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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to or to
discontinue any semiconductor product or service identified in this
publication without notice. Tl advises its customers to obtain the latest
version of the relevant information to verify, before placing orders,
that the information being relied upon is current.

T! warrants performance of its semiconductor prbducts to current
specifications in accordance with Tl’s standard warranty. Testing and
other quality control techniques are utilized to the extent Tl deems
necessary to support this warranty. Unless mandated by government
requirements, specific testing of all parameters of each device is not
necessarily performed.

Tl assumes no liability for Tl applications assistance, customer product
design, software performance, or infringement of patents or services
described herein. Nor does Tl warrant or represent that any license,
either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of Tl covering or
relating to any combination, machine, or process in which such
semiconductor products or services might be or are used.

Copyright © 1988, Texas Instruments Incorporated



INTRODUCTION

In this volume, Texas Instruments pre:sents technical information on Tl’s broad line of programmable logic
devices (PLDs), including 10-ns, 20-pin PAL® circuits.

TI's programmable logic products include high-speed leadership circuits, as well as standard 20- and 24-pin
PAL devices in a variety of speed/power versions. This data book includes specifications on existing and
future products, including:

® High-performance, low-power IMPACT™ and IMPACT-X™ 20- and 24-pin standard PAL
circuits
High-complexity Latched- :and Registered-input PAL ICs and Exclusive-OR arrays

® Flexible, '22V10-architecture macrocell PAL ICs, including TI’s enhanced, 20-ns version, the
TIBPAL22VP10-20

* High-speed 6- and 3-ns, 10KH and 100K ECL IMPACT™ and ExCL™ PAL circuits

® Ultra-low-power UV-erasable and one-time programmable CMOS PAL ICs, including 20-pin,
‘22V10, and generic archiitectures

® Fast, 50-MHz programmahle state machines, including enhanced versions of ‘825105B/167B
sequencers and the TIBPSG507 Programmable Sequence Generator

Texas Instruments high-speed programmable. bipolar devices utilize Tl’s advanced IMPACT™ and new
IMPACT-X™ technologies. IMPACT-X™ uses trench isolation and polysilicon emitters to increase performance
and reduce power dissipation compared to traditional processes. IMPACT-X™ provides 1.5-um feature sizes
and 7-um pitch.

Based on IMPACT-X™, Tl's new ECL process, ExCL™, offers even greater speed and density for high-
performance ECL circuits.

This volume contains design and specification data for 78 device types. Package dimensions are given
in the Mechanical Data section in metric measurement (and parenthetically in inches).

Four programmable logic applic.ation reports have been incorporated into this data book as a reference
tool. They are: Designing with Twxas Instruments Field Programmable Logic; Hard Array Logic; A Designer’s
Guide to the PSG507; and Sysitems Solutions for Static Column Decode.

Complete technical data for an'y Texas Instruments 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.

PAL is a registered trademark of Monolithic. Memories Inc.
IMPACT and IMPACT-X are trademarks of ‘Texas Instruments Incorporated.
ExCL is a trademark of Texas Instruments (ncorporated.
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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 LS|, 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.

Texas *?
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GLOSSARY

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

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

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

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

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

Small-Scale Integration (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 (Vcc = 5V,
TA = 25°C), based on the measured value of devices processed, to emulate the process distribution.

Very-Large-Scale Integration (VLSI)

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

Volatile Memory

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

PAL is a registered trademark of Monolithic Memories Inc.
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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 1
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 VcC 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 current into* the V¢ supply terminal of an integrated circuit when all (or a specified number)
of the outputs are at the low level.

General Information

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

L 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.

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

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 volitage 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 voltage applied to the output.
NOTE: This parameter is measured with other input conditions established that would cause the
output to be at a high level if it were enabled. :

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

‘{i;
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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.

2] V
® VK Input clamp voltage
=} An input voltage in a region of relatively low differential resistance that serves to limit the input voltage
2 swing.
o
- VIL Low-level input voltage
3‘ An input voltage level within the less positive (more negative) of the two ranges of values used to
(o] represent the binary variables.
§ NOTE: A minimum is specified that is the most-positive value of low-level input voltage for which
® operation of the logic element within specification limits is guaranteed.
=
o VOH High-level output voltage
) The voltage at an output terminal with input conditions applied that, according to the product
specification, will establish a high level at the output.
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 = tPHZz or tpLZ).
ten Enable time (of a three-state output)

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

with the three-state output changing from a high- |mpedance (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 voitage waveforms with
the output changing from one defined level (high or low) to the other defined level. (tpd = tpHL or
tPLH).
%
1_8 EXAS
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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

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

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

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

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

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

TExAs *’f 19
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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
- = value/level or resulting value/level is routed to indicated destination
Y = value/level 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 Qq or level of Q before the indicated steady-state input conditions were
established

= level of Q before the most recent active transition indicated by | or 1

a..h

Qo

Qo

Qn

_l—l__ = one high-level pulse
LI = one low-level pulse

TOGGLE = each output changes to the complement of its previous level on each transition indicated by
lLor1.

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 |, this means the output is valid
whenever the input configuration is achieved but the transition(s) must occur following the achievement of
the steady-state levels. If the output is shown as a level (H, L, Qg, or Q), 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, [ L or LI~ . the puise follows the indicated input transition and persists for an interval
dependent on the circuit.)

1-10 | Texas “?
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SERIES TIBPAL’, PAL', TIFPLA DEVICES

PARAMETER MEASUREMENT INFORMATION

7v
Vee L RL=R1=R2
$1
P R c
FROM OUTPUT TEST FROM OUTPUT TEST i=)
UNDER TEST POINT UNDER TEST POINT R1 b=
cL=< RL FROM OUTPUT * TEST
(See Note A) CL UNDER TEST ) [ POINT g
(See Note A)]: LR R2 o
L (See Note A) s
= = [=
—
] —
LOAD CIRCUIT FOR E
BI-STATE LOAD CIRCUIT FOR LOAD CIRCUIT FOR <)
TOTEM-POLE OUTPUTS OPEN-COLLECTOR OUTPUTS THREE-STATE OUTPUTS q=)
NOTE A: C| includes probe and jig capacitance.
TIMING 35V HIGH-LEVEL /X 35V
INPUT ¥1.3v PULSE 13V 13V
SOt 03V \ tw 03V
o tg,, 9 th & -— 1, —
DATA i o~ 38V ! v ! 3sv
INPUT 1.3V 1.3V LOW-LEVEL 1.3V 13V
03V PULSE e — — — 03V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE WIDTHS
713V g CONTROL 13V 13V
| i 03V (low-level AT 03V
ﬁ'PLH.: IQtpHLO: enabling) ‘PZL-:" —» P—tPLZ
IN-PHASE ! i T )~ Vo g I
[ 13v 1.3V I ~35V
OUTPUT | - : - WAVEFORM 1 | [ I3 03V
T i VoL S1CLOSED : *LEEES S8 VoL
-t & Qtp O (See Note B) [
PHL ! LH ! Von tPZH _~.“i — j-tpHZ
HASE iyt
OUT-OF-PHAS 13V 13v WAVEFORM 2 i 3~ VoH
OUTPUT S10OPEN
—— — VoL
(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, = tf = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is open.
T *’P
EXAS 1-11
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ORDERING INFORMATION

PAL® NUMBERING SYSTEM AND ORDERING INSTRUCTIONS

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

EXAMPLE: TiB PAL 16 R 8 -15

C N

Prefix /
TIB = Bipolar PAL /
TIC = CMOS PAL
TIE = ECL PAL
Product Family Designator o
Input Regi: Type
No Designator = No Input Register

R = D-Type Register

T = Transparent Latch Register
Number of Array Inputs
Output Configuration Desi

R = Registered

L = Active Low

X = Exclusive-OR
Number of Outputs in the
Designated Configuration
Performance Desi

HIGH SPEED LOW-POWER

A ) A-2

-15 -25
T e Range

uonewW.IOoU| [RIBUSL)

P

C = Commerical (0°C to 70°C)
M = Military (-=55°C to 125°C)

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.

{i’
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESSES FOR PAL AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERSt

HARDWARE MANUFACTURERS

SOFTWARE MANUFACTURERS

DATA 1/0O (ABEL)

10525 WILLOWS ROAD
REDMOND, WA 98073-9746

(800) 247-5700

TTexas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA I/0, Sunrise,
Structured Design and Digital Media. Other programmers are now in the certification process. For a current list of certified programmers,

DATA 1/0

105625 WILLOWS ROAD
REDMOND, WA 98073-9746
(800) 247-5700

DIGITAL MEDIA, INC

11770 WARNER AVE, UNIT 225
FOUNTAIN VALLEY, CA 92708
(714) 751-1373

STAG MICRO SYSTEMS
1600 WYATT DRIVE
SANTA CLARA, CA 95054
(800) 227-8836

PERSONAL CAD SYSTEMS (CUPL)
1290 PARKMOOR AVE
SAN JOSE, CA 95126

(408) 971-1300

please contact your local Tl sales representative.

General Information H
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TI IMPACT ™ DESIGN AND SERVICE CENfERS

TI IMPACT ™ DESIGN AND SERVICE CENTERS

Design and programming assistance is offered by Texas Instruments IMPACT ™ Design and Service Centers. The centers
are equipped with the latest in software and hardware tools for design, debugging, prototyping, and production on a local
basis. Supported by a professional engineering staff, the centers provide complete code development, device programming,
symbolization, functional and DC parametric testing.

NORTHERN CALIFORNIA

MARSHALL IMPACT CENTER
336 LOS COCHES STREET
MILPITAS, CA 95035

(408) 942-4600

SOUTHERN CALIFORNIA

WYLE IMPACT CENTER
17872 COWAN AVENUE
IRVINE, CA 92714

(714) 863-9953

BOSTON

HALL-MARK IMPACT CENTER

6 COOK STREET, PINEHURST PARK
BILLERICA, MA 01821

(617) 935-9777

114 TExas ‘Q'P
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



Data Sheets

2-1



E Data Sheets

2-2



PAL16L8A, PAL16L8A-2, PAL16R4A, PAL16R4A-2
PAL16R6A, PAL16R6A-2, PAL16R8BA, PAL16R8A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

FEBRUARY 1984 —REVISED DECEMBER 1987

® Standard High-Speed (25 ns) PAL Family M SUFFI;AUG.I;BP'ACKAGE

Choice of Operating Speeds C SUFFIX . . . J OR N PACKAGE
HIGH SPEED, A Devices . . . 35 MHz (TOP VIEW)
HALF POWER, A-2 Devices . . . 18 MHz

Choice of Input/Output Configuration

Vee

/0
1/0
170
1/0

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

3-STATE REGISTERED
0 OUTPUTS | Q OUTPUTS
PAL16L8 10 2 0
PAL16R4 8 [0 4 (3-state)
PAL16R6 8 o 6 (3-state)
PAL16R8 8 0 8 (3-state)

DEVICE INPUTS 1/0 PORTS
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PAL16L8’
M SUFFIX . . . FH OR FK PACKAGE
L : C SUFFIX . . . FN PACKAGE
description (TOP VIEW)

o N B O

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 Schottky T technology with proven
titanium-tungsten fuses. These devices will
provide reliable, high-performance substitutes
for conventional TTL logic. Their easy
programmability allows for quick design of
‘*custom’’ functions and typically result in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

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

The 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.

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

PAL is a registered trademark of Monolithic Memories Inc.

