURERS

Assisted Technologies {(CUPL)
2381 Zanker Road, Suite 150
Santa Clara, CA 95050

(408) 942-8787

DATA 1/O (ABEL), (PROMLINK)

10525 Willows Rd.
Redmond, WA 98052
(206) 881-6444

Sunrise Electronics

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

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

Varix
1210 Campbell Rd.
Richardson, TX 75081

(214) 437-0777

Wavetec/Digelec

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

Monolithic Memories Inc. (PLEASM)
2175 Mission College Blvd.

Santa Clara, CA 95050

(408) 970-9700

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

{i}
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FUNCTIONAL INDEX

GATES AND INVERTERS

POSITIVE-NAND GATES AND INVERTERS : POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS
TECHNOLOGY TECHNOLOGY
STD STD
DESCRIPTION TYPE | o | Ats [AS|H | L|Ls|s |voLume DESCRIPTION TYPE | oy |ALS| AS| H LS| S [ VOLUME
Ny g . ole
Hex 2-Input Gates 804 A 8 3 Quadruple 2-Input Gates ‘09 2
‘04 . e elofe 2 hd 3
o AR
Hex Inverters A b 3 Triple 3-lnput Gates ‘15 2
1004 . . A 3
‘00 L] . L] L] d 2
Quadruple 2-Input Gates A . 3 POSITIVE-OR GATES
1000 A A TECHNOLOGY
. L] . L Ld Ld 2 STD
Triple 3-Input Gates 10 A . 3 DESCRIPTION TYPE | |ALs| As (LS| s | voLume
Ll A 3 Hex 2-Input Gates 832 N 3
20 -2 ejefee 2 P P Py 3
Dual 4-Input Gates - A hd 3 Quadruple 2-Input Gates e | o
1020 A 1032 A e 3
L] L] * . Ld 2 ”
¥ . Triple 4-Input OR/NOR ‘802
8-Input Gates 30 ry ry 3 X
o > )
13-Input Gates 133 POSITIVE-NOR GATES -
L]
3
Dual 2-Input Gates ‘8003 . TECHNOLOGY E
STD
DESCRIPTION TYPE Als|As| L |Ls|s [volumE | "=
POSITIVE-NAND GATES AND INVERTERS WITH OPEN-COLLECTOR OUTPUTS TTL ©
Hex 2-Input Gates 805 A s 3 c R
TECHNOLOGY o < <o s > o
STD —
DESCRIPTION TYPE als |as|H [ L|is|s|voLume Quadruple 2-Input Gates ol 4
T 1002 A 3 o
. . ol 2 c
‘05 R . L 2
Hex Inverters A R Triple 3-Input Gates 27 + % 3 =
“1005 . Dual 4-Input Gates with Strobe ‘25 4 w
. L] L] . 2 2
o1 . 3 Dual 5-Input Gates ‘260 .
Quadruple 2-Input Gates . ° e| oo 2
03 5 SCHMITT-TRIGGER POSITIVE-NAND GATES AND INVERTERS
3
1003 A TECHNOLOGY
. \d L] 2 STD
Triple 3-Input Gates 12 ~ 3 DESCRIPTION | Tvee | L [As]as|Ls| s | voLume
L] Ld L] L4 2 .
Dual 4-Input Gates ‘22 Hex Inverters el e °
B 3 ‘19 .
Octal Inverters 619 .
POSITIVE-AND GATES 3] . ry
Dual 4-Input Positive-NAND s - 2
TECHNOLOGY -
50) Triple 4-Input Positive-NAND '618 .
DESCRIPTION TYPE ALs |Aas| H|Ls| s | voLume 22 .
RALY Quadruple 2-Input Positive-NAND T3z e <1
Hex 2-Input Gates ‘808 A B 3 -
08 . oo 2
Quadruple 2-Input Gates o | R CURRENT-SENSING GATES
1008 A |e
: TECHNOLOGY
1 2RI K] 2 DESCRIPTION TYPE Tas[is VOLUME
Triple 3-Input Gates A @ 3 : ALS | As L
1011 A 3 Hex 63 [ Te 2
o] @ 2 .
Dual 4-lnput Gates 21 r o DELAY ELEMENTS
3
Triple 4-Input AND/NAND ‘800 A
DESCRIPTION Typ [JECHNOLOGY) () e
ALS[AS[Ls
Inverting and Noninverting Etements, I o 2
2-Input NAND Buffers

® 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.

. ‘Qip
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FUNCTIONAL INDEX

. GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS

AND-OR-INVERT GATES BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS
=5 TECHNOLOGY TECHNOLOGY
DESCRIPTION TYPE ALs |as|H [ L [is |s |volume oN TD
T DESCRIPTI TYPE i“ ats |as|is | s |voLume
2-Wide 4-input ‘55 ofefe T
4-Wide 4-2-3-2 Input - ‘64 L 2
Wide 2-2-3- g 17| e
4-Wide 2-2-3-2 Input 54 . R Hex : :
4-Wide 2-Input '54 | @ 35 . 3
4-Wide 2-3-3-2 Input ‘54 o "1035 . 3
Dual 2-Wide 2-Input 51| ® e [e|e |e ‘06 | @ 2
Hex Inverter 16| e
AND-OR-INVERT GATES WITH OPEN-COLLECTOR OUTPUTS ‘1005 . 3
‘26 | @ .
TECHNOLOGY - . 2
E— ~ 7o , -
- DESCRIPTION TYPE g ALS | AS | S | VOLUME Quad 2-Input Positive-NAND A 3
- ‘39 | 2
2 4-Wide 4-2-3-2 Input 65 . 2 77003 ry 3
. 0 2
EXPANDABLE GATES Quad 2-Input Positive-NOR ‘33 T A 3
m TECHNOLOGY
g DESCRIPTION 1vpe | 57 | acs las| | e s |vorome BUFFERS, DRIVERS, AND BUS TRANSCEIVERS WITH OPEN-COLLECTOR OUTPUTS
o LAY TECHNOLOGY
- Dual 4-Tnput Positive-NOR 23] e 5 30
o |with swobe DESCRIPTION TvPe| Ll ALs as|Ls VOLUME
s 4-Wide AND-OR ‘52 . 2 - ‘743 A
o 4-Wide AND-OR-INVERT 53] e . Noninverting 757 o | o
— |2 Wids AND ORINVERT 55 v oo Octal Buffers/Drivers . 60 o
="  [Dual 2:Wide AND-OR-INVERT ‘50| e . ‘742 A
=3 Inverting Octal -
Q. Buffers/Drivers 756 d 3
o EXPANDERS 763 o | e
> TECHNOLOGY Inverting and Noninverting 762 N
) Octal Butfers/Drivers
DESCRIPTION TYPE [ 1 | ALS |AS | H | VOLUME Noninverting Quad Transceivers ‘759 .
Dual &-npat o e o Inverting Quad Transceivers ‘758 0
Triple 3-Input ‘61 D 2
3-2-2-3 Input AND-OR ‘62 .

@ Denotes available technology.
ADenotes planned new products.
A Denotes ‘“A’" suffix version available in the technology indicated.
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FUNCTIONAL INDEX

GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS

GATES, BUFFERS, DRIVERS. AND BUS TRANSCEIVERS 50-OHM/75-OHM LINE DRIVERS
-STAT PUT:
WITH 3-STATE OUTPUTS TECHNOLOGY
TECHNOLOGY T
50 DESCRIPTION TYPE ;’: ALs [as | s |volume
RIPTION PE ALs | a VOLUME
DESCRIPTIO! ™ T S|ts|s |vo Hex 2-Input Positive-NAND ‘804 A |8
Noninverting 10-Bit Buffers/Drivers *29827 A Hex 2-input Positive-NOR *805 A |8 3
Inverting 10-Bit Bulfers/Drivers '29828 A , Hex 2-Input Positive-AND "808 A |8
Noninverting 10-Bit Transceivers '29861 A s Hex 2-Input Positive-OR ‘832 Als
Inverting 10-Bit Transceivers "29862 A Quad 2-Input Positive-NOR ‘128] o 2
Noninverting 9-Bit Transceivers "39863 A Dual 4-Input Positive-NAND ‘140 D
Inverting 9-Bit Transceivers ‘29864 A
L4 Ld
‘241 2 :
A 4 3
j ele 2
244 rSi ) 3 ) 2
. o | - 2
‘465 '
Noninverting A 3
Octal Buffers/Drivers ) . 2
467 = 3 x
s . 2 ]
541 - -]
12411 A 3 E
12441 A —
‘231 D [12]
240 ele| 2 =
Ale 3 _9
. 2 -
‘4
Inverting Octal 66 A 3 g
Butf i . 2
utfers/Drivers 468 5
A 3 .
‘540 - 2
° 3
‘12409 o
- - 3
Inverting and Noninverting 230 R
Octal Butfers/Drivers
L
) '245 2
Octal Transceivers Ale 3
1245 A
A A 2
Noninverting 365 |- . 3
e i
Hex Buffers/Drivers 67 A A 2
0 3
368 |2 A 2
Inverting A 3
Hex Buffers/Drivers A A 2
‘368
A 3
. L]
Quad Buffers/Drivers 125 A
) ‘126 | e A
with Independent 235 e 2
\
)
Output Controls 5 | »
L
Noninverting ‘243 1 3
Quad Transceivers 7t N
[ ‘242 L 2
e N
uad Transceivers 2020 o
Quad Transceivers with Storage ‘226 . 2
12-Input NAND Gate 134 .

@ Denotes available technology.

A Denotes planned new products.

€ Denotes very low power. .
A Denotes ‘A’ suffix version available in the technology indicated.

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

. 1, :
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FUNCTIONAL INDEX

BUFFERS, DRIVERS, TRANSCEIVERS, AND CLOCK GENERATORS

BUFFERS, CLOCK/MEMORY DRIVERS . OCTAL BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS
TECHNOLOGY TYPE TECHNOLOGY
STO DESCRIPTION OF TYPE
DESCRIPTION TYPE ALS |AS |H | LS | S | VOLUME ALs | as | ts | vorume
TTL OUTPUT
Hex 2-Input Positive-NAND ‘804 A |B : A |e 3
3-State 245
Hex 2-Input Positive-NOR ‘805 A8 D 2
Hex 2-input Positive-AND ‘808 A |8 oc e AL 3
Hex 2-Input Positive-OR ‘832 als 3 , . 2
Hex Inverter 1004 e [ e A e 3
Low 3 State ‘623
. ‘34 D . 2
Hex Buffer 12 mA’24 mA 48 mA 64 mA Power
- 1034 o | A A | e 3
Sink, True Outputs oC. 3State | 639
.37 ° o | 2 D 2
Quad 2-Input Positive-NAND A o | e 36& LS
3 3State ‘652
'1000 Ale . 2
2 ) . 2 a 3
‘28 OC. 3 State ‘654
Quad 2-Input P NOR A = Z
. 1002 A Ve L oc 1621 | A
1y Low
1036 A :V © 3swe | 1623 | A 3
v
-n Quad 2-Input Positive-AND 1008 Ale o OC. 3State | 1639 | &
c Quad 2-Input Positive-OR 1032 A|e 3 A e 3
- 3 State ‘620
= Triple 3-Input Positive-NAND | ‘1010 A . 2
9. Triple 3-Input Positive-AND 1011 A o o LA 3
= Triple 4-Input AND-NAND "800 A . 2
o Triple 4-Input OR-NOR ‘802 A 12 mA 24 mA 48 mA 64 mA Low A . 3
= 0C. 3-State | ‘638
o 40 o o| oo 2 Sink, Inverting Outputs. Power . 2
—_— Dual 4-Input Positive-NAND A 3 s o L ® 38 LSI
— 1020 A tate 5 -
=3 Line Driver/Memary Driver 2 3
'436 . L3 -
Q. with Series Damping Resistor 2 oc. 3State 653 . 2
Y] Line Driver/Memory Driver ‘437 . 3State | 1620 | &
x Very Low -
Power oC 1622 Ly 3
BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS AND DRIVERS OC.3State | 1638 | & '
TYPE TECHNOLOGY oc ooy A1 0
oF Low . 2
DESCRIPTION TYPE |ALS | AS|LS | § | VOLUME 12 mA 24 mA 48 mA 64 mA |  Power A . 3
OuTPUT Srn Tre o 3 State ‘645 < 5
Guad with Bit Direction 3-State_| 446 D ik Troe Outputs —— - —t
Controls 3-State | ‘449 D i” o v rrves S N
oc 220 - ower tate A
.
oC ‘441 L3 3 State ‘640
Low . 2
Quad Tridirect; 3State | 442 ° ? 12 mA 24 mA 48 mA 64 mA | Power Al 3
n
uad Tridirectio Tone | 443 . MA 24 mA 48 mA 64 m/ oc ‘642 = 2
3ot | aas o Sink. Inverting Outputs - — —r
oc 448 ° :v " o‘:e 1642 | A 3
4-Bit with Storage 3-State | '226 ° o P
N 3-State ‘643 .
OCTAL BUS TRANSCEIVERS/MOS DRIVERS 12mA24mad8 magama | O 3 2
Power A L] 3
TECKNOLOGY Sink. True and oc 644 . 3
STD Inverting Outputs v IS e 2
DESCRIPTION TYPE Ats| as|Ls | s | volume ery tow 2 3
T Power oc 1644 | A
) ‘2620 . . | 3& LS
Inverting Outputs, 3-State 2640 ry s Registered with Multiplex 3-State ‘646 . 2
2623 P 12 mA 24 mA 48 mA 64 mA . 3
True Outputs, 3-State 2645 Py True Outputs oc 647 " Py
. L 3 & LS
OCTAL BUFFERS AND LINE DRIVERS WITH INPUT/QUTPUT RESISTORS Registered with Muitiplexed 3State 648 < >
12 mA 24 mA 48 mA 64 mA . 3808t
TECHNOLOGY inverting Outputs oc ‘649 < 5
. STD
DESCRIPTION TYPE| o |ALs|as] s s [voLume Urersal Transcerver 877 .
5 o rort Comron 3.State ‘852 . 3&tsl
g n
Input Resistors Inverting : utputs 41 L] ort Controllers 550 .
Noninverting Outputs | ‘747 . 3
[ ti B
Output Resistors |1VETNG Outputs 2540 o
Noninverting Outputs | ‘2541 .

@ 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.

/]
26 Texas ‘b
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



FUNCTIONAL INDEX

DUAL AND SINGLE FLIP-FLOPS QUAD AND HEX FLIP-FLOPS
TECHNOLOGY TECHNOLOGY
STD NO. OF STD
DESCRIPTION wvee || as | as |k | Lfs |s | volume DESCRIPTION FFO outputs |Tvpe | fALs |asLs [s | volume
s
‘73 | e o e A 74 2 L 2
76 A 6 Q o e 3
78 elela 378 .
103 . ) D Type 171 . 2
‘ - Ld * .
106 ° 4 a.d {178
107 ] A . [o 3
Dual J K Edge-Triggered 108 . 379 .
. A 276 [ e 2
" [ RN
09 T 3 4 e Iamee
2 Ale 2
A A 3 OCTAL, 9-BIT, AND 10-BIT D-TYPE FLIP-FLOPS 2
L]
113 a 2 TECHNOLOGY
A a 3
. DESCRIPTION NO- OF | o rpur | Tvpe |5 [acs [as [us [s | vorume
14 — A g BiTs m %
o | 3 !
’ o 3-S5 ‘374
Single J-K Edge-Tri " ‘1;? . True Data Octal 1ate 3 o o 2 _g
in rigger
9 ge-Triggere 3State | 574 B | e
102 o 3 c
L —
73| e e 2State | ‘273
‘76 | e . ° L] 2 —
Dual Pulse-Triggered = s True Data with Clear| Octal | 3-State | ‘575 ° | o 3]
07 . 3-State ‘874 . . 3 c
ET) o 3-State | '878 . . _9
T < e 2 True with Enable | Octal | 2-State | 377 D 2 5
Single Pulse-Triggered Ty 2 3-State | 534 o [e c
05 ry Inverting Octal 3-State ‘564 A =3
3Stae | 576 2 ]e L
Dual JK with Data 3
| e 3-State | 577 A e
Lockout Inverting with Clear | Octal
Single J-K with Dat 3State } 879 Ale
K wi
9 @ ‘110 | ® Tnverting with Preset| Octal | 3-State | ‘876 A e
Lockout
< —ts True Octal | 3 State | 825 .
Dual O-Type 74 |2 ol Inverting Octal | 3510te | 826 .
A hd 3 True 981 | 3-State | 823 0
Inverting 9-Bit | 3-State ‘824 Y
True 10-Bit | 3-State | '821 °
Inverting 10-Bit [ 3-State ‘822 .
Troe Octal | 3 State | 29825 a JaLs
Inverting Octal | 3-State |'29826 a
True 9Bt | 3-Stete |29823 a
inverting 9-81_| 3State |'29824 a
True 10-8it | 3-State |'29821 A
Inverting 1081 | 3-State |'29822 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.

l .
Texas ‘b 2.7
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



FUNCTIONAL INDEX

LATCHES AND MULTIVIBRATORS

QUAD LATCHES OCTAL, 9-BIT, AND 10-BIT LATCHES
. TECHNOLOGY TECHNOLOGY
NO. OF TD
DESCRIPTION OUTPUT | TYPE i:t: aLs |as | L | s | voume DESCRIPTION ;T: OUTPUT | TYPE in. ALs | as [Ls | s | voLumE
Dual 2-8it ZSute sl el 268 .
Transparent 2Swe | 77| @ L 3.State | 373 ole] 2
2-State ‘375 0 2 Transparent Octal o e 3
SR 2State | 279 | ® A
3-State | ‘573 o | e
2-Stat ‘100 | @
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS Dual 4-Bit oo 2
T Octal | 2-State | ‘116 |
TECHNOLOGY . 3-State_| 873 B | e
STD 3-State | '533 e | e
DESCRIPTION TYPE
N TTL ALSIAS|LS | L | VOLUME Inverting Transparent| Octal 3-State | ‘663 A ‘3
2 ‘122 L e | e 3-State | ‘580 A i
Single 1 . ’ Dual 4-Bit
e 30 el &5 Octal | 3State | 880 Ale
‘422 . 2 Inverting Transparent
‘123 | o |e 3-State | ‘604 .
ouel 423 . oC__ [ 605 .
2-Input Octal
E‘I Py © 3 State_| 606 . 2
3 D-TYPE oc__| ‘607 0
- | N - | L] L]
o OCTAL, 9-BIT, AND 10-BIT READ-BACK LATCHES Addressable octal | 2.5tate | 1259
~ [ 3
=
o TECHNOLOGY Multi-Mode Buffered | Octal 3-State | ‘412 L] 2
3 NO. OF STD VOLUME True Octal | 3.State | ‘845 * | e
DESCRIPTION
® ESCRIPTIO airs | TYPE | gy | ALS | AS[ts [ s Inverting Octal | 3-State | 846 A [
-—
Edge-Triggered Inverting True 9.8it | 3-State | ‘843 o e
: 3&Lsl
5 and Noninverting Octal | 996 4 Inverting 9.8t | 3Stere | ‘844 (N0
o Octal | ‘990 . True 10-Bit | 3-State | ‘841 o | o
(1] Transparent True 9-Bit ‘992 L] Inverting 10-Bit 3.State | '842 L] .
> 10-Bit | ‘994 D
Octal | ‘991 . 1aLs MONOSTABLE MULTIVIBRATORS WITH SCHMITT-TRIGGER INPUTS
. Transparent Noninverting 9-Bit ‘992 [ TECANGLOGY
10-Bit ‘994 [ ST
Transparent with Clear DESCRIPTION TYPE ALs |As [Ls | s | L | vOLUME
True Output Octal | '666 . TTL
T'“e utputs — Single 21| . . ,
ransparent with Clear Octal | 667 . Dual 221 ] e .
Inverting Outputs
@ 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.
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FUNCTIONAL INDEX

SHIFT REGISTERS SIGN-PROTECTED REGISTERS
No. MODES TECHNOLOGY NO. MODES TECHNOLOGY
DESCRIPTION OF «|s|2]8| TYPe | sTO DESCRIPTION OF |]|.|2]|8|TYPE VOLUME
ALS VOLUME a | % ALS| AS | LS
mrs [@[4[2]2 T o Bl Bl I e eris |4|»|2| 2
Sign-Protected X x {x | '322 A Sign-Protected Register 8 X XX }'322 A 2
x[x[x|x] 198 | e 2
- | RE! FILES
:.mn.\ In, . x| x| xIx | ‘208 . - GISTER
m‘"“"'°“‘; S > TECHNOLOGY
directional 0
x | ‘323 1D VOLUME
X . A 3 DESCRIPTION OUTPUT | TYPE iTL ALS | AS | LS
. A e 2
4 X[ x]x|[x | ‘194 Y 3 8 Words x 2 8its 3-State | ‘172 .
Pacallel-I 4 Word 4 8Bit: oc 179 = 2
-In, x
P.:';ng x| x| x[x | 671 . ords e 3-State | ‘670 L]
n”': :' 4 Dual 16 Words x4 Bits 3 State 1| 870 °
egistere rds x4 Bil
. x| x| x|x | o2 . 2 v 3Swte | 871 D
utputs
X ‘8834
Py X *Ix | 198 . 64 Words x 40 Bits 3-State | '883: A
5 X X %6 2 21 OTHER REGISTERS
« Ix 05 A o| B 2 >
[ 3 TECHNOLOGY Q
Paraltet-In, x| [x ‘99 . sTD volume| O
YP ALS | A
Parailel. Out X xIx | 178 Y 2 DESCRIPTION TYPE m s|L|Ls|s c
4 X X|x | 179 . ‘98 [ 2
. Ale 2 ° . ©
x| |x 195 1 ‘
s 3 Qi:‘dvslip\e Muttiplexers 298 < 5 c
x| | x “295 B 2 with Storage 398 0 (=)
2 . 2 o
x x ‘385 A 398 L
A -3 8-Bit Universal Shift “299 . el Q
16 X x|x | 673 . Registers N . e | A 3 =
Seratin . QD z Quadruple Bus Buffer =]
Parallel-Out 8 X ‘164 ‘7 . A
sraler o a 3 Registers 3 2 L
16 X x|x | 674 . 2 QOctal Storage Register ‘398 .
L A - | i
Parallel-in, x| Ix|x| ~es " 3 g::' F:"'f f Bit V:Zf: :
Serial-Out 8 - - > 5 it Deg's il 5573 N 38 L8l
x x |x 166 -Bit Diagnostics/
ry 3 Pipeline Registers ‘29819 Iy
Serial-In, 8 X 91 | A o] e )
Serial-Out 4 x| [x ‘94 | @
SHIFT REGISTERS WITH LATCHES
NO. TECHNOLOGY
RIPTION F ou TYPE VOLUME
DESC! o TPUTS atslas | 1s
BITS
Parallel-In, Parallel-Out A 3-State ‘671 o
with Qutput Latches 3-State ‘672 o
16 2-State | ‘673 0
Serial-in, Parallel-Out Butfered | ‘594 L4
with Output Latches 8 3-State ‘595 J
oC ‘596 ° 2
oc ‘599 °
Parallel-In, Serial-Out, 8 2-State ‘597 J
with Input Latches 3-State ‘589 [
Parallel I/0 Ports with
Input Latches, Multiplexed 8 3-State ‘598 L]
Serial 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.
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FUNCTIONAL INDEX :

COUNTERS
SYNCHRONOUS COUNTERS — POSITIVE-EDGE TRIGGERED ASYNCHRONOUS COUNTERS (RIPPLE CLOCK) — NEGATIVE-EDGE TRIGGERED
TECHNOLOGY TECHNOLOGY
PARALLEL PARALLEL
DESCRIPTION woap | TYPE[STO | aislas|ofis | s |vorume DESCRIPTION ronn | T[S0 | s |as | |is [ |VOrume
T T
i D A 2 Setto9 | ‘90 [ A o| e
Sync 160 3 ry 3 68 Y
syne | 162 |2 A e 2 Decade Yes ‘176 | o
Decade 8 | e 3 Yes 196 | o e |e
Sync__| '560 A Setto-9 [ 290 | @ 0
Sync__ | '668 . None ‘93| A o] e
Sync__| ‘690 0 2 ‘69 . R
Sync__ | ‘692 . 4-Bit Binary Yes 177 [ @
. B |e Yes 197 | e . |e
Svne 168 5 | e 3 None | 293 | ® .
2 Asyne | 1180 2 . 2 Divide-by-12 None ‘92 | A .
2 2 Dual Decade None | 3901 o °
Decade Up/Down Asyne 92 . o e 2 Set-to-9 ‘490 . .
. 3 Dual 4-Bit Binary None [393 ] e *
M Sync | ‘568 A
c Sync__| ‘696 0 8-8IT BINARY COUNTERS WITH REGISTERS
cs) Swne__{ '698 e TYPE TECHNOLOGY
- Decade Rate 1 Asmne s e 2 DESCRIPTION oF | TvPE VOLUME
= Multipler, N10 | Setto-s Ats [ AS | LS
[] N ry OUTPUT
e} Sync ‘161 5T 3 Parallel Register 3-State | '590 .
o < Y S ) Gutputs oc_| 591 <1,
— Sync ‘163 5 . Parallel Register Inputs 2-State | '592 40
s 4-Bit Binary TS ~ 3 Parallel /0 3-State | '593 .
o. Sync ‘669 .
[¢] Syne 5o . FREQUENCY DIVIDERS. RATE MULTIPLIERS
x Sync__| ‘693 . 2 TECHNOLOGY
Syne 169 B |e DESCRIPTION Tvee[ s T o Tas [Ls [VOLUmeE
B [e 3 T
Asyne 191 L [ 2 50-to-1 Frequency Divider ‘56 [
4-Bit Binary [ 3 60-to-1 Frequency Divider ‘57 [ 2
Up/Down Async - | 193 [ o| @ 2 60-Bit Binary Rate Multiplier ‘97 .
. 3 Decade Rate Multiplier 167 .
Sync | ‘569 A
Sync__ | 697 O
Sync__| '699 ° R
6-Bit Binary l 97 .
Rate Multipler, N2
" Async CLR| '867 .
8-Bit Up/Down Sccin [ ese < 3818

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

DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS AND SHIFTERS

DATA SELECTORS/MULTIPLEXERS DECODERS/DEMULTIPLEXERS
TYPE TECHNOLOGY TYPE TECHNOLOGY
DESCRIPTION ofF |Tvpe[STD VOLUME DESCRIPTION oF  [rvee[ sTD VOLUME
ouTPUT T |Asias L fis s oUTPUT o |as]astLfis s
2-State ‘150 @ 2 3-State ‘1541 o *
- 4016 -
1601 3-State | 250 . oC 159] ®
3-State | ‘850 . 38 LS 315-10 BCD-to-Decimal | 2-5tate | 42| A .| e
3-State | 851 . 41510 Excess 3-fo- 2
- 43| A .
Dual 8-t0-1 3State | 351] @ ; Decimal 2State | 43
L] L 4-t0- - .
250t | 151 2 1010 Excess 3-Gray: | ) crate | vaa| A .
L] (] 3 to-Decimat
- ‘1 A L] ‘131 L] A
ZState | 152 2 310-8 with Address 3 3
3-State | ‘251 * e ° Latches 2-State  |“137 L
8-t0-1 o | A 3 . . 2
3-State_| '354 . 2.Gtat ag | A 3
2-State | /356 . 3108 ate .o 2 2
3-5tate | 1356 D 2 3State |'538 A R
ac ‘367 [ A|e®
2-State  {*139
2.State | 1153 |~ ol e Dual 2-to-4 Ale x
tate e 3 uel ete 2State_|'155] A 2 8
D 2 oC__[156] .
38 253
tate . | 3 Dual 1-to-4 Decoders 3-State|'539 A 3 c
Dual 4-to-1 < : -—
2-State | ‘352 -_
e DRI 3 CODE CONVERTERS ©
. 2 c
3-State | '353 T o TECHNOLOGY e
(V]  —
R oy < DESCRIPTION TYPE :I: s |voLume =
Octal 2:10-1 with St oc__1 605 = 6-Line BCD to 6-Line Bi 4-Line to 4-Li 2
c 0-1 wi orage 3State | 606 Py 2 -Line-| 0 6-Line Binary, or 4-Line to 4-Line 184 . c
Se— 557 A BCD 9's/BCD 10's Converters 2 =
PP e r 6-Bit Binary to 6-Bit BCD Converters 185 | A L
" < 5 BED-to-Binary Converters 284 3 R
Quad 2-to-1 with Storage 2-State 298 o 3 Binary-to-BCD Converters ‘485 A
2Sae 499 = PRIORITY ENCODERS/REGISTERS
2-State_| 399 . 2
L] o|e |o T OLOGY
2:State | ‘157 ECHNOLO
.o 3 DESCRIPTION Tvee | STD VOLUME
ALs |AS{LS
e (o] 2 ot
2-State | '158
Quad 2101 e e 3 Full BCD 147 e .
B d 2 Cascadable Octal '148 L4 ]
3State | ‘257 2
Ale 3 Cascadable Octal with 3-State Outputs 348 .
L | i i * L]
3State | ‘258 B 2 4-Bit Cascadable with Registers 278
A ® 3
“to-1 U ] IFTERS
; e 3State | 857 ofe 3 SH
utiplexe TECHNOLOGY
ESCRIPTION TPUT | TYPE | STD VOLUME
DESCRIP ou ats|as{L|Ls|s
T
4-Bit Shifter 3-State | ‘350 [ 2
Paraliel 16-Bit
Multi-Mode 3-State | ‘897 . Lsi
Barrel Shifter
32:84t Barrel Shifter 3-State | 8838 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.