PRODUCTION DATA documents contain information Copyright © 1984, Texas Instruments Incorporated

current as of publication date. Products conform to h
:gac;ﬁc:ﬂons polr “l.’e tdorm_s of Texas Instl;umnnts TEXAS
andard warranty. Production processing does not
necessarily include testing of apll panmfters. INSTRUM ENTS
POST OFFICE BOX 655012 * DALLAS, TEXAS 75265
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PAL16R4A, PAL16R4A-2, PAL16R6A, PAL16R6A-2, PAL16R8A, PAL16R8A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

PAL16R4’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

_(TOP VIEW)
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PAL16R6"
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)
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PAL16R8’
. M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)
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PAL16R4’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
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PAL16R6’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)
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PAL16L8A, PAL16L8A-2, PAL16R4A, PAL16R4A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8A
‘PAL16L8A-2
& 21
s—]EN vb— o
32X 64 }—4
7 p——o
£
> 7 1/0
}0 16 7
1 + S~ 5
1/0
A O-&—4->— 1/
7 1/0
9 16 7 O—Q—‘-’—-
7 O——{~
‘ 7 0—%—4—»— 110
/1
7
7 O—Q—d—b— 1/0
7, 49— 1/0
7 O—Q /
61 o
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‘PAL16R4A-2
OE O EN2
CLK Dci
- C
& >1
g 29 a
32X 64 7 1D
g $ Q
7 —\
8 Q
> 7
8 16 —\
! a 7+ ~ ,f Q
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4 16 7 EN
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~ denotes fused inputs
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PAL16R6A, PAL16R6A-2, PAL16R8BA, PAL16R8A-2.
STANDARD HIGH-SPEED PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6A
‘PAL16R6A-2
OE -OJEN2
CLK p C1
.| r
& 8, >1 2] Q
32x64 [~ 1D —
8, ¢ Q
#
N
8, ¢ Q
8 16 4 ——
| m—ph— > ~ 8 Q
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6 * *
‘ 4 8 ’ Q
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2 16 Y
(w) ~ 8 6 Q
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? 7. v 110
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‘PAL16R8A-2
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& 8, >1 Y Q
32x 64 [~ 1D —
A #, a
N
8 (} Q
e
8 16 N
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, é e
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8 # Q
2 b
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~ denotes fused inputs
i
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PAL16L8A, PAL16L8A-2

STANDARD HIGH-SPEED PAL® CIRCUITS

logic diagram
Ll
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PAL16R4A, PAL16R4A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

logic diagram
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PAL16R6A, PAL16R6A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

logic diagram
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PAL16R8A, PAL16R8A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

logic diagram
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PAL16L8A, PAL16L8A-2, PAL16R4A, PAL16R4A-2
PAL16R6A, PAL16R6A-2, PAL16R8A, PAL16R8A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

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

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

Csuffix ........ ... 0°C to 70°C
Storage temperature range . . ... ... ... vt it e —65°C to 150°C

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

recommended operating conditions

M SUFFIX C SUFFIX

PARAMETER MIN NOM MAX | MIN NOM MAX UNIT

Vce Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
! ) OE input 2.4 5.5 2 5.5 2

VIH High-level input voltage A others 5 G 3 55 \2
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 [o] 70 °C

programming information

Data Sheets

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) 997-5762.

{i’
TExAs 211
INSTRUMENTS
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PAL16L8BA, PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL® CIRCUITS

recommended operating conditions

M SUFFIX

C SUFFIX U‘NIT
MIN TYP MAX | MIN TYP MAX
felock Clock frequency" 0 25 0 35 [ MHz
- Clock high 15 12

t Pul tion, Note 2 -
w ulse duration, see Note Clook Tow 20 6 ns
tsy Setup time, input or feedback before CLK 1 25 20 ns
th Hold time, input or feedback after CLK t 0 (o] ns

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

electrical characteristics over recommended operating free-air temperature range

M SUFFIX C SUFFIX
PARAMETER TEST.CONDITIONS uNIT
2 MIN TYPf mAX | MIN TYP! mMAX
VIK Vce = MIN, I = —18 mA -1.5 -1.5 \
o VOH Vce = MIN, lo4 = MAX 2.4 3.2 2.4 3.3 \
2 VoL Ve = MIN, loL = MAX 025 0.4 035 05 | V
D |z |Outputs Voo = MAX, Vg = 2.7V 20 20 1 A
» /0 ports cc ' 0=4 100 700 | *
Outputs -20 -20
= |1 Vee = MAX Vg = 0.4V A
I 1/0 ports cc ’ 0 ~250 250 | ¥
@ [ Vec = MAX, V| =55V 0.2 0.1 | mA
o [y Voc = MAX, V=27V 25 20 | A
OE INPUT -0.25 -0.4
Vee = MAX, V) =04V A
e cc =0 All others ~0.2 “o2 | "
108 Vee = MAX, Vg = 2.25V ~30 125 | —30 125 | mA
Vo = MAX,  Outputs O
Icc V‘?C oy utputs Gpen 140 185 140 180 | mA
[ =

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

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

PARAMETER FROM TO TEST CONDITIONS M SUFFIX C SUPRIX UNIT
MIN TYP!¥ MAX [ MIN TYP¥ mMAX

frax i 25 45 35 45 MHz
tod 1, 1/0, 0, 1/0 . ) 15 30 15 °© 25 | ns
tod CLK?® Q RL = 500 @, 10 20 10 15 | ns
ten OE+ Q CL = 50 pF, 15 25 15 22 | ns
tdis OE+ Q See Note 3 10 25 10 15| ns
ten 1, /0 0, 1/0 14 30 14 25 | ns
tdis 1,170 0, 1/0 13 30 13 25 [ ns

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

{i’
Texas
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265
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PAL16L8A-2, PAL16R4A-2, PAL16R6A-2, PAL16R8A-2
STANDARD HIGH-SPEED PAL® CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN  TYP MAX [ MIN TYP MAX
fclock Clock frequency o 16 0 18 | MHz
Clock high
tw Pulse duration, see Note 2 [ Clock hig 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+ . [¢] . o] ns

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

electrical characteristics over recommended operating free-air temperature range

M SUFFIX C SUFFIX
ETER T t UNIT
PARAM EST CONDITIONS MIN TYPF MAX | MIN TYPF MAX 2
VK Vce = MIN, I = —18 mA -1.5 -1.5 \
VOH Vce = MIN, IoH = MAX 24 3.2 24 33 v
VoL Vce = MIN, oL = MAX 0.25 0.4 035 05 v g
Outputs 20 20
lozH Vee = MAX, Vo = 27V A (V]
/0 ports ce ° 100 100 | * £
Outputs —-20 -20 (/)]
] Vee = MAX, Vg =04V A
ozL /0 ports cc o ~250 ~250 | " ©
I Vce = MAX, Vi =55V 0.2 0.1 mA i&
I} Ve = MAX, V) =27V 25 20 rA o)
| Vee = MAX V| =04V OE INPUT —0.2 D021 A
It cc = ' =" All others ~01 —0.1
10§ Vce = MAX, Vg = 2.25V -30 —125 | -30 -125 | mA
= ; ts O
Icc zcc o \I)/IAX Outputs Open 75 95 70 90 | ma
| =

TFor conditions shown as MIN or MAX, use the appropriate value specified 'under recommended operating conditions.
Al typical values are at Vog = 5V, Tp = 25°C.
5The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, Igg.

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

PARAMETER FROM T0 TEST CONDITIONS M SUFFIX C suFAX UNIT
MIN TYP! MAX [ MIN TYP MAX

fmax 16 25 18 25 MHz
tod 1, 1/0, 0, 1/0 25 40 25 35 | ns
tpd CLK ¢ Q R = 500 @, 11 35 11 25 ns
ten OE4 Q CL = 50 pF, ‘20 35 20 25 | ns
tdis OE*t Q See Note 3 1 30 1 20| ns
ten 1, 1/0 0, I/0 25 40 25 35 | ns
tdis 1, 1/0 0, I/0 25 35 25 30| ns

*All typical values are at Vo = 5V, Tp = 26°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

i
Exas W
INSTRUMENTS .
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH-SPEED PAL® CIRCUITS

D2706, DECEMBER 1982 —REVISED DECEMBER 1987

® Standard High Speed (25 ns) PAL Family PAL20L8"
M SUFFIX . . . JW PACKAGE
® Choice of Input/Output Configuration C SUFFIX . . . JW OR NT PACKAGE
TOP VIEW|
® Preload Capability on Output Registers { !
® DIP Options Include Both 300-mil Plastic
and 600-mil Ceramic
3-STATE REGISTERED 10
DEVICE |1INPUTS| 5 outpuTs 0 OUTPUTS |PORTS
‘PAL20LBA| 14 2 0 6

‘PAL20R4A 12 (o]
‘PAL20R6A 12 o
‘PAL20R8A 12 0

4 (3-state buffers)) 4
6 (3-state buffers)) 2

8 (3-state buffers)] O

description

N

These programmable array logic devices feature
high speed and a choice of either standard or

half-power speeds. They combine Advanced PAL20LE’ "‘Q
Low-Power Scho't'(l.(y'r technology with proven M SUFFIX . . . FH OR FK PACKAGE 2
C SUFFIX . . . FN PACKAGE ()
titanium-tungsten fuses. These devices will (TOP VIEW) L
provide reliable, high performance substitutes %)
over conventional TTL logic. Their easy o9 (1]
programmability allows for quick design of - - —-2>-0 ‘6
. . . /S oOoooooogg
“’custom’’ functions and typically result in a 4 3 2 1282726 [a]
more compact circuit board. In addition, chip 1ps 25(] 1/0
carriers are also available for further reduction 1pe 241 1/0
in board space. D7 23[Q 110
In addition, extra circuitry has been provided to NC %2 zf[ :\/‘g
allow loading of each register asynchronously to l 10 2 OE o
either a high or low state. This feature simplifies ' 11 1o 10
testing because the registers can be set to an ! 121314151617 18
initial state prior to executing the test sequence. [ ten e lon N e T Tan|

L . . -——noo~-~"o
The PAL20’ series is characterized for operation z z
over the full military temperature range of
—55°C to 125°C. The commercial range is
characterized from 0°C to 70°C.
PRODUCTION DATA documents contain information . Copyright © 1982, Texas Instruments Incorporated
current as of publication date. Products conform to 7}
specifications per the terms of Texas Instruments TE
standard warranty. Production processing does not 2-15
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PAL20R4A, PAL20R6A, PAL20R8A
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

sjoays eieq BN

(TOP VIEW)

PAL20R6"

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

(TOP VIEW)

PAL20RS8’

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

(TOP VIEW)

(TOP VIEW)
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of

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

(TOP VIEW)

PAL20R8’

M SUFFIX . . . FH OR FK PACKAGE

C SUFFIX . . . FN PACKAGE

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

functional block diagrams (positive logic)
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PAL20RG6A, PAL20R8A
STANDARD HIGH-SPEED PAL® CIRCUITS

functional block diagrams (positive logic)

PAL20R6A
PAL20R6A-2
OF OIENZ ‘
OUTCLK t'C1
& 8 >1 1=0 2V Q
a0xes | 4“’ SN
8 % Q
N\
8 é [}
12 20 7 ——
v— " - 8 Q
s I T =
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7 8 Q
2 5 DK 2R =
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Eam
S = ™
=) L Jen 27
o hm vh—e—e>—— 10
g 7 D—o—4-» 1/0
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e 7 <
7 7 <
. PAL20R8A
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& |s, =1 1=0 v a
40x64 [~ R T
8, é Q
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2 p 20 N
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PAL20L8A

STANDARD HIGH-SPEED PAL® CIRCUITS

(1)
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PAL20R4A

STANDARD HIGH-SPEED PAL® CIRCUITS
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PAL20R6A
STANDARD HIGH-SPEED PAL® CIRCUITS

1)
ourcik S INPUT LINES
o a4 8 12 16 20 24 28 32 36 23)
P —3+—+———10
PRODUCT
LNES  Q
: l———lz—zll/o
[ ]
| Bk ; 4
[ ]
(] 1D Eﬂ) Q
[ ] CY
(4)n s |5
T < 2
: o,
(5)\t 4
1 =—F < £
°24 h i 7
° N9, @
[ ]
. o) %
-1 . (a
eyl !
: 1D lﬂs)ﬁ
33 o
[ ) N
L] 10 3"—(1—7)0
L e
47
(8) } |
e KH
49 (16)
° g :Lo— Q
v 5% beip
1 (9—'{>i; = 34
[ ]
® 2% /0
63
l(“0) ? ; l
(14)
(1), )
! &+
" A (13)
OE
i
TeExas b 2.21
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



PAL20R8A

STANDARD HIGH-SPEED PAL® CIRCUITS
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH-SPEED PAL® CIRCUITS

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

NOTE

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

CSUFFIX ... i 0°C to 70°C
Storage temperature range . .. . . ... ... vt in et e —65°C to 150°C

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

recommended operating conditions

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

M SUFFIX - C SUFFIX
PARAMETER MIN NOM MAX| MIN NOM MAX unIT
Vee Supply voltage 4.5 5 b5.5| 4.75 5 5.25 \%
VIH High-level input voltage 2 5.5 2 5.5 A\ 2
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 ,.9
folock  Clock frequency 0 20 0 30 | MHz 3
tw Pulse duration, clock High 20 18 1s L
Low 20 15 ns (/5]
tsu Setup time, input or feedback before QUTCLKT 30 25 ns ©
th Hold time, input or feedback after OUTCLK? (o) 0 ns et
TA Operating free-air temperature -55 125 0 70 °Cc 3
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) 997-5762.
3
TExas 2-23
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PAL20L8A, PAL20R4A, PAL20R6A, PAL20RBA
STANDARD HIGH-SPEED PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONSt
¢ MIN TYP? MAX | MIN TYP MAX | O\
Vik Vce = MIN, | = -18 mA -1.5 -1.5 \
VOoH Vee = MIN, gy = MAX 2.4 3.2 2.4 3.3 \
VoL Vce = MIN,  TgL = MAX 0.25 0.4 035 05| V
0, Q outputs 20 20
| Vi = MAX, V|4 =27V A
OZH ™0 ports cc H 100 100 | *
0, Q outputs -20 -20 ¢
| V = MAX, V| =04V A
OZL T30 ports cc H ~250 —250 | ¥
OE Input 0.2 0.2
] V, = MAX, V; =565V
! All others cc ! 0.1 o] ™
OE Input 40 40
| \% = MAX, V| =27V A
IH All others cc ! 20 20 | "
OE Input -0.4 -0.4
| \% = MAX, V; =04V
2 I Al others cc=M 1=0 —02 02| ™
o8 Vee = MAX, Vg = 2.25V -30 -125 | -30 ~125 | mA
w) Vce = MAX, V) =0V,
I —_ - 160 150 210 A
9’ cc Outputs open, OE at Viy 210 m
o ;
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
) ANl typical values are Voc = 5V, Ta = 25°C.
g 5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igs.
a switching characteristics over recommended operating free-air temperature range (unless otherwise
noted)
M SUFFIX C SUFFIX
P TER NI
ARAME FROM TO TEST CONDITIONS MIN TYPE MAX | MIN TYPF MAX UNIT
frmax 20 30 MHz
tpd 1,110 0, 110 15 30 | 15 25 ns
tpd OUTCLK? Q RL = 500 Q, 10 20 10 15 ns
ten OF Q CL = 50 pF 10 25 10 20| ns
tdis OE? Q See Note 2 11 25 11 20 ns
ten 1, 1/0 0, 1/0 14 30 14 25| ns
tdis I, 170 0, I/0 12 30 12 25| ns
Al typical values are at Voc = 5V, Tp = 25°C.
NOTE 2: Load circuits and voltage waveforms are shown in Section 1.
i
224 TexAs b

INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265




PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A
STANDARD HIGH-SPEED PAL® CIRCUITS

PRELOAD PROCEDURES

5V
Vee / \
ov
OUTPUTS DISABLED
Vi
OE / \
Vi | h
tdis —» 4 »  [ton
v ! ENABLE PRELOAD |
HH- - — — — — — — : ————— |
1 \ 100 ns!
PIN 14 ! | I TMIN
| | |
ViL 1: | } :
! twl—>p)| )
i : I APPLY Q' [
ViH ~ = o e e +—————— | 2
1 \ |
VERIFY : 100 ns | VERIFY NEW ,
Q STATE Qp | MIN ’I ' | STATEQ', VERIFY Q' 4+ 1
VoH | | 3
VoL z : 8
"! tpd - -
PINT  Viy @\
(OUTCLK) v 1 ©
©
FIGURE 1. PRELOAD WAVEFORMS (o
preload procedure for registered outputs
Step 1 Pin 13 to V|4, Pin 1 to V|, and VcC to 5 volts.
Step 2 Pin 14 to V|HH for 10 to 50 microseconds.
Step 3 Apply V| for a low and V|4 for a high at the Q outputs.
Step 4 Pin 14 to V|L.
Step 5 Remove the voltages applied to the outputs.
Step 6 Pin 13 to VL.
Step 7 Check the output states to verify preload.
i
TExas ‘V 2-25
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

D3085, JANUARY 1988

® Very-High-Speed Address Decoder (Ideal for J OR N PACKAGE
Use with High Speed Processors) (TOP VIEW)
® /0 Propagation Delay: 7 ns Max |E 1
142
Field Programmable on Standard PLD s
Programmers 10a
® Fully TTL Compatible IES
1L]6
Security Fuse Prevents Unauthorized 10
Duplication 10s
® Dependable Texas Instruments Quality and 10e
Reliability GND [Jio

@ Potential Applications
Address Decoders
Code Detectors
Peripheral Selectors

FN PACKAGE
(TOP VIEW)

N,

Fault Monitors 3
Machine State Decoders ‘ 2 12019 [
L. . 18[j1o _qc,
description 17guwo 7
The TIBPAD16N8 is a very-high-speed 110 ©
Programmable Address Decoder featuring 7 ns 110 s
maximum propagation delay, the highest speed 110 a}
in the TTL programmable logic family. The
TIBPAD16N8 utilizes the IMPACT-X™ process -a-o0o0
and proven titanium-tungsten fuse technology 5 =
to provide reliable, high performance substitutes
for. conventional TTL logic.
The TIBPAD16N8 contains 10 dedicated inputs and 8 outputs. Each output has two product terms, one
of which is used to enable the inverting buffer associated with the respective output. Six of the outputs
are 1/O ports, the remaining two are dedicated outputs. Each of the six I/O ports can be individually
programmed as an input or an output; this allows the device to be used for functions requiring up to 16
inputs and and 2 outputs or 10 inputs and 8 outputs. )
The TIBPAD16N8 is supplied with all six 1/0 ports in the input configuration (output buffers in the high-
impedance state). If an 1/O port is selected to be an output, it must be programmed accordingly. It is
recommended that all unused outputs on this device remain in the three-state condition for better noise
immunity.
The TIBPAD16N8-7C is characterized for operation from 0°C to 75°C.
IMPACT-X is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA documents contain information . Copyright © 1988, Texas Instruments Incorporated
current as of publication date. Products conform to y } .
Seandand warnty. Froduction proosssing doss no 2-27
necessarily inclu o testing of aﬁl paramgtars. lNST RUMENTS
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

functional block diagram (positive logic)

& EN =1
32x16 vp———o
O————0
> D—.T+F o
! /1’0 1’6 ~y
O-a—4»—10
[ 16 O—a—¢——1/0
7— P+"‘ Y]
%*’— [1[]
. O-a—¢-»— 10
O O-a—4-p— 10
Q . .
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Q 6
» e
=
1]
(]
N
7]
T {i’
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TIBPAD16N8-7C

HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

logic diagram (positive logic)
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

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

Supply voltage, Ve (see Note 1) .. ... ..o e 7V
Input voltage (see NOte 1) . . ... .. i e et e e 5.5V
Voltage applied to a disabled output (see Note 1) . . ........ ... .ot iiiinnnnn. 5.5V
Operating free-air temperature range . . . . . ... v i ittt ettt e e 0°C to 75°C
Storage temperature range . ............... ... —-65°C to 150°C

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

recommended operating conditions

T Al typical values are at Vcg = 5V, Ta = 25°C.
$1/0 leakage is the worst case of lozL and I or IgzH and liy.

MIN NOM MAX | UNIT
Vee Supply voltage 4.75 5 5.25 \
ViH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
2 loH High-level output current -3.2 mA
loL Low-level output current 24 mA
U TA Operating free-air temperature [¢] 75 °C
2 electrical characteristics over recommended operating free-air temperature range (unless otherwise
D oted) :
(2} -
== | PARAMETER TEST CONDITIONS MIN TYPT MAX | uniIT
14 ViK Vec = 475V, || = —18 mA -15 [ v
2 VOH Vce =475V, IlpH = —3.2mA 2.4 3 \
(4 VoL Vee = 475V, gL = 24 mA 03 05| V
] Vee =625V, V=55V 0.2 mA
lozn* Vce = 5.25V, Vg = 2.7V 0.1 | mA
lozL* Vce = 5.25V, Vg = 0.4V -0.1 | mA
"5 Vee = 625V, V=27V 25 | A
[T Vee = 5.25V, V| =04V -0.25 | mA
o8 Vee = 5V, Vo = 0.5V -30 -70 -130 | mA
Icc ‘Veg =5.25V, V| =0, Outputs open 120 180 mA
C V) =2V 5 oF
Co ] Vo =2V 6 pF

8 This parameter approximates los. The condition Vg = 0.5 V takes tester noise into account. Not more than one output should be shorted

at a time and duration of the short-circuit should not exceed one second.

switching characteristics with two outputs switching (typical PAD mode) over recommended ranges

of supply voltage and operating free-air temperature (unless otherwise noted)

TEST
MIN TYPT MAX I
PARAMETER FROM T0 CONDITIONS UNIT
0, 110

t 1, 110 2 5 7
pd / 2 outputs switching R1 = 200 Q, ns
ten 1, 110 0, 110 R2 = 390 Q@ 3 8 10 ns
tdis 1, 1/0 0, 110 3 8 10 ns

TAll typical values are at Voe = 5V, Tp = 26°C

9.30 EXAS {if
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TIBPAD16N8-7C

HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

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, Iocal

authorized Tl distributor, or by calling Texas

Instruments at (214) 997-56762.

PARAMETER MEASUREMENT INFORMATION

5

v
$1

N

R1
(2]
FROM OUTPUT TEST ®
UNDER TEST POINT )
cL SR2 C-IC)
{See Note A)
' m
L kot
- a
LOAD CIRCUIT FOR
THREE-STATE OUTPUTS
—————— 35V ouTPUT 35V
INPUT 15V 1.5V CONTROL 15V 15V
| | 0.3V (low-level : : 0.3V
1, [‘ > h >t enablingg | —  I—mT—/™77" .
pd | I H pd v ten—p| 4— —» [—tdis
IN-PHASE ] v —\E/ OH L) ! II =33V
OUTPUT | : | . WAVEFORM 1 |
1.5V VoL+0.5V
I I VoL $1 CLOSED | Y —¥_ Vgt
tpd—¢—>| [&———tpd (See Note B) ten—pl f— —» K—‘dis
OUT-OF-PHASI I ! VoH I ‘— ——¥ _ vy
-OF-PHASE 1.5V 15V WAVEFORM 2 i {
ouTPUT  ——voL S1 OPEN 15V VoH-0.5V
(See Note D) (See Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A. Cj includes probe and jig capacitance and is 50 pF for tpd and ten, 5 pF for tgjs.
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, = ty = 2 ns, duty cycle = 50%
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
FIGURE 1
Ti b’
I EXAS 2.31
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TIBPAD16N8-7C ‘
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

s}aayg ejeq m

WORST CASE MULTIPLE OUTPUT SWITCHING CHARACTERISTICS

WORST CASE PROPAGATION DELAY TIME

Vs

NUMBER OF OUTPUTS SWITCHING

2-32

8.0 ; .
Vee = 475V, /
7.9 —R1 = 200 Q,
R2 = 390 @, /
7.8 —CL = 50 pF, /
2 Ta = 75°C /
| 7.7
g d
F 76
> .
)
8 75
e
S
s 7.4
o
g ,/
e 7.3
a /
7.2 ve
7.1 /
7.0
2 4 6 8
Number of Outputs Switching
FIGURE 2
i
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TIBPAD16N8-7C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER

lcc—Supply Current—mA

TYPICAL CHARACTERISTICS

SUPPLY CURRENT
Vs

FREE-AIR TEMPERATURE

PROPAGATION DELAY TIME

Vs
FREE-AIR TEMPERATURE

150 S—— 6.5 —
UNPROGRAMMED DEVICE Vec =5V,
. R1 = 200 @
140 \ R2 = 390
t
AN 2 o NPHE ¢/ = 50 pF, J
1 . 1 OUTPUT sWITCHING |~
130 \\ E /|
=
120 255
= - 2 N 4
N — S tPLH \\_// /,
110 . S
\ ~~—— a B
g0
100 —
\
20 4.5
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125

Ta—Free-Air Temperature— °C

FIGURE 3

PROPAGATION DELAY TIME

vs
SUPPLY VOLTAGE

Ta—Free-Air Temperature— °C

FIGURE 4

PROPAGATION DELAY TIME

vs
LOAD CAPACITANCE

Data Sheets H
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7.0 —R1 = 200 Q, Ve =5V,

6.8R2 = 390 Q, 22 FR1 = 200 Q, ¥z
«w 6.6 -CL = 50 pF, 2 20 |R2 = 39(: Q p
F 6.4[-Tp = 25°C | TA = 25°C, /tp,_"_
2 62 2 181 OUTPUT SWITCHING
= 6.0 F 16
Z 5.8 3 // —
2 56 N S 14 ]
a > L o 4 tPLH
.5 g; \> ,§ 12 ///
- T tPHL & "
e 5.0 g 10
g ~ | 2 7
S 4.8 a— ] /A
% 46 tPLH _] . g v

4.4 A

4.2 <

4.0

4.5 4.75 5.25 5.5 o 200 400 600 800
Vcc—Supply Voltage—V CL—Load Capacitance—pF
FIGURE 5 FIGURE 6
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