i
Texas b 2-11
: INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



FUNCTIONAL INDEX

DISPLAY DECODERS/DRIVERS, MEMORY/MICROPROCESSOR CONTROLLERS,

OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS

AND VOLTAGE-CONTROLLED OSCILLATORS

MEMORY/MICROPROCESSOR CONTROLLERS

EXAS
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

OFF-STATE TECHNOLOGY TECHNOLOGY
CRIPTI VOLUME
DESCRIPTION outpur (vvee [sTo[ T T T | votume bEs oN TYPE Ris[as[is[s
VOLTAGE TTL System Controllers (Universal or for '888) 890 0 )
30V 25 | ® Transparent, | 4K, 16K 600 A
60V |141 | e Memory | g st Modes | 64K 601 A
to- Ref
BCD to-Decimal 15V |45 | e D efresh Cycle Steal, | 4K, 16K 602 A 2
Controllers
7V__ |45 . Burst Modes | 64K ‘603 A
30V 46 | A ° Memory Cycle Controlier 608 .
15 V. ‘47 | A QD Nomory Mappers 3-State 612 D
.
55V a8 | ® 1, Ty Mapp oc 513 . s
5.5V 49 Py ° Memory Mappers 3-State ‘610 L
BCD-10.5. 30V__[246 | with Output Latches oC 11 .
2 ament 15V |247 | @ . Multi-Mode Latches (8080A Applications) 412 . 2
7V |'3a7 . 16K, 64K, 2967 | &
v [aa1 . 266K 2968 | A
T CTTH N - Dynamic Memory Controllers [ == T T2 Lst
m 55V |249 | ® . 256K, 1 MEG | 6302 | 4
c -
g OPEN COLLECTOR DISPLAY DECODERS/DRIVERS WITH COUNTERS/LATCH
— CLOCK GENERATOR CIRCUITS
=2 TECHNOLOGY
© . | DEscRiPTiON Tvee [sTo [ T, o vorume TECHNOLOGY -
3 T DESCRIPTION vee [s10 [, Toslis s | VOLUME
n_’ BCD Counter/4-Bit Latch/BCD-to-Decimal a2 . TTL
—_ Decoder/Driver Quadruple Complementary-Output 65 | »
=1 BCD Counter/4-Bit Logic Elements
o Latch/BCD-to-Seven-Segment 143 . 2 Dual Pulse Synchronizers/Drivers 120 )
® Decoder/LED Driver Crvetal-Controtled Oscillat "320 0 )
rystal-Contr
* BCO Counter/a-Bit et © 321 .
Latch/BCD-to-Seven-Segment nae | e Digital Phase-Lock Loop ‘297 .
Decoder/Lamp Driver Programmable Frequency '292 .
Dividers/Digital Timers 294 0
VOLTAGE-CONTROLLED OSCILLATORS Triple 4-Input AND/NAND Drivers 800 a 3
Triple 4-Input OR/NOR Drivers 802 a
DESCRIPTION TECHNOLOGY AT Eory + 5
No. |COMPL| o [RANGE | | fmax TYPE s | s VOLUME
vCos | Zout INPUT | O%t | MHz
Single Yes Ves Yes | No | 20 |624] ®
Single Yes Yes Yes | Yes | 20 |'628| o
Dual No Yes Yes No 60 |124 . N
Dual Yes Yes No No 20 |'626 .
Dual No No No No 20 ['627 [
Oual No Yes Yes | No | 20 |629] @
" RESULTANT DISPLAYS USING ‘46A, ‘47A, ‘48, ‘49, ‘L46, ‘'L47. ‘LS47, ‘'LS48, °LS49, ‘LS347
| == =] — ] [l
(1) S| g o oy v} o} Y o oy} e — 1=
] 1 2 3 4 5 6 7 8 9 10 1 12 13 14
RESULTANT DISPLAYS USING ‘246, ‘247, ‘248, ‘249, ‘LS247, ‘'LS248, ‘LS249, 'LS447
] =] = S (i ) O ) il
(] ] g | =y = -
/] 1 2 3 4 5 6 7 8 9 107 N 12 13 14
RESULTANT DISPLAYS USING ‘143, ‘144
= N o= =
) I Il I i _
o] 1 2 3 4 5 6 7 8 9
®Denotes available technology.
ADenotes planned new products.
A Denotes ‘A’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

COMPARATORS AND ERROR DETECTION CIRCUITS

4.BIT COMPARATORS PARITY GENERATORS/CHECKERS,
ERROR DETECTION AND CORRECTION CIRCUITS
DESCRIPTION TECHNOLOGY .
p=a|P>a|P<a |outPutr OQUTPUT | TYPE| STD | o 1 as L{ts|s voLume No. - TECHNOLOGY
- DESCRIPTION oF | TYPE [STD VOLUME
ENABLE TTL ats|as|is|s
Yes | Yes | No | 2:State No 85 [ o oo | 2 BITS T
8 | 180 ® 2
8-BIT COMPARATORS Odd/Even Parity P P " e
= heckers K 2ere
. DESCRIPTION pm B TECHNOLOGY v . ) 286 Py
p— UTPY' PE LUMI 0
weuts  [p-a|F=G |p>a| P50 | Pealouteur| [ as | as|ts 3State | 8 | '636 . 5
- oC 8 | 637 D
Yes No No No No oc Yes v5|5 L 3 State 16 616 ry
2048 No Yes No No No 25 Yes ‘520 L 3 ocC 16 617 2
Pull-Up Nojves | No| No | No| OC ] Yes 17622 @ 5 Parallel Error 3State | 16_| '630 D
No Yes No Yes No 2S No ‘GSZ 2 D " oc 16 831 ry
No | Yes | No | Yes | No | OC No | 683 ° Circuits 3 State | 16 | ‘8400 Iy
Yes No No No No ocC Yes 519 . 3 3 -State 32 632 A 2
No Yes No No No 2-S Yes v.‘.\2| . oc 32 533 r ry 1als
No | Yes | No | Yes | No 2:S No ‘534 . 3one 32 534 YR »
No | Yes ] No | Yes } No ocv No 685 . ) oC 32 635 2 1 a Q
No | Yes | No | Yes | No | 2§ Yes | ‘686 . ©
Standard :
No Yes No Yes No oc Yes ‘687 .
< 3 FUSE-PROGRAMMABLE COMPARATORS -—
No | Yes | No [ No [ No | 28 Yes | 688 —
.| TECHNOLOGY ©
. 3 DESCRIPTION TYPE [STD VOLUME c
No [ ves | No | No [ Mo | oC Yes | 689 ALs [As|is |s
« | 2 TIL )
Latched P 16-Bit Identity Comparator '526 ° -
No No Yes No Yes 2:S Yes ‘885 . 3&Lsl -
Logic & Arith 12-Bit identity Comparator ‘528 . 3 (&3
Latched P&Q 8-Bit Identity Comparator i =
ves [ No | ves | No | ves [Latched | ves | 866 . 3 ‘527 . 3
Logic & Arith) and 4-Bit Comparator
[V
ADDRESS COMPARATORS
OUTPUT | LATCHED TECHNOLOGY
VOLUME
DESCRIPTION eNaBLE | output | [ ALs | As
16-Bit to 4-Bit Yes 6771 o
X -Bi
' Yes 678 | e 5
12-Bit to 4-Bit Yes 679 | o
- ! Yes | 680 | ®

®Denotes available technology.
ADenotes planned new products.
A Denotes A"’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

ARITHMETIC CIRCUITS AND PROCESSOR ELEMENTS

PARALLEL BINARY ADDERS OTHER ARITHMETIC OPERATORS
TECHNOLOGY TECHNOLOGY
DESCRIPTION TYPE | STD DESCRIPTION TYPE [ STD VOLUME
sc P aLs |as [u s | s [VOLUME £s o ats [asiulilus|s
T T
1-8it Gated ‘80 . Quad 2-Input Exclusive-OR a6 |_° o[ Al 2
2-Bit ‘82 . Gates with Totem-Pole . 3
481t ‘83 A A 2 Outputs ‘386 . A
-Bi
‘283 | e D Quad 2-Input Exclusive-OR R o 2
Dual 1-Bit Carry-Save ‘183 | e Gates with Open-Collector ‘136
Outputs L 3
ACCUMULATORS, ARITHMETIC LOGIC UNITS, Quad 2-Input Exclusive- "266 . 2
LOOK-AHEAD CARRY GENERATORS NOR Gates “810 D A 3
TECHNOLOGY 2uzd 2~lkn:u(; Ex:l;s\l;/eNOR N N ,
ates with Open-Collector g .
DESCRIPTION TYPE | STD VOLUME
2 ‘?;L ALS[AS|LS |S Outputs
TS BT . zuao Exclusive OR/NOR 138 ) o
i a Y 681 P 2 4BBIEST = 2
o . RS -Bit True/Complement 87 N
- = Element
c 38& LSl
4-Bit Arithmetic Logic Units/ 1181 .
g Function Generators a BIPOLAR BIT-SLICE PROCESSOR ELEMENTS
'381 2
[ L] CASCADABLE TECHNOLOGY
o sal A 3819 DESCRIPTION 10 TYPE VOLUME
= 4-Bit Anithmetic Logic Unit 382 . 5 N-BITS ALS |AS (LS |'S
Q with Rippte Carry No 587 -
— . 3 2 i B
182 8-Bit Slice Yes 888 . LsI
'3- Look-Ahead Carry [ 16-8it A 3 Yos 895 e
o Generators ‘282 A
) 32-Bit ‘882 A 3& LSl
Y] Quad Serial Adder/Subtractor “385 . 2
MULTIPLIERS
TECHNOLOGY
DESCRIPTION TYPE [STD VOLUME
ALS[AS|LS | S
m
2-Bit by-4-Bit Parallel Binary Multipliers ‘261 .
‘284] o
4-Bit-by-4-Bit Parallel Bi
it-by-4-Bit Parallel Binary o5 e )
25-MHz 6-Bit Binary Rate Multipliers ‘97| e
25-MHz Decade Rate Multipliers 67| ®
8-Bit x 1-Bit 2's Complement Multipliers | ‘384 .

® Denotes available technology.
ADenotes planned new products. .
A Denotes ““A’’ suffix version available in the technology indicated.
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FUNCTIONAL INDEX

USER-PROGRAMMABLE READ-ONLY MEMORIES (PROMs) REGISTERED PROMs
STANDARD PROMs e
DESCRIPTION | TYPE ORGANIZATION s | voLume
TYPE oUTPUT
DESCRIPTION TYPE ORGANIZATION | ' | S | VOLUME TBP34R162 4096W x 48 | 3State | ®
Ter28STee Jorew 88 | asae T 16K-Bit Arrays | TBP34SR165 | 4096W x 4B | 3-State | @ 4
TBPIES165 2088w x 88 | 3ste | ® TBP38R165 2048W x 88| 3-State | @
TBP38S166 2048W x 88 | 3State | ®
16K Bit Arrays | TBP3BSA165 | 2048W x 8B oc . RANDOM-ACCESS READ-WRITE MEMORIES (RAMs)
TBP38SA166 | 2048W x 8B oc .
TBP345162 4096W x 48 | 3State | ® Tvee TECHNOLOGY
TBP34SA162 4096W x 4B oc A DESCRIPTION ORGANIZATION OF TYPE | STD as | aslis | s VOLUME
TBP24581 2048W x 4B 3Ste | ® OUTPUT m
B 20 .
TBP24SA81 2048W x 48 oc - 256 Bit Arrays 256 x 1 3State ’2 1
TBP28S85A 1024W x 88 | 3State | A oc |1301 hd
TBP28S86A 1024W x 88 | 3State | ® oc [ 89 [ @ 2
8K-Bit Arrays | TBP28SAS6A | 1024W x BB oc ) 3-State | 189 Al8 4
TBP38S8S 1024W x 88 [ 3-State | A 64.Bit Arrays 16 x4 [3swe | 219 A
T8P38S86 1024W x 88 | 3State | A oc | 289 ALS )
TBP3BSABS 1024W x 88 oc A oc |38 A )
TBP38SAB6 1024W x 88 ‘oc A 4 16-Bit Muitiple-Port 8x2 3see | 172 o o]
TBP24541 1024W x 4B | 3State | ® Register File 2 c
TBP24SA41 1024W x 4B oc 3 16-8it Register File x4 oc “70 . D -
TBP28542 512W x 88 | 3State | @ 3State | ‘670 hd —_—
AK-Bit Arrays Dual 64-8it ‘870 - [
TBP2BSA42 512W x 88 oc . 16 x4 3State 3 c
TBP28546 512W x 88 | 3-5tate | o Register Files 871 hd °
TBP2BSA46 512W x 88 oc o —
TBP38S22 256W x 88 | 3smie | ® FIRST-IN FIRST-OUT MEMORIES (FIFOs) brd
2K-Bit Arrays [$]
TBP38SA22 256W x 8B oc . veE TECRNOLOGY c
15?742‘0 256W x 4B | 3-State | @ DESCRIPTION or 1) Taelie s |Vvorome =]
TBP24! .
1K-Bit Arrays A10 256W x 4B oc ouTPUT [T
T8P34510 256W x 4B | 3State | ® Too |72 Y
TBP34SA10 256W x 48 oc . . Py T - -
TBF185030 32W x 88 | 3State | ® 16 x4 oo 1237 <
2568t Arrays | 1571854030 32W x 88 oc . e T8 -
TBP38S030 32W x 88 | 35tate | ® e R e T
TBP38SA030 32W x 88 oc . T T 55 ~ o T =
16 5 29
LOW-POWER PROMs . b SSwe |29 | A 3ais
3 State 233 A
TYPE
DESCRIPTION TYPE ORGANIZATION s | volume
outPuT
TBP28L166 2048W x 88 | 3State | @ o Denot oble technat
enotes available technology.
.. L]
16K-Bit Arrays | T1BPIBL165 204BW x 8B | 3-State A Denotes planned new products.
TBP38L166 2048W x 8B 3-State . A Denotes A" suffix version available in the technology indicated.
TBP34L162 4096W x 48 | 3State | A B Denotes “/B" suffix version available in the technology indicated
TBP2BLESA 1024W x 8B | 3State | A
’ TBP2BLB6A 1024W x 88 | 3State | ®
8K-Bit Arrays >
TBP38L8S 1024w x 88 | 3-State | A
TBP38LE6 1024W x 88 | 3State | A a
X L
KBt Avays | TEF28L42 512W x 88 | 3-State .
TBP28L46 512W x 88 | 3State | ®
TBP28L22 256W x 8B | 3-State | ®
2K-Bit Arrays | TBP28LA22 256W x 88 oc .
TBP38L22 256W x 8B | 3State | @
1K-Bit Arrays | _TBP34L10 256W x 4B | 3State | ®
266-Bit Arcays | TBP38LO30 32W x 88 | 35tate | ®
@ 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.
2-15
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FUNCTIONAL INDEX

PROGRAMMABLE LOGIC ARRAYS

PROGRAMMABLE LOGIC ARRAYS

OUTPUTS TYPE NO. OF
TYPE NO PINS
Active-Low ['PAL16LBA
‘PAL16R4A
Registered ‘PAL16REA
‘PAL16RBA
Active-Low | PAL16LBA-2
PAL16R4A-2
Registered |'PAL16R6A-2
‘PAL16RBA-2
Active-Low [PAL20L8A
‘PAL20R4A
Registered |'PAL20R6A
‘PAL20RBA
Active-Low ['PAL20LBA-2
'PAL20R4A-2
Registered |['PAL20R6A-2
‘PAL20R8A-2
Active-Low |"TIBPAL16L8-12
“TIBPAL16R4-12
Registered |'TIBPAL16R6-12
‘TIBPAL16R8-12
Active-Low |'TIBPAL16LB-15
‘TIBPAL16R4-15
Registered |'TIBPAL16R6-15
‘TIBPAL16RS-15
Active-Low | ‘TIBPAL20LB-15
‘TIBPAL20R4-15
Registered |'TIBPAL20RG-15
‘TIBPAL20R8-15
Active-Low |'TIBPAL20L10-20
'TIBPAL20X4-20
Registered |'TIBPAL20X8-20
‘TIBPAL20X10-20
Active-Low |'TIBPAL20L10-35
‘TIBPAL20X4-35
Registered |'TIBPAL20X8-35
‘TIBPALZ0X10-35
Active-Low |'TIBPALR19L8-25
‘TIBPALR19R4-25
Registered |"TIBPALR19R6-25
‘TIBPALR19R8-25
Active-Low |TIBPALR19L8-40
'TIBPALR19R4-40
Registered | TIBPALR19R6-40
‘TIBPALR19R8-40
Active-Low |'TIBPALT19L8-25
TIBPALT19R4-25
Registered |'TIBPALT19R6-25
“TIBPALT19R8-25
Active-Low |'TIBPALT19L8-40
‘TIBPALT19R4-40
Registered | TIBPALT19R6-40
“TIBPALT19R8-40
3-State | ‘TIFPLAB39
14x32x6 Logic Arrays oc ‘TIFPLABAO

DESCRIPTION . INPUTS

>
13
13

VOLUME

F3
o

N

High-Performance PAL® 16

20

IS

Half-Power PAL® 16

20

High-Performance PAL® | 20 24

N

Half-Power PAL® 20

Impact PAL® 16

o= mH. R QI," - ,,H. . WF

Impact PAL® 16

20

Impact PAL® 20

Xxapuj |euonoung

.,MMIQ

3

Exclusive-OR PAL® 20

YRS

)

Exclusive-OR PAL® 20 24

B

3

Registered-Input PAL® 19

24

Registered-Input PAL® 19

24

Latched-Input PAL® 19

Latched-Input PAL® 19

Field-Programmable

olojo]e]e|o|e|ejo|e[ele]e|ele|e]/oje|e|o|e|e|sje|e|[e]e|je|e|eje/e|e|o|e|e|e|ejo|e|e|je]e/ejojo|e|e|oia|o|o]e]e

TP HEFT

® PALis a i of ithic

® Denotes available technology.
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Field-Programmable Logic
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PAL16LBA, PAL16R4A, PAL16R6A, PAL16RBA
STANDARD HIGH-SPEED PAL® CIRCUITS

FEBRUARY 1984 —REVISED JANUARY 1985

; s PAL16L8’
® Standard High-Speed (25 ns) PAL Family M SUFFIX . . . J PACKAGE
@ Choice of Operating Sbeeds C SUFFIX . . . J OR N PACKAGE

HIGH SPEED, A Devices . . . 35 MHz (TOP VIEW)

HALF POWER, A-2 Devices . . . 18 MHz vee
Choice of Input/Output Configuration IC/)O
Package Options Include Both Plastic and 110
Ceramic Chip Carriers in Addition to Plastic 110
and Ceramic DIPs 110

1/0
3-STATE | REGISTERED 110
DEVICE | INPUTS 1/0 PORTS
0 OUTPUTS | Q OUTPUTS o)
PAL16L8 10 2 0 6 10 1
PAL16R4 0 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2
PAL16R8 8 0 8 (3-state) 0 PAL16LS*
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 - >0

half-power devices. They combine Advanced
Low-Power Schottkyt 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

10111213

=!
carriers are available for further reduction in “gTog9
board space. G}

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

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

2
o
)

-1

2

e}
@
E
£
©
B
=2
o
T

a

]

2

L.

3-3

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.

tlntegrated 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.

‘i Copyright © 1984, Texas Instruments Incorporated

Texas
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PAL16R4A, PAL1GR6A, PAL16R8BA
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)

v Q

(8]

__o058

20

1
2
3
4
5
6
7
8
9

10111213
“ols2e
[T]
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)
CLK E 1 vece
102 110
13 Q
ia Q
10s Q
1{s Q
17 Q
18 Q
1e 1/0
aNo o e 10 111213
PAL16RS8’ PAL16RS’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX FN PACKAGE
(TOP VIEW) (TOP VIEW)
CLK [T vee
102 Q
1s Q
I []a Q 1ga
1s Q 10s
t e Q 1Ds
gy Q g7
s Q s
1o Q. 10111213
GND [Jio OE

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

{iP
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PAL16L8A, PAL16R4A
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8A
‘PAL16L8A-2
& - EN =1 o
32X 64 |—4 v
> o————°
D> 7 O-—a—<4->—1/0
10 16 7
1 A- F—~
A -a—<4»—1/0
7
6 16 ,7, O—Q—€-p—1/0
- O—Ff—{~
7 %+ 1o
7
,7, O—Q—4->—1/0
7, —4-p— 1/0
/i O“k /
Y 2
7 - m
o
‘PAL16R4A -
‘PAL16R4A-2 @
Ke]
OE -O{EN2 g
CLK c1
£
= o
>
32 : 64 ; 1 <L 2v @ con
7 1D — g
. L ° :
ya o
8 ) a i.?'.!
> £ ! -
8 16 \
| L sl ~ 8 J)
7 7 Z Q
4 "\
'a 21
4 16 7 EN
z Avd 1/0
r b_+_ ~ y o—ﬁ—’—
T] O =\ <> 1/0
7 o—‘N 4> 110
7 SN <> 10
4
Vi <.
7 -
4 <
/ -

~ denotes fused inputs

{iP
TExas N 3.5
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PAL1GR6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6A
‘PAL16R6A-2
OE —OJEN2
CLK > C1
m | C
& 8, >1 % 2V}
- 1D
32X 64 —
8
L é
, N
g %
8 16 4
| —— P —~ )
6, é N\
re 8, #
” N\
2 16
~ 8, 6
7
3 ‘
>1
- EN
~ VP« —
ny!
) 7 p—ol—4->
% T ——
o 7 <
Q
) ‘PAL16R8A
3 ‘PAL16R8A-2
8‘ oF ofen2
= CLK (]
® r
5 & 8, =1 ¥1o 2V
32x 64 [
Q ™\
0 . 8, +
N\
8, {
~
8 > 16 N
| — —1~ 8, ?
L4
N
8
8 16 "
b—,&- ~ - + —\
> ;
N
? N
8 é
8
s b
v w

~ denotes fused inputs

110

170

{i}
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PAL16L8A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram
il

INPUT LINES
PRODUCT
LINES O 4 8 12 16 20 24 28 31

19) o

N eesesee O

%5
T

18} o

-

[m seeese

3)

T

-

XX XN Y I

07,4

N
W

4}

;
T

'_—(16) 170

N
seevee

w
-

LB —

g

w
N

(15)

70

18

|

Field-Programmable Logic .

»
o

(L)) V70

»
~

gzg.
!

3
-]
J

, (131 170

o

T

o

12) o

-
,’w

(LR}
1

|

TeExas {L‘ 3-7
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PAL16R4A ‘
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

ckilp
INPUT LINES
PRODUCT
UNES O a 8 12 16 20 24 28 31
0
L]
L]
: »—“g—’s/o
L]
L]
2 -
K
8 Y
e
: 18} /0
.
L]
15
3 '
) ( )DI A:K}
16
.
. o -7
L]
23 c1
| (4)D‘— IQ__D.‘
:_;! 24
a : ‘
o E 1D —M’Q
- ) '
(g &) 31 c1
P =D Jd——j
3 32
3 .
B : g M’o
‘? .
- (6) 39 > b
[} 1= K
Q. a0
[¢] .
L]
M 1D B‘LMO
[ ]
@ 4.7 >C1p
i : X+
a8
L]
. 13)
. 13,0
[ ]
L]
.55
NS K
56 )
L]
. 12
: 121,
L3
.
63
=D K :](11'0_5
i
3-8 Texas JU
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PAL16R6A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

a)
cik .
INPUT LINES
PRODUCT
LINES O 4 8 12 16 20 24 28 31
—

191 /0

N eseeee O

(2)
= XK
.
.
. (18)
1D a
: e
L]
15 4&]
(BInt )
=D K
16
L]
L]
. 1D —-Eoﬂ)o
. l
L]
: c1
23
(4)
Sl b JQ--—D]
24 o
: m
o
: Ty REVGLIN S
. o
31 c1 o)
(5) n} ©
1 —Df ;K}‘—j £
32 £
: [
. D —Boﬂsl’o 5
: <}
y c1 a
39
LTS : 5
40 <
: 1 =
. 10 Eo(—)ﬂ
L
; c1
47 PC1p
2y

RENWGEIPN

J
LG
¥ o

L 81y
56
. 12) 1,0
9,52
=>4 K W oE
] .
TEXAS s 39
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PAL16RBA
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram

b
TEULN
INPUT LINES
Pnes ' 0 3 ) 12 16 20 24 28 31
0
.
L ]
. o 12
M .
L]
7 Lhc
2 _J
142 KH
8
L]
. —
: o 8 o
L]
L D
-D>C1
15
By —
| B3) K
16
L ]
L]
. 1D ﬂBoﬂZ’o
.
[ ]
Lm
23
LT _J

K
-n 24
o 4
2 : B R
Y H
o c1
o 31
€ o x—
g 32

L]

. 15
§ . 1D _—:Bo‘—’o
=2 H
o 39 c

6
Do il
a 40
Q, .
o .

: 1 -1

° c1

a7 j

L, K

a8

L]

. (13)

. 1D Eo— a

L]

L]

® 5.5 N_ >C1

56

L]

: 1D Eﬁ’o

.

) 6? >C1b

1= K] 1V 5E
' . T {I’
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PAL16L8A, PAL16R4A, PAL16R6GA, PAL16RBA
STANDARD HIGH-SPEED PAL CIRCUITS

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

Supply voltage, Vg (see Note 1) . ..o it e i it et e et 7V
Input voltage (see Note 1) .. ... ... i i e et e et et e 55V
Voltage applied to a disabled output (see Note 1) ... ...... ... .. .. 55V
Operating free-air temperature range: M suffix........................... —-55°C to 125°C

Csuffix ...... ... . . i, 0°C to 70°C
Storage temMperature raNGE . . .. v v v vt vttt et e e et e e e —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 5.5 | 4.75 5 5.25 \%
! . OE input 2.4 5.5 2 5.5
VIH High-level input voltage Al others 2 55 2 55 3
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current -2 -3.2 | mA
loL Low-level output current 12 24 { mA
TA Operating free-air temperature -55 125 ] 70 °C
programming parameters, TA = 25°C %
~ MIN NOM MAX | UNIT 3
Vcc  Verify-level supply voltage 4.5 5.0 5.5 \% o
Vi High-level input voltage 2 5.5 \Y% 3
ViL Low-level input voltage 0.8 \Y (1]
VIHH Program-pulse input voltage 10.25 10.5 10.76 \4 E
PO i 20 50 E
. PGM ENABLE, L/R 10 '25 E
IlHH  Program-pulse input current mA te)]
Pi, PA 1.5 5 o
Vee 250 400 E
twi Program-pulse duration at PO pins 10 50 us 'CIJ
tw2 Pulse duration at PGM VERIFY : 100 ns o
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 VERIFY? 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 us
V¢ value during security fuse programming o} 0.4 \

i .
Texas b ' 311
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8BA
STANDARD HIGH-SPEED PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX
MIN  TYP MAX | MIN TYP MAX UNIT
felock Clock frequency 0 25 0 , 35 | MHz
tw Pulse duration, see Note 2 g::z: ::ih ;(5) :z ns
tsu Setup time, input or feedback before CLK t 25 20 ns
th Hold time, input or feedback after CLK 1 0 0 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 low, but not for both simultaneously.

electrical characteristics over recommended operating free-air temperature range

M SUFFIX C SUFFIX
TEST NDITIONS t g UNIT
PARAMETER co MIN TYP} MAX MIN TYP MAX
ViK Vce = MIN, If = —18 mA -1.5 -1.5 \
VoH Vce = MIN, 1IoH = MAX 2.4 3.2 2.4 3.3 \
VoL Vee = MIN, loL = MAX ) 0.25 0.4 0.35 0.5 \
. Outputs 20 20
lozH vVee = , =27V A
110 ports cc = MAX. Vo 700 100 | ©
Outputs -20 -20
1 V = MAX, Vg =04V A
n | 9% /0 ports cc 0 —250 250 | M
o 1) Vee = MAX, Vy =55V 0.2 0.1 mA
o 4 Vee = MAX, V=27V 25 |- 20 | A
Y . ' OE INPUT -0.25 _0.4
= | = = 0. A
8 I Ve = MAX. V) = 04V I et ~0.2 02 | "
3 Io§ Vce = MAX, - Vg = 225V -30 -125 | -30 -125 mA
Vee = MAX, Outputs Open
| 140 185 140 180 mA
g cc V=0V
g- TFor conditions shown as MIN or MA'X, use e appropriate value specified under recommended operating conditions.
Y *All typical values are at Vog = 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, lIgg.
-
[=]
@, switching characteristics over recommended supply voltage and operating free-air temperature ranges
©  (unless otherwise noted)
M SUFFIX C SUFFIX
PARAMETER FROM TO TEST CONDITIONS UNIT
MIN TYP! MAX [ MIN TYP! MAX
fmax 25 45 35 45 MHz
tpd 1, 10, 0, I/0 15 30 15 25 ns
tog - CLKY [ Ry = 500 @, i 10 20 10 16 | ns
ten OE+ Q CL = 50 pF, 15 25 15 22 | ns
tdis OE+t Q See Note 3 10 25 10 15 ] ns
ten 1, 1O o, 110 14 30 14 25 ns
tdis 1, O 0, /0 13 30 13 25 ns

T All typical values are at Voe = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

- "
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PAL16L8A-2, PAL16R4A-2, PAL16R6A-2, PAL16R8A-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 0 16 o] 18 | MHz
tw Pulse duration, see Note 2 ' Clock high 28 25 ns
| Clock low 28 25
tsu Setup time, input or feedback before CLKt 35 28 ns
th Hold time, input or feedback after CLK* 0 0 ns

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

PARAMETER TEST CONDITIONS M SUFFIX C SUFFIX UNIT
MIN TYP! MAX [ MIN TYP¥ mMAX
ViK Vce = MIN, I = —18 mA -1.5 - =15 [ V
VOH Vce = MIN, IoH = MAX 2.4 3.2 2.4 33 v
VoL Vee = MIN, oL = MAX 0.25 0.4 0.35 0.5 \"
QOutputs . 20 20
lozH Vee = MAX, Vg =27V A
0 170 ports cc 0 100 100 | ¢
Outputs -20 -20
| Ve = MAX, Vo = 0.4V A
ozL /0 ports cc o —-250 350 | *
1} Ve = MAX, Vi =556V 0.2 0.1 mA
hH Vece = MAX, V=27V 25 20 uA
OE INPUT -0.2 -0.2
1 Vee = MAX, V) =04V A
i cc ! All others -0.1 -0.1 m
108 Vce = MAX, Vg = 2.25 V -30 -125 | -30 -125 | mA
Vce = MAX,
icc cc=M Outputs Open 75 95 70 90 | mA
Vi=0V

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Ve = 5V, Ta = 25°C.
8The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, 10g.