D3086, DECEMBER 1987

® Very High Speed Address Decoder (ldeal for J OR N PACKAGE
Use with High Speed Processors) (TOP VIEW)
® /0 Propagation Delay: 6 ns Max [ E 1 Vee
Y2 1/0
Suitable for High Speed NAND-NAND Logic 1ds 10
Implementation 1a 10
® Field Programmable on Standard PLD 1s 1o
Programmers 1{e 110
. 17 1/0
Fully TTL Compatible 1 e /0
Security Fuse Prevents Unauthorized 10e 170
Duplication GND [Jro !
® Dependable Texas Instruments Quality and
Reliability FN PACKAGE 2
(TOP VIEW)
® Potential Applications o
Address Decoders ___%9 »
Random Logic (NAND-NAND) Vam—1=a=a=1= id-s
Code Detectors 3212019 o
Peripheral Selectors 10a 18] 1o °~
Fault Monitors 1s 17 o »n
Machine State Decoders 1Je 16 110 ©
1p7 15[ /0 ‘6
1pe 1a[] 110 (o
9 10 111213
L0000
=R eXe)
5 ==
description
The TIBPAD18N8-6C is a very-high-speed Programmable Address Decoder featuring 6-ns maximum
propagation delay, the highest speed in the TTL programmable logic family. The TIBPAD18N8 uses the
IMPACT-X™ process and proven titanium-tungsten fuse technology to provide reliable, high-performance
substitutes for conventional TTL logic.
The TIBPAD18N8-6C contains 10 dedicated inputs and 8 product terms, each followed by an inverting
buffer leading to an 1/0 port. Each of the eight 1/O ports can be individually programmed as an input or
an output, depending on the state of the fuse controlling the output buffer, as indicated by Table 1. This
allows the device to be used for functions ranging from 17 inputs and a single output to 10 inputs and
8 outputs.
A high-speed feedback path, which does not go through the output buffer, is provided to offer higher ;
performance operation in designs where feedback is required. The architectural fuse on the /O multiplexer 1T
is used for the selection of this path (see Table 2). This makes the TIBPAD18N8-6C ideal for the ==
implementation of a very fast NAND-NAND logic. |.|>.|
The TIBPAD 18N8 is supplied with all eight I/O ports in the input configuration (output buffers in the high-
impedance state). If an I/O port is selected to be an output, it must be programmed accordingly. It is QO
recommended that all unused outputs on this device remain in the high-impedance state for better noise -
immunity. O
The TIBPAD18N8-6C is characterized for operation from 0°C to 75°C. )
S
, (2 o4
IMPACT-X is a trademark of Texas Instruments Incorporated. n-
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of v}
e, s 5 artoreny EXAS 235
:g::n::: the right to ghlguc or discontinue these lNST RUMENTS
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TIBPAD18N8-6C

HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

functional block diagram (positive logic)

10

N

&
18 36x8
£
-
18
O——

— |

8xpD

@
\\

8 x MUX

- =l

-
an
:

&
<

Table 1. Output Buffer Programming

[[[o}

Table 2. I/O Multiplexer Programming

ARCHITECTURAL ARCHITECTURAL
FUSE OPERATION FUSE OPERATION
Input Intact 1/0 Feedback
Intact (Output Buffer Blown High-Speed
in Hi-Z State) Feedback
Blown Output '
v
o
O
=)
m
S
g
T {l’
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

logic diagram (positive logic)

(2) | (1
1 F I———l
+—
= (1
) J Bﬂ 110

(3) t N
MUX1

™) o
L/ |
@ I | % J
' |< l-—— 1
{ T
™M)
L/

Data Sheets H
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D J LI a
(9) t 1 MUX
1 |< |— 1 [a'ss
§— -
1 -
O
D —] AL 8
11 NY 1 MUX
b : S
HIGH PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY 1 o,
.{i’ .
EXAS 2.37
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

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

Supply voltage, VCC (s€8 NOote 1) . . ..ottt e e e

Input voltage (see Note 1)

Storage temperature range

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

recommended operating conditions

Voltage applied to a disabled output (see Note 1) .. ... ... ..
Operating free-air temperature range . . . . ... ... i ittt

5.5V

MIN NOM MAX UNIT
Vee Supply voltage 4.75 5 5.25 v
ViH High-level input voltage (see Note 2) 2 \
ViL Low-level input voltage (see Note 2) 0.8 \%
2 loH High-level output current -3.2 mA
loL Low-level output current 24 mA
U TA Operating free-air temperature [o] 75 °C
Q) NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or
S‘ tester noise. Testing these parameters should not be attempted without suitable equipment.
) electrical characteristics over recommended operating free-air temperature range (unless otherwise
g noted)
2 PARAMETER TEST CONDITIONS MIN TYPT mMAX UNIT
G ViK Voc =475V, | = —18mA 12| v
VOH Vee = 475V, gy = MAX 2.4 3 \
VoL Vee = 475V, lgL = MAX 0.37 0.5 \
lozH Ve = 5.25V, Vg = 2.7V 20 | uA
lozL Vee =625V, Vg =04V -20 pA
I Vee =525V, V|=55V 02| A
IiH Vee =6.26V, V=27V 20 uA
i Vece =56.25V, V| =04V -0.25 mA
l0s Vee =526V, Vg =0V mA
Icc Vec = 5.25V, V| =45V 140 180 | mA
switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)
TEST
o PARAMETER FROM TO CONDITIONS MIN TYPT MAX UNIT
o) 1/0 (no feedback) 4 6 ns
(@] 1/0 (with 1 feedback path
8 10 ns
U — 1/0 MUX fuse blown) R1 = 200 Q,
C tpd | 1/0 (with 2 feedback paths R2 = 390 Q, 12 14 ns
O — 1/0 MUX fuse blown) CL = 50 pF
_I 1/0 (with 3 feedback paths 16 18 ns
— 1/0 MUX fuse blown)
v ]
m All typical values are at Vo = 5V, Tp = 25°C.
m
<
s
i
2.38 EXAS
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TIBPAD18N8-6C
HIGH-PERFORMANCE PROGRAMMABLE ADDRESS DECODER/NAND ARRAY

PARAMETER MEASUREMENT INFORMATION

5V

S1L

FROM OUTPUT TEST
UNDER TEST POINT

CL 1: R2
(See Note A) I

LOAD CIRCUIT FOR THREE-STATE OUTPUTS

e g

N

INPUT p——— - 35V OUTPUT ]
(see Note C) 15V 15V CONTROL o
| | 03V (low-level 2
tpd —:4—” le—>t—tpa enabling) n
IN-PHASE | ! 15V M ’1"5—\/"0“ ©
OUTPUT | . | . WAVEFORM 1 i‘-u'
| | VoL S1 CLOSED a
tpd —¢——»| [¢——>—1tpd (See Note B) ten—bl e
| | VoH ]
OUT‘OF'Pw WAVEFORM 2 i
OUTPUT - ——VoL S1 OPEN
(See Note D) (See Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A. C includes probe and jig capacitance and is 50 pF for tpq and ten, 5 pF for tgjs.
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; = tf = 2 ns, duty cycle = 50%
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
FIGURE 1
wl
>
&
o
o,
%
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

D3023, MAY 1987—JANUARY 1988

® High-Performance Operation:
fmax (w/o feedback)

TIBPAL16R’-10C Series . . . 62.5 MHz

TIBPAL16R’-12M Series . . . 56 MHz
fmax (with feedback)

TIBPAL16R’-10C Series . . . 55.5 MHz

TIBPAL16R’-12M Series . . . 48 MHz

Propagation Delay
TIBPAL16L-10C . . . 10 ns Max
TIBPAL16L-12M . . . 12 ns Max

Functionally Equivalent, but Faster than
Existing 20-Pin PALs

Preload Capability on Output Registers
Simplifies Testing

Power-Up Clear on Registered Devices (All
Register Outputs are Set Low, but Voltage
Levels at the Output Pins Remain High)

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

Security Fuse Prevents Duplication

Dependable Texas Instruments Quality and
Reliability

3-STATE | REGISTERED | 1/0
DEVICE | INPUTS | outpuTs | a outpuTs | PORTS
PAL16L8 10 2 0 6
PAL16R4 8 0 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2
PAL16R8 8 0 8 (3-state) 0
description

These programmable array logic devices feature high speed and functional equivalency when compared

TIBPAL16L8*
M SUFFIX . . . J PACKAGE

C SUFFIX . .. J OR N PACKAGE

(TOP VIEW)
e vee
12 o
s 110
10a 110
s 1/0
10e 110
0v 110
10s 1/0
e (o]

GND [Jro I

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

(TOP VIEW)
Q

__-_%o

2 1 2019
1fa 18110
1s 17 o
1De 16 170
Rk 15[] 110
18 1} 1o

10 11 12 13

— 0T 00
z =
O;

Pin assignments in operating mode

Data Sheets J\¥

with currently available devices. These IMPACT™ circuits combine the latest Advanced Low-Power
Schottky T technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes

for conventional TTL logic. Their easy programmability allows for quick design of custom-functions and
typically results in a more compact circuit board. In addition, chip carriers are available for further reduction

in board space.

All of the register outputs are set to a low level during power-up. 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 TIBPAL16’ M series is characterized for operation over the full military temperature range of —55°C

to 125°C. The TIBPAL16’ C series is characterized for operation from 0°C to 75°C.

IMPACT™ is a trademark of Texas Instruments Incorporated.
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
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily include testing of all parameters.

Texas W
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TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

IS]

TIBPAL16R4" : TIBPAL16R4"
M SUFFIX . . . J PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
Q
Q
Q
Q
9 10111213
2 ToIBeg
: TIBPAL16R6’ TIBPAL16R6’
o M SUFFIX . . . J PACKAGE M SUFFIX . . . FK PACKAGE
o C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
3y (TOP VIEW) (TOP VIEW)
Q
(77 ck [ % 8o
g | 2 -_—_00>=
® 10z 3 2 12019
a 10 np 18a
10s 1bs 170a
10s 1 e 16a
g g7 1sfa
e 1ps 14§ Q
Qug 910111213
GND [J1o —_—
gjge°
G
TIBPAL16RS’ TIBPAL16RS"
M SUFFIX . . . J PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . .. J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
ck [T D200 vee % 3
gz ,9] aQ ——-0>0
i3 18da 2 12019
g0« da ‘ Q
IES 18] a Q
1Us 5[] Q a
- 14{] Q
10s 13(]a Q
1de 12[]a
ano[Qie n[DoE
- oW oo
zlo
5]

Pin assignments in operating mode
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TIBPAL16L8-12M, TIBPAL16L8-10C, TIBPAL16R4-12M, TIBPAL16R4-10M
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& = EN 21 o
o———
32X 64 |4 v
7, b——— o
4
16x D> 7 O-&—4-»—1/0
10 16 7
— L g 7 O-a1-—4-»— /0
a
6 16 ,7, O—&—¢»—1/0
—A- o—A—{y
7 49— 1/0
# i
7
; O—&—€¢p—1/0
7, 1/0
’/ o—%—“"_
61 &
7 <
‘PAL16R4
OF EN2
CLK D> c1
m| o
& >1 1=0
8 22—
32X 64 7 1D ,___\
o I A =
,l
- $
16xpD +
8 16 s
—— i TR
a —\
7 >1
4 16 7 EN
a D—f—-'\.; + VO—K—‘—’——
7 4P
+
7 p o oD
/ LN B
‘\ <>

A A

A YO VO W

o denotes fused inputs

1/0

1/0

1/0

1/0

Data Sheets H
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TIBPAL16R6-12M, TIBPAL16R6-10C, TIBPAL16R8-12M, TIBPAL16RS-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OE - -OfEN2
CLK b C1
- r
& 8 >1 =0 2\/}———— Q
2x64 [ 10
8, % Q
N
8 é Q
8 16 4
, . 16xp> W PN . N .
5, . (% —
2 ” ) 3 o
7
2 16 ~ . ™\ o
jw) >
Q N
- >1
o > EN
@ 7 Vo—e«—ep—— 10
® 7. P—et—4» 1/0
e 2
£ d
@ F A
7 -
‘PAL16R8
OE EN2
CLK = c1
A
& 8, 21 1=0 > Q
32X 64 L —
8 {; Q
N
8, § Q
8 16 N
| — e DL 2R A, 8 % Q
7
8 16 S‘ﬁ * Q
~ —\{
8 § Q
N
8 * Q
8, ¢ Q
N
"~ —&
o denotes fused inputs
i
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TIBPAL16L8-12M, TIBPAL16L8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

N

INPUT LINES
PRODUCT
LINES O 4 8 12 16 20 24 28 31
0 )

ELEIIN

NEYYYYX)

L . K

18 /0

P’n‘ cecsse

3)

170

N

Data Shéets H

,116) 170

.0.0.0';’

w
-

5) ] —

|

J

15,0

w
©

, ) gq____l

5

»
(=]

N L P

f‘o.ooou

7

:
T

®
J

— 13,6

eeccoee

o
o

, 18) :lq,___

7

J

1T (12) 0

-
w

a1
I

|
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TIBPAL16R4-12M, TIBPAL16R4-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

cik s,
INPUT LINES
PRODUCT
LINEs © 4 8 12 16 20 24 28 31
o )
L]
L]
. . (19), 4
.
(2) kd
I—-|>| QJG

8 ™)
. —L
. 18
H 8) 0
L]
L]
15
16
[ ]
L]
w) : [loing
Q .
-+ .
o @),23 o
cg 1= K
24
(1] .
L] . 3
é i g o
[ .
L]
6.3 P
l—’{)i § . KH
32
L]
L] :
: :E— -
L]
: ,
c1
39
-l Kl
40
L]
L]
: T ——Bo—“—“(l
L]
L]
.47 °1j
1
a8
L] N
. (13)
: 170
L]
L]
8), > f
IuD!.—, — J<}_____
56
L]
L]
. 12,6
L]
L]
L]
9,52
1=t K M5
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TIBPAL16R6-12M, TIBPAL16R6-10C

HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

cie

PRODUCT
o]

LINES
(o]

INPUT LINES

12 16 20 24 28 31

S

NIFYYRYYY

2

i

19,0

%

Ul esesee @
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10 M’Q

#'%

-

XX XX TIPS

(8
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=

;5

N
eeccce o

w
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#_z‘,:"

>C1p
B
1D i&og—z’o
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) Boﬁ’o
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w
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w
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1D M’o
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»
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(A XN NN}

H
N

>C1p

K
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TIBPAL16RS-12M, TIBPAL16RS-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS.

syeays eieq !

RTINS

E 19) o

FB (18) o

By e

Ty BN

1D

I

E 16) 4

i
[

”_’E 1s) o

=
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;
I

E (LLIPN

o
i

(2}
-

2

_',_E 1314

96

%S.

1D Bcr“i)o

>C1bp

o INPUT LINES
PRODUCT
LINES O 12 16 20 24 28 31
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.
L]
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2y
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L]
15
| (3)[:-
16
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.
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L]
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

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

-12M -10C
PARAMETER MIN NOM MAX | MIN NOM MAX uniT
Vcec  Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \"
ViH High-level input voltage (see Note 2) 2 5.5 2 5.5 \
VL Low-level input voltage (see Note 2) 0.8 0.8 \
IoH High-level output current -2 ~3.2 mA 7))
oL Low-level output current 12 24 mA ‘q';
folock Clock frequency 0 56 0 62.5 | MHz [T}
tw Pulse duration, clock (see Note2) f;?: g g ns 5
tsy Setup time, input or feedback before CLK? 11 10 ns 1]
th Hold time, input or feedback after CLK? 0 0 ns ‘6
TA Operating free-air temperature -55 25 125 [¢] 25 75 °C n
NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or

tester noise. Testing these parameters should not be attempted without suitable equipment.

electrical characteristics, over recommended operating free-air temperature range |
I

-12M -10C 1
t UNIT ;
PARAMETER TEST CONDITIONS N TYPE  mAx | MiN TYPT  MAX ;
ViK Vece = MIN, - lj = —18 mA -0.8 -1.5 -08 -1.5 \ ‘
VOH Vce = MIN, loy = MAX 2.4 3.2 2.4 3.2 v f
VoL Vee = MIN, loL = MAX 0.3 0.5 0.3 0.5 Vv
lozn® Vee = MAX, Vo = 2.4V 100 100 | pA
lozL 8 Ve = MAX, Vo = 0.4V —-100 -100 | A
Iy Vee = MAX, V) =65V 0.2 0.2 mA :
"L Vce = MAX, Vi =24V 25 25 | A i
& Vce = MAX, V| =04V -0.08 —0.25 -0.08 -0.25 | mA
1os1 Vec =5V, Vo =0 -30 -70 -130 | -30 -70 -130 mA
Icc Vec = MAX, Outputs Open 140 180 140 180 | mA
Vi=0V,
Cin f = 1MHz, V=2V 5 5 pF
Cout f = 1MHz, Vo =2V 6 6 . pF
CCLK f = 1 MHz, VoK = 2V 6 6 pF
tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
Al typical values are at Vcg = 5V, T = 26°C.
51/0 leakage is the worst case of lozL and lii or IgzH and ||y, respectively.
Y Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
I 2-49
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16RS-12M
TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

-12M -10C
PARAMETER FROM . TO TEST CONDITIONS (e v A YN
o With Feedback 48 80 565 80 MHz
ax Without Feedback 56 85 62.5 85
tod 1,1/0 0, 1/0 _ 3. 7 12 3 7 10| ns
tpd CLK? Q ﬁ; _ ggg ?, 2 5 10 2 5 8 [ ns
ten OE| Q Seo Figure 1 1 4 10 1 4 10| ns
tdis OET Q 1 4 10 1 4 10| ns
ten 1, 1/0 0, 10 3 8 12 3 8 10| ns
tdis 1L, 1/0 0, I/0 3 8 12 3 8 10| ns

N

T All typical values are at Vo = 5V, Ta = 26°C.
1 1
*fmax (with feedback) = —_______ fua (without feedback)

Tou * tpd [CIK 10 Q)" = T high T tyy Tow

programming information

O

a

o Texas Instruments Programmable Logic Devices can be programmed using widely available software and
(77) inexpensive device programmers.
> :
®
o®
-
7]

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) 997-5762.
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL1618-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

preload procedure for registered outputs (see Note 3)

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. Each register is preloaded
individually by following the steps given below.

Step 1. With Vcc at 5 volts and Pin 1 at V)i, raise Pin 11 to V|HH.

Step 2. Apply either V| or ViH to the output corresponding to the register to be preloaded.

Step 3. Pulse Pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower Pin 11 to V). Preload can be verified by observing
the voltage level at the output pin.

preioad waveforms (see Note 3)

————— — ViHH
PIN 11
ViL »

"“su"l P_‘d _’l ‘lq-; [
[ ta—> P —— I ! o
| | | R A v £ |
1 | ] ] H »
PIN 1 | | | ! [
' | L 5
1 1 | viL (o I
| | | !

I | l |

: ! P!
: ‘I‘VIH | VoH |
I |
REGISTERED 1/0 INPUT OUTPUT i
~—ViL VoL
NOTE 3: tg = tgy = tyy = 100 ns to 1000 ns. !
ViHH = 10.25 V to 10.75 V. |
i

XAS JU’
2-51

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

FROM OUTPUT
UNDER TEST

(See Note A)

5V

S1L

R1

<
:: R2
L{b

2 LOAD CIRCUIT FOR
THREE-STATE OUTPUTS
U 35V — — ——35V
o TIMING 15V ‘ HIGH-LEVEL 15V 15V
~h INPUT /i 03V PULSE H | 03V
o = th = le——tw—pl '
7 Ie-tsu—pf | | !
| —]———35V | | 35V
b DATA LOW-LEVEL
) INPUT 1.5V 1.5V PULSE 1.5V 1.5V
(1] 03V f — ——o.
-+ 0.3V
L4 VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
—————— 35V OUTPUT sV
INPUT ﬂl__ CONTROL 15V 15V
| | 0.3V (low-level | i 03V
Tt le > le >t enablingg | — 1T —===" :
pd | | 4 od v en—P| [— —D} —tdis
K. — — VOH | |
ouTRUT : 18V l_\‘i’ WAVEFORM 1 : Lisy ] T,zf sV
| | VoL $1 CLOSED | R | X vor
t
tod ———>] l¢—>—tpd (See Note B) ten—dl ¢ » 1e-tais
' ' VoH I \——=—¥ - Vou
OUT-OF-PHASE 1.5V 15V WAVEFORM 2 i
OUTPUT  ——VoL S1 OPEN 15V VoH-0.5V
{See Note D) (See Note B) oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A. C includes probe and jig capacitance and is 50 pF for tpq and ten, 5 pF for tgjs.
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.
FIGURE 1
T {l’
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TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

metastable characteristics for TIBPAL16R4-10C, TIBPAL16R6-10C, and TIBPAL16R8-10C

At some point in every system designer’s career, he or she is faced with the problem of synchronizing
two digital signals operating at two different frequencies. This problem is typically overcome by
synchronizing one of the signals to the local clock through use of a flip-flop. However, this solution presents
an awkward dilemna since the setup and hold time specifications associated with the flip-flop are sure
to be violated. The metastable characteristics of the flip-flop can influence overall system reliability.

Whenever the setup and hold times of a flip-flop are violated, its output response becomes uncertain and
is said to be in the metastable state if the output hangs up in the region between V|_and V|H. This metastable
condition lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified
maximum propagation delay time (CLK to Q max).

From a system engineering standpoint, a designer cannot use the specified data sheet maximum for
propagation delay time when using the flip-flop as a data synchronizer — how long to wait after the specified
data sheet maximum must be known before using the data in order to guarantee reliable system operation.

N

The circuit shown in Figure 2 can be used to evaluate MTBF (Mean Time Between Failure) and At for a
selected flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in

opposite states. When the Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators 3
are at the same logic level. The outputs of the two comparators are sampled a selected time (At) after @
SCLK. The exclusive OR gate detects the occurrence of a failure and increments the failure counter. g
(7]
NOISE DUT ViH MTBF ©
GENERATOR E_ 1 COMPARATOR COUNTER E
DATA +—11D +—@ 1D
w H : 1D > + 0
: ' —p>C1 P c1
H ' ViL
H | | COMPARATOR
SCLK —>C1 H
1 1 0
] ]
R —>cC1
SCLK + At
FIGURE 2. METASTABLE EVALUATION TEST CIRCUIT
In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is
applied so that it always violates the setup and hold time. This condition is illustrated in the timing diagram
in Figure 3. Any other relationship of SCLK to data will provide less chance for the device to enter into
the metastable state.
DATA — WA &
SCLK F Y 1 7 Y -
| |
SCLK + At | £ |
| | ! |
- at-» e At
MTBE = -TIME (SEC)
# FAILURES
trec = At — CLK TO Q (MAX)
FIGURE 3. TIMING DIAGRAM
EXAS JU’
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TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

sjoays eied BN

By using the described test circuit, MTBF can be determined for several different values of At (see Figure 2).
Plotting this information on semilog paper demonstrates the metastable characteristics of the selected
flip-flop. Figure 4 shows the results for the TIBPAL16'-10 operating at 1 MHz.

109
——10 yr
108}
—1yr
107 |-
—1 mo
0 106 F=—1 wk
w 105}
E =—1 day
2 108|—
o —1 hr
8 103 }—
2| .
10%F=—1 min folk = 1 MHz
101} —10s fdata = 500 kHz
1 | | | | ] |

0 10 20 30 40 50 60 70
At (ns)

FIGURE 4. METASTABLE CHARACTERISTICS

From the data taken in the above experiment, an equation can be derived for the metastable characteristics
at other clock frequencies.

1
MTBF

The constants C1 and C2 describe the metastable characteristics of the device. From the experimental
data, these constants can be solved for: C1 = 9.156 x 10-7 and C2 = 0.959

The metastable equation:

= fgCLK X fdata X C1 e {—C2 x At)

Therefore

1 - (-0.959 x At)
— = 7
VITBE fSCLK X fdata X 9.159 x 10 e

definition of variables

DUT (Device Under Test): The DUT is a 10-ns registered PAL programmed with the-equation Q := D.

MTBF (Mean Time Between Failures): The average time (s) between metastable occurrences that cause
a violation of the device specifications.

fscLK (system clock frequency): Actual clock frequency for the DUT.

fdata (data frequency): Actual data frequency for a specified input to the DUT.
C1: Calculated constant that defines the magnitude of the curve.

C2: Calculated constant that defines the slope of the curve.

trec (metastability recovery time): Minimum time required to guarantee recovery from metastability, at
a given MTBF failure rate. trgc = At — tpd (CLK to Q, max)

At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled.
The test described above has shown the metastable characteristics of the TIBPAL16R4/R6/R8-10 series.

For additional information on metastable characteristics of Texas Instruments logic circuits, please refer
to Tl Applications publication # SDAA0O4, ‘‘Metastable Characteristics, Design Considerations for ALS,
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
9 9 T -
Vee =5V R1 = 200 ©, See Figure 1
1 OUTPUT SWITCHING / R2 = 390 Q, Tp = 25°C
8FR1 = 2000 —! '“/0‘ 0.1/0 8|CL = 50 pF
2 R2 = 391¢ PHL (WOt ONO) 2
!g , CL = 50 pF é S— tPHL (110 to 0.1/0)
i See Figure 1 A S \\
k) tpLH (LI/O to 0,1/0) &
s 6 ! 2 6 tpLH (LI/O to 0,1/0)
g — 2
g | _tnCKoO § T tPHL (CLK to Q)
g g "
a L & 5
4 tpLH (CLK to Q) — [ — 4 tpLH (CLK to Q) | ®
< } L
3 3 | »n
-75 -50 -25 O 25 50 75 100 125 4.5 4.75 5 5.25 5.5 s
TA—Free-Air Temperature— °C Vcc—Supply Voltage—V 8
FIGURE 5 FIGURE 6
PROPAGATION DELAY TIME
vs
NUMBER OF OUTPUTS SWITCHING
11 T T
Vcc =5V
10 LR1 = 2000
R2 = 390 Q
2 g | CL = 50 pF oNO
| S . [
o ee Figure 1 \\_\|0
E s TA 2570 e oMO
£ — WS
8 7 e\ ,
c
S ciK to @
5 © tpHL !
g |
S 5
o
4 tpLH (CLK to Q)
3 L]
1 2 3 4 5 6 7 8
, . Number of Outputs Switching
FIGURE 7
i
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
TIBPAL16L8-12C, TIBPAL16R4-12C, TIBPAL16R6-12C, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

JANUARY 1986 —REVISED DECEMBER 1987

® High-Performance Operation
Propagation Delay

M Suffix . . . 12 ns Max

C Suffix . . . 15 ns Max

® Functionally Equivalent, but Faster than
PAL16L8B, PAL16R4B, PAL16R6B, and
PAL16R8B

® Power-Up Clear on Registered Devices
(Al Registered Outputs are Set Low)

® Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic

and Ceramic DIPs

[ ] Dependable Texas Instruments Quality and

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

description

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

The TIBPAL16’ M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL16’ C series
is characterized for operation from 0°C to 75°C.