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

)
o]
o

-

Qo

Q
©
£
£
©
.
2]
]
1

q.

o

°

['

PARAMETER FROM TO TEST CONDITIONS M SUFFIX C SUFFIX UNIT
MIN TYP? MAX | MIN TYP! MAX

fmax 16 25 : 18 25 MHz
tpd 1, 1/0, 0, 1/0 25 40 . 25 35 ns
tpd CLKt Q RL = 500 0, 11 35 11 25 ns
ten OE+ Q CL = 50 pF, 20 35 20 25| ns
tdis OE+t Q See Note 3 11 30 11 20 ns
ten 1, 110 0. /0 25 40 25 35 ns
tdis 1, /0 O, /0 25 35 25 30 ns

ANl typical values are at Ve = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

Texas % 3-13
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

PRODUCT TERMS 0 THRU 31 PRODUCT TERMS 32 THRU 63
(TOP VIEW) (TOP VIEW)
PGM ENABLE [ vee PGM VERIFY [[1 vee
PI0 [2 PO3 PI0 ]2 L/R
Pl s PO2 P (s PAO
P12 []a PO1 P12 []a PA1
PI3 (s POO P13 []s PA2
P14 (e PAO pia (e PO3
pPis 7 PA1 Pis []7 PO2
PI6 []8 PA2 Pl []8 PO1
P17 (o L/R PI7 (o POO
GND [fro PGM VERIFY GND [J10 PGM ENABLE
Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at V|yn)
TABLE 1 — INPUT LINE SELECT TABLE 2 — PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
NUMBER [PI7 PI6 PI5 Pl4 PI3 P12 P11 PIO L/R NUMBER [POO PO1 PO2 PO3 PA2 PA1 PAO
0 HH HH HH HH HH HH HH L Z 032 {2 2Z 2 H4 Z 2z 2
1 HH HH HH HH HH HH HH H z 1,33 z 4 Y4 HH 2z Y4 HH
-n 2 HH HH HH HH HH HH HH L HH 2,34 ¥4 z z HH 2 HH Z
(-D" 3 HH HH HH HH HH HH HH H HH 3.35 Y4 Y4 Y4 HH 2 HH HH
E 4 HH HH HH HH HH HH L HH Z 4,36 ¥4 z Y4 HH HH 2Z 2
o 5 HH HH HH HH HH HH H HH Z 5,37 [2 Z Z HH HH Z HH
P 6 HH HH HH HH HH HH L HH HH 6,3 |Z Z Z HH HH HH Z
Q 7 HH HH HH HH HH HH H HH HH ©7.39 |2 Z Z HH HH HH HH
Y 8 HH HH HH HH HH L HH HH Z 840 [z z HWH 2z 2z z 2
3 9 HH HH HH HH HH H HH HH 2Z 9,41 z r4 HH 2 4 4 HH
3 10 HH HH HH HH HH L HH HH HH 10,42 Z 4 HH 2 4 HH Z
g 1 HH HH HH HH HH H HH HH HH 11,43 |Z Z HH Z Z HH HH
6 12 HH HH HH HH L HH HH HH 2 12,44 ¥4 z HH 2 HH 2 4
- 13 HH HH HH HH H HH HH HH Z 13,45 Z 4 HH Z HH Z HH
o] 14 HH HH HH HH L HH HH HH HH 14,46 (2 Z HH Z HH HH 2z
g. 16 HH HH HH HH H HH HH HH HH 15,47 ¥4 r4 HH 2 HH HH HH
o 16 HH HH HH L HH HH HH HH 2 16,48 2 HH 2Z 2 Y4 ¥4 z
17 HH HH HH H HH HH HH HH Z 1749 [z HWH Z Z 2 Z HH
18 HH HH HH L HH HH HH HH HH 18,50 Z HH 2Z z z HH 2z
19 HH HH HH H HH HH HH HH HH 19,51 Y4 HH 2 4 4 HH HH
20 HH HH L HH HH HH HH HH 2 20,52 4 HH 2 r4 HH 2 4
21 HH HH H HH HH HH HH HH Z 21,63 {Z HH Z Z HH Z HH
22 HH HH L HH HH HH HH HH HH 22,54 z HH Z 4 HH HH 2
23 HH HH H HH HH HH HH HH HH 23,55 2 HH 2z ¥4 HH HH HH
24 HH L HH HH HH HH HH HH Z 2456 |HH 2 2z z 2z 2 2
25 HH H HH HH HH HH HH HH Z 25,57 |HH 2 2 Z Z Z HH
26 HH L HH HH HH HH HH HH HH ' 26,58 HH 2z r4 Y4 Z HH 2z
27 HH H HH HH HH HH HH HH HH 27,59 HH 2z z ¥4 4 HH HH
28 L HH HH HH HH HH HH HH Z 28,60 HH 2 z Y4 HH 2 z
29 H HH HH HH HH HH HH HH 2 2961 |[HH Z 2 Z HH Z HH
30 L HH HH HH HH HH HH HH HH 30,62 |HH Z Z Z HH HH 2Z
31 H HH HH HH HH HH HH HH HH 31,63 HH Z Y4 Y4 HH HH HH
L= Vi, H = VY, HH = Vi, Z = high impedance (e.g. 10 k@ to 5 V)
i
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PAL16L8A, PAL16R4A, 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
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 VcC to VIHH.

Blow the fuse by pulsing the appropriate PO pin to ViHH as shown in Table 2 for the product
line.

Return VcC to 5 volts and pulse PGM Verify. The PO pin selected in Step 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
fuse intact.

(blown), but no more than four times. Verification is possible only with the verify-protect

programming waveforms

,A
PGM ENABLE !
]
I

SELECTED
PI,L/R,PA
PINS (see

SELECTED
PO PINS (see

Table 2}

PGM VERI

| |
s g it

| Fesess VIHH

I

! . \l ViH
Tables 1 and 2) ViL

FY

@ 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

PIN 1

PIN

|
|
M 72NV B
11 I ' |
. ov

2
D)
[=]

-l

o

Ke]
©
£
£
©
)
o
o
o

q.

ke

©

(T8

{i’
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PAI.Z[ILBA, PAL20R4A, PAL20RGA, PAL20RBA
STANDARD HIGH SPEED PAL® CIRCUITS

D2706, DECEMBER 1982 —REVISED JANUARY 1985

Standard High Speed (25 ns) PAL Family’

Choice of Operating Speeds
HIGH SPEED, A devices . . . 30 MHz
HALF POWER, A-2 devices . . . 18 MHz

Choice of Input/Output Configuration
Preload Capability on Output Registers

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

3-STATE REGISTERED o
DEVICE 1 INPUTS
0 OUTPUTS Q OUTPUTS PORTS
‘PAL20L8BA 14 2 o] 6
‘PAL20R4A 12 0 4 (3-state buffers) 4
‘PAL20R6A 12 o] 6 {3-state buffers) 2
‘PAL20RBA 12 0 8 (3-state buffers) 0

description

These programmable array logic devices feature
high speed and a choice of either standard or
half-power speeds. They combine Advanced

Low-Power Schottky T technology with proven

titanium-tungsten fuses. These devices will
provide reliable, high performance substitutes
over conventional TTL logic. Their easy
programmability allows for quick design of
““custom’’ functions and typically result in a
more compact circuit board. In addition, chip
carriers are also available for further reduction
in board space.

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

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

The PAL20’ series is characterized for operation
over the full military temperature range of
—-55°C to 125°C. The commercial range is

characterized from 0°C to 70°C.
I

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

PAL20LS’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

{TOP VIEW)
24% Vee

2o -
] o
20[] 110
19] 110
18[J o
17[] vo
16[] VO
10 15[] 0
11 1a[] 1

12 13[] 1

SO 0B 0N o
N

PAL20L8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

/0
110
/0
NC
7le]
110
170

1213141516 1718

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

PRODUCT PREVIEW
This i
on a pl under
Texas Instruments reserves the right
to change or discontinue this product
without natice.
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PAL20R4A, PAL20RGA, PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

PAL20R4’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

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

(TOP VIEW) (TOP VIEW)
outck [ Uza[] vee 3
102 2300
1I0s  220wo
1Ids 20w0
1Ids 200
1IQe 1o
1I» 18fda
1Ide Qe
1 sJwo
1o sguo
1 e[
GND [h2  13[] OE
PAL20R6’ PAL20R6’ .

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

PAL20R8’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

{TOP VIEW}
OUTCLK

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

(TOP VIEW)

PAL20R8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
x

DIP pin assignments in operating mode (voltages at pins 1 and 13 less than Viqy)
PLCC pin assignments in operating mode (voltages at pins 2 and 16 less than V|yQ}

318 Texas “'f
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PAL20L8A, PAL20R4A
STANDARD HIGH SPEED PAL CIRCUITS

functional block diagrams (positive logic)

PAL20L8A
PAL20L8A-2
& = en =1 o
b—
40 X 64 |— v
7, b———o0
7
D> 7 C-e—<4->—1/0
14 20 7
1 ,/ / ~ v
7 O-&—4-b— /0
6 20 ) O—&—4-p—1/0
7 O+‘ ~
7 o—tq-p—- 110
’l
7
7 O—a—¢-b—1/0
7, 49— 1/0
i O‘Q /
6
¢ 2
(=2
o
PAL20R4A |
PAL20R4A-2 [}
Q
(1]
OF -OfEN2 £
OUTCLK Dc1 E
-] , o
& 8 >1 1=0 29| a g:
40 X 64 7 1D P
8 ) a
3 4) a 3
8 ) a 2
> 7 $ L
12 20 s
1 e 7 ~ / - J) Q
pi \
7 21
4 20 7 EN
' p—F—1 ~ / Ve 4> 1/0
¥ O < <P 1/0
N o—a [~ 1/0
<> 10
+ # N
4
ya P, S
7 w
4 <
v a <
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PAL20R6A, PAL20R8A :
STANDARD HIGH SPEED PAL CIRCUITS

functional block diagrams (positive logic)

PAL20R6A
PAL20R6A-2
OE - —OfEN2
OUTCLK <3
m | r
& 8 >1 1=0 2V}———— Q
a0xes| 4"’
N\
8 Q
9
N
8 {’ Q
12 20 ]
. ~ > St~ ) N o
s IR R =
61
4 8 Q
i B B =
20
2 ~ 8 6 Q
N
S
7, | v —— 170
7 « 4> 1/0
-
= 2
) 6,‘ <
o 7 <
[
o PAL20RSA
° PAL20RSA-2
(o]
o OE EN2
OUTCLK C1
g AN
& >1 1=0 @
Y a0 64 |- +‘° v
o \
o 8, # e
- m
(=} 8, # Q
[{o] ”
= 20
e —] P o , % a
’ N\
s - 20 8 : ? : a
O—F~— ~ —\
? a
. A
8, ? Q
N
8 ? Q
N

I 3
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PAL20LBA
STANDARD HIGH SPEED PAL CIRCUITS

(1)

: INPUT LINES
o  a 8 12 16 20 24 28 32 36

(2) b a4 : (23)

1 —D'r:__ <} 1

PRODUCT

UNES  Q
[ )
. | _ea
[ ]

B, [ .

' —<——
[ ]
° 21 1,0
[ ] i

@15 ,

U <
° (20)

° ——1/0
23

(5) ny :

S E
24 Y
° g . L
° 170 o
. S

61,9l .

RN e — P
32 '8
®
° — 18,6 E
: :

e 39 .

1 =DE —3<— =)
40 ot

t =
° 7 o.
. —— 10 5
pd @

(8) iy 47 1 iI_'

B <—

48
: T_(m 170
[ ]

I(S) L55 ‘lq

56 —
° (15)
[ ]
L ]
63 . (14)

'umDL" ‘!g !

(11)nss 4 (13)

RN K2,

i
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PAL20R4A

STANDARD HIGH SPEED PAL CIRCUITS

outctk U

INPUT LINES -
0 4 12 16 20 24 28 32 36
2 — (23)
b g,
PRODUCT -
LINES 0 -, I
§> (22’
p—————1/0
7
3y 9
=% a
. 8
. ® -——Lzlll/o
15
()} _
Db
I§ o
20
. [Leo
[ ] BScwp
(51,083 .
=Df ~<H
24
P | (19)
m ° g Q
z 3t ! |
o (6) n_s "
v Db <+H
g 32 d
*
18
Q . ) ’:|L°—( ' a
Q [ ] C1
3 (7) .39 , )
3 Db ~<H
g_ 40 :
®
> . AV
i . ol
o 47
Q . I(B) } —
3 --[>54g X
° (16)|/0
[ ]
I(9) } 55 "
’-56 wﬂ
° (15)
. 170
[ ]
(10) 63 .
=Dk K
(LRI (14)
VDR <+
‘ 13) —
L<}>(—’OE

{i}
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PAL20RGA

STANDARD HIGH SPEED PAL CIRCUITS

ourewk > INPUT LINES
0 4 8 12 16 ~ 20 24 28 32 36 (23)
|~(QDL'——" +—t———1o0
PRODUCT
LINES O
o [l (22)
° p——————1/0
L ]
3
|(3)[ 1 ;I
-8
2
° i
15 ;
s 3<H
[
° l‘ﬁ”o
"
= "24 :(]h
. S A W PR
° beip g’
{6)n_ s 3' LI |
I +<H 2
. ae . @
. pree
739 - £
s 75 +<H 5
* E 17) 9
L] Q o
47 H >
8) . s ] Kl
R =N i
[ ]
(16)
[
: B
9) |_5_5 ,
1 S <]
56
e 15)
° %}—-{L a8 /0
[ ]
(o, 83 .
D= K
(14)
1y ,
1 s 41
N (13) _
OE
i
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PAL20R8A

STANDARD HIGH SPEED PAL CIRCUITS

{1)
outcLk —> INPUT LINES
, 12 16 20 24 28 32 36 . (23)
( )D-
| g — I
PRODUCT
LNES
. ;—m’ Q
[
:
! }
NEDN. <H
° Ejﬂ)
: °
B i
b =9
o v
. E !(20) o
23 E |
Pk ]
[ ]
- . E !(19) o
o ° et
o , (8) , 3l —<H
) =t
3 % )

. (18
¢ e
3 39 "~
; 1‘1)-{); —<H
2 40 g

. ('T [ (17)
. E a
i 4; * b
«Q (8 s —
Q |
) _DL'Tg —<H
. ae
- o
55
(9) }
|
. % E l as
. L
,(10) 2 K | |
R 4(14)
' a = Spn pl
](13).0_E
{/
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

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

Supply voltage, VOC (see Note 1) . ... e e e e 7V
Input voltage (see NOTE 1) . ... it i et ettt 55V
Voltage applied to a disabled output (see Note 1) .. ...... ... ... ... 55V
Operating free-air temperature range: M suffix........................... -55°C to 125°C

Csuffix ........ ... ... ... . . 0°C to 70°C

Storage temperature range . . ... ... uvv v it it e —-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 5.5(4.75 5 5.25 \
VIH High-level input voltage 2 5.5 2 5.5 \
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, TaA = 25°C
. MIN NOM MAX | UNIT I3}
Vee Verify-level supply voltage 4.5 50 55 v 'E)
ViH High-level input voltage 2 55| V 3
ViL Low-level input voltage . 08| V ®
VIHH Program-pulse input voltage 10.25 10.5 10.75 | V e
PO 20 50 ©
. PGM ENABLE, L/R 10 25 =
lIHH Program-pulse input current Pl PA s 5 mA E
Vee 250 400 ®
twi Program-pulse duration at PO pins 10 50 | us =]
w2 Pulse duration at PGM VERIEY 100 s o
Program-pulse duty cycle at PO pins 25 % n.'
tsu Setup time 100 ns _-9
th Hold time 100 ns 2
td1 Delay time from Ve to 6 V to PGM VERIFYt 100 us u
td2 Delay time from PGM VERIFY? to valid output 200 ns
Input voltage at pins 1 and 11 to open verify-protect (security) fuse 20 21 22 \
Input current to open verify-protect (security) fuse 400 | mA
tw3 Pulse duration to open verify-protect (security) fuse 20 50 | ps
V¢ value during security fuse programming 0 04 \

{i’
Texas 3.25
INSTRUMENTS
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PAL20LBA, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH SPEED PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN TYP MAX | MIN TYP MAX
fclock  Clock frequency 0 20 0 30 | MHz
High 5
tw Pulse duration, clock i 20 ! i
Low 20 15 ns
tsu Setup time, input or feedback before OUTCLKT 30 25 ns
th Hold time, input or feedback after OUTCLK? 0 0 ns
electrical characteristics over recommended free-air operating temperature range
M SUFFIX C SUFFIX
AMETE TEST CONDITIONS! UNIT
PAR R : T ITIONS MIN TYP! MAX | MIN TYP? MAX
VIK Vee = MIN, ) = -18 mA -1.5 -1.5 \
VOH Vce = MIN,  Igy = MAX 24 3.2 2.4 33 v
VoL Vce = MIN, IgL = MAX : 0.25 0.4 035 05| V
0, Q outputs 20 20
[ A\ = MAX, V|q =27V A
OZH ™0 ports cc X ViH 100 100 | ¥
0O, Q outputs -20 -20
l \ = MAX, V|y =04V A
OZL ™0 ports cc X, ViH ~250 —250 |
OE Input 0.2 0.2
V = MAX,. V| = 5.
h Al others ce X vi=ssv. 0.1 X
- OE Input 40 40
- | V = MAX, V| =27V A
@ H Al others cc = MAX. Vi 20 20| "
Q OE Input -0.4 -0.4
= MAX, V| = 0.4V A
o ™ All others Vee 1=9 —0.2 02| "
o 10} Vee = MAX, Vg =225V -30 -125 | -30 -125 | mA
«Q Vi = MAX, V| =0V
cc | .
~ | - 150 210 150 210 A
g cc Outputs open, OE at V| - m
3 tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
© YAl typical values are Voc = 5V, Ta = 25°C.
E §The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, 1gg.
(1]
5 switching characteristics over recommended operating free-air temperature range (unless otherwise
«q noted)
© PARAMETER FROM TO TEST CONDITIONS M SUFFIX C SUFFIX UNIT
MIN TYP? MAX | MIN TYP! MAX
[ : 20 30 MHz
tpd I, /0 0, I/0 15 30 15 25 ns
tpd QUTCLK? Q RL = 500 @, 10 20 10 15 ns
ten OF Q CL = 50 pF 10 25 10 20| ns
tdis OEt Q See Note 2 11 25 11 20| ns
ten L 1/0 0, /0 14 30 14 25| ns
tdis 1, 170 0, 1/0 12 30 12 25 ns

Al typical values are at Vog = 5V, Ta = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

3-26 Texas {?
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PAL20L8A-2, PAL20R4A-2, PAL20R6A-2, PAL20R8A-2
STANDARD HIGH SPEED HALF-POWER PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX oNIT
MIN TYP MAX | MIN TYP MAX
fclock  Clock frequency 0 18 0 18 | MHz
High ns
t Ise duration, clock
W Pulse duration, cloc Tow e
tsy Setup time, input or feedback before OUTCLK? ns
th Hold time, input or feedback after OUTCLK? ns
electrical characteristics over recommended free-air operating temperature range
M SUFFIX C SUFFIX
t
PARAMETER TEST CONDITIONS N TvPE mAax | N Tvef max] YNIT
VIK Vee = MIN, I = -18 mA -1.5 -1.5 \
VoH Vce = MIN, gy = MAX 2.4 3.2 24 33 Y
VoL Vce = MIN, gL = MAX 0.25 0.4 035 05| V
0, Q outputs 20 20
1 Voo = MAX, Vi = 2.7V A
OZH  71/6 ports cc -~ 'H 100 100] *
0, Q outputs ~-20 -20
1 = MAX, Viy = 0.4V A
OZL- 1710 ports vee H —250 —250 |
OE Input 0.2 0.2
= , = 5, A
i All others Vee = MAX, Vi =85V 0.1 o] ™
OE Input 40 40
= , = 2. A
H All others Vee = MAX, Vi = 2.7V 20 20| *
OE Input -0.4 -0.4
I = V| = 0.4 A
L All others Vee = MAX, Vi =04V ~0.2 02| "
0% Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 | mA
Vee = MAX, V| =0V,
Icc cc MR 75 100 75 100 | mA
Outputs open, OE at V|

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are Voc = 65V, Ta = 26°C.
The 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
noted)

.2
=
o

=

2

)
@
1S
£
@
T
o
o
bl

oy

iy

2

i

: M SUFFIX C SUFFIX

PARAMETER FROM T0 TEST CONDITIONS win Tvet MAX [N Tvet max] UNT
fmax 18 18 MHz
tod 1, 170 0, 1/0 25 25 ns
tpd OUTCLK? Q R_ = 600 Q, 20 20 ns
ten OE Q CL = 50 pF, 15 15 ns
tdis ‘OEt Q See Note 2 12 12 ns
ten 1, 1/0 0, 1/0 25 25 ns
tdis 1, 1/0 0,1/0 20 20 ns

*All typical values are at Voc = 5V, Tp = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

PRODUCT TERMS O THRU 31 PRODUCT TERMS 32 THRU 63
(TOP VIEW) (TOP VIEW)
pGM ENABLE [J1 WU24[] vee rGM VERIFY [J1 24[] vee

po2 23] ¢ pod2 23]t
s 22 Po3 pils  2200ur
pi2[Jsa  «1[JPO2 p2[]sa  211J Pao
PI3[Js  20[] POO1 p3[ds  20[] PAt
pia[Je  19[] POO pia(e  1s[d PA2
pis]» 18] PAO ps(]r 18] PO3
Pis[Js  17[] PA1 pis[Js  17[J PO2
PI7[Jp  18[] PA2 Pz 16[] POT
Pis[Jio  1s[J LR pig (jio  1s[] POO
PI9[ 1 4[]t P9t 1a[]t

GND [J12  13[] PGM VERIFY GND [J'2  13[] PGM ENABLE

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

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
LINE LINE
NUMBER PIS PI8 PI7 PI6 PI5S PI4 PI3 PI12 PI1 PIO L/R NUMBER POOPO1P0O2P0O3PA2PA1 PAC
HH HH HH HH HH HH HH HH HH L Z 0,32 zZ Z Z HWHZ Z Z
1 HH HH HH HH HH HH HH HH HH H Z 1,33 Z Z Z HHZ Z HH
ﬁ"l 2 HH HH HH HH HH HH HH HH HH L HH 2,34 Z Z Z HRZ HHZ
= 3 HH HH HH HH HH HH HH HH HH H HH 3,35 Z Z 7 HH Z HH HH
(2- 4 HH HH HH HH HH HH HH HH L HH Z 4,36 Z Z Z HHHHZ 2
Q'- 5 HH HH HH HH HH HH HH HH H HH Z 5,37 Z Z Z HH HHZ HH
v 6 HH HH HH HH HH HH HH HH L HH HH 6,38 Z Z Z HH HH HH Z
3 7 HH HH HH HH HH HH HH HH H HH HH 7.39 Z Z Z HH HH HH HH
«Q 8 HH HH HH HH HH HH HH L HH HH Z 8,40 2 Z HHZ 2z Z Z
- 9 HH HH HH HH HH HH HH H HH HH Z 9,41 Z Z HHZ Z Z HH
o 10 HH HH HH HH HH HH HH L HH HH HH 10,42 2 Z HHZ Z HHZ
3 1" 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 2 Z HHZ HHZ 2Z
[} 13 HH HH HH HH HH HH H HH HH HH Z . 13,45 Z Z HHZ HH Z HH
E 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
- 16 HH HH HH HH HH L HH HH HH HH Z - 16,48 Z HHZ Z Z 2Z 2Z
(e} 17 HH HH HH HH HH H HH HH HH HH Z 17,49 2 HHZ Z Z Z HH
Q 18 HH HH HH HH HH L  HH HH HH HH HH 18,50 Z HHZ Z Z HHZ
a' 19 HH HH HH HH HH H HH HH HH HH HH : 19,51 Z HHZ Z Z HH HH
20 HH HH HH HH L HH HH HH HH HH Z 20,52 Z HHZ Z HHZ 2Z
21 HH HH HH HH H HH HH HH HH HH Z 21,63 Z HHZ Z HHZ HH
22 HH HH HH HH L HH HH HH HH HH HH 22,54 Z HHZ Z HH HH Z
23 HH HH HH HH H HH HH HH HH HH HH 23,55 2 HH Z Z HH HH HH
24 HH HH HH L HH HH HH HH HH HH Z 24,56 HHZ zZ z2 Z 2z 2
25 HH HH HH H HH HH HH HH HH HH Z 25,57 HHZ 2 2Z Z Z HH
26 HH HH HH L  HH HH HH HH HH HH HH 26,58 HHZ Z Z Z HH Z
27 HH HH HH H HH HH HH HH HH HH HH 27,59 HH Z 2 Z Z HH HH
28 HH HH L HH HH HH HH HH HH HH Z 28,60 HHZ zZ Z HHZ 2
29 HH HH H HH HH HH HH HH HH HH Z 29,61 HH Z 2Z 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 Z HH HH HH
32 HH L HH HH HH HH HH HH HH HH Z
33 HH H HH HH HH HH HH HH HH HH Z
34 HH L HH HH HH HH HH HH HH HH HH
35 HH H HH HH HH HH HH HH HH HH HH
36 L HH HH HH HH HH HH HH HH HH Z
37 H HH HH HH HH HH HH HH HH HH Z
38 L HH HH HH HH HH HH HH HH HH HH
39 H HH HH HH HH HH HH HH HH HH HH
L = V|L, H = V|4, HH = V)yH, Z = high impedance (e.g., 10 k2 to 5 V)
%
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20RBA
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 Raise PGM ENABLE to V|HH.

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 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 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 _/ T\
| | ViL

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

SELECTED |
PO PINS |
(See Table 2) 1 v
oL
| tdzqe—d
| » ety
-ta1-pf |
. VIH
PGM VERIFY . ViL

2
o
(]

-

2

Q
@
£
£
©
E
o]
[e]

l o
Q..
ke
@
L

@ 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

—— — 6V

Vee —/: :\— ov
B i !

e —— = ———— |—— — 2y

PIN 1 - \I : ov
| | K—twa—N' by

|
j— th— ———— - — 21V
PIN 13 i Y N ov

XAS {L‘ 3-29
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20RBA
STANDARD HIGH SPEED PAL CIRCUITS

\

PRELOAD PROCEDURES

Vee

OUTPUTS DISABLED

_/
. 0% \‘,/l:——/{/ \

tdis | e > jeten
ViiH i ENABLE PRELOAD |
_____________ ,
: | 100 ns:
PIN 14 ! ! ! r'MIN !
: 1
ViL ; : . T :
H | w1 —> |
| g I
ViH o e e e — __i_______:___ APPLY Q'y, :
VERIEY | 100ns ! | VERIFY NEW ]
Q you STATE Q : MIN ! : STATEQ, VERIFYQ'Qh4q
Vo SRR — 5 ;
. —’i thd -
PIN1 VIH
(OUTCLK) vy '—l
Y]
% FIGURE 1. PRELOAD WAVEFORMS
1}
-30 preload procedure for registered outputs
«Q Step 1 Pin 13 to ViH, Pin 1 to V|L, and V¢ to 5 volts.
=
o Step 2 Pin 14 to ViHH for 10 to 50 microseconds.
3 Step 3 Apply V| for a low and V|4 for a high at the Q outputs.
g . Step4  Pin 14 to V).
o Step 5 Remove the voltages applied to the outputs.
) Step 6 Pin 13 to V|L.
- Step 7 Check the output states to verify preload.
(]
Q
3]
3.30 : Texas
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
'HIGH-PERFORMANCE IMPACT PAL® CIRCUITS

FEBRUARY 1984 —REVISED JANUARY 1985

® High-Performance Operation TIBPAL16L8’

; M SUFFIX . . . J PACKAGE
Propagation Delay ... 15 ns C SUFFIX . . . J OR N PACKAGE
fmMAX . - - 50 MHz

(TOP VIEW)

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

Vce

110
® Power-Up Clear on Registered Devices

(All Registered Outputs are Set Low) /0

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

CAO A 0]

O X N O s WK -

=
(=]

[9]
Z
o

3-STATE REGISTERED |
DEVICE INPUTS 1/0 PORTS
0 OUTPUTS | Q OUTPUTS
PAL16L8 10 2 o)
PAL16R4 0 4 (3-state)
PAL16R6 8 o 6 (3-state}
(o)

PAL16R8 8 (3-state)

TIBPAL16L8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

onN O

Q
(&
- >0

description -

2

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
titanium-tungsten fuses. These devices will
provide reliable, high-performance substitutes : 10 111213

for conventional TTL logic. Their easy -ao—-o0oo

programmability allows for quick design of g =

‘“custom’’ functions and typically resuits in a

more compact ‘circuit board. In addition, chip Pin assignments in operating mode (pins 1 and 11 less positive than
carriers are available for further reduction in VIHH)

board space.

1[Ja 18{J 1o
1s 1/0
1 []e 16(] Vo
g7 15[} 170
I s 14} 110

2
o
o

-l

2

£
[}
£
£
©
t
(=2
=]
o

&I

o

©

L

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.

1Integrated 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.

', Copyright © 1984, Texas Instruments Incorporated

- Texas 3-31
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TIBPAL16R4, TIBPAI.16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

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

(TOP VIEW) {TOP VIEW)

TIBPAL16R6’ TIBPAL16R6’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
3 (TOP VIEW) (TOP VIEW)
cLk [
-n 1002
T 1
o 10
v 1{s
= 10s
=]
Q 1
o e
3 1ge
3 GND [Ji0
o
=2
)
- ‘TIBPAL16RS’ ] TIBPAL16R8’
[=] M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
Q C SUFFIX . . . J OR N PACKAGE C SUFFIX. . . FN PACKAGE
0 (TOP VIEW) (TOP VIEW)
ck [y W2o[] vee
14z Q
13 Q
14 Q 1 Ja
1[0s Q 10s
1e Q 1 s
1g- Q NIk
s Q 1 Pe
1o Q. 9 10111213
GND [ro 11[] OF
Pin assignments in operating mode {pins 1 and 11 less positive than
VIHH!
*ip
3-32 Texas
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TIBPAL16L8, TIBPAL16R4
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

"PAL16L8
>1
& —]EN v °
32X 64 |—f C
7 S
L4
> 7 o-8—e->— 10
10 6 |. 7
] £ ~
4 4 ’7, O-&—<¢-»— /0
6 16 ,7, O—Q—G—b—— 110
7 O—f—{~
7 O—t—{-}— 1o
7
7
’ O—@-4->— 1/0
7 —a-p—1/0
7
6I 4
7 <
‘PAL16R4
OF —O{ EN2
CLK im
o
& g >1 (L 1=0 . o
32X 64 14 1D —\
8 4) a
A —_—
8 Q
> 7
8 16 \
| Vi yi ~ 8 J) a
7 L4 7
4
—7 >1
4 16 7 EN
* O—F— ~ ; Vo —4>— 1o
d -
7 O—e > 1o
7 - 1—4-> 110
# O \
] b > 1o
a4
P o
7 T -
44 P
7 -

~ denotes fused inputs

2
=]
o

—

2

L0
1]
£
£
(1]
o
[=2]
o
=

ﬂl.

o

]

[T

{iP
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TIBPAL16R6, TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OE EN2
CLK c1
& 8, >1 ¢ 1=0 2V/ Q
32x64 [ 7 10 .
8 % Q
N
8, é a
8 16 4
| i > ~ N
8, ¢ e
6, N
v 8, é Q
7
2 16 —
o7~ ~ 8 (l' Q
7
- N
en >t
7
7> v O-T—Q—P——-— 110
B )
-_I'! 7', D g 1/0
@ 2, &
& S
v
-
=]
Q ‘PAL16R8
=
o
3 OE —OJEN2
3 CLK P c1
-] =
=2 & 8, >1 =0,V aQ
(1) 32X 64 ¥ 1D
o ; a
g " N
o 8, } o}
8 > 16 N
| —t ——] ~ 8, é Q
[
8 16 5 a
O-~— ~ —\
. $ — o
o DR B =
8, é Q
N

o

$

~ denotes fused inputs

{ip
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. TIBPAL16L8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

i)
INPUT LINES
PRODUCT

‘
LINES (o] 4 8 12 16 20 24 28 31
0 "

(19) 0

NEYYYYYY

%@
|

. 18) o

(m sevoee

-

%
T

-

secsee o

, 07 170

[

(4)

i3
1

/

-————(16) 170

N
eecoe o

. W
-

5

(151 170

T

W
©

%
i

]
J

L
je) N
)

-

2

=
@
£
£

I
o
o
o
o~

a

T

2

(F

(14)

170

»
~N

#
|

»
@
J

,13) 0

wm
(5]

| (B)Di f

J

12} o

[XXXXXR

[+
w

(1)
|

1 Bt I 4
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TIBPAL16R4
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

CLK“—)%
INPUT LINES
PRODUCT
LINES © 4 8 12 16 20 24 28 31
[+] "
L]
L]
. 19,9
.
7
20
8
L]
[ ]
. 18] ,5
L]
[ ]
@)
[ e X
16
.
L]
: o 17
[ ] .
@) 23 PC1p
! l L J—

B 16) 4

(5)

| —DLF

E 8) 4

r Y ooo.loﬁ
Y v
7 B
-

01607 9jqewiweib0i4-pjoi4

=D
a0
L]
. 14)
. ) —~Bo(——0
L] .
; c1
a7
(7)
120D — K-
a8
L ]
[ ]
. 13) ¢
L ]
L ]
55
(8)j— | S
1= K
56 D)
L]
[ ]
) 12
: 21,6
.
91,8
=D K P 5E

{i’;
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TIBPAL16R6
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

ck s
INPUT LINES
PRODUCT
LINES 0 4 8 12 16 20 24 28 31

— 19 4,0

s

;