IMPACT™ is a trademark of Texas Instruments Incorporated.
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.

TIBPAL16L8"
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)

vce

N

) TIBPAL16L8’
M SUFFIX . . . FK PACKAGE

C SUFFIX . . . FN PACKAGE 1)

(TOP VIEW) [}

9 £

___%o »n

212019 ]

1pe 18[] 170 ©

1s 174 o Q
1ps 16(] 110
17 5[] /0
1Ds 14 vo

10 11 12 13 ‘

— 0T 00
P4 =
Q

Pin assignments in operating mode

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
spacifications per the terms of Texas Instruments

dard y. Production p ing does not
necessarily include testing of all params X
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TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
TIBPAL16R4-12C, TIBPAL16R6-12C, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

sjoays eieg N

TIBPAL16R4’ TIBPAL16R4’
M SUFFIX . . . J PACKAGE ) M SUFFIX . . . FK PACKAGE
C SUFFIX. . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
(&)
vVee J 00
/o __0>=
1/0
Q 1 18[] 170
Q | Q
Q | Q
Q | Q
1/0 | Q
1o 12 13
OE
- w
2829
5]
TIBPAL16R6" TIBPAL16R6’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
vee
/0
Q
Q Q
Q Q
Q Q
Q Q
Q Q
1/0
OE ~g|goo
o ‘
TIBPAL16R8" TIBPAL16RS8’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . J OR N PACKAGE ' CSUFFIX. . . FN PACKAGE
(TOP VIEW) : (TOP VIEW)
Q
cuk [ U2o0[] vee é S5
1dz 119da e
10z 11Ja 2 12019
1« 1170 1Da 18[Ja
1Qs 18Ja 1 ps 170a
10s 1s[Ja 1Ds 16[]a
| E7 14[] Q D7 15E Q
10 1Ja iDs 14 a
1o 112Ja 10 11 12 13
10 1" E
GND [ OE ~gg oo
Pin assignments in operating mode
i
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TIBPAL1618-15M, TIBPAL16L8-12C, TIBPAL16R4-15M, TIBPAL16R4-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

N

‘PAL16L8
& —]en > o
h—
32X64 |—£ v
7 p———o0
L4
> 7, D—.\—-4+— 1/0
10 16 7
1 # A—™
7 O-&—4»—1/0
L4
6 16 7 O-&—4»— /0
7 o—A—Nu 7
7 o-t-q-p-—uo
’I
7
7 o—g—d—b—l/o %
7 D—Q—o—o— 1/0 (Y]
L
6 n
7 < ©
©
‘PAL16R4 0
OF O EN2
CLK Dci
-1 c
& 8 =1 00 Q
32X 64 7 1D N
; ) o
8
> # 4, @
8 16
| /I Il ~n ,18 Q
£ = \
A " e >1
s Po—F—~y £ v /0o
7 o ‘\ <> /o
4
J & ‘\ e 1/0
£
',7 t}ﬂ <> 1/0
A
7 «
4
71—

o denotes fused inputs

i
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TIBPAL16R6-15M, TIBPAL16R6-12C, TIBPAL16R8-15M, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OE EN2
CLK c1
~ C.: .]
& 8 >1 1=0 2] a
32x64 [~ 10 —
8, é Q
)
8 { o}
8 16 4
. . > Pilll PN . —\ o
6, - é —
2 8, {> a
16 N
z ¥} 8 6 Q
g . —
- >1
o - EN
(7)) 7 v o—ﬁ—)—-—u— 1/0
g 7, b—el—a> 10
o #
a e e
# <
‘PAL16R8
OE OEN2
CLK b1
=)
& 8, >1 1=0 ¢ Q
32x 64 [ 1D L
8 } Q
N
8, é - Q
8 > 16 : N
| —r] »—{ o 8, } Q
i N\
8 Q
8 16 ’s
~N i —\
A } a
8 ? Q
N
8 + Q
8
- <
~ denotes fused inputs
i
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TIBPAL16L8-15M, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

U

INPUT LINES

PRODUCT
0

LINES

12

16

20

24

28

31

N eoeeoee O

;

Ul eeseeee X

-

;7‘73

-

eeccoe

>
N
w

..0...§#’

w
-

wslz
esesee

w
©

(6)

5

IS
=)

3000.‘0

L

....0.3;&

a
a

|——{8’>|*

-8 onoooog

| (9)DI

17 170

(15)
S—L

(19) )

18} o

Data Sheets

170

r———““ 170

12) o

an
|

xas P
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

2-61




TIBPAL16R4-15M, TIBPAL16R4-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL16R6-15M, TIBPAL16R6-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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* TIBPAL16RS-15M, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS
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TIBPAL1 6..8-1 5M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
TIBPAL1618-12C, TIBPAL16R4-12C, TIBPAL16R6-12C, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

Supply voltage, VCC (€8 NOtE 1) . . . ..ottt et 7V

Input voltage (see Note 1) . . ... ... . et 55V

Voltage applied to a disabled output (see Note 1) . .. ... ... ... ... .. ... i, 55V

Operating free-air temperature range: M suffix. ... ....................... -565°C to 125°C

Csuffix ........cc0iiiiiieininin.. 0°C to 75°C

Storage temperature ranNge . . . . .. .. ..ot u i e e —-65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions (see Note 2)

- 15M -12C

PARAMETER MIN NOM MAX | MIN NOM MAX UNIT
Vee  Supply voltage 4.5 5 5.5 4.5 5 5.25 \%
ViH High-level input voltage 2 5.5 2 5.5 \
VL 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
folock Clock frequency 0 50 0 62 MHz
tw Pulse duration, clock (see Note2) High i 7 ns

Low 10 8 .
tsy Setup time, input or feedback before CLK? 15 10 ns
th Hold time, input or feedback after CLKt 0 o] ns
TA Operating free-air temperature -55 125 [¢] 75 °C
NOTE 2: The total clock period of CLK high and CLK low must not exceed clock frequency, fciock- 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

Z15M ~12¢
t T
PARAMETER TEST CONDITIONS PYTYRE v aarpevis prr ey AU
ViK Vce = MIN, = —18 mA 15 15 v
VoH Ve = MIN, loH = MAX 2.4 3.3 2.4 3.3 \%
VoL Vce = MIN, loL = MAX 035 05 035 05 v
Outputs 20 20
1 = =27V A
OZH 5 ports Vee = MAX, Vo = 2.7 100 100 | ¥
Outputs -20 -20
- -o. A
10zl /5 ports Vee = MAX, Vo = 04V =250 250 | ¥
\ Ver = MAX Vi = .5V Pin 1, 11 0.2 0.1 mA
! cc = ’ =53 All others 0.1 0.1
Pin 1, 11 50 20
IH Vee = MAX, vy =27V All others 20 20 | "
I Vce = MAX, V| = 04V 0.2 202 | mA
108 Vee = MAX, Vg = 2.25V -30 ~125 | -30 -125 | mA
ice xf‘j 5 yAX' Outputs Open 170 220 170 200 | mA

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

Data Sheets
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
TIBPAL16L8-12C, TIBPAL16R4-12C, TIBPAL16R6-12C, TIBPAL16R8-12C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

—-15M -12C

PARAMETER FROM TO TEST CONDITIONS N TPt A Wi Tyt max | UNT
fnax? 50 62 MHz
tpa* 1,10 0, 1/0 8 15 8 12| ns
tod CLKT Q RL = 500, 7 12 7 10 | ns
ton » OEY [) Ci = 50 pF 8 12 8 10 | ns
tdis OE? Q See Note 3 7 12 7 10 ns
ten 1, 110 0, /0 8 15 8 12| ns
tdis 1, 110 0, 1/0 8 15 8 12| ns

T All typical values are at Voc = 5V, Tp = 25°C.
t Maximum operating frequency and propagation delay are specified for the basic building block. When using feedback, limits must be

2 calculated accordingly.

NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
) programming information
,?. Texas Instruments Programmable Logic Devices can be programmed using widely available software and
o inexpensive device programmers.
g_’ Complete programming specifications, algorithms, and the latest information on hardware, software, and
o firmware are available upon request. Information on programmers capable of programming Texas
3 Instruments Programmable Logic is also available, upon request, from the nearest Tl field sales office, local
7] authorized Tl distributor, or by calling Texas Instruments at (214) 997-5762.

i
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TIBPAL16L8-20M, TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
TIBPAL16L8-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

FEBRUARY 1984 —REVISED DECEMBER 1987

® High-Performance Operation
Propagation Delay

M Suffix . . . 20 ns Max

C Suffix . . . 15 ns Max

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

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

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

3-STATE | REGISTERED 1/O PORTS

DEVICE INPUTS 0 OUTPUTS | O OUTPUTS

PAL16L8 10 2 o 6
PAL16R4 8 o 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2
PAL16R8 8 0 8 (3-state) 0

description

These programmable array logic devices feature
high speed and a choice of either standard or
half-power devices. They combine Advanced
Low-Power Schottky T technology with proven
titanium-tungsten fuses. These devices will
provide reliable, high-performance substitutes
for conventional TTL logic. Their easy
programmability allows for quick design of
“‘custom’’ functions and typically result in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

The 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.

TIBPAL16L8’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)
g vee
12 o
10z 110
1a /0
1s [1/e]
1s 110
g 110
1e 1%6)
1o o

GND B 10 |
TIBPAL16LS8’

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

(TOP VIEW)

2 1218

—a~-0o0
zZ =

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

IMPACT is a trademark of Texas Instruments Incorporated.

PAL is a registered trademark of Monolithic Memories Inc.

N

Data Sheets

PRODUCTION DATA documents contain information .
current as of publication date. Products conform to v}
specifications per the terms of Texas Instruments TEXAS

standard warranty. Production processing does not

necessarily include testing of all parameters. INST RUMENTS

Copyright © 1984, Texas Instruments Incorporated
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TIBPAL16R4-20M, TIBPAL1 GRIG-ZIIM. TIBPAL16R8-20M
TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT ™ 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)
8}
__o0358
3 2 12019
1ps 18[]1/0
1ps 17a
10se 16[]Q
g7 15[]Q
K] 14Ja
9 10111213

sjeays eieq N

- I
clBee
o]
TIBPAL16R6’ 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)
13)
ck [ X 0o
|E2 _—0>=
103 3 212019
1a 1fa 18{]a
IES 1Ds 170a
(e i 5 [o
g7 g7 15(]Q
s 1Ds 14]a
1Lye .9 10111213
GNo [Jro 22000
210 =
5]
TIBPAL16R8’ TIBPAL16R8’
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . J OR N PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
cuk [ vee X 8
102 Q = —C >0
IE3‘ Q 3 2 12019
1e Q 10a 18[ja
10s Q 10s 17[a
1s Q 10se 16[]a
107 Q ik 15[]a
1s Q s 1
10e Q 9 10 1112 13
GND [J'o  11[JOE
T aowoo
210
{]
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TIBPAL1618-20M, TIBPAL16L8-15C, TIBPAL16R4-20M, TIBPAL16R4-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& N =1
71° vp———o0
32X 64 |—f
A o———0
7

N
v

o

o
44 44
S

]
i

6 16
L

7 ~
7 O-a—4>—1/0 2
,1 .
7
v O—Q—‘-’—- 1/0 3
4]
7, e —4p— /0 Q
®
6I
7 < S
[1]
‘PAL16R4 fa)
[o]3 —O EN2
CLK c1
=l O
& >1 1=0
32X 64 4,8 1D 29 @
8 a
’ [\
8 a
D 7
8 16 —\
| Vi ya ~ 8 Q
4 4 ,l
IL >1
4 16 7 EN
7- O—— ~ # v ow 1/0
'Z o—-\ <> 1/0
7 o—e+—4-p 110
+
7 —at+—<» 1/0
5 D—x i
4
A .
7 -
2 b
/ -
~ denotes fused inputs
i
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TIBPAL16R6-20M, TIBPAL16R6-15C, TIBPAHERS 20M, TIBPAL16R8- 15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OF oIENz ‘
cLK - c1
g d
& 8, >1 % 1=0 2 Q
X > 10
32X 64 —\
8, é Q
A
. —\
8 ¢ Q
8 16 4
| ———pd > A ~ N e
| S
y 6
2 s ; T
" —“
2 16
~ 8 6 Q
O 7
-4 = \
0 EN
7
7 > v l— 1/0
=2 7 D <> 1/0
® »
® 2
-+ A <
@ 6,
7 -
‘PAL16R8
OE OfEN2
CLK Elm
& 8, >1 % D|=o 27 Q
32xe64 [ 1
—\
8, é Q
—
8 i Q
S
8 > 16 N
| — ] ~ 8, i Q
7
TN
8 16 S, e
o ~ 7
* Q
——
8 ? Q
8 % Q
N
8‘

4

~ denotes fused inputs
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TIBPAL16L8-20M, TIBPAL16L8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

,
PRODUCT INPUT LINES §
LNES 'O a 8 12 16 20 24 28 31 j
V] ™) &
] \‘
. !
: (19) o 1‘
. N
. !
2
1 —‘I >1 44—-—-‘
8 Y
.
L]
. 18 o
L]
L]
(3)[‘.5
I a
16
L]
: “n
. % 1o @
: 2
2 £
(a)
=D _\‘cK}—‘— n ‘
24 !
A ] |
. b I
. 18 o S
. r— |
: o |
° |
31 3
RN K |
32 .
: |
L]
. (15) Vo ;
. |
° 5
39 |
|_(.6_,_DL K" |
40 ™ . 1
04 I
.
: R LY
L]
L]
a7
NIy G
48 ™)
L]
L]
: (13) Vo
.
8,52
—f i ' K
5 ™)
Ll
L]
12)
. 0
L]
M |
63 i
p 1
12p : e— e 1
. i
U 1
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TIBPAL16R4-20M, TIBPAL16R4-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

s1o9yg eleg !

ok 0,
PRODUCT INPUT LINES
LINES O 12 16 20 24 28 31
[+ i Ny
L]
. (19)
. — Y
L]
L]
@)
=D +J
8 )
. 8
L]
. ooy 1181 1o
L]
L]
@)
P K
16
L]
L]
. I
.
@, 22 el
=Dt —KH
24 .
L]
.
oz 1D i&i‘—s'o
®
*
) 31 >c1p
(5) )
—p K- .
32
L]
L]
e D LLIPY
®
.
39 >C1 b
6) -
e K
40
L]
L]
(14)
: g Bo_o
L]
L]
o 47 Y )
1==DA Kt
48 ™)
L]
(13)
: Vo
L]
L]
8) 55
|‘—{>|D X
56 ™)
L] N
L]
(12)
M o
L]
L]
19) e
=Dt K—— | g
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TIBPAL16R6-20M, TIBPAL16R6-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

Data Sheets m

T LN
INPUT LINES
PRODUCT -
UNES © 4 8 12 16 20 24 28 31
°
L]
L]
. 19 o
.
.
2 7
|2 »
8
L]
L]
18
: B 18
. .
15 > P
B i
(R KH
16
L]
. “an
. 110 - Q
.
y c
23
)
1= CKI.Q_J
24
L]
.
: :ED | Tove g
L]
L]
3 a
—Df K
32
M -
(15)
. 1D —l—&o— Q
.
39 c1

I(6) i

YL

e

) E 13) o

;
E3 [¢

55
\ (8) D | n

56 M

E n2 0

19,52 _
—Df P oE
{
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TIBPAL16R8-20M, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

(1
[FTELENN
PRODUCT INPUT LINES
LNES © 4 8 12 16 20 24 28 31
0
L]
L]
. (19)
: 12
L]
@ peir
(B b - +J
8
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: E 8)
. (L)Y
.
@31 g C1p
2 DL K
16
L]
. ) 17)
O . 1D _«EJ_ Q
-4 : .
o 23 - 1
» Ay K
- 24
[ M
2 : : - 0 1 (16)o
“ : ue
31 c1.
LIN K« j
32 :
L]
L]
: L8 o
: c1
39
(6)
1= JVK],__._D]
40 7
e
. 1D —Bo“—ﬁo
.
.
47 c1
170
a8 d

I3

L

(8) /oy

1=f —KH
5 ‘
. E 12)
: /o
.
L]

©,53

=D~ X QLTS
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TIBPAL16L8-20M, TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
TIBPAL16L8-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

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

Supply voltage, Vo (see Note 1) ... ... it e et e e 7V
Input voltage (see NOte 1) . .. ... ... e e e ettt 5.5V
Voltage applied to a disabled output (see Note 1) . ......... ... ... ... . ..iiiiiinennnn. 55V
Operating free-air temperature range: M suffix. .. ........................ -55°C to 125°C

Csuffix ...... ... ... .. 0°C to 75°C
Storage temperature range . .. .. IR T ~65°C to 150°C

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

recommended operating conditions

20M 15C
PARAMETER MIN NOM MAX [ MIN NOM MAX uniT
Vce  Supply voltage 4.5 5 5.5 4.5 5 65.25 v
V)4  High-level input voltage 2 5.5 2 5.5 \ 2
ViL Low-level input voltage 0.8 0.8 \Z
10H High-level output current -2 -3.2 mA
loL Low-level output current 12 24 mA 3
fclock Clock frequency : . 0 40 0 50 MHz O
- High 10 8 o
tw Pulse duration, clock (see Note 2) ns L
Low 1M 9 [7;)
tsu Setup time, input or feedback before CLK?T 20 15 ns
th Hold time, input or feedback after CLK?t 0 0 ns E
TA Operating free-air temperature -55 125 0 70 °C 8
NOTE: 2. The total clock period of CLK high and CLK low must not exceed clock frequency, fgiock. Minimum pulse durations specified
are only for CLK high or CLK low, but not for both simultaneously.
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) 995-5762.
{/
EXAS 2_75
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TIBPAL16L8-20M, TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
TIBPAL16L8-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

20mM 16C
PARAMETER TEST CONDITIONSt NIT
: co o MIN TYP! MAX | MIN TYP? mMAX v
VIK Vee = MIN, I} = —18 mA -1.5 -1.5 \
VoH Vce = MIN, loH = MAX 24 3.2 24 33 v
VoL Vce = MIN, oL = MAX 0.25 0.4 0.35 0.5 v
Outputs 20 20
'0ZH 776 ports Vee = MAX, - Vo = 27V 100 0] "
Outputs -20 -20
! \ = MAX, Vo = 04V
OZL 70 ports cc 0 i ~250 60| "
Pin 1, 11 0.2 0.1
1 = MAX, = 5.
! Vee = MAX. V| =558V All others 0.1 o] ™
Pin 1, 11 50 20
| = , = 2. A
H Vee = MAX. Vi = 27V All others 20 20| *
2 i VoC = MAX, V| = 0.4V Z0.2 02| mA
108 Vcc = MAX, Vg = 225V -30 -125 | -30 -125 mA
Vi = MAX, it
O |icc cc Outputs Open 140 190 140 180 | mA
o Vi=0V )
-+
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
o
Al typical values are at Vog = 5V, TA = 25°C.
2] 5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, 10s.
=5 {01
: 8 switching characteristics over recommended supply voltage and operating free-air temperature ranges
Py (unless otherwise noted)
20M 15C
PARAMETER FROM TO TEST CONDITION: UNIT
0! c S MIN TYP} MAX | MIN TYP¥ MAX
fmax 40 50 MHz
tpd I, 110 0, /0 10 20 10 15 ns
tpd CLKT Q RL = 500 Q, 8 15 8 12 ns
ten OE! Q CL = 50 pF, 8 15 8 12 | ns
tdis OE? Q See Note 3 7 15 7 10 ns
ten I, 1/0 0, 110 10 20 10 15 ns
tdis 1, 1/0 0, 1/10 10 20 10 15 [ ns
Al typical values are at Vcc = 5V, Ta 25°C.
Note 3: Load circuits and voltage waveforms are shown in Section 1.
2-76



TIBPAL16L8-30M, TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16L8-25C, TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C
- LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

FEBRUARY 1984 —REVISED DECEMBER 1987

® High-Performance Operation TIBPAL16L8’
Propagation Delay M SUFFIX . . . J PACKAGE
M Suffix . . . 20 ns Max C SUFFIX . . . J OR N PACKAGE
C Suffix . . . 15 ns Max (TOP VIEW)
® Functionally Equivalent, but Faster than Juf Vce
PAL16L8A, PAL16R4A, PAL16R6A, and 1gz o
PAL16R8A 1gs 110
qag /0
® Power-Up Clear on Registered Devices 10s /0
(All Registered Outputs are Set Low) IEG /0
® Package Options Include Both Plastic and 1g- 1/0
Ceramic Chip Carriers in Addition to Plastic 10e 170
and Ceramic DIPs 1o [¢]
GND 10 ]

N

3.STATE | REGISTERED
DEVICE | INPUTS | S DTE | B ourpurs | /O PORTS TIBPAL16LE"

PAL16L8 10 2 0 6 M SUFFIX . . . FH OR FK PACKAGE
PAL16R4 8 0 4 (3-state) 4 C SUFFIX . . . FN PACKAGE

PAL16R6 8 0 6 (3-state) 2 (TOP VIEW)
PAL16R8 8 0 8 (3-state) 0

w[l
S{vce
a[o

description o
1810
17[Qvo
6o
15{J1/0
14’0

Data Sheets

These programmable array logic devices feature [
high speed and a choice of either standard or |
half-power devices. They combine Advanced |
Low-Power Schottky ! technology with proven |
titanium-tungsten fuses. These devices will 1
provide reliable, high-performance substitutes

for conventional TTL logic. Their easy

programmability allows for quick design of

‘’custom’’ functions and typically result in a

more compact circuit board. In addition, chip

carriers are available for further reduction in

board space.

[<- IR N PN

=
N
w

10
GND I

1]
op
1o

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.

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

PAL is a registered trademark of Monolithic Memories Inc.

PRODUCTION DATA documents contain information . Copyright © 1984, Texas Instruments Incorporated
current as of publication date. Products conform to v
spacifications per the terms of Texas Instruments 2.77

standard warranty. Production processing does not
necessarily include testing of all parameters. lNS’rRU MENTS
POST OFFICE BOX 665012 + DALLAS, TEXAS 75265



TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

sjaays eied EHS

TIBPAL16R4’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)

TIBPAL16R6’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)

© 0O N T H WN -

=
o

TIBPAL16R8’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

TIBPAL16R4’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE
(TOP VIEW)

a3 O
-0 >

3 2 1219

18(]
170
16]
15[]
14(]

® v o o a
OOODS

9 101112

- [}
2lBeg
&

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

(TOP VIEW)

3 21219

18
17
16[]

15(]
14(]

® N oo s
oPCOOPP

9 10111213

- {1}
gleee
[0

TIBPAL16R8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW) (TOP VIEW)
ck [ V200 vee % 3
102 190a - -0>0C
/OO
10  18Ja 3 2 12019
10+  170a 1pe 18{a
1I0s 1ePa 10s 17fa
e 1s0a 1pe 16[]a
|E7 14[]a g7 1sja
10s 130Ja s s o}
1e 12]0_ 9 101112 13
GND [Jro 11[]OE S —
- O|W go
210
]
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TIBPAL16L8-30M, TIBPAL16R4-30M
TIBPAL16L8-25C, TIBPAL16R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16L8
& - EN 21
32X 64 4 vp °
A p———+—0
£
> 7 1/0
10 16 7
— 1~ 7 O —€»— 110
#
7 1/0
9 16 U O—*—"""_‘
7 O—~—~
7 O-t—‘-’——l/o 2
7
V O—Q—d-b— 1/0 3
[+}]
) O—Q—d—r—l/o 1)
7 £
6, (7]
7 < s
©
‘PAL16R4 (o)
OF -Of EN2
CLK - Dc1
m |
& 8 >1 ; l=0Zv Q
32X 64 7 1D .__\
- 5 °
8 Q
>4 a
8 16 —\
| Vi £ ~ 8 Q
V4 7 ,l
2 \
7 21
4 16 7 EN
g O—F— ~ # Vjo—a—4>— 10
| -
'Z O- RN <> 1/0
7 @ <>
v bf\ 4> 1/0
7 D~ <> 1/0
/ P>
4
ya <
7 . J
9 a
7«

~ denotes fused inputs
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TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL16R6
OE —OfEN2
CLK c1
m | L
& 8, >1 4 1=0 2] Q
2x64 |7 1 L
8, ¢ o]
B
8, % Q
8 16 4
. . > D b8 . N o
6, ” é N
2 4 8, } o]
7
2 b 8 Q
o N =~
2 =
o N
> O—a—a4»—— 110
o v
§ 7, P—e—4—> 1/0
~ 2,1 <
m 64 a
7 -
‘PAL16R8
OE O|EN2
CLK E‘m
& 8, >1 1=0 ,v Q
32x64 [ 1 —\
8, é Q
N
8, + Q
8 > 16 N
| —d A ~ 8 é Q
7
N\
8 16 8 % Q
o] ~ T\
8 ) é Q
T\
8 + Q
N\
8 % Q
N\
~ dk
14 <
~ denotes fused inputs
i
2-80
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