V
et

[th eseeee
o
ﬁ
[}

-

2

16
L]
o
: o ] 7
L]
.
c1
23
(8)+
D JQ_J
24
3]
. (16) i<y
. 1D —Eoi o
.. a S
3.1 C’j 2
B f— e
T - £
32
: E
. e
. D M’o ©
: o
3.9 pcl o
lls) — < %
40 =
: 2
.
: 1D Boﬁ’q w
.
.
47 >C1
- 2pp

E (13) 4

P
J
-z[ﬁmﬁ;

e
56
E 124
(9) BL
=D r—dﬂ; 40 5e
i
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TIBPAL16R8
HIGH-PERFORMANCE IMPACT PAL CIRCUITS

1)
ck i
INPUT LINES
PRODUCT
|_|NEsC 0 ) 8 12 16 20 24 28 31
0
L]
: o 12
L]
; >C1 b
12— ]
8
.
L]
. 10 Boﬂg—’o
. .
. 1; C1 P
y 3 > KH
1%
L]
Ll
17
: Bol1?)g
.
‘3 (4’ 2‘3 > -
|-—-I>| JQ—
24
m .
: : E M)O
o .
1 L ]
r 53 D>C1p
3 - — K
Q 32
g .
L]
. (15)
Q
: : g i&o—_
o .
=2 6.3 peip
) U, K
g 40
Q, . e
’ : Bo_o
.
L]
@37 il
1= K
48
L]
L]
(13)
. ; 1D 30—— a
L]
iy bor |
1 Bl K
56
: (12)
. >—‘110—— a
.
6.3 > C1p
(9) o
"—‘Dl; ]L 5 ]“”ﬁ
: *I’
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
HIGH-PERFGRMANCE IMPACT PAL CIRCUITS

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

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

CsuffiX ... i 0°C to 70°C
Storage temperature FANQE . . . ... v vt n ottt nn ettt —-65°C to 150°C

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

recommended operating conditions (see Note 2)

M SUFFIX C SUFFIX
PARAMETER MIN NOM MAX | MIN NOM MAX UNIT
Vee Supply voltage ) 4.5 5 5.5 4.75 5 5.25 \%
VIH High-level input voltage 2 5.5 2 5.5 \Y
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
Ta Operating free-air temperature -55 125 0 70 °c

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
Vce  Verify-level supply voltage . 4.5 5.0 5.5 Vv Q
ViH _ High-level input voltage : 2 55 | V B
ViL Low-level input voltage 0.8 Vv ©
ViHH Program-pulse input voltage 10.25 10.5 10.756 \Y E
PO - 20 50 g
. PGM ENABLE, L/R 10 25 =
llHH  Program-pulse input current P PA 5 3 mA g’)
Vee 260 400 a
twi Program-pulse duration at PO pins 10 50 kS .6
tw2  Pulse duration at PGM VERIFY 100 ns ©
Program-pulse duty cycle at PO pins 25 % ir
tsy Setup time 100 ns
th Hold time 100 ns
td1 Delay time from Vg to 5 V to PGM VERIFY?T 100 us
td2 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 \%
Input current to open verify-protect (security) fuse 400 | mA
tw3 Pulse duration to open verify-protect (security} fuse . 20 50 1S
V¢ value during security fuse programming 0 0.4 v

{ip
TeExas 3-39
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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
fclock  Clock frequency 0 40 0 50 | MHz
tw Pulse duration, clock, {see Note 3} High 10 8 ns
Low 11 9
tsu Setup time, input or feedback before CLK? 20 15 ns
th Hold time, input or feedback after CLK? o] o] ns

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

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

electrical characteristics, over recommended operating free-air temperature range

M SUFFIX —20 C SUFFIX —15
PARAMETER TEST NDITIONS UNIT
ST COND MIN TYP! MAX MIN TYP¥ MAX
VIK Vee = MIN, I = -18 mA -1.5 -1.56 \
VOoH Vce = MIN, loH = MAX 2.4 3.2 2.4 3.3 \
VoL Vce = MIN, loL.= MAX 0.25 0.4 0.35 0.5 v
Outputs 20 20
lozH Vee = MAX, Vo =27V A
3 170 ports cc o 100 100 | ¥
Outputs . -20 -20
I Vv = MAX, Vo =04V A
- OZL 75 ports cc X 0 ~250 —250 | *
— Pin 1, 11 0.2 0.1
() I Vi = MAX, V| =55V - A
= | cc M All others 0.1 o1 | ™
. Pin 1, 11 50 20
v I Vee = MAX, V) =27V - A
3 H cc ! Al athers 20 20 | *
«Q L Ve = MAX, V=04V ) -0.2 -0.2 mA
—
n3> 108 Vee = MAX, Vo = 2.25V -30 -125 | -30 -125 mA
\7 = MAX, Outputs O
3 Ice cc utputs Lpen 140 190 140 180 | ma
V=0V,
o .
E TFot 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.
'O_ 5The output conditions have been chosen to produce a current that closely approxmates one half of the true short-circuit output current, log.
«Q
o  switching characteristics over recommended supply voltage and operating free-air temperature
: ranges (unless otherwise noted)
M SUFFIX —20 C SUFFIX —15
TEST CONDITIONS UNIT
PARAMETER FROM TO [ ITION MIN TYP? MAX MIN TYP?  MAX
fmax 40 50 MHz
tpd I, O 0, 1/0 10 20 10 15 ns
tpd CLKT Q R = 500 @, 8 15 8 12 ns
ton OF! ) CL = 50 pF 8 15 8 12 | e
See Note 4
tdis OE? Q 7 15 7 10 ns
ten 1,170 0, /0 : 10 20 0 156 ns
tdis I, 110 0, 1/10 10 20 10 15 ns

*AIll typical values are at Ve = 5V, Tp = 25°C.
NOTE 4: Load circuits and voltage waveforms are shown in Section 1.

3-40 TeExas *?
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8
LOW-POWER HIGH-PERFORMANCE IMPACT PAL CIRCUITS

recommended operating conditions

M SUFFIX —30 C SUFFIX —25 uNIT
MIN  TYP MAX | MIN TYP MAX
felock  Clock frequency (o] 25 0 30 MHz
tw Pulse duration, clock, {see Note 3) f;?: ;g 12 ns
tsy Setup time, input or feedback before CLK?T 25 20 ns’
th Hold time, input or feedback after CLK? 0 0 ns

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

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

electrical characteristics over recommended operating free-air temperature range

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Ve =56V, Ta = 25°C.

5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, 10s-

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

{unless otherwise noted)

PARAMETER TEST CONDITIONS M SUFFIX —30 C SUFFIX —25 UNIT
MIN TYP? MAX | MIN TYP¥ MAX
VIK Vee = MIN, I = —18 mA -1.5 -1.5 \
VoH Vce = MIN, I0H = MAX 24 3.2 24 3.3 v
VoL Vee = MIN, oL = MAX 025 0.4 0.35 0.5 v
Outputs . 20 20
lozH Vee = MAX, Vg = 2.7V A
170 ports cc o 100 100 | *
Outputs -20 —20
1 Vee = MAX, Vo = 0.4
OZL 1770 ports ce 0=04V ~250 250 | " o
Pin 1, 11 0.2 0.1 ‘S
| Vee = MAX, V| =55V A
! cc 1=85 All others 0.1 o1 | ™ S
Pin 1, 11 50 20
I Vee = MAX, Vi =27V A
H cc ! All others 20 20 | * %
L Vce = MAX, V| = 0.4V -0.2 -0.2 mA ©
108 Ve = MAX, Vo = 2.25V -30 -125 [ -30 -125 mA g
Vee = MAX, Outputs Open
1 75 105 7
cc Vi = oV, 5 100 mA ©
o
o
t Y
e
3
2
L

PARAMETER FROM TO TEST CONDITIONS M SUFFIX —30 C SUFFIX —25 UNIT
MIN TYP} MAX MIN TYP¥ MAX

fmax 25 30 MHz
tpd 1, /0 0, /0 15 30 15 25 ns
tpd CLKT Q R_ = 500 Q, 10 20 10 15 ns
ten OEl Q Cy = 50 pF, 15 25 15 20 ns
tgis OE? Q See Note 4 10 25 10 20 ns
Ten 1, 70 0,1/0 14 30 14 25 ns
tdis 1, 170 0. 110 13 30 13 25 ns

*All typical values are at Ve = 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, lePAHEHS

HIGH-PERFORMANCE IMPACT PAL CIRCUITS

PRODUCT TERMS 0 THRU 31 PRODUCT TERMS 32 THRU 63
. {TOP VIEW) (TOP VIEW)
PGM ENABLE [] vee PGM VERIFY [] vee
PIO [} PO3 ~ pio L/R
PI1 ] PO2 Pi1 ] PAO
P12 [ PO1 P12 [ PA1
PI3 [ POO P13 [ PA2
Pia [ PAO P4 [ PO3
PI5 [ PA1 pi5 (] PO2
Pi6 [ PA2 Pi6 [ PO1
PI7 [ LR PI7 ] POO
GND [ PGM VERIFY GND [ PGM ENABLE

Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at V|yy)

TABLE 1 — INPUT LINE SELECT TABLE 2 — PRODUCT LINE SELECT

INPUT PIN NAME PRODUCY i PIN NAME
NUMBER [PI7 PI6 PI5 P4 PI3 PI2 P11 PO L/R NUMBER [PO0 PO1 PO2 PO3 PA2 PA1 PAO
0 HH HH HH HH HH HH KH L 2 032 |2 zZ Z HH Z z 2z
1 HH HH HH HH HH HH HH H Z 1,33 |z 2 HH Z 2  HH
-n 2 HH HH HH HH HH HH HH L  HH 23 |z zZ Z HH Z HH 2
> 3 HH HH HH HH HH HH HH H  HH 3,3 |z Z Z HH Z HH HH
N 4 HH HH HH HH HH HH. L HH Z 43 |z 2z Z HH HH Z Z
o 5 HH HH HH HH HH HH H HH 2 5,37 {Z Z Z HH HH Z HH
3 6 HH HH HH HH HH HH L HH HH 6,3 |2 Z Z HH HH HH 2
@ 7 HH HH HH HH HH HH H HH HH 739 |Z Z Z HH HH HH HH
N 8 HH HH HH HH HH L HH HH Z 840 |2 Z HH Z Z 2 z
3. 9 HH HH HH HH HH 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 Z HH 2
g 1 HH HH HH HH HH H HH HH HH 11,43 |z Zz HH 2 Z HH HH
> 12 HH HH HH HH L  HH HH HH Z 1244 {Z Z HH Z HH Z 2z
- 13 HH HH HH HH HH HH HH 2z 13,45 {Z Z HH Z HH Z HH
) 14 HH HH HH HH L HH HH HH HH 14,46 |Z Z HH Z HH HH 2z
Q 15 HH HH HH HH H HH HH HH HH 15,47 |2 Z HH Z HH HH HH
0 16 HH HH HH L HH HH HH HH Z 16,48 (2 HH 2 z z z 2
17 HH HH HH H HH HH HH HH Z 17,49 |z HH Z Z Z Z HH
18 HH HH HH L HH HH HH HH HH 18,50 |z HH Z Z Z HH 2z
19 HH HH HH H HH HH HH HH HH 19,51 [z HH 2 Z Z HH HH
20 HH HH L HH HH HH HH HH Z 2052 |Z HH 2 Z HH 2z 2z
21 HH HH H HH HH HH HH HH Z 21,63 [z HH Z Z HH Z HH
22 HH HH L  HH HH HH HH HH HH 22,56 [Z HH Z Z HH HH 2
23 HH HH H HH HH HH .HH HH HH 23,66 (2 HH 2Z Z ~ HH HH HH
24 HH L  HH HH HH HH HH HH Z 2456 |HH 2 2z z z 2z 2z
25 HH H HH HH HH HH HH HH Z 2667 |[HH 2 2z 2 z 'z HH
26 HH L HH HH HH HH HH HH HH 26,68 |HH z 2 Z Z HH z
27 HH H HH HH HH HH HH HH HH 27,69 |HH Z 2 Z Z HH HH
28 L HH HH HH HH HH HH HH Z 28,60 |HH 2 Zz Z HH Z Z
29 H HH HH HH HH HH HH HH 2 2061 |HH Z Z Z HH Z . HH
30 L HH HH HH HH HH HH HH HH 30,62 |HH Z2 2 Z HH HH 2z
31 H HH HH HH HH HH HH HH HH 31,63 |HH Z Z Z HH HH HH
L=V, H=Vjy, HH =V|yy, Z = high impedance (e.g., 10 kQ to 5 V)
3
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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 V|HH.

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 VcC to VIHH-.

Step 5 Blow the fuse by pulsing the appropriate PO pin to V|4H 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

. [} 1. a—— VlHH
PGM ENABLE /: }\
! l viL

Dty th-»l e~ =
SELECTED ' === — Vin o
Pl, L/R,PA 1 | (=}
PINS (See W/ L< Vi -
Tables 1 and 2) ViL 2
e
3
Vee £
©
E
(=]
SELECTED (o]
POPINS . T TT LT XY Q‘:
OB
(See Table 2) ’ BRI -
8
(T8
: ViH
PGM VERIFY
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 v/ \ ==
| [
\ w3 1 ov
W,
o et o
| |- 21v
PIN 11 | / \ |
ov
i
EXAS U 3-43
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

JANUARY 1986

® High-Performance Operation TIBPAL16L8’
Propagation Delay . . . 12 ns C SUFFIX . . . J OR N PACKAGE
fMAX - . . 62 MHz (TOP VIEW)
® Functionally Equivalent, but Faster than yul Vee
PAL16L8B, PAL16R4B, PAL16R6B, and 1ge o
PAL16R8B (s 110
t s 110
® Power-Up Clear on Registered Devices 1s /0
(All Registered Outputs are Set Low) 1 Os /0
® Package Options Include Both Plastic and 1gv 110
Ceramic Chip Carriers in Addition to Plastic 1[s 110
and Ceramic DIPs s o
GND [{10 [
® Dependable Texas Instruments Quality and !
Reliability TIBPAL16LS’
C SUFFIX . . . FN PACKAGE
DEVICE INPUTS 3-STATE REGISTERED /O PORTS (TOP VIEW)
0 OUTPUTS | @ OUTPUTS o
PAL16L8 10 2 ) 6 o ;—’o
PAL16R4 8 0 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2
PAL16R8 8 0 8 (3-state) 0 1/0
/0
description 110
These programmable array logic devices feature 14[] :;g
high speed and functional equivalency when 11213
compared with currently available devices. )
These IMPACT™ circuits combine the latest - g -0 g
Advanced Low-Power Schottky? technology [G]

with proven titanium-tungsten fuses to provide
reliable, high-performance substitutes for
conventional TTL logic. Their easy
programmability allows for quick design of
““custom’’ functions and typically results in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

The TIBPAL16’ C series is characterized for
operation from 0°C to 75°C.

Pin assignments in operating mode

2
[=2]
(=]

-

2

Q
[1+]
£
£
©
E
(=]
]
D

ﬂl.

o

@

L.

IMPACT is a trademark of Texas Instruments.

PAL is a registered trademark of Monolithic Memories Inc.

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

PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to
specifications per the terms of Texas Instruments TE

fard war Prod pr does not 3-45
necessarily include testing of all parameters. INSTRUMENTS
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TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

TIBPAL16R4’ TIBPAL16R4" .
C SUFFIX. . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
ck [ Vee
1L]? /0
1s 1/0
IE4 Q 110
10s Q Q
IEG Q Q
y? Q Q
|Es 110 Q
1Qe 110
GND [J1o Ot
) TIBPAL16R6" TIBPAL16R6’
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) (TOP VIEW)
3 cLk (7 Tz vee % 8.
102 19dvo --0>=
10s  80a 3212019
m g« 170a 1{]a 18] a
o 1Ids 1Ja 1fs 170 a
o 10 1s00a 10e 6] a
ny 10> 140a g 155 Q
8 1Is 130a 1{]s 14(]a
3 Qs Qo 9 10 111213
3 GND (jro n[]OE ol oo
3 zlo =~
o
=
) TIBPAL16R8’ TIBPAL16RS’
— C SUFFIX . . . J OR N PACKAGE C SUFFIX. . . FN PACKAGE
(8 (TOP VIEW) (TOP VIEW)
) cik [ U200 vee % 8
1idz2 1pa - —-0>0
10s  180a
i1gJs 10a Q
1Qs 1sda Q
10s 1sa Q
1> e Q
10 13Ja Q
10e  2Ja 9 10111213
GND oo 1] OE

- L
glgooe

Pin assignments in operating mode

, {i’
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TIBPAL16L8-12, TIBPAL16R4-12
12-NS IMPACT™ PAL® CIRCUITS

functional block diagram (positive logic)

TIBPAL16L8
>1
& 7—]EN o
32X 64 |—A
7 p————o
7
v g 7 1/0
z° v ~ 3
V= 7" 7 O-&—4->— 10
6 % 7 O—@—¢-»—1/0
7 O-Q—¢-p— /0
,L
Z, O—Q—G—’— 1/0
7, t/0
7y O—a—4— 3
Gl 4
7 g 3]
[o2]
TIBPAL16R4 o
=
’ 2
BE —OfEN2 .g
cLK c1 £
. s £
& >1 1=
8 2Vp——2 ‘ s
32X 64 [~ 1D =2
o
8 & a a
4 1
8 Q L)
D 7 $ 2
8 16 N i
! a v (AV) 78 a
2 \
7 >1
2 b 7 ™ 1o
7 o <> 1o
7 o i -4 1/0
-7 D~ A\ <> 1/0
4
K -
Y 2 -
9 -
, -

~denotes fused inputs

' )
- Texas U 347
INSTRUMENTS
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TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

functional block diagram (positive logic)

*

TIBPAL16R6
OE olenz
CLK l:101 d
& 8, >1 ¢ 1=0 29}
32x64 [ 7 L S
8, é
- —
8 16 7 ¢ S
| ——pp——i rd v
‘. ' S ==
7" 8 é
7 P—\
16
2 b+— ~y 8
4
>1
3 - EN
> VP—a—r—
T 7, D—e—4>-
o 2, o
e <
-
o
a TIBPAL16R8
—
m .
3 O —O EN2
cl
3 CLK Zl
= o >1 =0 29
@ s2x64 [ 10 —
r- .
0 8, i
Q i
(2] s %
8 16 N
| —r >—{"\v 8, +
N\
8
8 16 e
“ =
' v

2

J

" denotes fused inputs

»
Y 3

—— 1/0

1/0
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TIBPAL1618-12
12-NS IMPACT™ PAL® CIRCUITS

)
INPUT LINES
PRODUCT ~
LINES O 4 8 12 16 20 24 28 31
o ™).
L]
Y 19)
. (9 o
L]
L]
7
(12 K]___J
8
L]
. 18)
: 18,0
.
L]
15
\ (3)[>' 5]<|———-
16
L]
L]
: 7,6
.
@),23
N K
24 ™
. 02
. 16 o >
. —
L]
(5) 31 Q2
1D K =)
32 ) &
o £
L]
e 11510 g
® i
. [=2]
6132 : o
1 LBl A K— a
40 » i)
: » S
. — 4 o L.
L]
.
.37
1D K——
as
L]
L]
(13)
: 2 /0
L]
55
(8) |- 1
XN e—
56 [
L ]
L]
(12)
: 0
o
L4 .
63 (11)
RLING I
T *IP
EXAS 3-49
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TIBPAL16R4-12
12-NS IMPACT™ PAL® CIRCUITS

cuktip
INPUT LINES

PRODUCT

LUNES O a 8 12 16 20 24 28 31
o ™)
L]
*
. 19,6
L]
L]

@)

20— — K-
8 Y
°
L]
.
L]

318

1= — K
16
L] .
L]
. : E:(17lo
: .

3 23 sbcrp

11— —KH
24
L]
. E 16)
: g o
L]
. ]
3 aally

;Iz?

B 8o

(6)

5

»
(=]

01607 sjqewweiboid-p|ai4
g eeo oo 3

s..'...
\/ -
I

E (14)0

%J_;
x

®
J

13,0

.l
o

%@
T

12) 170

%J

(-]
W

)

DL

‘Qi’;
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TIBPAL16R6-12
12-NS IMPACT™ PAL® CIRCUITS

c i,
INPUT LINES
PRODUCT
LINES O 4 [ 12 16 20 24 28 31
0
(]
L]
: w1910
L]
L]
2y
=D K<
8
L]
o
: g I NGLIP
.
3 15 >C1p
1 Bt K
16
L] .
.
. 1D go—“-’)o
.
@), 23 Al
=D K-
24
. QO
L] -
: T BRI
. -
L]
c1 [}
31 2
5) o+
, 15) q 3
32
: £
L]
. (15)
: 1D —ﬂgoiu o
: - S
39 el
6) oy
40 )
L] . 0
L] 14 - —
: B ( )0 (V8
.
- 47 - peip
I—W 4’<}—
a8
L]
. [ 13
: 1D { )0
.
56 PC1 P
8) ot \
1 By Xt
56 D,
*
L]
(12)
: 170
L]
L]
9,53
1 —
=D K— +1 5

' .
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TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS .

(1)
S LY —
PRODUCT INPUT LINES
LINES © 4 8 12 16 20 24 28 31
0
L]
.
. (19)
. Eo— a
. E
el
(2) 7
|——DE—_‘ J<]—
*
L ]
: 1D (18) o
.
(3,18 bc p
! _DP Jq—
16
L]
Ll
: Bou)o
L]
I il
11— KH
24
I M
o . 1D @o—“s’o
o .
iy 31 >C1p
= 59,00
S 1 g KiH
Q
- 32
o) .
g : Eﬂ‘“s’o
[ : ]
=2 39 >c1 b
) \ (G)D[ K
5‘ 40
Q . . o
7] . Bof Q
: >
7
==y KH
a8
*
L]
. 1D M’Q
L]
) 55 >C1 b
=P K
66
L]
L]
. 1D th—‘E)Q
. E
9),52 - “
1= H115E
{l’
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

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

Supply voltage, VCC (see NOte 1) . . ..ot e e et e e 7V
Input voltage (see Note 1) . ... ... . e 5.5V
- Voltage applied to a disabled output (see Note 1) .. .. ... ... it 5.5V
Operating free-air temperature range: C suffix .......... ... .. ... .. .. ....... 0°C to 75°C

Storage temperature range -65°C to 150°C

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

recommended operating conditions

C SUFFIX—-12

PARAMETER MIN__NOM _MAX UNIT
Vce  Supply voltage 4.75 5 5.25 v
VIH High-level input voltage 2 6.5 \%
VIL Low-level input voltage 0.8 \4
IoH High-level output current -3.2 mA
loL Low-level output current 24 mA
felock Clock frequency 0 62 MHz
tw Pulse duration, clock (see Note 2} High ’ ns

Low 8
tsu Setup time, input or feedback before CLKT 10 ns
th Hold time, input or feedback after CLK? 0 ns
Ta Operating free-air temperature 0o 75 °c
NOTE 2: The total clock period of CLK high and CLK low must not exceed clock frequency, felgck. Minimum pulse durations specmed

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

electrical characteristics over recommended operating free-air temperature range

o
=]
o
-
o
Kol
©
£
£
[4+]
Da
o]
o
S
q.
e
k)
L

SUFFIX—12
PARAMETER TEST CONDITIONSt Mlﬁ _m:f 1MAX UNIT
ViK Vce = MIN, I = —18 mA -15 v
Voo Vee = MIN, loy = MAX 2.4 3.3 \
VoL Vce = MIN, loL = MAX 0.35 0.5 Vv
Outputs 20
lozH Vee = MAX Vg = 2.7V A
170 ports . vee ' 0 100 | *
Outputs -20
I Vee = MAX, Vo = 0.4V
ozL 1/0 ports cc X 0 - 250 A
Pin 1, 11 0.1
I Ve = MAX, V| =565V
! cc ! All others o] ™
Pin 1, 11 20
I Vee = MAX, V=27V A
H cc ! All others 20| *
M Vee = MAX, V| = 0.4V -02 | mA
I8 Vee = MAX, Vg =225V -30 ~-125 | mA
Vce = MAX, Outputs Open
1 17 20
cC Vi=0V,. 0 0 mA

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

{i,
EXAS
INSTRUMENTS
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

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

PARAMETER FROM TO TEST CONDITIONS C SUFFIX—12 UNIT
) MIN TYPT MAX

fmax® 62 MHz
tpa* 1,110 0, /10 8 12| ns
tod CLKT Q RL = 500 0, 7 10 ns
ten ZI; 2 CL = 50 pF, 8 1(; ns
tdi 7 1 ns
t:: 70 0,10 See Note 3 8 12 | ns
tqis 1, 1/0 0, /0 8 12 ns

TAll typical values are at Voo = 5V, Tp = 25°C.

¥ Maximum operating frequency and propagation delay are specified for the basic building block. When using feedback, limits must be
calculated accordingly.

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

programming parameters, Tp = 25°C

MIN NOM MAX UNIT
3 Vee Verify-level supply voltage 5.0 \
ViH High-leve! input voltage 2 5.5 \4
- ViL Low-level input voltage 0.8 \
o VIHH Program-pulse input voltage 10.25 10.5 10.75 \
o PO 4 20 50
1
-_‘U IHH Program-pulse input current PGM ENABLE, LR 10 25 mA
o Pl, PA 1.5 5
g Vee 250 400
[} tw1 Program-pulse duration at PO pins 10 50 1S
3 tw2 Pulse duration at PGM VERIFY 100 ns
3 Program-pulse duty cycle at PO pins . 25 %
8. tsy Setup time 100 ns
) th Hold time 100 ns
- td1 Delay time from V¢ to 5 V to PGM VERIFY1 100 us
=} 142 Delay time from PGM VERIFY 1 to valid output 200 ns
9. Input voltage at pins 1 and 11 to open verify-protect {security) fuse 20 21 22 \4
o ‘Input current to open verify-protect (security) fuse 400 mA
tw3 Pulse duration to open verify-protect (security) fuse 20 50 §s
Ve value during security fuse programming 0 0.4 \4

3.54 Texas M
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

pin assignments in programming mode (PGM ENABLE at V|HH)

PRODUCT TERMS O THRU 31

(TOP VIEW)
- w
PGM ENABLE [|1 U20[] vee 2
pio[J2  19[] Po3 2
P13 18{] Po2 w
pz2[s 170 Po1 o g 8g
PI3 5 16 | POO aoca>a
piaJe 15[ Pao 32
Pis [J7  14[J PA1 PI2 PO2
pie (I8 13[]PaA2 PI3 'PO1
PI7Qs 120 uwr P4 POO
GND [0 PGM VERIFY PI5 PAO
PI6 PA1
~No >
259
(GRS a.
w
>
s
&)
a
2
PRODUCT TERMS 32 THRU 63 )]
<)
(TOP VIEW) it
p >
PGM VERIFY [] vee @ K]
pio LR & g
P [ PAO s o £
el B £2028 £
PI3 ] PA2 o
Pla [ PO3 32 o
PI5 (] PO2 . PI2 PAO o
Pis [ PO1 PI3 PA1 o
P17 [ POO PI4 PA2’ )
GND ] PGM ENABLE PI5 PO3 o
PI6 PO2 L
9
N WO —
a )
*5a28R8
P4
w
s
(&)
o

Q’ 3-55
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS IMPACT™ PAL® CIRCUITS

TABLE 1. INPUT LINE SELECT ) TABLE 2. PRODUCT LINE SELECT
INRT PIN NAME PRODUCT B PIN NAME
NUMBER | PI7 PI8 PI5 PI4 PI3 P12 Pl PI0 L/R NUMBER [POO PO1 PO2 PO3 PAZ PA1 PAC
0 HH HH HH HH HH HH HH L 2 032 |z 2z z HH 2z z 12
1 HH HH HH HH HH HH HH H 2 1,33 [z z zZ Wi Z z HH
2 HH HH HH HH HH HH HH L  HH 2,3 |2 zZ .z HH Z HH 2
3 HH HH HH HH HH HH HH H HH 33 [2 Z Z HH Z HH HH
4 HH HH HH HH HH HH L HH Z 43 |2 zZ Z HH HH Z 2
5 HH HH HH HH HH HH H HH Z 537 |2 Z Z HH HH Z HH
6 HH HH HH HH HH HH L HH HH 6,331 |2 zZ Z HH HH HH 2
7 HH HH HH HH HH HH H HH HH 7,39 |2 Z Z HH HH HH HH
8 HH HH HH HH HH L HH HH Z 840 |z z HH Z Z 7 2.
9 HH HH HH HH HH H HH HH Z 9,41 |z z HWH 2z z z HH
10 HH HH HH HH HH L HH HH HH 10,42 |2 Z HH Z Z HH Z
1 HH HH HH HH HH H  HH HH HH 11,43 |Z 2 HH Z Z. HH HH
12 HH HH HH HH L HH HH HH Z 124 |2 Z HH Z HH Z 2
13 HH HH HH HH H HH HH HH Z 13,46 |Z Z HH Z HH Z HH
14 [HH HH HH HH L HH HH HH HH 14,46 |2 Z HH Z HH HH Z
3 15 HH HH HH HH H HH HH HH HH 15,47 |2 Z HH Z HH HH HH
16 HH HH HH L  HH HH HH HH Z 16,48 |2 HH Z 2z z 7 12
17 HH HH HH H HH HH HH HH 2 1749 |2 HH 2 Z Z Z HH
iy} 18 HH HH HH L HH HH HH HH HH 18,50 |2 HH Z Z Z HH 2
© 19 HH HH HH H  HH HH HH HH HH 19,561 |2 HH 2 Z Z HH HH
& 20 HH HH L HH HH HH HH HH Z 2052 |2 HH 2z Z HH Z 2
3 21 HH HH H HH HH HH HH HH Z 21,63 |Z HH Z Z HH Z HH
8 22 HH HH L  HH HH HH HH HH HH 22,66 |Z HH Z Z HH HH 2
= 23 HH HH H HH HH HH HH HH HH 23,55 |Z HH Z Z HH HH HH
g 24 JHH L HH HH HH HH HH HH Z 2456 |HH z z 2z 2z 2 2
3 25 HH H HH HH HH HH HH HH 2 25,57 |HH Z Z Z 'Z Z HH
o 26 HH L HH HH HH HH HH FHH HH 26,58 |HH z 2z 2 Z HH Z
=2 27 HH H HH HH HH HH HH HH HH 2769 |HH Zz 2 Z Z HH HH
® 28 L HH HH HH HH HH "HH HH 2 28,60 |HH z 2z zZ HH z 2
Py 29 H HH HH HH HH HH HH HH Z 2961 |HH Z Z Z HH Z  HH
@ 30 L HH HH HH HH HH HH HH HH 30,62 |HH Z Z Z HH HH 2
o 31 H HH HH HH HH HH HH HH HH 31,63 |HH Z Z 2 HH HH HH

L=V . H=V|y. HH = VjyH. Z = high impedance (e.g., 10 kQ to 5 V)

3-56 TeExas {"
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TIBPAL16L8-12, TIBPAL16R4-12, TIBPAL16R6-12, TIBPAL16R8-12
12-NS 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 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\
/ | . | viL

toy th-bl K~
SELECTED H :
PI,L/R,PA 1 /

PINS (See m_
Tables 1 and 2)

Vee

SELECTED
PO PINS
(See Table 2)

2
[=2]
o

-

2

Q
(5]
£
£
©
)
o)
[=]
D

OI.

o

K]

(59

PGM VERIFY

@ 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

— S V]

PIN1 |' N
l v = ov

w3

e

| cl————— 21v
PIN 11 L

ov

j
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PRODUCT
PREVIEW

THCTPAL16L8, THCTPAL16R4, THCTPAL16R6, THCTPAL16R8
HIGH-SPEED CMOS PAL CIRCUITS

D2927, OCTOBER 1985

Standard 20-Pin PAL Family
Low Standby Power CMOS Logic

User-Programmable Custom Designs
Combine Many SSI and MSI Functions on
One Chip

TTL- and HC-Compatible Inputs and Outputs

Security Cell for Proprietary Design
Protection

Preload Feature to Aid Testing

Choice of DIP or SO (Small Outline)
Package

© Fully Tested for High Programming Yield
Before Packaging

THCTPAL16L8-M . . . J PACKAGE
THCTPAL16L8-C . . . J OR N PACKAGE

(TOP VIEW}

AAAAAAAAA
© 0N U DS WN -

=)

GND[J

THCTPAL16R4-M . . . J PACKAGE
THCTPAL16R4-C . . . J OR N PACKAGE
(TOP VIEW)

. ck [ Uz20[Jvee
~ @ Dependable Texas Instruments Quality and id2 wfwo
Reliability. 1Igs  18Jwo
10+ 170a
description 10s ea
1I0s 150Ja
The THCTPAL16LS, THCTPAL16R4, i 10a
THCTPAL16R6, and THCTPAL16R8 are 1I0s  1Jwo
compatible with TTL and HCT logic. They are 10e 12[]170
also compatible with HC logic over the VcC GNp[fro  vi[10E

range of 4.5 to 5.5 volts and have electrical
characteristics that are similar to the SN74HC
family. The devices have negligible static power
dissipation.

These PAL devices implement the sum-of-
product (AND-OR) structure. The user can select
the product terms and customize the device
function to fit a wide variety of applications. The

THCTPAL16R6-M . . . J PACKAGE
THCTPAL16R6-C . . . J OR N PACKAGE

{TOP VIEW)

ck [ W20 vee
102 1uwo
18JQ
17[]a
18[J]Q

|
R
o

user can select any combination of the true or da
complement terms from the eight inputs and a 10 1Ja
variety of feedback terms of the device. 10} 13]a
10 12f]1/0
The programming cell consists of a FAMOS GND[Jro 11[]OE

{floating-gate) device like those used in EPROMSs.
All 32 terms of each AND gate are initially
connected. The unwanted terms are
programmed out by applying a high voltage to

THCTPAL16R8-M . . . J PACKAGE
THCTPAL16R8-C . . . J OR N PACKAGE
(TOP VIEW)

2
o2}
o

-4

2

e
1]
£
£
«©
o
=]
o
t s

Dl.

o

K}

L.

the programming cell of the selected term. When ck [ U200 vee
both the true and complement cells of a term are ifJz  efda
left unprogrammed, the output of the AND gate 1I0:  1epa
is a low logic level. When only the true term is :E‘ :;%8
programmed, its complement becomes an input =K
X 1I0s  15JQ
to the AND gate. When the complement term is 07 wfa
programmed, its true term becomes an input to ids  130a
the AND gate. When both the true and 1Ifs 120a
complement of a term are programmed, the term GND[Jio  11[JOE
level is irrelevant. Up to eight products are.
summed by an OR gate.
PRODUCT PREVIEW documents contain information . Copyright ©® 1985, Texas Instruments Incorporated
on products in the formative or design phase of
development. Characteristic data and other

specifications are design goals. Texas Instruments
reserves the right to change or discontinue these
products without notice.
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THCTPAL16L8, THCTPAL16R4, THCTPAL16R6, THCTPAL16R8
HIGH-SPEED CMOS PAL CIRCUITS

The floating-gate programming cells allow the PALs to be fully programmed and tested before assembly
to ensure high field-programming yield. The test program is then erased by ultraviolet light before packaging.
When programmed with the required pattern, a security cell can be programmed to prevent the pattern
from being read. Because the device uses floating-gate technology, the design cannot be determined by
observing the blown fuses used in other PALs.

During testing, the registers can be preloaded by entering the preload mode.
The M suffix devices will be characterized for operation over the full military temperature range of —55°C
to 125°C. The C suffix devices will be characterized for operation from 0°C to 70°C.

TABLE 1. INPUT/OUTPUT CONFIGURATION .

3-STATE REGISTERED
DEVICE INPUTS 0 OUTPUTS 0 OUTPUTS 1/0 PORTS
THCTPAL16L8 10 2 0 6
THCTPAL16R4 8 0 4 4
THCTPAL16R6 8 0 6 2
THCTPAL16R8 8 0 8 0

3

I
o
e
avl
-
=}
«Q
=
o
3
3
Q
g
(1]
-
[=]
Q,
(2]
"
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TIBPAL20L8-15, TIBPAL20R4-15, TIBPAL20RG-15, TIBPAL20RS-15
TIBPAL20L8-20, TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20
HIGH- PERFOHMANCE IMPACT™ PAL® CIRCUITS

D2920, JUNE 1986

@ High Performance: fmqax (w/o feedback) TIBPAL20LS’
TIBPAL20R’ C series . . . 45 MHz ) M SUFFIX . . . JT PACKAGE oe
TIBPAL20R’ M series . . . 41.5 MHz C SUFFIX . . . JT OR NT PACKA

(TOP VIEW)

High Performance . . . 45 MHz Min

Functionally Eduivalent to, but Faster than,
PAL20L8, PAL20R4, PAL20R6, PAL20R8

® Preload Capability on Output Registers
Simplifies Testing

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

0 Reduced Icc of 180 mA Max

3-STATE REGISTERED 1/0
DEVICE |1 INPUTS | 5 utputs | a outputs PORTS TIBPAL20L8’
“PAL20LS 14 2 0 6 M SUFFIX . . . FK PACKAGE
'PAL20R4 12 [¢] 4 (3-state buffers) 4 C SUFFIX . . . FN PACKAGE
‘PAL20R6 12 ¢} 6 (3-state buffers) 2 (TOP VIEW) 3
‘PAL20RS8 12 o] 8 (3-state buffers) 0
0 QO
—_-_zZ2>_.0

description 23218272 )
These programmable array logic devices feature 1ps 25(] :;g g’
high speed and functional equivalency when :?]‘; ;';E 1o -l
compared with currently available devices. nche 220} NC @
These IMPACT™ circuits combine the latest ihe afgwo e}
Advanced Low-Power Schottky® technology B0 20f 1o - g
with proven titanium-tungsten fuses to provide on 19[] VO £
reliable, high performance substitutes for 12 1314 15 16 17 18
conventional TTL logic. Their easy -~ ao0--0o E‘)
programmability allows for quick design of 5z o
custom functions and typically results in a more ) ) n:
compact circuit board. In addition, chip carriers NC-—No internal connection -
are also available for further reduction in board Pin assignments in operating mode K
space. ir

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

The TIBPAL20’M series is characterized for operation over the full military temperature range of —55°C
to 125°C. The TIBPAL20'C is characterized from 0°C to 75°C.

IMPACT is a trademark of Texas Instruments Incorporated

PAL is a registered trademark of Monolithic Memories Inc.

Tlmegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,9765.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not

TEXAS
necessarily include testing of all parameters. lNSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

PRODUCTION DATA documents contain information ‘. Copyright © 1986, Texas Instruments Incorporated
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TIBPAL20R4-15, TIBPAL20R6-15, TIBPAL20R8-15
TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

TIBPAL20R4’
M SUFFIX . . . JT PACKAGE
C SUFFIX .. . JT OR NT PACKAGE

TIBPAL20R4’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

{TOP VIEW) {TOP VIEW)
« 8}
-_025_2
/ | S - S G- g S § e g w—
4 3 2 1282726
s 25 vo
Ne 24l a
g7 230 a
NC[) s 22[INC
k] 21 a
)10 200 a
g 1o
121314 15 1617 18
janl e jomEonTon Vo]

TIBPAL20R6"
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

3

TIBPAL20R6’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW) {TOP VIEW)
CLK X o 8
I ! __o0z>- e
= 4 3 2 1282726
Q. |
; | 1ps 2s5f} a
Y : 1ps 24(Ja
8 . 1g7 23 a
= . nc 8 22[I NC
o | Do 21 a
5 \ Qo 20} o
g : 1P 1901 a
1213141516 17 18
E GND fam Wom Yo Yo B B am B |
@© 22~ 8Q
-
[=}
Q,
O TIBPAL20RS8’ TIBPAL20R8"
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
ck [ U2a] vee %60
10z 23001 - -—02>_d
OO OTT
s 220 (3321222
10+ 2afJa 10s 25{]a
1I0s 2000 1Ds 2af]a
1{0e 1[] Q 107 23[Ja
I 1sfda ncfs 2[ne
Qs wPa Do 21a
Ip 1wPa 1P 20fa
IQw spa 1pn 19f]a
10 a1 123314 15 1617 18
GND 12 13 OE oo omm
e
G
Pin assignments in operating mode NC—No internal connection
i
3-62 d
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TIBPAL20L8-15, TIBPAL20R4-15
TIBPAL20L8-20, TIBPAL20R4-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

functional block diagra}ns (positive logic)

TIBPAL20LS’
& 21
7 EN vo——o0
40X 64 |
7, P———— (o]
—
20X D> 7 : 1/0
14 20
1-——,#—J —
4 ,7, p—dﬁ,—‘—b— 10
6 20 7,f O-—%rd—b-— 110
7~ o——
7 I 4-»—1/0
7 o
? 49— 1/0
7
7, O—Q—4->— /0
GI O
+ <4
Q
TIBPAL20R4’ g’
- |
]
OF -OfEN =
Q2
cLK c1 ©
& >1 !
40 X 64 .4’5 1D v L__\ @ g
D
8 a =4
7 e
8 Q Q.
ya
20X D 7 1 )
12 20 ™\ : <
Va R 8 -
! 7 77— b Q i
A 7 —
N 2
7 21
a 20 7 EN
e b——~ ~ v b—ﬁ—b— /o
’,7 o—a—< g 1/0
7 o N 4> 1/0
+
e —¢>— 1o

NaYs B

a A‘

"\ denotes fused inputs

Texas {" 3-63
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TIBPAL20R6-15, TIBPAL20R8-15
TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20R6’
OE OfEN
CLK b c1
- r
& 8 21 % Y, [o}
i 10
40 X 64 —
8 Q
R
8 Q
12 [oxpl 20 ] } —
' # ’ 7>~ 8 o
s R 2 =
sl
7 8 Q
s R B =
2 20
-~ 8 <l? ] Q
=7
[N
>1
7—— EN
3 = vV D—\——Q—v—r—— /o
7 D—e 4¢P 10
o 2, <
o S, <
9- 4 -
3
3 TIBPAL20RS
(o]
-
5 OF ofen
3 CLK o c
g_ & 8, >1 %w v [¢]
= 40X 64 [ L
8 é Q
I ngd —
(=] N
«Q 8, Q
F ~ %
12 20 —\
. | 20x D A N 5, t a
g N
8 20 - t e
O—~— —
? Q
8 ? Q
— N
8, + a
N
8
) >
L4 N

"\ denotes fused inputs

{if
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TIBPAL20L8-15
TIBPAL20L8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

logic diagram (positive logic)

(1)
: INPUT LINES
A
o a 8 12 16 20 24 28 32 36

(2) N 4 (23)
LB —- '
PRODUCT
LNES —

o

] (22) o

[ ]
3L .

1 —D'L_-s <

[ ]

) LIV

[ ]

@) tD .

Db = <
°
° .0

23
(5) x s I
[y Py o < k2

24 o

° =]
1

L] ———ﬂl/o -l

. Q2
(6)p s 3| 4 Q

D < @

32 = £

* (18) £

o 170 (‘\3

39 3
(7} r . .

g <— &

40 5

° 17 >

° vo .2

. ic
@, 47 ,

[y P o —<—

48

: r___ne) 170

[ ]

9, 99 ,
O e —

l"_s? -

. (15)
[ ]

63 s 14
'(10)[:.. + 14 |
I i . (13)
RN 2

Pin numbers shown are for JT and NT packages.

i .
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TIBPAL20R4-15
TIBPAL20R4-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

5!601 a|qewweiboid-pjai4 !
v
Ny

logic diagram {positive logic)

(UD :
Cux INPUT LINES
@ 0 4 3 12 16 20 24 28 32 36 | 23)
=¥ 2N
PRODUCT
LINES 0
[! (22)
———1/0
7 T |
S : —kt
[ ]
° 1 %}__Liﬂ 170
[ ]
15
(4) N} 1 .
=Dk
I§ 1 )
20,
: JQ_&_) Q
[ ] o
5, 3 ]
4 -
[ ]
(19}
[ g @ Q
[ ] pPCip
31
(s)l: ! ,
”3? ﬁ1J<)1.
El (18)
L] E Q
[ ] >
39 )
s —K<H
40
[ ]
[ 1|_> :&@(1.7) Q
[ ] Bep
(8) 47 n
r=PE " g
48
1
hd d s)l/o
°
55
(9} 4
' K<
"'5§
L] “5)1/0
[ ]
63
10) q
! b j,q,_____
e (14)
(11) n s ,
"Dk =y

Pin numbers shown are for JT and NT packages.

13) —
[ 5
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TIBPAL20R6-15
: TIBPAL20R6-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

logic diagram (positive logic)

cux Hp— ) INPUT LINES
o 4 8 12 16 20 24 28 32 36 (23)
TR 430
PRODUCT
LINES 0
: l——(izll/o
[ ]
7
|(—D|.3) :, - X _
° (21)
. - flen o
L ] S
15 "
"I 3<H
16
b K
[ ]
3
23 i
(5)ry
=D 4<H
" 24 4
¢ l| a9y g)
° g S
3.l [}
| (Glt ;32 4“ :] -8
Y (18) E
. g o E
39 = S
(=]
(7) n ;
.49 &
B (17) b o]
° E : Q E’
. 4; 2 [V
R S =
48
(16)
: oo,
|, 55 el
| B’-{)é = —K
e
o a9 10
63
2 ]
(14)
I“‘llDi,-ﬁ —_.‘iq————l s
OE
Pin numbers shown are for JT and NT packages.
i
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TIBPAL20R8-15
TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

-logic diagram (positive logic)

(1)
e —D> INPUT LINES
‘0 4 8 12 16 20 24 28 32 36 23)
| (ﬂu':_— 3 |
PRODUCT
LNES
° (22)
: @” °
[ ] o
T )
Ak - <H
M 21)
. g Eo— Q
18 =
(4) n 3 J
R <
16
. L X (20)
- . 5 L
23 =
(5) ny- 1
T H
2 e [l (19}
o ] g aQ
v . -
o (63! »
< '_DL'@ —<H
) [ ]
3 . AV
3 Y g3
S—_ , @ . 39 i
> ' Phag .
g ° 17)
8 ° g Q
o 4; b
{8) ni} i)
Ot K+
"48 J
° [I (16) a
[ ]
:
55
i (3) N .
1
“hes +H
* (15)
° 1D Q
63
'(10) ; ‘
1 (14)
! _)D;F' !
(13)0-E
Pin numbers shown are for JT and NT packages.
{/
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TIBPAL20L8-15, TIBPAL20R4-15, TIBPAL20R6-15, TIBPAL20R8-15
TIBPAL20L8-20, TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

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

Supply voltage, VCC (see Note 1) . .. ..ot et e e ettt et 7V
Input voltage (see NOte 1) . ... .. ittt ettt ettt e e 55V
Voltage applied to a disabled output (see Note 1) . ..... ... ... ... ... iiiinrnnnn. 5.5V
Operating free-air temperature range: M SUFFIX ......................... —55°C to 125°C

CSUFFIX .o e 0°C to 75°C
Storage temperature range . . . ... ..o vttt en vttt e e —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 5.5 | 4.75 5 5.25 \
ViH High-level input voltage 2 5.5 2 5.5 \%
ViL Low-level input voltage 0.8 0.8 \'
IoH High-level output current : -2 -3.2 mA
oL Low-level output current 12 24 mA
felock Clock frequency 0 41.5 0 45 MHz
tw Pulse duration, clock :{;?: :i ::g ::
tsu Setup time, input or feedback before CLK?T 20 10 15 10 ns
th Hold time, input or feedback after CLK? [o] o] N ns
TA Operating free-air temperature -55 125 0 75 °C

felock: twr tsy. and tp do not apply for TIBPAL20LS'.

2
[*2]
(=]

-
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Q2
©
£
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TIBPAL20L8-15, TIBPAL20R4-15, TIBPAL20R6-15, TIBPAL20R8-15
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

C SUFFIX
PARAMETER TEST CONDITIONS uNIT
) MIN TYPT MAX
ViK Vee =475V, || = —18mA -0.8 -1.5 vV
VoH Vce = 475V, oy = ~3.2mA 2.4 Y
VoL Vee =475V, gL = 24 mA 0.3 0.5 \4
O, Q outputs 20
1 Vcc = 5.26V, Vg =27V
OZH /0 ports cc 0 w00 | “A
| O. G outputs Ve = 5.26V, Vg = 0.4V 20
ozL 1/0 ports cc = ‘ o=9 -100 A
[ Vcc = 526V, V| =55V 1| mA
(T4 Vee = 5.25V, V| =24V . 25 | A
nt Vee = 5.25V, V| =04V -0.25 | mA
los$ Vee =5.25V, Vg =0 -30 -70 -130 | mA
Vee =525V, V=0,
1 — 120 180 A
ccC Outputs open, OE at Viy m

T All typical values are Vcc = 5 V, TA = 25°C.
For 1/0 ports, the parameters Ij4 and Ij_ include the off-state output current.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

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

T noted)
1
o C SUFFIX
PARAMETER F T S uNIT

5 ARAME ROM (o} TEST CONDITION N TYPT TR
~ ith feedback 37 40
o ] q wit MH
Q max without feedback 45 50 z
o) tod AT 0, 170 12 15 | ns
3 tod CLKT ) Ry = 2000, R2 = 3909, 8 12 | ns
g ten OE Q CL = 50 pF, See Figure 1 10 15 ns
=2 tdis OEt Q -8 12 ns
) ten 1, 170 0, 1/0 12 18 | ns
e tais 1,170 0, /0 12 15 | ns
‘g. TAIl typical values are at Vo = 5V, Tp = 25°C.

! ith feedback) = ————— _ f, ithout f =1

fmax (with feedback) = +——" Tpd (CLK o @)’ max (Without feedback) = = —re

fmax does not apply for TIBPAL20L8’

i
370 TEXAS ‘U
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TIBPAL20L8-20, TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

M SUFFIX
R I
PARAMETER TEST CONDITIONS MIN_TYPT  MAX UNIT

VIK Vec =45V, || = -18mA -0.8 -15 v
VOH Vece =45V, IoH = -2 mA 2.4 3.2 Vv
VoL Vec =45V, gL =12mA 0.25 0.5 v

0, Q outputs 20
| \ =55V, Vo = 2.7V A
0ZH 170 ports cc o 100 | "

0, Q outputs -20
1 Vi = 5.5V, =04V A
Ozl T/0 ports cc =85 Vo 100 | "
i Vge =658V, Vi =556V 1 mA
iyt ) Vce =565V, V=24V 25 | pA
I Vce =55V, V=04V -0.25 | mA
los? Vcg =55V, Vg=0 -30 -70 -130 |- mA

Vee = 56.5V, V=0,

! — 120 180 A
cc Outputs open, OE at Viy m

Al typical values are Vo = 5V, T = 25°C.
*For 1/0 ports, the parameters |y and || include the off-state output current.
§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

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

noted) 2
=)

PARAMETER FROM - TO TEST CONDITIONS M SUPFIX UNIT S
MIN TYPT MAX ;

ith feedback 28.5 40 —

fmax1 Yvu eedbacl 8 MHz e
without feedback 41.5 50 ©

tod 1,1/0 0,10 12 20 ns £

tod CLK? Q Ry = 3900, R2 = 7500, 8 16 ns E

ten OF Q C_ = 50 pF, See Figure 1 10 20| ns ©
tdis OEt Q 8 20 ns g’

ten 1,10 0, 1/0 12 25 ns 6:

tdis 1, 110 0, 1/0 ) 12 20 | ns 5

TAll typical values are at Vee =5V, Ta = 25°C. i.q—I:

1

Yfnax (with feedback) = TR oW
W W

1 .
—_— . f thout feedback) =
o T Ok @ max (without feedback)

fmax does not apply for TIBPAL20L8’

" Xip
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TIBPAL20L8-15, TIBPAL20R4-15, TIBPAL20R6-15, TIBPAL20R8-15
TIBPAL20L8-20, TIBPAL20R4-20, TIBPAL20R6-20, TIBPAL20R8-20
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

programming information

Texas Instruments Programmable Logic Devices can be programmed using widely available software and
inexpensive device programmers. ’

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas
Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
authorized TI distributor, or by calling Texas Instruments at (214) 995-2980.

PARAMETER MEASUREMENT INFORMATION

5V
s1
R1
FROM OUTPUT TEST
UNDER TEST POINT
<
3 o
(See Note A)
4
I! e
('L LOAD CIRCUIT FOR
[« N THREE-STATE OUTPUTS
1
Y _
=) TIMING 5V HIGH-LEVEL ~—-—35V
@ INPUT 15V PULSE 15V 15V
- A P 0.3V ' ' 03V
Q . t -ty —W
3 T tgy »¢th ‘ﬁl T— t, —¥
. : ~~-— —35V ! w f 35v
g DATA 15V 15V LOW-LEVEL 15V 15V
& INPUT 0.3V PULSE e —— — 0.3V
) VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
- SETUP AND HOLD TIMES PULSE DURATIONS
[=]
Q. N a8V OUTPUT
NPUT 15v 15v
e ! m— 0.3V CONTROL
| N ' (low-leve!
'PLH"‘——N | . ' PHL enabling) e
IN-P [ \—— VoH |
; HASE | 1
OUTPUT | 1.5V | 15Vv |
VoL WAVEFORM 1 !
N ! | S1CLOSED = ¥-2"voL
PHL—1¢—¥} M——p-tPLH {See Note B) t [ |
| i VoH PZH _“i 8 [-tPHZ
OUT-OF PHASE ==V
OUTPUT 5V 15V WAVEFORM 2 ; 3=~ VoH
——— VoL S1 OPEN
{See Note D) {See Note B) ~0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE QUTPUTS
NOTES: A. C includes probe and jig capacitance.
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 = 560%.
D. When measuring propagation deiay times of 3-state outputs, switch S1 is closed.
FIGURE 1
T {l’
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TIBPAL20L10, TIBPAL20X4, TIBPAL20XS, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™PAL CIRCUITS

D2920, OCTOBER 1985

HIGH PERFORMANCE . . . 35 MHz Min TIBPAL20L10’
M SUFFIX . . . JT PACKAGE
Preload Capability on Output Registers C SUFFIX . . . JT OR NT PACKAGE
Simplifies Testing (TOP VIEW)
Power-Up Clear on Registered Devices 1 U2al vee
® Package Options Include Both Plastic and : E; ;:D 30
Ceramic Chip Carriers in Addition to Plastic iOe 2000
and Ceramic DIPs IE5 . 20 10
. 1[s  19fdwo
3.STATE REGISTERED 110 10 18[J 1o
DEVICE | | INPUTS
O OUTPUTS| Q OUTPUTS | PORTS 1Os  17pwo
‘PAL20L10 12 2 o 8 ! Eg 16:] 110
‘PAL20X4 10 0 4 (3-state buffers) [ 6 : E:? :f% go
‘PAL20X8 10 0] 8 (3-state buffers) 2 GND [T12 130
‘PAL20X10| 10 0 10 {3-state buffers)| 0
o TIBPAL20L10’
description M SUFFIX . . . FK PACKAGE
These programmable array logic devices feature C SUFFIX . . . FN PACKAGE
high speed and functional equivalency when (TOP VIEW)
compared with currently available devices. 03 o
These IMPACT™ circuits combine the latest - - —-Z>0=
Advanced Low-Power Schottky! technology (2332712821 o
with proven titanium-tungsten fuses to provide 1]s 25]1/0 (=]
reliable, high-performance substitutes for 1{ls 2a{J 10 3
conventional TTL logic. Their easy g7 2(f 1o @
programmability allows for quick design of NC 18 22INC o)
custom functions and typically results in a more : %?0 Z;E :;g ©
compact circuit board. In addition, chip carriers it ‘9q 110 E
are available for further reduction in board space. 12 1314 1516 17 18 P
oo posy
All of the registered outputs are set to a low level -——ou~-oo (=2
during power-up. In addition, extra circuitry has : &< - 2
been provided to al!ow Ioac_iing of each registe.r NC—No internal connection ﬂ,-
asynchronously to either a high or low state. This =]
feature simplifies testing because the registers - Pin assignments in operating mode i.?_.’

can be set to an initial state prior to executing
the test sequence.

The PAL20’ M series is characterized for operation over the full military temperature range of —55°C to
125°C. The PAL20’ C series is characterized for operation from 0°C to 75°C.

IMPACT is a trademark of Texas Instruments Incorporated.
Tlntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975.

PRODUCTION DATA documents contain information . Copyright © 1984, Texas Instruments Incorporated
. current as of publication date. Products conform to 1
specifications per the terms of Texas Instruments 3.73

standard warranty. Production processing does not
necessarily include testing of all parameters. lNS’r RUMENTS
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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

TIBPAL20X4*
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW) {TOP VIEW)
outctk O U2a[] vee o
1]z 230wo 2 o
ids  22Qwo __32%e°
1Js 210 wo A
10s 20a
s 2s(]vo
Qs 190 a
116 24} a
1» Qa .
iOs »f0a g7 z0a
% NC [J8 ~ 22(fNC
1 sPwo
1o 21 a
1o 1sJwo
1po 20{} a
IE” MJI_/_O 1k 19[: 110
GND 12 13 OF 12 13141516 1718
o | | J o Vo S |
TToglEee
Qo
TIBPAL20X8" TIBPAL20X8’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
3' C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) (TOP VIEW)
4
outcLk [ vee R
n 1g 10 5¢ 80
@ 10 Q __-—0zZz>=0
Q IE Q 3332 182736
) | Q 115 2s(]a
[=] 10 Q 1fls 2{{a
Q g Q g7 1(la
[ 1O Q nc e 22[] NC
3 10 Q. 1o 21 a
3 1 Q 1o ‘ 20(] a
o 10 1o Lkl 19[] a
=2 GND [ OE 121314 1516 1718
(4] aoomracor
- TTgglgec
(] [G]
Q,
o TIBPAL20X 10" TIBPAL20X10°
. M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
"C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outctk [ Tz vee é
1z 29[Ja 5,9
103 22Pea __0%2%00.
1ge  =2fda ((Tre T nnE |
10s 200a 3 : 25[ja
1is 9da
116 24{1a
10 eda ; -
it Pa g zla
NC 8 22[INC
1 118da
109 21{ja
IO 1sja B0 20f]a’
. Dl[_'_n 14 g_E il ) 19fa
N 12 13 12 13141516 1718
e ¥ e e S o Vo Vi W |
T ouwoo
z 210

Pin assignments in operating mode

3.74 | Texas ‘t'f
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TIBPAL20L10, TIBPAL20X4
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL20L10
& >1
EN
40 X 40 3,, vp——o
3, p———o
7
20X D> 3, 170
12 20 .
| + F—{N\
3 —4»— /0
. b‘ﬁ
3, p-eg—4>— 110
/0
8 20 3, D‘t—‘"—' 1
—F— o+ 7
3 —&»—— 1/0
3, D-ﬁ 1
3, —4>— 1/0
+ P ﬂ
1/0
3# D—OQ—Q-P— /
3
, P—x«-&—- /0
2
< >
-l
‘PAL20X4 o
Q
oE den g
OUTCLK c1 £
ol c -]
& =1 1=0 14
a0 x 40| 2e . v a gs
4 Q -
& 5 &
. N . -]
20X0 B 4, 2
10 20 N [T
' - ~ 4 A Q
>1
— N
2 3 \v/ t)—v»—- 1/0
3 D—a 4> 10
6 20 > N
“ Y
3, P« <+ 110
3 O—-i —4 1o
3 o < <> 1o
3, N < /0
61 -
7 g
4 e

"\~ denotes fused inputs

‘Qi?
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TIBPAL20X8, TIBPAL20X10

HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

functional block diagrams (positive logic)

‘PAL20X8
OE EN
ouTCLK c1
o r
& =1 1=0 V
40x40[” +1D
=9
—
¢
10 20X'D| 20 —\
1 — o Y 4 +
T\
4
5 ’ ? —
’ 4
smk;
N
sa
Py 20 N
b~ a 4)
3 —
| DE
-n Eom \
o 3
[
1 21
3 g,
]
(=]
-
™ ‘PAL20X10
3 —
-3 OE EN
o OUTCLK b c1
(=2
_— & 4 =1
1] 40 X 40 7
5 4
Q, ,
° 4

10

10 zox? 20

\&

JJJLJT:

\h

20

}
4
FOJ—O-‘—OJ-OJ—OH—O-—OJ—O—ro—rQ— |,

"\ denotes fused inputs

— /0

1o
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TIBPAL20L10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

logic diagram (positive logic)

INPUT LINES
A
/ A\
(1) Oess dees Bote 12 ]G oes 20ee> 2400 28++s 32000 364+ 39

1
0
propuct ?
LINES - 23]
3

(22) \

/0

21 4

(20) /o

T
[

9
ll)I

/0

40
. SE E (18)
43 — 1/0

"7)Dl.. .J

. a; é (17}
51 ———1/0

(16!‘I

Q
[=2]
o

-

2

el
©
£
£
©
E
o]
(=]
T

ﬂl.

o

@

L.

/0

I(B)El .

64 -

. (15) o

=

e

-
ol

(14) o

p Wy r—‘K}'—_“i)'

Qece B coe Beeol2e0s 160+ 0200 o5 240+ + 28 ¢ ¢ 32«4+ 3G+ =39

Pin numbers shown are-for JT and NT packages.

XAS Q‘ 3-77
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TIBPAL20X4

HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

logic diagram (positive logic)

INPUT LINES
/\
/ \
Qe ve Beve Boos 1200 16e0c e 200 +» » 240 ¢+ 28¢ ¢« 3200+ 36¢ «39
ouTcu(—“—)%
propucT ¢
LINES iz3) 1/0
3
(2) |
! t t"‘ 4—-‘4_
8 o
: (22)
1 1/0
(3) NG N
] —l > 4_&.—
16 P )
. (21)
19 170
(4) Ny ,
r—Dk <
3 24
. 200 o
27 -
m (5) —
gz =Dt K
Q.
. z (19)
) . E&— Q
3‘ 35
«Q {6) NG —
3 =Dt K—
40
3 . (18)
3 . g T{;o— a
[ 43 ber b
= 7) N .
® ! 8 <
48
o'- . E! (17) a
%. 61 ,
| (8) D | ‘:
56
: (16)
59 ﬁ 1/0
TN 4
64
. {15)
67 ﬁ /o
. (10 g N
72 -
. |14 o
75
| (11) — (13) oF
O°*ee deces 8Booe 12¢¢e 160 e 20000 280 0+ 280 ¢ 3204+ 36° « 39
Pin numbers shown are for JT and NT packages.
i
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TIBPAL20X8
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

logic diagram (positive logic)

INPUT LINES
A
/o... Qeeo Beoe 12000 160 00200 ¢ 224002 28e o s 32000 3Ge .39\
OUTCLK%
PRODUCT
LINES 3 S - YT

-
[

8
: B (22) Q
n be1 b
(3) Ny 4
L2 K
16
. E 20 o
1.9
4) p —
s —<H
24 i
° E (20) al
27
(5) N
LA K
32
. 10 Q
35 c1

(=]

2
o
o

-

2

e}
©
£
£
©
1
<)
<)
k=

a

z

2

i

[<]

o

i
AR

Dooe Aoose Booo 12000 160+ 200 s+ 242 ¢ 28es s 32¢ 0+ 36° 39
Pin numbers shown are for JT and NT packages.
.Ji
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TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

logic diagram (positive logic)

INPUT LINES
A
/o... Boes Booo 12000 1600+ 200 oo 2800+ 2Be o s 3200« 36..39 \
ourcLKﬂ—% ‘
PRODUCT
LINES

(22) a

5 )
Bk

w

7 Mo
- 27 =1
- (5) NS N
o =D K
Q.
o 32 E (19)
- . Q
8 35
(6) NG ’
2 ! b K v
40
3 5 (18)
3 . Tl;o—o
g_ 43 bet b
a f {7) ! ‘: J
g 48 BB%D E (17)0
«Q .
a. 51 )
. (8) D n 1: 3
56 .
: E (16)Q
59 ) bbet1 p
. (9) l' ‘:3
64
: B {15} a
67 bei b
| (ID)D | ( 3
72
: FRDE B
75 b
',(11I } 1 (13) oE

Qees Jooe Booos 12000160 s e 2000e 240+ 2800 s 3200+ 3639
Pin numbers shown are for JT and NT packages. ’
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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, VoG (see Note 1) ..ot e e e 7V
Input voltage {see NOte T} ... ... ittt e e 55V
Voltage applied to a disabled output {see Note 1) ... ....... .. . ... it 5.5V
Operating free-air temperature range: M suffix. . .......... .. ... .. .. ... —-55°C to 125°C’

Csuffix ... ... .. .. .. . . i 0°C to 75°C
Storage temperature raNgE . . .« v v vttt ettt e —65°C to 150°C

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

recommended operating conditions

FF SUFFI .
PARAMETER M SUFFIX ¢ X UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 |4.75 5 5.25 \Y
VIH High-level input voltage 2 5.5 2 5.5 A
ViL Low-level input voltage 0.8 0.8 \Y
loH High-level output current -2 —-3.2 mA
loL Low-level output current 12 24 mA
felock Clock frequency 0 25 9] 35 MHz
. | High 15 10 ns
tw Pulse duration, clock, see Note 2 Iiow 20 - 14 ns
tsy Setup time, input or feedback before OUTCLK? 25 20 ns
th Hold time, input or feedback after OUTCLK? 0 0 ns
TA Operating free-air temperature —-55 125 (0] 75 °C

NOTE 2: The high and low clock pulse durations cannot both be at the minimum values specified. Their sum must be equal to or greater
than the minimum clock period, which is the reciprocal of the maximum recommended clock frequency.

electyical characteristics over recommended free-air operating temperature range

2
o
-}
4
2
el
(13
£
E
@
T
<)
<)
S
a
3
2
i

M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS t
MmN Tvpt mMAx | min Tvet max | UNT
VIK Vee = MIN, |j = —18 mA -1.2 -1.2 \
VoH Ve = MIN, gy = MAX 24 32 2.4 33 v
VoL Vce = MIN,  lg = MAX 0.25 0.4 0.35 0.5 \
Outputs 20 20
1 Vee = Vo = 2.
OZH /5 ports cCc = MAX, Vo = 2.7V 100 00 ] *
Outputs . -20 -20
1 Vee = = 0.
OZL 5 ports cc = MAX, Vo = 0.4V ~250 250 | *°
Iy Vee = MAX, V| =65V 0.1 01 | mA
H Ve = MAX, V) = 2.7V 20 20 | uA
hL Vee = MAX, V| =04V -0.25 -0.25 mA
log$ Vcg =5V, Vo =0 -30 -130 | -30 -130 | mA
'20X4, '20X8, '20X10 : . 120 180 120 180
| Vee = MAX, V| =0
€C 20010 cc J 120 165 20 165 | ™

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
+ Al typical values are Vee =5V, Ta = 25°C.
8 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

{ip
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH:PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

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

noted)
M SUFFIX C SUFFIX

PARAMETER FROM TO TEST CONDITIONS N YRt WA TN vt A ] UNIT
frax 25 35 MHz
tpd 1, 1/0 0, /0 ) 12 25 12 20 | ns
tod OUTCLKT Q R1 = 200 Q, 10 20° 10 16 | ns
ten OF Q R2 =390 Q, 7 20 7 15| ns
tdis OEt Q CL = 50 pF 7 20 7 15 | ns
ten I, 170 0, 1/0 . 15 25 15 20 | ns
tdis : 1, 70 0, 10 15 25 15 20 | ns

TAll typical values are at Vg = 5V, Ta = 25°C.

3

1 s|qewwesboid-pjold

o160

: i
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INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

3-82



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

PARAMETER MEASUREMENT INFORMATION
5V

\ FROM QUTPUT
UNDER TEST

TEST

[_ POINT .
S

S1
R1
cL R23
(See Note A) l
)

LOAD CIRCUIT FOR

THREE-STATE OUTPUTS
TIMING 35V HIGH-LEVEL (v 1o 35V
15V . .
- PULSE
INPU Asvo 03V d ! 03V

- ty —V

' <r-— —35V ! ! 35V
DATA 15V 15V . LOW-LEVEL 15V 15V :
INPUT 03V PULSE o _0avV

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS o
SETUP AND HOLD TIMES PULSE DURATIONS S
(=]
—————35V i
INPUT 15V 15V OuTPUT .
I CONTROL o
1 ! o3V {low-level 2

. . Ht B
‘PLH“{"_‘N PHL enabling) g

IN-PHASE e T VoH
OUTPUT | 15v | 15V £
: l S
tPHL—N—‘HI M——>tpLH (See Note B} g7
1 VOoH
OUT-OF PHASE =
OUTPUT 15V 15V WAVEFORM 2 o
~——= VoL S10PEN ..6
(See Note D) ) (See Note B} 3
VOLTAGE WAVEFORMS ’ VOLTAGE WAVEFORMS i
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

NOTES: A. Cy includes probe and jig capacitance.
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 S1 is closed.

i
Texas b , 3.83
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

programming parameters, TA = 25°C

PARAMETER MIN NOM MAX | UNIT
Vce Verify-level supply voltage 4.75 50 5.25 v
VIH High-level input voltage 2 5.5 \
ViL Low-level input voltage 0.8 \
VIHH Program-pulse input voltage 10.25 10.5 10.75 \
PGM ENABLE 10 25
1IHH Program-pulse input current PO 20 50 .| mA
Vee . 250 500
tw1 Pulse duration at Vo : 10 50 us
tw2 Pulse duration at PGM VERIFY 100 ns
. OE1 before POT (Vi) 100
t Setup ti n
su etup time POT (VinH) before VeoT (VigH) 100 S
PO (V| fter Vecl 100
th Hold time _( 1HH) after Vee ns
OE high after PO 100
td1 Delay time from OF low to PGM VERIFY? 100 ns
tg42 Delay time from PGM VERIFY? to valid output 200 ns
Input voltage at pins 10 to open verify-protect (security) fuse 12 125 13 v
3 Input current to open verify-protect {security) fuse 100 400 mA
tw3 Pulse duration to open verify-protect {security) fuse 20 50 15
m
0
e
vl
-
[=]
«Q
-
3
o
=
(4]
-
=]
Q,
(7]
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

PRODUCT TERMS

JT OR NT PACKAGE FK OR FN PACKAGE
(TOP VIEW) (TOP VIEW)

pam VERIFY [ U2 vee g
&
>
= OO —
QGO
gre2528
/ | S S S v ) S § G § S gy
4 3 2 1282726
PI2[]s 25(] PO2
PI3 [}6 24(] PO3
P4 17 23(] PO4
NC[]8 : 22[I NC
PIS f]9 21[] P05
PA8[Ji0 20[] POB
PAS [J11 o 19q PO7
12 131415161718
o B s W s s ¥ s s e 4
owAoUWwoO
-azz |O o0
20 o 3
P4
w
s
(O]

NC-No internal connection

TABLE 2. PRODUCT LINE SELECT

PRODUCT LINE ADDRESS
PA8 PA9 PA10
L

PRODUCT LINE NUMBER

8 16 24 32 40 48 56 64 72

9 17 25 33 41 49 57 65 73
10 18 26 34 42 50 58 66 74
11 19 27 35 43 51 59 67 75
POO | PO1 PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9
OUTPUT PIN NAME

[ i ol o
IrIr
W N = O

L
H
H

.8
<)
o

-
2
e
@
E
1S
@
t o
=)
<)
k=l
a
z
2
i

L=ViLH=VH

{ip
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

INPUT LINE SELECT

TABLE 1.

m - - I~4IrIJ4JIrJIrJ4IrJxrJIrJdIr4drd4dIrJdJIrdarrdITaT
m I - 4 ITJ4 JIT I JTITJJTIIT AL JTTITHIJIT I 2 I
m -~ IIXIII-JJ4J s IIIII A4 Ad 2 JITII I I J0 1T
w
3
Nm T I ITITI-dddJddJAdITIIIIIII D o aa
=
o
m - W 4 JOTT I T I ITIIIITIITIIIIIT S O Jda
m - - a4 0 d dddddddd 33 ddJIJIIIIITIIIIIIIC
w
Z o
=
a [=} NMFTWONDDO-NMTWONDBGDNO —NOMITID O DD
WW - mFrr e, r et NN NN NNANNNNOOOOOOOOM®O0
ER

™M

Field-Programmable Logic

L=ViLH=V}y

TEXAS "v'n‘
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

programming procedure for array fuses

Array fuses are programmed by executing the following programming sequence. Each fuse can be opened
by selecting the appropriate (one of 40) input line and (one of 80) product line. The levels for selectlng
_ 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 OE to V|H.

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

Step 6 Program the fuse by pulsing Vcc to VIHH.

Step 7 Remove the voltage from the selected PO pin.

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. R

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 / ‘\_
Vi
ViH

P10-p15 ERERAY SELECT INPUT LINE R ViL

PAB-PA10 JREXLLILLY SELECT PRODUCT LINE GROUP 20008 ViL

2
[=2]
(]

-

o

e
(1]
£
E
(1]
E
(=]
[=]
o)

OI.

o

@

L.

PGM VERIFY

{i’
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10
HIGH-PERFORMANCE EXCLUSIVE-OR IMPACT™ PAL CIRCUITS

preload procedures

preload procedure for registered outputs /

Step 1 With Vgc at 5 volts, raise Pin 13 (ﬁ),to VIHH to disable the outputs and clear the
registers {output goes low). Since the outputs are low, only high levels need be preloaded.

Step 2 Raise the selected output to be preloaded high to VIHH. ’

Step 3 Lower Pin 13 to V|H. )

Step 4 Remove the voltages applied to the outputs. (At least a 100-ns wait is required between step 3
and step 4)

Step 5 Lower Pin 13 to VL to verify preload.

—————————————— VIHH
|
(PRELOAD PIN 13) | v
OF 100 ns - — 'H
MIN M |
—sl  j— 1! ViL
P Lo
—_———— — —— V|
SELECTED | ! tHH
3 ouTPUT | |
TO PRELOAD | |
-n I | VoH
3 a
V
—_— oL
o VERIFY
)
Y PRELOAD WAVEFORMS
o .
‘g security fuse programming
g— PIN 10
o
g : < tw3 > ov
(g. SECURITY FUSE PROGRAMMING WAVEFORMS
o
NOTE: Pin numbers shown apply only for the DIP package. If a chip carrier socket adaptor is not used, pin numbers must be changed
accordingly.
T i
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

D2709, DECEMBER 1982—REVISED SEPTEMBER 1985

® High-Performance Operation . . . 30 MHz o DIP Options Include Both 300-mil Plastic

® Preload Capability on Outpui Registers and 600-mil Ceramic

® Dependable Texas Instruments Quality and

Reliability
3-STATE REGISTERED
DEVICE VD INPUTS | 1INPUTS | "0hrn oo Q OUTPUTS 1/0 PORTS
‘PALR19L8 1 2 2 0 6
‘PALR19R4 1 0 0 4 (3-state buffers) 4
‘PALR19R6 11 0 [} 6 (3-state buffers) 2
‘PALR19R8 1 0 0 8 (3-state buffers) 0
description : TIBPALR19LS’
. X M SUFFIX . . . JW PACKAGE
These programmable array Io.glc dc:wnlces feature C SUFFIX . . . JW OR NT PACKAGE
high speed and functionality 5|m|lar. to the {TOP VIEW)
TIBPAL16L8, 16R4, 16R6, 16R8 series, but :
. . I U24:] vece
with the added advantage of D-type input we 2010
registers. If any input register is not desired, it wlk 20o
can be converted to an input buffer by simply /D 54 21] 1o
programming the architectural fuse. o s 208 170
Combining Advanced Low-Power Schottky ' :;g E: '9:] :jg
technology, with proven titanium-tungsten D [l :5:] /0 %
fuses, these devices will provide reliable high o O 16[] 110 )
performance substitutes over conventional TTL Qo s o -~
logic. Their easy programmability allows for i O 1af] inck K]
quick design of custom functions and typically GND 12 13(] | -g
result in a more compact circuit board. In . £
additiqn, (.jhip carriers are available for further TIBPALR19LS’ £
reduction in board space. M SUFFIX . . . FK PACKAGE @
o ) ) C SUFFIX . . . FN PACKAGE 5
Extra circuitry has been provided to allow loading {TOP VIEW) g’
of each register asynchronously to either a high ah_
or low state. This feature simplifies testing ca ©9a '
because the registers can be set to an initial state ==-2>=0 R
A . /- OO0 (]
prior to executing the test sequence. 4321282726 iC
. . L b 1s 25(] /0
An M suffix desngnates full-temperature circuits 16 {10
that are characterized for operation over the full o (17 23f} 10
military temperature range of —55°C to 125°C. NC [18 22[] NC
A C suffix designates commercial-temperature 1/D [19 21{f o
circuits that are characterized for operation from 1D [J10 2ffvo
0°C to 70°C. vo it 19ffvo
12 1314 1516 17 18
o s U v W s By § e W
ooQou - %o
==zz E')
© z
INPUT REGISTER FUNCTION TABLE
NC—No internal connection
INPUT OUTPUT OF
INCLK D INPUT REGISTER Pin assignments in operating mode
1 H H -
1 L L
L X Qo
Tlmegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.
PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
current as of publication date. Products conform to
specifications per the terms of Texas Instruments T . 3.89

warranty. Production processing does no ‘ EXAS
:?cu:::ilv irnrchl' (] 't,e:;’inut of u“lln;::umgt:::. t INSTRUMENTS
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TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

TIBPALR19R4" . TIBPALR19R4’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE

(TOP VIEW) (TOP VIEW)

outck {1 Jzd] vee a

w2z 230 - E O

o (s zz%lluo ga3goer

mds =110 >

mws 200a

mwds 190

mwd?  Ja

mwds vda

Qe 16[] 10

b o 1sJ 10

b [ 1a[] INCLK

GND [z 13[] OF

3

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

TIBPALR19R6’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

{TOP VIEW) (TOP VIEW)

- outctk O Tz4] vee 5

— o

o w2z 230w 0ob08a0

s w s 2200 g§23259¢

3 mws 20a 3

S

- mw[s 200 a a
o mw s 9] a Q
«Q

Q mw 18Ja Q
[ mwQs 17Ja NC
3 mw{Je 8Ja a
3 /D [Jio 15[ 1O. Q
o o gn 1af] Nk a
T GND [z 13[] OF

)

-

(=]
«Q,

L TIBPALR19RS’ TIBPALR19RS’

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

{TOP VIEW) (TOP VIEW}

outcwk [ Uz4
o [ 23
o [ 22
10 [ 21
b [
1o [
1o [
o
o
10 O
10 ]
GND

<
(]
(g}

08
Z>g

110
/D
~[} OUTCLK

TE IO S GR
°
OOOOOOOQE

=
o
o

z
o]
o
=

14

=
L S ) - -

PPPZEPEPO
[g]

N
@
o]
ml

Pin assignments in operating mode

NC—No int.clarnal connection
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TIBPALR19L8, TIBPALR19R4
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALR19L8
& EN 21
) s xeal L Vp————o
INCLK 21
" ‘E 7, p——o—0

r 7

11X 1,1 _ 7 et o
4132c3 7 4 -

+ 2c3 " 7, -8 —4>—1/0

()—7; —~ 7

1
1/D——%— 3D 2 P& —¢»—1/0
M2

E n 7, P& —¢>—1/0

rd

8

= 2 5 b~ ,7 -8 —~>—1/0

8 7,
B 7 P& —¢>—1/0

| 6 3
7 <

‘PALR19R4 2
o
— o
OE —C] EN2 -
OUTCLK > c1 o
1 £
& 21 @
38 X 64 > l Y e £
7 1D ﬂ E
8, Q @
_INCLK z1 7 —\ 5
8, & Q o
11X 7 .
. Lo 3E JUR I N %
+1.2¢c3 >~ L a T
42c3 1 RN [
1 - en >’ i
1/0 —#— 3D % \Y/ Dfd—p—— 110
M2
n 7 o—o <4 170
> N
= 8 7 & <>
D o7+~ S o N » 110
L_J L % o =\ < 1o
41 <
> <
“—e

i .
TEXAs b 3-91
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TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALR19R6
OE —O|ENZ
OUTCLK c1
-]
& 8 »>1 29 Q
38X 64 4 10 |
INCLK z1 [ & | é Q
8
11X 11 % e
L el \
—4-1,2C3 8 a
4 2c3 1 —
~ 8
" == ¢ @
1/D —~— ::;)2 f —
1" —r @
N
1 . —Jen >1
8D 71~ | Vp-e—<¢>—1—1/0
L— 8 - 7 O €\ <> 1/0
e
L 6, <
0 7 -
=
bl ‘PALR19R8
-
] —
«Q OE EN2
N OUTCLK p-c1
3 & 8 >1 %m 29 Q
7
Y INCLK ——-«ﬁ et 8 § Q
jon 2.
— 7
® N
- 11X 1, ﬁl % Q
o) 5 7~ —\
& o 3 °
= + 1
e Pp——~ - ’ N
11 8 + Q
/D ——~— 3D ~
! M2 f )
I 8, é Q
— N
L s 8, % Q
s> P~ 4 —\
8, Q
8, - 7 %
4 -
BI
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TIBPALR191L8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

logic diagram (positive logic)

\ [4)]
INPUT LINES
AY
0 4 12 16 20 24 28 32 36
I/D til —‘mI/D
=  PRODUCT =
LINES
0
.
. (22)0
.
. .
7 -
(3) | Aqicz - f.'q_'—
1/D 8
Mo .
M1 (21)
g 243 o ———1/0
= .
oz 15 ,
@) 1c2 i’q—‘—“
1/D 20 16
Ll (20)
245 —<10
= 3
23 . [
(5) 3 K — B
1/D ] 24 g)
M1 .
2636 o %0 -~
= . o
31— ) °a
32 — g
L]
: (18)"o E
. o
39 ,
E g
40 -
. o
. 070 .
. T
47 . 2
- < i
.
: —1% 0
.
55 -
56 Bl .
.
: 0s)
.
63 .
K—
0% ineLk
(3),
Pin numbers shown are for JW and NT packages.
i
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TIBPALR19R4
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

logic diagram (positive logic)
L]

OUTCLK
INPUT LINES
14 - N
0 4 12 16 20 24 28 32 36
o 2 2 p
PRODUCT
LINES
0
L]
: 2210
.
1 7
o B 138 Fg
el 21)
f 23 | 29 10
+ L]
— 15 )
o B35 16 ”
3 il .
T 2
f 225 . - 3*‘_ a
* . [
- <>—<F);‘ 2
— {5) 1c2 4 j
2 /D E"?} 2.4
?' g 2436 M B (9
o — Wt
31
o ._FCT
Q o B 18 P,
=~ [
V] M1 .
3 g 2437 | o
3 i . c1
39
Q
g 40
o .
F .
o .
Q, a7
(¢} 48
.
. 16} /0
.
55
56 ﬂﬂ
.
. 18) /0
.
63
K—
<}>—‘H)|Ncu<
13) 2
Pin numbers shown are for JW and NT packages.
T {l’
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TIBPAL19R6
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

logic diagram (positive logic)

outek
INPUT LINES
N\
—
[} 4 8 12 16 20 24 28 32 36
1o {24 ~ 23
= PRODUCT
LINES
[
L]
. (22)
. —220
.
7
EL
ot 20 8
MO .
e 21
243 o -—[;1—)0
= .
15
YR g
m .
52435 . {20
= .
23
5] Ju‘é’ 2
/D 20 24 5
i <)
2% 19 -
= ; ®
1 ——
¢ oc2 Q
I/D‘G) 5 32 (3]
w £
2437 | 3‘;@
g . a E
= : £
oc2 |39 s,
I/D(7) 1:;2 40 (o]
. E ol
(M1 m
fz«m : Brmo -
_ . E
47 [
L 0C2 | - -
wo @13 H i
M1 . i
2430 o BHB»Q
M b
55
56
L]
. 08) 0
L]
63
—x—
<pPMncik
Q‘”’FE
Pin numbers shown are for JW and NT packages.
’
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TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

logic diagram (positive logic)

outcLk
INPUT LINES
A\
\
,0 4 12 16 20 24 28 32 36
ocz
{23)
o 2] by /D
0
M
2433
PRODUCT
LINES
0
.
. B (22)O
L]
L
0c2 7 d
Jicz d
1/D (] 20 8
oo L]
LIS B 2n,
2838 o Q._
= .
15 )
@] e 3
/D 20 16

B (200

i) i
5 i
&5 15 [ 5

I
© 1) Eg: 2
2 )7 Lo,
o 3
=] ]
Q @ i I
- 1/D 32
o oo 3 18]
3 2437 Q
2 .
3 - .
39
o oc2 -
o o i oo —
. : [
. (17)
, Q
g : ,<}_
(=] 47 .
o /D 48 h
.
: a (16)0
L En
55
0Cc2 q
o @ 35 5e K
.
. (15)0
. TIL—
L] E.
63

(14)

INCLK

(13)0—5-

Pin numbers shown are for JW and NT packages.
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

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

Supply voltage, Ve (see Note 1) . ..t et e et 7V
Input voltage {see NOte 1) . ... . e e e 5.5V
Voltage applied to a disabled output (see Note 1) . . ... ... ... ... ... i i, 5.5V
Operating free-air temperature range: M suffix. .. ..... ... ... ... ... ... ... —55°C to 125°C

CsuffiX ... e 0°C to 70°C
Storage temperature range . . ... ..o v vttt e e e —65°C to 150°C

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

recommended operating conditions

M SUFFIX C SUFFIX 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 5.5 2 5.5 \
ViL Low-level input voltage 0.8 0.8 Y
IoH High-level output current -2 -3.2 mA
lot. Low-level output current 12 24 mA
f Clock frequenc: INCLK 0 20 0 30 MHz
cloek quency OUTCLK 0 20 0 30
INCLK high 20 15
tw Pulse duration, clock INCLK low 20 15 ns 9
OUTCLK high 20 15 >
OUTCLK low 20 15 S
Data before INCLK1 15 10 o
tsu Setup time Data before OUTCLK? 30 25 ns )
INCLKt before OUTCLK? {See Note 2) 30 25 @
th Hold time Data after INCLKT 5 5 1 s E
Data after OUTCLK? 0 0 E
TA Operating free-air temperature -55 125 0 70 °C g
NOTE 2: This setup time ensures the output registers will see stable data from the input registers. nE: :
o
©
i

{i’ , ,
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PARAMETER TEST CONDITIONSt M SUPFIX C SUFFIX UNIT
MIN TYP¥ MAX [mMIN TYPt MAX
ViK Vce = MIN, I = ~18 mA 1.5 -1.5 v
VOH Vee = MIN, IoH = MAX 2.4 3.2 2.4 3.3 \
VoL Vee = MIN, loL = MAX 0.25 0.4 0.35 0.5 \
il o Voo = MAX, iy =27V 0 o]
OE Input 0.2 0.2
] 1/D Inputs Vce = MAX, V) =55V 0.1 0.1 mA
All others : 0.1 0.1
OE Input 40 40
o t/D Inputs Vee = MAX, Vi =27V 20 20 A
All others 20 20
OE Input -0.4 -0.4
m I/D Inputs Vce = MAX, V| =04V 0.6 -0.6 | mA
All others -0.2 -0.2
3 108 Vce = MAX, Vg =225V -30 -125 [-30 -125 [ mA
Icc Vee = MAX, v =0V, 150 210 150 210 | maA
Outputs open
oy
% switching characteristics over recommended operating free-air temperature range (unless otherwise
';U noted)
Qo TEST M SUFFIX C SUFFIX
('.Q‘ PARAMETER FROM 0 CONDITIONS MIN  TYP} MAX MIN TYP¥ MAX unIT
o frmax INCLKT /0, O 20 30 MHz
3 fmax OUTCLK? Q 20 30 MHz
?, tpd I, 110 /0, O 15 30 15 25 ns
o tpd 109 10, 0 20 40 20 35| ns
o tpd INCLK? /0, O 20 40 .20 35 ns
g tod OUTCLKT Q 10 25 10 20 ns
— R = 500 Q,
«Q ten OE! Q : 10 25 10 20 [ ns
o ton 1. 110 110, 0 CL = 50 pF, 14 30 14 - 25| ns
See Note 4
ten DY 10, 0 27 45 27 40 ns
ten INCLKT 110, O 27 45 27 40 ns
tdis OE! Q 11 25 11 20 ns
tdis 1, 1/0 1/0, O 12 30 12 25 | ns
tdis 110Y 170, O 13 30 13 30 | ns
tais - INCLKT 170, O 13 30 13 25 | ns
TFor conditions shown as MIN or MAX, use the ‘appropriate value specified under recommended operating conditions.
Al typical values are Vge = 5V, T = 25°C.
5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, lgg.
Input configured as an input buffer.
NOTE 4: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
Texas WP
3.98 EXAS
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

programming parameters, Tpo = 25°C

PARAMETER MIN NOM MAX | UNIT
Vgoe  Verify-level supply voltage . 4.5 5.0 5.5 \Y%
ViH High-level input voltage 2 5.5 \%
ViL Low-level input voltage 0.8 \
VoH  High-level output voltage 5.5 \%
ViHH Program-pulse input voltage . 10.25 10.5 10.75 \
PO 50
IlHH  Program-pulse input current PGM ENABLE. L/R 25 mA
Pl, PA : 5
. Vee 400
tw1 Program-pulse duration at PO or I/D pins . 10 50 us
tw2 Pulse duration at PGM VERIFY and INCLK 100 ns
tsu Setup time 100 ns
th Hold time 100 ns
td1 Delay time from Vg to 5 V to PGM VERIFY?T 100 us
tq2 Delay time from PGM VERIFY? to verification of output 200 ns
t43 Delay time 100 ns
Input voltage at pins 1 and 13 to open verify-protect (security) fuse 15.5 16 16.5 \
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 o] 0.4 \Y o
§=)
=]
-
<
Q
CE
s
[=2]
o
a-
©
©
i
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

pin assignments in programming mode (PGM ENABLE at V|HH)

PRODUCT TERMS 0 THRU 31

JW OR NT PACKAGE FN PACKAGE
(TOP VIEW) {TOP VIEW}
PGM ENABLE ] vee E
PIO ] * <
P ] PO3 &
PI2 ] PO2 ~0%08 8
PI3 ] PO1 Tah=z>* &
PI4 1 PoO Sk a1
PIS ] PAD PI2[]5 25[] PO2
PI& ] PAY PI3 |16 24| PO1
P17 % PA2 pia 7 23] PoO
PI8 L/R nc[]s 22[} NC
PI9 [] INCLK -~ pisf]o 21[] PAO
GND [] PGM VERIFY pi [J10 20(] PA1
pi7 [J11 19[] PA2
1213141516 17 18
o Yo Ve ¥ e ¥ s e ¥ |
000>
cazzigds
m © o P4
o >
o s
o ©
"U o
-
(=}
Q PRODUCT TERMS 32 THRU 63
)
3 JW OR NT PACKAGE FN PACKAGE
3 {TOP VIEW) {TOP VIEW)
)
=x PGM VERIFY (1 ] vee z
o pio 2 ] * &
iy P13 LR >
=] s o
Q@ P12 []a ] PAC top9o, €
o PI3 s [] PA1 p Ll e
P4 e ] PA2 232 1282726
PI5 7 [] PO3 P12 []5 25[] PAO
Pi6 (s ] PO2 P13 [16 2a(] PA1
PI7 ] PO1 pl4 7 23] PA2
PI8 [] POO NC [18 22[| NC
PI9 [] INCLK pis [19 21{] PO3
GND [] PGM ENABLE pl6 {J10 20[] PO2
] pi7 19[] PO1
* Must be held low throughout Program/Verify cycle. 1213141516 1718
Lo
(22} w ¥ O
E222459
O <3 a
£z
w
s
(]
'8
NC—No internal connection
i
3-100- XAS U
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
LINE LINE
NUMBER PI9 PI8 PI7 PI6 PI5 P14 PI3 PI2 PI1 PIO L/R NUMBER POOPO1PO2PO3PA2PA1PAO
0 HH HH HH HH HH HH HH HH HH L Z 0,32 Z Z Z HHZ Z Z
1 HH HH HH HH HH HH HH HH HH H Z 1,33 zZ Zz HH Z Z HH
2 HH HH HH HH HH HH HH HH HH L HH 2,34 Z Z Z HHZ HH Z
3 HH HH HH HH HH HH HH HH HH H HH 3.35 Z Z Z HHZ HH HH
4 HH HH HH HH HH HH HH HH L HH Z 4,36 Z Z Z HHHHZ Z
.5 HH HH HH HH HH HH HH HH H HH Z 5,37 Z Z Z HH HH Z HH
6 HH HH HH HH HH HH HH HH L HH HH 6,38 Z Z 7 HH HH HH Z
7 HH HH HH HH HH HH HH HH H HH HH 7,39 Z Z Z HH HH HH HH
8 HH HH HH HH HH HH HH L HH HH Z 8,40 Z Z HHZ z Z Z
9 HH HH HH HH HH HH HH H HH HH Z 9,4 Z Z HHZ Z Z HH
10 HH HH HH HH HH HH HH L HH HH HH 10,42 Z Z HHZ 2Z HH Z
11 HH HH HH HH HH HH HH H HH HH HH 11,43 Z Z HHZ Z HH HH
12 HH HH HH HH HH HH L HH HH HH Z 12,44 Z Z HHZ HHZ Z
13 HH HH HH HH HH HH H HH HH HH Z 13,45 2 Z HHZ HHZ HH
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
16 HH HH HH HH HH L HH HH HH HH Z 16,48 Z HHZ Z 2 zZ 2
17 HH HH HH HH HH H HH HH HH HH Z 17,49 Z HHZ Z Z Z HH
18 HH HH HH HH HH L HH HH HH HH HH 18,50 Z HHZ Z Z HH Z
19 HH HH HH HH HH H HH HH HH HH HH 19,51 Z HHZ Z Z HH HH
20 HH HH HH HH L HH HH HH HH HH Z 20,52 Z HHZ Z HHZ 2Z
21 HH HH HH HH H HH HH HH HH HH Z 21,53 Z HHZ Z HHZ HH Q
22 HH HH HH HH L HH HH HH HH HH HH 22,54 Z HH.Z Z HH HH Z o))
23 HH HH HH HH H HH HH HH HH HH HH 23,55 Z HHZ Z HH HH HH 0o
24 HH HH HH L HH HH HH HH HH HH Z 24,56 HH Z 2z 2z 2z 2 2z -l
25 HH HH HH H HH HH HH HH HH HH Z 25,57 HH2Z Z Z Z 2Z HH [
26 HH HH HH L HH HH HH HH HH HH HH 26, 58 HH Z Z Z Z HH Z °
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 HHZ Z 2 HHZ 2Z E
29 HH HH H HH HH HH HH HH HH HH Z 29, 61 HH 2 Z Z HHZ HH E
30 HH HH L HH HH HH HH HH HH HH HH 30,62 HH 2 Z Z HH HH Z ©
31 HH HH H HH HH HH HH HH HH HH HH 31,63 HH Z Z Z HH HH HH ‘6')
32 HH L HH HH HH HH HH HH HH HH Z o
33 HH H HH HH HH HH HH HH HH HH Z o
34 HH L HH HH HH HH HH HH HH HH HH n,-
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 2 iL
L = V|, H = V|4, HH = V|4H, Z = high impedance (e.g., 10 k@ to 5 V)
T «l’
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

programming procedure for array fuses

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the
appropriate (one of 38) input line and then pulsing the correct (one of 64) product line. The levels for selecting
input lines and product lines are shown in Tables 1 and 2.

Step 1 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 INCLK to V|H.

Step 5  Raise VcC to VIHH-

Step 6  Blow the fuse by pulsing the appropriate PO pin to V|HH 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 PGM ENABLE and PGM VERIFY
to 16+ 0.5 volt. Vc( is required to be at O dunng this operation.

programming waveforms for array fuses

n
e —_— e — VIHH
& PGMENABLE ] !
T ' ! viL
<
o tgu e +{feth
Q i fr—————- VIHH
S . SELECTED i A !
PI, L/R, PA PINS 1/ . i ViH
3 (seeTasLes Y ‘
3 1 AND 2) > etsy viL
) - tw
o ™
o e e e — VIH
INCLK !
g | ViL
Q | p————— e — VIHH
0 Vee i : _ E\ sv
ov
VIHH
SELECTED
PO PINS VoH
(SEE TABLE 2)
VoL
; td2 fe—s
—~ tw2
la—tg1—> r— w Vin
PGM VERIFY
ViL

(@ A high level during the verify interval indicates that programming has not been successful.
(@ A low leve! during the verify interval indicates that programming has been successful.
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

programming procedure for architectural fuses» (see Notes 5 and 6)

Program: :

Step 1 Apply V|L to all I/D pins and pins 1, 13 and 14; and 5 volts.to the V¢ ¢ pin.
Step 2 Raise VcC pin to VIHH.

Step 3 Raise INCLK pin to V|HH.

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.

Verify:

Step 6 Raise pin 13 and I/D input pins 2 thru 11 to V|HH.

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 VIHH.

Step 9 To verify architectural fuses at pins 2 thru 11 lower one of these pins to V|H. When verifying
pin 23, lower pin 2 to V|H.

Step 10 Clock pin 1, then lower the pin at V|H in step 9 to VL. Clock pin 1. If pin 15 is high, fuse is
intact. If pin 15 is low, fuse is blown. Note, only the first clock is needed for pin 23.

Step 11 Repeat above steps 1 thru 10 for each D input to be programmed into an | input.

programming waveforms for architectural fuses (see Note 6)

VERIFY

| 2

| o

! o

d -

\ —— | : : { !‘-tds @

______ — ' 2

1/D INP - I :—!- Ppor! : -g

D INPUTS : I [ { | : i e\ Vi £
1 Il 1

. e Dl ot e jt E

© o Vigp————— 33——"—:—‘1 ity l _1 — o

| : i [ E)

PIN 14 (INCLK) | [N 1 o)

| | =4

ViL 1 | 1 o,

i ta3-M [ S

| K

: [T

VIl ——— —— — — —— — — — — T
PIN 13 (OE} Il/

ViL

ViHH |

PIN 22 (L/R) / \Il

z T '

. ) | |

VHp———————— —— — — —_———— | |

PIN 1 (OUTCLK) I || I Il
ViL T
|

DON'T CARE FOR PINS 2 THRU 11

4
PIN 15 (OUTPUT) | :l
VoH — = -FUSE INTACT
: VoL —— —l FUSE BLOWN

DON'T CARE FOR PIN 2341———D|

Z = high impedance (e.g., 10 kQ to 5 V).
NOTES: 5. Refer to pin assignments in operating mode when programming selected I/D pins from D inputs to | inputs.
6. Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed

accordingly.
i
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TIBPALR19L8, TIBPALR19R4, TIBPALR19RG, TIBPALR19R8
HIGH-PERFORMANCE REGISTERED-INPUT PAL CIRCUITS

preload procedure for registered outputs (see Note 6)

Step 1 Pin 13 to V|H, Pin 1 to V|, and V¢ to 5 volts.
Step 2 Pin 14 to VIHH

Step 3 At Q outputs, apply V|L to preload a low and V|H to preload a high.
Step 4  Pin 14 to VL.

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 (see Note 6)

5V
ov
QUTPUTS DISABLED
_ VH
PIN 13 (OF) % \
Vi ] |
tdis —N—J le—¥— ten
l ENABLE PRELOAD |
VIHH — — — — — — r——- |
PIN 14 (INCLK) : : |
iy ]
5 viL } | T
o I I |
-l? I 100 ns l o ViH :
‘8 Vo | mn ’II | |_{ | VERIEY
5 % o, LR — XXX
g Vou |
|
3 ViL
o
% secruity fuse programming (see Note 6)
-

o160
<
8
+-
¥
&
k3

1

NOTE 6: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.

{iP
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TIBPALT19L8, TIBPALT13R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

D2709, DECEMBER 1982--REVISED SEPTEMBER 1985

© High-Performance Operation . . . 30 MHz © DIP Options Include Both 300-mil Plastic

d 600-mil Ceramic
@ Preload Capability on Output Registers an mil Le

© Dependable Texas Instruments Quality and

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

description
TIBPALT19L8’

These programmable array logic devices feature M SUFFIX . . . JW PACKAGE

high speed and functionality similar to the C SUEFIX . . . JW OR NT PACKAGE
T|BPAL16L8, 16R4, 16R6, 16R8 series, but (TOP VIEW)
with the added.advantag‘e of'D-type tfansp{arent . ([ Oz vee
Iatches o.n the inputs. If any input re.glster is not wo Oz 23] 1D
desired, it can be converted to an input buffer ws 2200
by simply programming the architectural fuse. w s 210 wo
- w[]s 2010
Combining Advanced Low-Power Schottkyt /D Es 19% 110 [3)
technology, with proven titanium-tungsten w7 - e o O
fuses, these devices will provide reliable high o [s 17 o o
performance substitutes over conventional TTL 1D (o 16[] 110 -
logic. Their easy programmability allows for o Qo 1s]o 2
-quick design of custom functions and typically VD 1 1a[JINLE g
result in a more compact circuit board. In GND [z 13[]1 £
addition, chip carriers are available for further . £
reduction in board space. TIBPALT19L8’ - ®
. . . M SUFFIX . . . FK PACKAGE =
Extra circuitry has been provided to allow loading C SUFFIX . . . FN PACKAGE o
of each register as‘ynchronously to either a high (TOP VIEW) a
or low state. This feature simplifies testing o 5
because the registers can be set to an initial state ge_99a, 2
prior to executing the test sequence. T T TR0 ir
An M suffix designates full-temperature circuits o [Js 250
that are characterized for operation over the full up i 2‘f[ 1710
military temperature range of —55°C to 125°C. /D %; ;;E :\/lc(;
A C suffix designates commercial-temperature :\/'g o 2o
circuits that are characterized for operation from o fre 200
0°C to 70°C. yo D11 19[]1/0
1213141800177
INPUT LATCH FUNCTION TABLE co % % ST
INE D LATCH OUTPUT T o =
t L L NC—No internal connection
L H H
H X Qp Pin assignments in operating mode

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

PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
current as of publication date. Products conform to

specifications per the terms of Texas Instruments TE

standard warranty. Production processing does not 3-105
necessarily include testing of all parameters. lNSTRUMEN’rS
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TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

TIBPALT19R4’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

TIBPALT19R4’
M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW) (TOP VIEW)
outcik [t U241 vee |
w2 230w ogo g
o s 22fwo gg8as8¥8R
mws 22Dwo T T R0
mws 200 o s 7 stdvo
5
we 9ofda D fis xda
wr 8o o [z xla
e 17Ja ne s 2 ne
e sJlo o flo aa
D [Jio  1s[J vo D Jro iy
D [ 14af] INLE o [t 1] vo
GND 12 137 OF
- 1213141516 1718
S P T Ve T g Ve T |
=
gge2ge E e
[G] <
TIBPALT19R6’ TIBPALT19R6’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) {TOP VIEW)
outcik [t U24] vee é
I w2z 220w £, 9
o wls  20we 223858
e wls =2Je (7321282726
o w{ls 2000
- /D [Is 28] Q
o . v s 1l a D fle [ a
«Q w7 eda
— 10 7 23] @
© we a ne fis 22 ne
3 wp sda D flo 211 a
3 1o o s 1o uo b 200 o
% O e INLE o 19 @
EF GND [ 12 13] ] OF 1213141516 1718
A carmomecs
000 Oww
g ==2 zIO |§ g
<,
3] TIBPALT19R8’ TIBPALT19R8’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
{TOP VIEW) (TOP VIEW)
4
ouTcngE1 vee g o
0 [2 1D 500
o Os Q 22838580
D s a (332 1282728
o s Q 1 [)s 25| a
10 [Je Q o e 24[] a
o G Q o7 3[a
o [Je a Nc 18 22[| NC
110 (Jo o] , o e 21[] a
1D o aQ b 1o 20 a
/D [ INLE vo [ 19 o
GND 12 OE 12 1314 1516 1718
[ F e T e ¥ e § e T}
EEEREL
1G] =
Pin assignments in operating mode NC—No internal connection
i
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TIBPALT19L8, TIBPALT19R4
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

functional block diagrams (positive logic)

‘PALT19L8
& EN 21
38 x64|_7 Vp————o
INLE z1
7, b————— 0
r 7
X A 7, - —4->— 1/0
41323 7
=4 11 7
2c3 " 7 -8 —4-—1/0
11 ’
7, 1/0
1/D—+— 3D % - —>— U/
M2
n 7, D—ﬁ-‘_’—'lo
7
8
= 7 -4»—1/0
| 2 ™ D Z MY
8 7,
~ 7 P—a—4—»—1/0
GI 4
v <
‘PALT19R4 %
B Q.
OE ——Q{EN2 -
OUTCLK c1 2
3 S
& >1
8 29—
38 X 64— 1D v a €
AN £
. L_—‘ 8, é a ©
INLE z1 7 | 5
| 8, $ a o
11X 7
I R i —\ :
+413c3 : ~ Q E
4.2c3 1 —\ [}
~ >1 ir
1 EN
1/D ——— 3D A pr— 1o
- M2
1" 7 o—e 1~ 1/0
> N
= 8 7 & <>
D> lo—~2— ~ 3 O- -\ 4P /0
’_._ 8 |_ 7, & e\ <+ 110
41 a
' <
4/ <
> <

IJ"
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TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

functional block diagrams {positive logic)

‘PALT19R6

OE —OEN2
ouUTCLK c1
m
& 8 >1 FIv) Q
4 610
38 X 64
— 8 a
INLE 2 == ¢
8 Q
11X 1 Kam 4’
1,2c3 7~ 8
+1, a
4 2c3 1" — + ——\
1 -~ 8 a
1/D——~—]3D A } —
M2 8 Q
E 7 == b -
1 s —{ew >1
' 8D P4~ 4 V- —4p—f—1/0
5 | 7 po-a 14 1/0
21 <
7 <
T LS
18
= .
-_:? ‘PALT19R8
8 OE ENZ
- OUTCLK Cct
s i 9
& 8 >1 4 29 Q
1D
3 3sxea| 7 -\
Y INLE 21 8, Q
2 ; I =
1 11X 11, 3, é Q
=) +17c3 ’ 8 N o
Q -4 2C3 11 7* é
[3) o—F~A— ~ N\
1/D
! M2 ’
1 ,8, + Q
N
L s 8, + Q
s> P~ 4 —
8 + a
8, 7
& 1~ I
8
rd
Texas ‘bi
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TIBPALT19L8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

logic diagram (positive logic)

\ [4))]
INPUT LINES
A
’
0 4 8 12 16 20 24 28 32 36
1o 2 -y
= PRODUCT =
LINES
[
L]
. 22) 4
. —
.
7 —
@) [ ficz xK—
1/0 20 8
MO L]
m (21)
g 2032 o 200
= .
oc2 15 1
4) 1c2 - -ﬁ"‘_
1/D 16
Mmoo 20)
243 o ——21/0
= e .
23 .
6) | icz dﬂ— Q
/D 20 24 5
MO . o
e (1) S
2236 o — 0
] 31 o
0c2 4 .n
B 112 5 +J ©
& . (18) €
2437 3 ———1/0 £
= : E
39 ) ‘5')
' a0 K b3
. o
. 126 n.'
N
: he
] 47 ) )
/D ﬁ a8 q j W
.
. 18
.
55
56 <
L]
: (15) o
.
63 )
K
<P wiE
(13)|
Pin numbers shown are for JW and NT packages.
.Ji
3-109

Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TIBPALT19R4
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

" logic diagram (positive logic)

outcrk
INPUT LINES
A\
7o 4 92 16 20 24 28 32 36
oc2
vo 2 i 23 p
uo
2433
PRODUCT
LINES
0
.
: (22) 1o
.
0cz 7
B 15 s
] . 21)
2238 20 o
= .
115 )
(a) 1c2 &t
10 » [ 16 .
M1 M {20}
743 o - --(lv—o
= . b
23
0C2 4"<
] vo 811 138 P53 N
[ 18 Mo .
o L] : (19)
Q 243% o E a
1 = Y b b
3 ocz |31 =
«Q yp B 182 53 —KH
- m . 18
g 2437 | E 18) o
3 Homil '
39
0C2
g— 1/D o] ;gz 40
— Mo .
@ 2438 %
| gl .
8 oc2 4
— (8) 1c2
[3) D wo|
M1 A
9243 | 18) 10
- L
55 .
o 2 56 «
.
: (15} Vo
.
63 )
17p 1Y K
1o 1
<P e
(13) oF

Pin numbers shown are for JW and NT packages.
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TIBPALT19R6
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

logic diagram (positive logic)

&1}

OUTCLK
INPUT LINES
A\
—
0 4 8 12 16 20 24 28 32 36
ocz 23
I/D& 35 d ’I/D
MO
MY
2433
=  PRODUCT
LINES
0
.
. (22)|/0
.
.
7
TRl e L
Mo .
M1 .
guu .
= .
15
oy
o 16
MO °
M1 .
§2435 . g
= . Lerb
23 )
(5) 1€2 y"’q- -9
/D 20 24 o
MO N o
M (19)
2436 o D o] -1
= L] 1 0
— 3 . o
6) | Hicz —H ot
1/D 32
W] £
2237 * {18)g
: E
- : m
39 =
oc2 1 o
ol 38 P75 KH <)
MO Pt
M1 L4 [a
23 * © (7)q ’
N * pCi p . -E
a7 ) _] ]
1/D = a8 =N '8
A
.
.
L]
55
56
L]
.
L]
.
63
(14)——|NLE
CIELS

Pin numbers shown are for JW and NT packages.
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TIBPALT19R8

HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

logic diagram (positive logic)

outcrk
INPUT LINES
e\ \
12 16 20 24 28 32 36
ocz (23)
wo &L 3¢ 1D
M
2433
PRODUCT
LINES
0
: [l
L]
: b
0C2 7
o & %ﬁ: 8
M1 M B (21)
2838 o a
* . p
—1 15
o @ w16
MO Py
3 B Lo,
2435
= 3
m 0c2 23
o 1o & %E: 24
a Mt . (19)
0 2436 o Q
b v =
] 3
o {6) |D<:c2z
% 1/D &% :12
3 2437 E M)O
3 e : betb
39
& o 2
=3 = 40
© . an
- : 7] L
5 . Lerb
@ 47
(2] 48
. (16)
. g E‘*—O
. bea b
55
56 N
.
(15)
: s,
L]
63
" /e
1]“3’65
Pin numbers shown are for JW and NT packages.
%
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

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

Supply voltage, VCC (see Note 1) . .. ..o e e e e e 7V
Input voltage (see NOte 1) ... .. . i i e et e e e e 55V
Voltage applied to a disabled output (see Note 1) ... .. ........ .. ennnnnn. 5.5V
Operating free-air temperature range: M suffix.......... ... ............... —-55°C to 125°C

CSUFFIX « oot e e ettt e 0°C to 70°C
Storage temperature range . . . . ... ev e v in ettt e -65°C to 150°C

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

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN NOM MAX MIN NOM MAX
Vcc  Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \'
ViH High-level input voltage 2 5.5 2 5.5 A
ViL Low-level input voltage 0.8 0.8 \4
lOH High-level output current -2 ) -3.2 mA
oL Low-level output current . 12 24 mA
folock Clock frequency OUTCLK 0 20 0 30 MHz
TNLE low ) 20 15 ns
tw Pulse duration QUTCLK high 20 15
OUTCLK low 20 15 "
Data before INLE 1 15 10
tsu Setup time Data before OUTCLKT 30 25 ns
INLE low before OUTCLK? (See Note 2) 35 30
t  Hold time Data after INLE t 5 5 ns
Data after OUTCLK? 0 0
TA Operating free-air temperature ) -55 125 0. 70 °C

NOTE 2: This setup time ensures the output registers will see stable data from the input latches.

2
[=2]
]

-

2

Q
3]
£
£
©
Ed
(=2}
o
L]

Q|.

o

S

(TS
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TIBPALT 1918, TIBPALT19B4, TIBPALT19R6, TIBPALT19R8 \
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

electrical characteristics over recommended free-air operating temperature range

M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS IT
MN_ TYPT MAX | MIN_ Tyt max | OV
ViK Vce = MIN, | = —18 mA -1.5 ~-1.5 v
Vou Vee = MIN, loH = MAX 24 3.2 24 33 v
VoL Vce = MIN, oL = MAX 0.26 0.4 0.35 0.5 v
Outputs 20 20
| \7 = MAX, VIH = 2.7V
OZH 75 ports cc IH 100 o | M
Outputs -20 -20
! V = MAX, VIH = 0.4V
OZL 776 ports cc H ~250 250 |
OE Input 0.2 0.2
. Vi = MAX, Vi =55V
| All others ce =55 0.1 o1 ] ™
OF Input 40 40
I \ = MAX, V=27V
IH All others cc ! 20 20 rA
OE Input -0.4 —-0.4
I Vi = MAX, Vi =04V
1L All others cc ! —0.2 oz ™
108 Vee = MAX, Vg =225V -30 -125 | -30 -125 | mA
Vi = MAX, V=0V,
Iee cc ! 150 210 150 210 | mA
Outputs open
switching characteristics over recommended operating free-air temperature range (unless otherwise
noted)
I
(1] TEST M SUFFIX C SUFFIX
- PARAMETER FROM TO UNIT
Q.. CONDITIONS MIN TYP MAX [ MIN TYPt MAX
e fmax OUTCLK? Q 20 30 MHz
3 tpd 1, /O 1/0, O 15 30 15 25 ns
Q tod DT 110, 0 25 45 25 40 | ns
g tod INLEY 110, O 28 45 28 40 ns
3 tpd OUTCLK? Q 10 25 10 20 ns
o ten OE! Q RL = 500 @, 10 25 10 20 ns
T ten 1, 1/0 1/0, O CL = 50 pF, 14 30 14 25 ns
o ten 1101 1/0, O See Note 4 30 45 30 40 | ns
5 ten INLEY 1/0, 0 30 45 30 40 ns
Q, tdis OEt Q. 11 25 11 20 | ns
o tdis i, 170 1/0. O 12 30 12 25 | ns
tdis 1101 1/0, O 14 30 14 25 ns
tdis TNLE} 10, O 14 30 14 25 | ns
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
* All typical values are Vo = 5V, Ta = 26°C. ’
8 The output conditions have been chosen to produce a current that closély approximates one half the true short-circuit current, Igs.
1In;:»ut configured as an input buffer or INLE low.
NOTE 4: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985.
Texas WP
3.114 EXAS
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

programming parameters, Tp = 25°C

PARAMETER MIN NOM MAX | UNIT

Ve Verify-level supply voltage 4.5 5.0 5.5 \%
VIH High-level input voltage 2 5.5 \
ViL Low-level input voltage 0.8 \
Voi  High-level output voltage . 5.5 A\
VIHH Program-pulse input voltage 10.26 10.5 10.75 \Y

PO 50
IIHH Program-pulse input current PGM ENABLE, L/R 28 mA

Pl, PA 5

Vece 400
tw1 Program-pulse duration at PO or {/D pins 10 50 us
tw2  Pulse duration at PGM VERIFY and INCLK 100 ns
tsu Setup time 100 ns
th Hold time 100 . ns
td1 Delay time from V¢ to 5 V to PGM VERIFY? 100 ©pS
td2 Delay time from PGM VERIFY1 to verification of output 200 ns
t43 Delay time 100 ns

Input voltage at pins 1 and 13 to open verify-protect (security) fuse 15.5 16 16.5 \4
tw3 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 o] 0.4 \

L2
=)
o

|

o2

e}
©
£
£
@
]
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o
e

a
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8

HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

pin assignments in programming mode (PGM ENABLE at V|HH)

w

21607 sjqewweiboid-pjai4

* Must be held low throughout Program/Verify cycle.

PGM VERIFY

JW OR NT PACKAGE

PRODUCT TERMS 0 THRU 31

(TOP VIEW)
U 24[] vee
Pio []2 23] *

Pt []3 22[ ] PO3

pi2[Js 21}PO2

PI3[]s 20[] PO1

Pi4 (e 19[] POO
Pi5 []7 18] PAO P12
Pi6 L8 17(] PA1 P13
PI7 [} 16 ] PA2 A
pig (1o  15[]L/R NC
PI9 (11 14[] INLE PIS
GND [J12  13[] PGM VERIFY PI&
PI7

JW OR NT PACKAGE

PRODUCT TERMS 32 THRU 63

(TOP VIEW)
[ vee
PIO *
Pl a L/R
PI2 PAO
PI3 [] PA1
PI4 ] PA2
PI5 18] PO3 PI2
Pl6 (] PO2 PI3
PI7 ] PO1 Pl4
PI8 ] POO NC
PI9 ] INCE i PI5
GND ] PGM ENABLE PI6
PI7

FN PACKAGE
(TOP VIEW)
w
Py
o1}
<
z
w
= O o
-~ 9oL O
Taoizs+ 8
/ L S | S S S -
4 3 2 1282726
5 25(]
13 24(]
)7 23]
18 22(]
1E] 21
10 20(]
111 19(]
12 131416516 1718
foms W omn Vo o T ¥ e V|
VRO >
oo Z2Z%(d 3
g Tl£
w
>
=
)
a.
FN PACKAGE
(TOP VIEW)
>
b
o g
w,
>
=z . Q
- O [N S] o
TaezS* 3
/ S0 ) S § S | m—S g " ) S ) s )
4 3 2 1282726
18 25[]
6 24(]
)7 23]
8 22]
o 21[]
10 20(]
;]11 19(]
12 1314 1516 1718
Fon N e o ¥ e (o ¥ o i |
oo UWWO
eagzz ‘2" Z’ Q
=4
w
=
O]
a

NC—No internal connection

PO2
PO1
POO
NC

PAO
PA1
PA2

PAO
PA1
PA2
NC

PO3
PO2
PO1
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT
INPUT PIN NAME PRODUCT PIN NAME
LINE LINE
NUMBER | PI9 PI8 PI7 PI6 PIS P!4 PI3 PI2 P11 PIO L/R NUMBER POOPO1P0O2P0O3PA2 PA1 PAO
0 HH HH HH HH HH HH HH HH HH L Z 10,32 Z 2 Z HHZ Z 2
1 HH HH HH HH HH HH HH HH HH H Z 1,33 Z Z Z HHZ Z HH
2 HH HH HH HH HH HH HH HH HH L HH 2,34 Z Z Z HHZ HH 2
3 HH HH HH HH HH HH HH HH HH H HH 3,35 Z Z Z HH Z HH HH
4 HH HH HH HH HH HH HH HH L HH 2 4,36 Z Z Z HHHHZ 2
5 HH HH HH HH HH HH HH HH H HH Z 5,37 Z Z Z HH HHZ HH
6 HH HH HH HH HH HH HH HH L HH HH 6,38 Z Z Z HH HH HH Z
7 HH HH HH HH HH HH HH HH H HH HH 7,39 Z Z Z HH HH HH HH
8 HH HH HH HH HH HH HH L HH HH Z 8, 40 Z Z HHZ Z 2 12
9 HH HH HH HH HH HH HH H HH HH Z g9, 41 Z Z HHZ Z Z HH
10 HH HH HH HH HH HH HH L HH HH HH 10,42 Z Z HHZ Z HHZ
" HH HH HH HH HH HH HH H HH HH HH 11,43 Z Z HHZ Z HH HH
12 HH HH HH HH HH HH L HH HH HH 2 12,44 . |Z Z HHZ HHZ 2Z
13 HH HH HH HH HH HH H HH HH HH Z 13,45 Z Z HHZ HHZ HH
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 16,47 Z Z HH Z HH HH HH
16 HH HH HH HH HH L HH HH HH HH 2 16, 48 Z HHZ z 2 2 2
17 HH HH HH HH HH H HH HH HH HH Z 17,49 Z HHZ Z Z Z HH
18 HH HH HH HH HH L HH HH HH HH HH 18, 50 Z HHZ Z Z HHZ
19 HH HH HH HH HH H HH HH HH HH HH 19,51 Z HHZ Z Z HH HH
20 HH HH HH HH L  HH HH HH HH HH 2 20,52 Z HHZ Z HHZ 2
21 HH HH HH HH H HH HH HH HH HH Z 21,53 Z HHZ Z HHZ HH o
22 HH HH HH HH L HH HH HH HH HH HH 22,54 Z HHZ Z HHHH Z =
23 HH HH HH HH H HH HH HH HH HH HH 23,55 Z HH Z Z HH HH HH 8’
24 HH HH HH L HH HH HH HH HH HH Z 24,56 HHZ 2 2z 2z 2 2z —
25 HH HH HH H HH HH HH HH HH HH Z 25,57 HHZ Z 2z Z Z HH ®
26 HH HH HH L HH HH HH HH HH HH HH 26,58 HHZ Z Z 2 HHZ —_
27 HH HH HH H HH HH HH HH HH HH HH 27,59 HHZ Z Z Z HH HH ﬁ
28 HH HH L HH HH HH HH HH HH HH Z 28, 60 HHZ Z Z HHZ 2Z £
29 HH HH H HH HH HH HH HH HH HH Z 29, 61 HHZ 2 Z HHZ HH £
30 HH HH L HH HH .HH HH HH HH HH HH 30, 62 HH Z Z Z HH HH Z o
31 HH HH H HH HH HH HH HH HH HH HH 31,63 HH Z Z Z HH HH HH -
32 HH L HH HH HH HH HH HH HH HH 2 =Y
33 HH H HH HH HH HH HH HH HH HH Z o
34 HH L HH HH HH HH HH HH HH HH HH a.
35 HH H HH HH HH HH HH HH HH HH HH o]
36 L HH HH HH HH HH HH HH HH HH Z °
37 H HH HH HH HH HH HH HH HH HH Z ir

L = Vi, H = Viy, HH = Vjgy, Z = high impedance (e.g., 10 kQ to 5 V)

. {l,
Texas 3-117
INSTRUMENTS

POST QFFICE BOX 225012 ® DALLAS, TEXAS 75265



Ly
o
&
el
-
(o]
«Q
=
Q
3
3
o
=
(1]
-

o160

TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFGRMANCE LATCHED-INPUT PAL CIRCUITS

programming procedure for array fuses

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the
appropriate (one of 38) input line and then pulsing the correct (one of 64) product line. The levels for selecting
input lines and product lines are shown in Tables 1 and 2.

Step 1 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 Vg to ViHH-

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

Step 7  Return VG to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 6 will be less than
VoL if the fuse is open. I

Steps 1 thru 7 may be repeated if the verification does not indicate that the fuse was successfully
programmed (blown), but no more than 4 times. Verification is possible only with the verify-protect fuse
intact.

To prevent further verification, two last fuses may be blown by raising PGM ENABLE and PGM VERIFY
to 16 £0.5 volts. V¢ is required to be at O during this operation.

programming waveforms

————==— VIHH
PGM ENABLE _/ \
)
! . ViL

SELECTED VA R VIHH
Pl. L/R, PA PINS g | Vin
(SEE TABLES 1
1AND 2) - et ViL
- petw

INLE

Vce

SELECTED
PO PINS
(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 successful.

3-118 | ’ Texas {l’
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

programming procedure for architectural fuses (see Notes 5 and 6)

Program:

Step 1 Apply V|L to all ¥/D pins and pins 1, 13 and 14; and 5 volts to the VcC pin.
Step 2 Raise Vg pin to VIHH. ’

Step 3 Raise INLE pin to V|HH-

Step 4 To program a D input pin into an | input pin, pulse the selected pin to V|HH.
Step 5 Lower INLE to V| and VCC to 5 volts.

Verify:

Step 6 Raise pin 13 and I/D input pins 2 thru 11 to V|HH, with |/D pin 23 at V]L.

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 INLE to V|HH.

Step 9 To verify architectural fuses at pins 2 thru 11, lower one of these pins to V|H. When verifying
pin 23, lower pin 2 to V|H.

Step 10 Clock pin 1, then lower the pin at V|H in step 9 to V). Clock pin 1. If pin 15 is high, fuse is
intact. If pin 15 is low, fuse is blown.

Step 11 Repeat above steps 1 thru 10 for each D input to be programmed into an | input.

programming waveforms for architectural fuses (see Note 6)

VERIFY

PIN 22 (L/R) ’
4

. tsu-d - | |
PIN 1 (OUTCLK) |
ViL T

IGNORE | READ

1/D INPUTS
1
|
ViL 'l [
! i |
VIHH | 1 0
—_— |
PIN 14 (INLE) | : ;
|
ViL 1 |
]
o ! |
VIHH T T i :
PIN 13 (TE) }/ } = | ;
|
ViL ! | : : r-l
HIGH TO SELECT PIN 23 —: | X rdl - ta3
VIHH ——— — — — — — — — — — — —— 1 [
| 1
} k

PIN 15 (OUTPUT)
VOH — — — — — — /~FUSE INTACT

VoL—— —— — — — FUSE BLOWN

Z = High-impedance {e.g., 10 kQ to 5 V).
NOTES: 5. Refer to pin assignments in operating mode for programming selected I/D pins from D input to be programmed into | inputs.
6. Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed

accordingly.
{i}
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TIBPALT19|.8, TIBPALT19R4, TIBPALT19RG6, TIBPALT19R8
HIGH-PERFORMANCE LATCHED-INPUT PAL CIRCUITS

préload procedure for registered outputs (see Note 6)

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

Step 2 Pin 14 to VIHH

Step 3 At Q outputs, apply V| to preload a low and V)Y to preload a high.
Step 4 Pin 14 to V|L.. .

Step 5 Remove the voltages applied to the outputs.

Step 6 Pin 13 to V|L

Step 7 Check the output states to verify preload.

preload waveforms (see Note 6)

5V

OUTPUTS DISABLED

"VIH
PIN 13 (OF) % \
ViL | |
dis —p-»l l¢—»}— ten
v ENABLE PRELOAD |
3 HH — — — — — — r——- |
PIN 14 (INCLK) : : |
-n i . ‘ !
- ViL Je |
m L}
5 | [ ‘
"U ! 100 . twi ViH :
ns
o Vo | w1 .II | [ ! | VERIFY
F % o LXK — XXX
o VoL :
3 1
v
5 L
T secruity fuse programming (see Note 6)
®
-

o160

F-
+
]
>

PIN 13 !'_'“'T’I/—\lirt——- 16V

NOTE 6: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
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TIB82S105B
16 X 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

D2897, SEPTEMBER 1985—REVISED MAY 1986

50-MHz Clock Rate M SUFFIX . . . JD PACKAGE
. C SUFFIX . . . JD OR N PACKAGE
Power-On Preset of All Flip-Flops (TOP VIEW)
g—uBtltuI:t;;n?slé:ate Register with 8-Bit ek [T _Uzs vee
p g 702 27018
Power Dissipation . . . 600 mW Typical 16 E?» 26{719
iss 2510
Programmable Asynchronous Preset or
Output Control 14 (s 2
3(e 23 % 112
® Functionally Equivalent to, but Faster than 27 22[dns
82S105AT " HB 21[Jna
10 (e 20{] 115
description Q7 o 19[]PRE/OE
The TIB82S105B is a TTL field-programmable ' as[fi1 18[]ao
8 - as(iz 17{J Q1
state machine of the Mealy type. This state aaffin  16[]a2
machine (logic sequencer) contains 48 product anofis 1sPaa

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.

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

(TOP VIEW)
The outputs of the internal state register o
- (PO—P5) are fed back and combined with the 16 © O~ é Coo L2
inputs (I0—115) to form the AND array. In / e e oo 8 e ey e g 8"
addition a single sum term is complemented and 4321282726 -
fed back to the AND array, which allows any of 14fs 25} 1o [
the product terms to be summed, 13(]e 241 a
complemented, and used as an input to the AND 1217 23(j 12 ‘E“
array. 1n{ls 22( 113
. » 10[]9 21[] 114 E
The state and output registers are positive-edge- a7flo 20 115 ©
triggered S/R flip-flops. These registers are Q6] 195 PRE/OE 8’
unconditionally preset high on power-up. Pin 19 121314 1516 1718 ) &
can be used to preset both registers or, by Loooomoo;mm \
blowing the proper fuse, be converted to an 83 2885 g %
output control function. [G] i

The TIBB82S105BM is characterized for operation
over the full military temperature range of
—55°C to 125°C. The TIB82S105BC is
characterized for operation from 0°C to 75°C.

TPower-up preset and asynchronous preset functions are not
identical to 825105A. See Recommended Operating Conditions.

PRODUCTION DATA documents contain information

o Copyright © 1985, Texas Instruments Incorporated
eurrg;i_t as of puhlic;(ion date. 'Pglg:ducts. conform to T v/ .
specifications per the terms of Texas Instruments J U
standard wayrantJ. Production processing does not EXAS 3-121
necessarily include testing of all parameters. INST RUMENTS
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TIB82S105B

16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

functional block diagram (positive logic)

PRE/OE D

\— EN
|;‘ —e { ;D s
cLK ci
] L
8X
>1 8 1=1
- 18
= 48x29 [ o2 Qo-a7
s 45 x 48 4 1R
16X 16
16 >\~
10-115——e 12| 1 s
o—— "\ JE PN L b1
s
] C
Rl ,’6 ~, 6X
6 6 1=1
Po—A—{ N\ > 1S
3 . 5. R
[V
)
@
jo 6,
1 4
Ry "\ denotes fused in,
- puts.
(]
< timing diagram
3
g Vee
o —
o
5 PRE I I
(=}
> | | “_tsu._’ll
OPTIONAL I 1 ]
OF | | 1
] ] (-
| ! 11 ,
10-115 —-,—< ] [ f
| | | |
| | . k“;u"l }
| o I T
cLk , { v i L 4 L
i T 1 |
INTERNAL ! J ! 1
STATE REG —/ ] I
PO—P5 | |
| |

l
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_ TIBB2S1058
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

logic diagram (positive logic)

1019

1118 (’
PRUNSS
1346
1218
1580
'GE’—OL
1742 1 ,
18 l2n RELLIPYY,
1o 2815
110125 o I
l11%¢L P 0
1242880
(22)
13122
a2
115.120) i
PO 1
P1 *
4 P2
P3 ‘f
P4
10 JO C H JOU00 HJ JHJUH HJL X JC Jk& 000 QO0000C
- =P
RS =
P1 =)
1S5
RS °
2 |
iR 2
m—r] L
¢l (1]
1R
N T L | | E
Ll =
1R S ‘u
1S PS—J o
c1 m
1R S|
o
dus o4 o
e ! o
) L T g, o
= 1R S ! -5
1S b—l 16} Q2 i.:
N c1 1
1R S| :
|
= as) o
i !
[
0 N LE YA
gt !
|
N 2 a5
e s !
|
1S ———b—“" Q6
5 o '
|
1S ﬂ07
- Ry
a
476 00 s e s s eaceace seseesse seseeeee Saescsre eeeaseap cLK

INPUT LINES

NOTES: 1. All AND gate inputs with a blown link float to a logic 1.
2. All OR gate inputs with a blown link float to a logic 0.
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TIB82S105B :
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

Supply voltage, VCC (see Note 3) . . .. it i e e e e 7V
Input voltage (see Note 3) . . ... . i i e e e e 55V
Voltage applied to a disabled output {(see Note 3) . .. ........ ..ttt 55V
Operating free-air temperature range: TIB82S105BM . ... .................. —~556°C to 125°C
TIB82S105BC . . . . ..ot i i e i e i e 0°C to 75°C
Storage temperature range . . .. ... vt e vttt ot —65°C to 150°C
NOTE 3: These ratings apply except for programming pins during a programming cycle.
recommended operating conditions
M SUFFIX C SUFFIX
PARAMETER UNIT
MIN _ NOM  MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 |4.76 5 5.26 \
VIH High-level input voltage 2 5.5 2 5.5 \
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current . . -2 -3.2 mA
loL Low-level output current 12 24 mA
1 thru 48 product terms
R t [¢] 40 0 50
+ without C-array
felock Clock frequency MHz
1 thru 48 product terms
) 0 25 (¢ 30
with C-array
I - Clock high or low 12 10
(1] tw Pulse duration ns
E Preset 18 15
_'u t Setup time before CLKT, Without C-array 20 15 ns
3 su 1 thru 48 product terms With C-array 35 30
[Te] tsu Setup time, Preset low (inactive} before CLK18 10 8 ns
o | Hold time, input after CLKT ) 0 ns
3 TA Operating free-air temperature -55 125 0 75 °C
g 1t The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input,
o the maximum clock frequency must be calculated.
Fp- $The C-array is the single sum term that is complemented and fed back to the AND array.
- 8 After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition.
Q
Q
(2}
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

electrical characteristics over recommended

operating free-air temperature range (unless otherwise

noted)
M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS ! NIT
ARAME MIN TYPT MAX | MIN TYpf max | ©
VIK Vee = MIN, ) = =18 mA -1.2 -1.2 \4
VOH Vce = MIN, I0H = MAX 24 3.2 2.4 3 v
VoL Vce = MIN, loL = MAX 0.25 0.4 0.37 05 Y
I Vce = MAX, V| =55V 25 25 | uA
IIH Vce = MAX, Vi =27V 20 20 [ pA
L Vee = MAX, V=04V -0.25 -0.25 mA
108 Vee = MAX, Vg = 2.25V -30 -112 | =30 -112 | mA
lozH Vce = MAX, Vg = 2.7V 20 S 20 | wA
ozL Vce = MAX, Vo = 0.4V 20 ~20 | A
Vee = MAX, Vi =45V,
1 g 120 180 120 180 A
cc PRE/OE input at GND, Outputs open m
switching characteristics over recommended supply voltage and operating free-air temperature ranges
{unless otherwise noted)
M SUFFIX C SUFFIX
PARAMETER FROM | T TEST CONDITIONS UNIT
RO o MIN TYP! MAX | MIN TYP} MAX
Without C-array 40 70 50 70
i MH
fmax! Wi Caray 25 45 30 45 i
t CLKt Q 8 8 15
pd RL = 500 @, 20 0
tpd PRET Q Q= 50pF 12 25 12 20 ns
Tod Veol | @ L=50e 0 10 0 10| ns
ten OE! Q 10 25 10 20 ns
tdis OEt Q 5 15 5 10 ns

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

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

1fmax is independent of the internal programmed configuration and the number of product terms used.
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

pin assignment in programming mode (pin 1 < V|HH)

JD OR N PACKAGE FK OR FN PACKAGE

{TOP VIEW) {TOP VIEW)
PGM ENABLE [[1 vee u
17 2 I8 2
16 [s 19 &
15 s 110 s 0
14 [s 11 woer@ oo
13 Oe 12 (732 18272
12 7 113 14 s 2s5[] 110
1 (e PV 13 s 211
10 (o PGM__ i2 )7 5[ 12
a7 [ PRE/OE © nps 2dn3
Q6 i1 Qo 10 pe 21 pv
s []12 Qa1 Q7 [Jo 20[| PGM
Q4 [ Q2 Qs [ 19[] PRE/OE
GNDE a3 12 13141516 1718
ooomocacre
53233538
Q
mn . o
& Programming parameters, TA = 25°C
n,- PARAMETER . MIN NOM MAX | UNIT
:‘U Vee Verify-leve! supply voltage 4.75 5 65.25 \%
[e] VIHH Program high-level input voltage i 14.5 15 15.5 \Z
‘s l|HH Program level input current 250 500 mA
o Vix Program level input voitage 10.25 10.5 10.75 \
3 Veel Programming supply voltage 8.25 8.5 8.75 \%
g Icct Programming supply current 550 1000 mA
z VIH High-level input voltage 2 \2
® ViL Low-level input voltage . 0.8 \
- VOH High-level output voltage 2.4 3 \4
(g VoL Low-level output voltage 0.35 0.45 \
a' tw1 Program-pulse duration 10 25 us
tw2 Verify-pulse duration 5 10 ps
Program-pulse duty cycle 25%
t4 Delay time 10 25 us
tr Rise time 17 20 25 us

3-126 Texas {i'
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

array fuse addresses
. TABLE 1. INPUT LINE AND SUM-OF-PRODUCTS LINE SELECT

ROW
HEX ADDRESS iﬂ':;;iz HEX :.g\gness ' SE"E‘;TED
113,112, 111[ 110,19, 18,17 M3, 112, 1110, 19,18, 17 VARIABLE
0 ) No |SET 2 ) 0
0 1 RESET 4 1 i
o 2 N ST 4 2 ]
o 3 RESET 4 3 1
0 4 N2 |SET 4 4 1z ]
o 5 RESET 4 5 T2
o 6 N3 SET 4 6 3|
o 7 RESET 4 7 ia
0 8 or |, | SET a 8 N2 ]
o] 9 Array RESET 4 9 14
0 A NS SET 4 A 5]
o B RESET 4 B is |
0 c a0 55T 4 c 6
o D RESET 4 D 6 3
0 E a1 LSET 4 £ 7
o F RESET 4 F i7
1 0 02 |SET 5 ) 8] )
1 1 RESET 5 1 is | g,
1 2 a3 LSET 5 2 g 9
1 3 RESET 5 3 s °
1 4 s LSET 5 4 Mol -
! 5 RESET 5 5 AND  [T10 )
! 6 Qs SET 5 6 Armay 111 E
1 7 RESET 5 7 1] E
! 8 SET 5 8 2 o
1 9 6 Reser 5 9 12 g
1 A a7 |SET 5 A "3 &
1 B RESET | 5 B 3] >
1 c Complement c 5 c !14 E
Array 5 D 14 it
! ° 5 E s ]
5 F 115
6 s} PO |
6 1 PO
6 2 P71 |
6 3 P1
6 4 P2 |
Empty Address 6 5 B2
Space 6 6 =
6 7 P3
6 8 'pa |
6 9 | P4 |
6 A P5
6 B P5
v 4 Complement
3 ‘F 8 ¢ Array
Texas WP
2 3-127
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TABLE 2. PRODUCT LINE SELECT

COLUMN
HEX ADDRESS
. 15,14 113,12, 11, 10
o]

SELECTED
TRANSITION TERM

3

1 ajqewweiboad-plold

otbo

47
Test Col 48
Test Col 49

S OMMUOOTPOONOURWNSOTMUNDDP>POONOORWN_L,OTTMUOOTPOCONOITRWN-=O
N
o

WWNRAOMNMNRONNNNONMNONRNDODNONNNDODNS @G @ a0 o0aac0aenoeaea-aaea0000000000000000
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: TIB82S105B
16 X 48 X BFIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming procedure for array fuses {(see Note 4)

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the
appropriate input line or sum of products line (row address) and product line {(column address). The addresses
for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2.

SETUP

Step 1: Set PGM ENABLE to GND.
Step 2: Apply address to inputs.
Step 3: Set PGM to V|H.

Step 4: Set P/V to V).

Step 5: Wait tq, set Vcc to Vcg1-

PROGRAM :

Step 1: Wait tq, raise P/V to V|H.

Step 2: Wait tq, raise PGM ENABLE to V|HH.
Step 3: Wait tq, pulse PGM to V| for tyw1.
Step 4: Wait tq, return PGM ENABLE to GND.
Step 5: Wait tq, return P/V to V).

VERIFY

Step 1: Wait tq, lower PGM to Vji.

Step 2: After ty2, read sense: A V|H level indicates a blown fuse.
Step 3: Raise PGM to V|H.

NEXT ADDRESS SELECT

Step 1: After tq, lower Vcc to GND.

Step 2: For the same product line wait tq, then apply new input line or sum-of-products line address.

Step 3: For different product line wait tq, apply new input line or sum-of-products line address, then apply
new product line address.

Step 4: Wait tq4, set Vcc at Vi

Step 5: Continue with program or verify sequence.

NOTE 4: Input lines and sum of product lines are also referred to as variables. Product lines are also referred to as transition terms.

2
]
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2
(1]
£
£
©
-
[=]
]
D

OI.

o

9

L.

Texas {9
- INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

3-129



TiB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming waveforms for array fuses

FUSE ADDRESS

f
:
i

=<
$L)

<
%)

ln\
Zall}
|

1

1

i

|
e <
zZ
S o
e

!
i
f

|

by
|
'd—:-bl [
PGM ENABLE | [
[
| |,
| -»
!
L
T
PGM . |
! |
I P
1 twi— e |—» e—tw2
| | |
%‘. ¢—————PROGRAM ———pi¢— VERIFY —pj
% programming procedure for PRE/OE option
-
S PROGRAM .
™ Step 1: With PRE/OE at GND, raise Vcc to VcC1.
3 Step 2: Wait tg, pulse PRE/OE to V|x for a duration of ty1.
3 Step 3: A tg delay after PRE/OE has returned to GND, lower Vcc to 5 volts or GND.
o
= VERIFY
[+ Step 1: With PRE/OE at GND, set V¢ to 5 volts.
g Step 2: After a delay of tg, raise PRE/OE to V|x for a minimum duration of t\y2.
3 Step 3: Return PRE/OE to GND.
o Step 4: Wait tg, pulse PRE/OE to V|H for a duration of ty2. _
Step 5: After a td delay, QO indicates Vo if the PRE option is selected and VQL if the OE option is
programmed.
programming waveforms for PRE/OE option
—————I ———————————————— Veer
Vee i Vee
— e ke
—hde | tgle- | :
| |
| TS T T T T T T Vix
3 | | tdle
PRE/OE | _: _________ Vin
‘ + viL
P letwisl  —pltw2 b e—
VoH
Qo See Note A
, Vol
NOTE A: After programming if the preset option is selected, QO will be high; if the output-enable option is selected, QO will be low.
3130 ' TEXAs “w‘
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

diagnostics

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the
state register. When [0 (pin 9) is held at 10 V, the state register bits PO—P5 will appear at the Q0—Q5
outputs and Q6—Q7 will be high. The contents of the output register will remain unchanged.

diagnostics waveforms

|
| +10V
| e B Y
i * 480V
| 7| . :\ ViH
10 £ | i \
| ll I I \ ViL
| :‘—‘h—ﬂ } |
I | N T T~ === ViH
CLK " |
' | | '
L——-'su—ﬂ‘—'w—l-ﬂ ! o
INTERNAL — — | e e v o
STATE REGISTER T ] OH <)
PS | I NS I -
po_ps__...___.i_ | + o e — — — —— VoL o
| L et ——tpa— e
| | : : vou  E
Q0—Q5 an | X an+1 X NS X0n+1 £
T I VoL o
l—tpd— S
P 2
g
OPTIONAL o]
oE — — ov 2
i

PS = Present state, NS = Next state
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

test array

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing
prior to programming. The test array is factory programmed as shown below. Testing is accomplished
by connecting Q0—Q7 to 18—115, PRE/OE to GND, and applying the proper input signals as shown in the
timing diagram. Product lines 48 and 49 MUST be deleted during user programming to avoid interference
with the programmed logic function.

TEST ARRAY PROGRAM

OPTION PRE/OE H
AND OR
RODUCT INPUT PRESENT STATE | NEXT STATE our
LINE clefGTATT (in) {PS) (NS) (@n)
s(a[a|2|1|ofoT8[7[6[5[4[3[2]1[0|514[3[2][1]0|5[a[3[2[1]0{7][6]5]4l3]2[1
48 X|[= [A[H[A[A[H[F[A[R[E[R[A[E R [E{R|R[A[E[R[A R[] CCjc|CjC[C{u [ CCfcffL [t
49 —Ix oo oo o oo e [ e e e e e o o e e e ns e la e e sl o e e TR ]H
test array waveforms
3 —
Vee
Ly _— e oV
o I be—tw
Q II — = —VIH
'3‘7 CLK |
viL
(s ' H—‘su—+—‘h—b' | '
] |
3 ] T | ViH
3 10-17 | 1 {
& .' ! — —— v
— t,
o ‘ “-‘pd"{ >} tod tde
v
- Q0-Q7 OH
: — N\ /
Q, NS v
5 | | [ Vo
INTERNAL | I |
STATE REGISTER | . HIGH
PO—P5 |
————— Low
TEST ARRAY DELETED
OPTION PRE/OE |G
AND OR
eRODUCT INPUT PRESENT STATE| NEXT STATE out
wne [clefa] ™ ) (PS) (NS) (an) ‘
s5[a|3]|2|1|o][9]8]7]e[5]a]a3]2]1|0|6[4[3]2]1]o]5[a[3[2][1]o[7[6[5[4[3]2]1]0
48 =R TRIAIRAHH A R AR TR TR HiHTHRTR =TT === =1=-1==]=|-1|-
49 “Ix oo fojoqooqo o oo oo oo =1=1=1=1=1=1=1======1=
X = Fuse intact, — = Fuse blown
i
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TIB82S105B
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TIB82S105B, 82S105A COMPARISON

The Texas Instruments 82S105A and TIB82S105B are functionally equivalent 16 x 48 x 8 Field-Programmable

Logic Sequencers. The TI 82S105A is designed to be a direct replacement to the Signetics 825S105A. However,
the TIB82S105B is designed for a maximum speed of 50 MHz with the preset function being made conventional.
As a result the TIB82S105B differs from the 82S105A in speed and in the preset recovery function.

The TIB82S105B is a high-speed version of the original 82S105A. The TIB82S105B features increased switching
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz
and does not decrease as more product terms are connected to each sum (OR) line. For instance, if all 48 product
tems were connected to a sum line on the original 82S105A, the fyax would be about 15 MHz. The fmax
for the TIB82S105B remains at 50 MHz regardless of the programmed configuration. In addition, the preset
recovery sequence was changed to a conventional recovery sequence, providing quicker clock recovery times.
This is explained in the following paragraph.

The TIBB2S105B and the 82S105A are equipped with power-up preset and asynchronous preset functions.
The power-up preset causes the registers to go high during power-up. The asynchronous preset inhibits clocking
and causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs,
the minimum setup time from power-up to the first clock pulse must be met in order to assure that clocking
is not inhibited. In a similar manner after an asynchronous preset, the preset input must return low (inactive)
for a given time, tgy, before clocking.

The Texas Instruments 82S105A and the Signetics 82S105A were designed in such a way that after both
power-up preset and asynchronous preset they require that a high-to-low clock transition occur before a clocking
transition (low-to-high) will be recognized. This is shown in Figure 1. The Texas Instruments TIB82S105B does
not require a high-to-low clock transition before clocking can be resumed, it only requires that the preset be
inactive 8 ns (preset inactive-state setup time) before the clock rising edge. See Figure 2.

The TIB82S105B, with an fmax of 50 MHz, is ideal for systems in which the state machine must run several
times faster than the system clock. It is recommended that the TIB82S105B be used in new designs and the
T1 82S105A be used as a second source to the Signetics 82S105A. However, if the TIB82S1058 is used to
replace the 82S105A, then the customer must understand that clocking will begin with the first clock rising
edge after preset.

TABLE 3. SPEED DIFFERENCES

PARAMETER 82S105A TIB8251058
Tl AND SIGNETICS TI ONLY
fmax . 20 MHz 50 MHz
tpd, CLK to Q 20 ns 16 ns

{i,
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TiB82S1058 ‘
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

vee /)
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FIGURE 2. TIB82S105B PRESET RECOVERY OPERATION
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TIB82S1678B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

D2896, JANUARY 1985—REVISED JUNE 1986

® Programmable Asynchronous Preset or M SUFFIX . . . JT PACKAGE
Qutput 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 . . . 600 mW Typical
Functionally Equivalent to,T but Faster than
82S167A

description

The TIB82S167B 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 M SUFFIX . . . FK PACKAGE

to control the 8-bit internal state register and the

C SUFFIX . .. FK OR FN PACKAGE

4-bit output register. (TOP VIEW)
The outputs of the internal state register (PO-P7) o © é <ZJ >8 ~ ®
are fed back and combined with the 14 inputs / e e i e
(10-113) to form the AND array. In addition the 4 32 1282726
first two bits of the internal state register (PO-P1) 140s 25(] 19
are brought off-chip to allow the output register 1316 24(]11o
to be extended to 6 bits if desired. A single sum 1217 23|11
term is complemented and fed back to the AND Nclle 22[|NC
array, which allows any of the product terms to i1 Pe 21[}112
be summed, complemented, and used as inputs oo 20113
to the AND array. Qo 19(] PRE/OE

. - : 121314 1516 1718
The state and output registers are positive-edge- =Tt fan e T
triggered S/R flip-flops. These registers are 58883882z

g

unconditionally preset high on power-up. PRE/OE
can be used as PRE to preset both registers or,
by blowing the proper fuse, be converted to an
output control function, OE.

The TIB82S167BM is characterized for operation
over the full military temperature range of
~55°C to 125°C. The TIB82S167BC is
characterized for operation from 0°C to 75°C.

tPower up preset and asynchronous preset functions
are not identical to 82S167A.

NC—No internal connection
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TIB82S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

functional block diagram (positive Iogic)k

PRE/OE :) :
D I
s
CLK - P>
m C
& >1 4, ax
45X 48 a8x25 [ 15|=1v 4, Qo-a3
~ 1R
1axD 14,
14 Lo A%
10-113 ———pr— | I PN 2, 1s 2X
P~ 7 o3 PO, P1
o~ 1R
XD {2
7 N\ 48, ~
o KAY 7 —C1
expD s
6 m | C
s 1A .
6 6 , 6X
o KAY 7 18 124
' S R
D
|—C N _|
6,
A
2,
,

M\ denotes fused inputs

21601 sjqewwesb0i4-pial4 !

"
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TIB82S167B
14 X 48 X 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

timing diagram

Vee
PRE | |
J K—‘su—’g
OPTIONAL |
OE | |
|

by
R I

|
|
|
]
| |
1 |
10-113 —r—<
] |
|
!
|
]
|

i ;
] |
CLk | i I * 1 ! |
I
INTERNAL I ! -
STATE REG ——1W/ ! !
P2-P7 ! [ ] :

|
|

00—a3, po—p1 — \ / \__|<: %
5

-

2

e

@

£

£

@

T

)

<)

™S

o

o

2
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TiB82S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

LOGIC DIAGRAM

10 18) D —
" mn $
1248
3 151 +
M %{x (OPTION)
::LDL J\':l__
422 s h
18 122 18 pre e
19 20 4
10 2% p-
11y 1120 p
nz 48 e
RERLKLENY | |
M PO 44
P1 ¢
2 4
. 3 ~
P4 ~+
P5 ‘n
L]
L P7
<
3 LOU000 € 00 JOUUUODY VOUO0UUD DOUUODU0 DU
c
M L%
m 1R s
o %)
Q 1R S
L S
-o'? o s
[{o] 'sc‘
- 1R's
(Y N U
3 c1
LK)
3 =,
o RS
o s Aas g
m 1R S| :
- m— S 114
o U e s !
Q 7S KE] a3
2 & ;
TS A Q2
c1 i
1R S |
a = LI
c1 i
1R S l
[T >inn
c1
- iR s el
47 oee a0 39 vee 32 3 .o 24 23 .o 16 15 voe 8 7 oo 0 c
NOTES: 1. All AND gate inputs with a blown link float to the high level.
2. All OR gate inputs with a blown link float to the low level.
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TIB82S167B
14 X 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

Supply voltage, VCC (see Note 3) . ... ... e e 7V
Input voltage (see Note 3) .. ... . e e 55V
Voltage applied to a disabled output (see Note 3} . ... ... ... ... ... ... 5.5V
Operating free-air temperature range: TIB82S167BM-. ... .................. —55°C to 125°C

) TIBB2S167BC . . .. ..t 0°C to 75°C
Storage temperature range .. ....... ... e e e —-65°C to 150°C

NOTE 3: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

M SUFFIX C SUFFIX
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage . 4.5 5 5.5 | 4.75 5 5.25 A"
ViH High-tevel input voltage 2 6.6 2 5.5 A\
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current -2 -3.2 mA
loL Low-level output current . 12 24 mA
1 .thru 48 produ:t terms o 20 o 50
felock Clock frequencyt without C-array MHz
clocl
1 thru 4 t
.t ru 48 product terms 0 25 o 30
with C-array
. Clock high or low 12 10
tw Pulse duration Prosel 18 15 ns
' Setup time before CLKT, Without C-array 20 15 ns
su 1 thru 48 product terms With C-array . 35 30
tsu Setup time, Preset low (inactive) before CLK13 10 8 ns
th Hold time, input after CLK? 0 o] ns
TaA Operating free-air temperature -55 125 0 75 °C

1 The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input,
the maximum clock frequency must be calculated.

$The C-array is the single sum term that is complemented and fed back to the AND array.

8 After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition.
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TIB82S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

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

noted)
‘M SUFFIX C SUFFIX

PARAMETER TEST CONDITIONS MIN_ TYP? MAX | MIN TYPF MAX UNIT
ViK Vee = MIN, I = —18 mA -1.2 -1.2 \
Vou Vce = MIN, ] Ton = MAX 2.4 32 2.4 3 v
VoL Vee = MIN, oL = MAX 0.25 0.4 037 05| V
Iy Ve = MAX, Vi =556V 25 25 A
IIH Vee = MAX, V=27V 20 20 pA
I Vee = MAX, Vi =04V -0.25 -0.25 mA
o8 Ve = MAX, Vo = 2.25V -30 -112 | -30 -112 | mA
lozH Vee = MAX, Vo = 2.7V 20 20 rA
lozL Vee = MAX, Vo =04V -20 -20 A

Vi = MAX, V=45V, .

lcc PF((:EC/ﬁ input at GND, O:nputs open 80 160 80 160 mA

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

1 9jqewwesboid-plai4

2160

3 . M SUFFIX C SUFFIX
: PARAMETER FROM TO TEST CONDITIONS UNIT
MIN _TYP? MAX | MIN TYP} MAX
Without C-array 40 70 50 70
fmaxT MH
max" ["With C-array 25 45 30 45 ?
t CLK? Q 10 20 10 15
tpd PRET a AL = 5004, 8 25 8 20 =
ns

pd CL = 50 pF
tpd Veet Q 0 10 0 10 ns
ten OE! Q 10 25 10 20 ns
tdis OE? Q 5 15 5 10 ns

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

* Al typical values are at Voc = 6V, TA = 25°C.

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, Igs.
fmax is independent of the internal programmed configuration and the number of product terms used.

i
3140 It TEXAS s
NSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



TIBB2S167B

14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

pin assignment in programming mode (PGM ENABLE < VI|HH) top view

PGM ENABLE[]1 =
1612 <
I5L]J3 &
= Q
:; :, welSSrw
12[e (T332 1272
nLpy i4 s 5[] 19
loLjs 13 fle (1o
Qo 12 7 2111
al il 2[INC
Q2 11 [e 21fin2
GND o o 20[]piv
QoI 1oPGm
121314 1516 1718
v U s B s W e W e W e §
55228¢2¢
1G] >
NC—No internal connection 3
programming parameters, TA = 25°C o
PARAMETER MIN _TVP MAX | UNIT] O
Vee Verify-level supply voltage 4.75 5 5.25 v 3
ViHH Program high-level input voltage 14.5 15 156.5 v )
IHH Program level input current 250 500 mA o)
Vix Program level input voltage 10.25 10.5 10.75 v [1°]
Vee Programming supply voltage 8.25 8.5 8.75 v E
Icc Programming supply current 550 1000 mA E
Vi1 High-leve! input voltage 2 i V- s
ViL Low-level input voltage 0.8 \ g’
VOH High-level output voltage 24 3 v E
VoL Low-level output voltage 0.35 045 Vv _6
twi Program-pulse duration 10 25 us ]
tw2 Verify-pulse duration 5 10 I’ i:
Program-pulse duty cycle 25%
tq Delay time 10 25 us
tr Rise time 17 20 25 us
Texas WP '
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TIB82S167B
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

programming procedure for array fuses

1 ajqewwelboid-piel{ N

2160

Array fuses are programmed using a binary select method. Each fuse can be addressed by selecting the
appropriate input line or sum of products line (row address) and product line (column address). The ad-
dresses for selecting input lines, sum of products lines, and product lines are shown in Tables 1 and 2. .

SETUP
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:

Set PGM ENABLE to GND.
Apply address to inputs.
Set PGM to V|H.

Set P/V to V|L.

Wait tg4, set Vcg to Vce1-

PROGRAM

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:

VERIFY
Step 1:
Step 2:

Step 3:

Wait tq, raise P/V to VIH.

Wait tq, raise PGM ENABLE to V|HH.
Wait tq, pulse PGM to V| for ty1.
Wait tq, return PGM ENABLE to GND.
Wait tg, return P/V to VjL.

Wait tdq, lower PGM to VL.

After tyw2, wait td