TIBPAL16L8-30M, TIBPAL16L8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

| (1

PRODUCT INPUT LINES
LINES O 2 8 IF) 6 20 24 28 31
o ™
L]
. 19)
: L 19,
L]
:
@,
[ b - K
8 Y
.
. (18)
. " 1o
.
L]
3, %
2 — 2
16 D)
L]
b 17)
. 17 1o ]
: ;
), 23 £
LI — 7
24
A ©
. (16) ®
1%
: % a
L]
(5)[31
I a
3z >
[ ]
. (15)
. o
.
o
61,32
= K"
40 D
[ ]
L]
(14)
. — 1 10
L]
L]
a7
Rulw ——
48 D
L]
.
(13)
. 3 o
L]
.
55
R A
56 D,
*
[ ]
(12)
. 0
L]
[ ]
0,52 11
1= X
{/
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TIBPAL16R4-30M, TIBPAL16R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

ek g

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

(19)

1o

2)

i

N eeeeee O

8) o

iy

3)

] B ung

1
2 ot
16
[ ]
[ ]
w] M 1D
Q .
P L]
o 23 c1
@
» 1Ay m——j
- 24
@ :
oy . 1o L8 o
[/} .
[ ] .
31 c
(8),
By =
32
L]
L]
. o L l.18
L]
L]
:Lm
39
6
NCIN K
0
: E 14)
. 1D | Q
[ ]
L]
c1
a7
7
Iy K-
-"e ™)
L ]
L]
13)
. —{L 13 4o
L]
L]
o 5
(R K
56 >
[ ]
L]
(12)
. o
(]
[ ]
9,52
1=DL Kr— F 5

*
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TIBPAL16R6-30M, TIBPAL16R6-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

ok >
INPUT LINES
PRODUCT,
LINES O a 8 12 16 20 24 28 31
[
L]
Ll
M l& o
L]
.
@y
|—|>t J<}'
8
L]
L]
: [et1® o
.
@) dd
1D K 2
16
L]
. <
. 1D M’o 2
M ]
o )
23 >C1p <
(@
ELIN KH (7]
= ®
. . o
: losa 8
: g °
L[]
15), 3 i
I—DL N_
32
L]
. 15)
M T} ——:Bo‘—o
Ll
. c1
39
(6)
LI =
40
L]
L]
= (14)
. 1D _go—.o
L]
L]
a7 +C1
(U]
|———{>L N__J
a8
(]
L]
= [ 13
: 1D | { )Q
L]
.
55 Lpci
(8) N - |
ey K—
56 D)
L]
L]
12
: 12
L]
L]
9,52
12 _
K—— 40 5
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TIBPAL16R8-30M, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

CT LT -

INPUT LINE!
PRODUCT T LINES

LINES O 4 8 12 16 20 24 28

31

N eoeoseoee O

TCh eeeeee @

-

N
w

;

s}a9ys eleq m '

@ seesee )

(5) \y—

¢

w
ecsesce )

w
©

(6)

%

»
o

»
pe]

gzg

D eeceee d

#'Z?

o
]

(A X NN X ]

S

E (19 o

E (18) Q

C]
[

L
E (17)0

E (16) a

L? E
T

__E 1s) o

Py
o

c

-

E (14)(1

B (13)Q

3093) 10

o
Tw

l(S)Dl ]

9 [E9 B3 IE

:](11)&
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TIBPAL16L8-30M, TIBPAL16R4-30M
TIBPAL16L8-25C, TIBPAL16R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

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

Supply voltage, Vcc (see Note 1) . . ... ... ... .. e 7V
Input voltage (see Note 1) . ... ... e 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 ... .. .. . . 0°C to 75°C
Storage temperature range . . . . . ... v ottt e -65°C to 150°C

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

recommended operating conditions

30M 25C
PARAMETER MIN NOM MAX | MIN NOM MAX uNIT
Vcc  Supply voltage 4.5 5 5.5 4.5 5 5.25 | v
ViH  High-level input voltage 2, 5.5 2 5.5 \' 2
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 2
fclock Clock frequency 0 40 0 50 | MHz [.}]
i High 10 8 -]
tw Pulse duration, clock (see Note 2) ns =
Low 11 9 7,
tsy Setup time, input or feedback before CLKT 20 15 ns
th Hold time, input or feedback after CLK? 0 0 ns S
TA Operating free-air temperature ~55 125 [¢] 70 °C 8

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

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 Tl distributor, or by calling Texas Instruments at (214) 995-5762.
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TIBPAL16L8-30M, TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M
TIBPAL16L8-25C, TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

electrical characteristics over recommended operating free-air temperature range

° -30M ) -25C
PARAMETER TEST CONDITIONSt - NIT
ST CONDITIONS MIN_ TYPt MAX | MIN TYPt WAX |
ViK Vee = MIN, | = -18mA -1.5 -1.5 \
VOH Ve = MIN, IoH = MAX 24 3.2 24 33 v
VoL Ve = MIN, loL = MAX 025 0.4 035 0.5 v
Outputs 20 20
1 Vec = MAX, Vg =27V A
OZH /0 ports cc 0=27 100 00| *
Outputs . -20 -20
I Vee = MAX, =04V
OZL 70 ports cc = MA Vo = 0.4 ~250 0| "
Pin 1, 11 0.2 0.1
1 Vee = , = 5.
! cC = MAX, V) =85V All others 0.1 o1] ™
Pin 1, 11 50 20
1 Vee = . =27
H cc = MAX Vi=27v All others 20 20 #A
i Vee = MAX, V| =04V -0.2 -0.2 mA
o8 Vee = MAX, Vg = 2.25V -30 -125 | -30 -125 mA
Vce = MAX,
lcc v.ci o y Outputs Open 75 105 75 100 | mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Ve = 5V, T = 25°C.
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lgs.

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

sj}a9ys eieq u

© -30M -25C

PARAMETER FROM TO TEST CONDITIONS N TYPt WAX | WiN TYPY MAX UNIT
frmax 25 30 MHz
tpd 1, 1/0 0, 1/0 15 30 15 25 ns
tpd CLK? Q Ry = 600 @, 10 20 10 15 ns
ten OEl Q CL = 50 pF, 15 25 15 20 ns
tdis OET Q See Note 3 10 25 10 20 ns
ten 1, 1/O 0, 1/0 14 30 14 25 ns
tdis |, 1/0 0, /0 13 30 13 25 ns

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

.86 Texas WP
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M
TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH PERFORMANCE /MPACT ™PAL® CIRCUITS

02920, JUNE 1986—REVISED DECEMBER 1987

©® High Performance: fmymax (w/o feedback) TIBPAL20LS'
TIBPAL20R’ C series . . . 45 MHz c s'l\JﬂFg:;(FF'X W g; ;ﬁ%f& e
TIBPAL20R’ M series . . . 41.5 MHz o
(TOP VIEW)
High Performance . . . 45 MHz Min 10y YUz vee
Functionally Equivalent to, but Faster than, ! E: 23% !
PAL20L8, PAL20R4, PAL20R6, PAL20RS : Oa zfj f/’o
® Preload Capability on Output Registers 10s 20[] 170
Simplifies Testing 10s efJwo
) Ny 18[] 170
® Package Options Include Plastic and 1 170 wvo
Ceramic Chip Carriers in Addition to Plastic 1i0Je 1sJwo
and Ceramic DIPs 1Qwo sgo
IO e
® Reduced Igcc of 180 mA Max GND (121311
3-STATE REGISTERED o 2
DEVICE [IINPUTS | 5 outputs | o outputs | PoRTS TIBPAL20LS’
"PAL20LE 12 2 ) 6 M SUFFIX . . . FK PACKAGE »
‘PAL20R4 12 o 4 (3-state buffers) a C SUFFIX . . . FN PACKAGE ‘a;
‘PAL20R6 12 0 6 (3-state buffers) 2 (TOP VIEW) Qo
‘PAL20R8 | 12 0 8 (3-state buffers) | 0 1) R
(SN e
___z2>_o (/)]
description it ©
) ) e 25(] O b=
These programmable array logic devices feature +d 1o 1]
high speed and functional equivalency when : %3 ;E 1o (]
compared with currently available devices. nC e 22f] nC
These IMPACT™ circuits combine the latest ihe a1 vo
Advanced Low-Power Schottky! technology 1010 20[] o
with proven titanium-tungsten fuses to provide 1pn 19[] VO
reliable, high performance substitutes for 121314 15 {1_6’ 18
conventional TTL logic. Their easy - -~ Bho--0
programmability allows for quick design of z<
custom functions and typically results in a more A i
compact circuit board. In addition, chip carriers NC-—No internal connection
are also available for further reduction in board Pin assignments in operating mode
space.
Extra circuitry has been provided to allow loading of each register asynchronously to either a high or low
state. This feature simplifies testing because the registers can be set to an initial state prior to executing
the test sequence.
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.
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
cnrvs?t as of puhlic:tin‘n date. F?dnms' cotnform :: TE b
specifications per the terms of Texas Instrument XAS
standard Production pr ing does not 2-87
necessarily include testing of :II parameters. INSTRUMENTS
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TIBPAL20R4-20M, TIBPAL20RG-20M, TIBPAL20R8-20M
TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

TIBPAL20R4’ TIBPAL20R4’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) . (TOP VIEW)
ck [ Uazd vece o o
102z 2301 __gg28_¢
I[:3 22[] /0 V= = g g e g
Qs 220wo | 4 3 2 1282726
s 200a ’Js 2510
|Es 19%0 1%3 i‘;Eg
{7 18l ).Q
10e 170a NC'JS 22[ NC
iJe  1Jwo IJ190 ;;EO
|E1o 15%\/0 I%” ‘9E 30
I 1) |!
GND (12 13[1 OE j2131415 1617 18
2 “TEeEE
zlo =
[G]
lw) TIBPAL20R6’ ) TIBPAL20R6’
Q M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
8 C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
7 (TOP VIEW) . (TOP VIEW)
=3 ciK o8 o
[5°] | __-Dz>_=
2 ' (T RTR
(7] ! 1ps 25(] o
! e 2 a
! 1p? 23(a
' Ne 18 2[ ne
‘ 1pe 21 a
! 1010 20] o
! 1pn 190 a
! 1213 14 15 16 17 18
GND o W Ve W O o W s B
TTogiTe
Z =
TIBPAL20RS8’ TIBPAL20R8’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
v . Q
__3%5_o
/ S ) S S gy o
4 3 2 1282726
1Ps 25(]a
1Pe 2a{]a
1p7 23[Ja
NC[)8 22[INC
10e 21ja
g 20[]a
pn 19[]a
121314 15 16 17 18
oo
gels @
Pin assignments in operating mode NC—No internal connection
+p
288 TeExas
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TIBPAL20L8-20M, TIBPAL20R4-20M
TIBPAL20L8-15C, TIBPAL20R4-15C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20L8’
>1
& 2 ] S
40X 64—+
7 o————o0
#
20X D 7, o—¢¢—<->—- 1/0
1 20 7
a F—{~
;’, O—Q—Q—b— 1/0
6 20 ’z o-&;—4»—1/0
7 0+ [a V]
7 O-&—¢-p— /0
,I
7
A O-a—¢-p—1/0
7, 110
7 O-a—4->—
6
VA P
/ <
‘TIBPAL20R4’
OF O EN
CLK c1
L
& 8 >1 ; . Q
40 X 64 7 1D
[\
8 Q
’ I\
8 Q
20X & s
12 20 s —\
1 A +— / Q
2 \
7 21
a 20 7 EN
s p—— £ v O—\—4—>—-— 10
<> 1/0
; O_K >
7 [‘,i -4 1/0
1‘7 < -\ <> 1/0
a4
L <
7 -
I o
va <

"\ denotes fused inputs
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TIBPAL20R6-20M, TIBPAL20R8-20M
TIBPAL20R6-15C, TIBPAL20R8-15C ,
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20R6’
OE olsm ‘
CLK c
9 r
& 8 >1 v a
a0xes |’ #“’ :
8
. é Q
N
8 Q
12 [7ox 20 1 i
] 4 S PN . F—\ .
| s I B =
) 6
8
2 ok °
z 20 N
~ 8 Q
! e —
O
2 Dui
o EGm Vp—ea—»—1— 10
2 7 D—e—4—> 1/0
=2 [~
® 2, <
a —et
(7]
TIBPAL20RS’
OE i EN
CLK ¢ i
& 8 >1 v Q
40 X 64 %10
8, é Q
N
8, ‘} Q
12 20 N\
[ g = py 8 % Q
i TN
8 20 o % e
v N\
+ Q
’ —\
8, ? Q
N
8, ¢ a
— N
P3 b
v «
™ denotes fused inputs
i
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TIBPAL20L8-20M
TIBPAL20L8-15C

HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)
(1)

INPUT LINES
) 0 4 8 12 16 20 24 28 32 36 °
2) y A (23)
> — *— —2
PRODUCT
LUNES
. (22)
H——o o
[ ]
@, I .
I—Dl; = — +<—
[ ]
[ J ———————
[ )
@) 13 ,
[ P <— ®
I§ -
: [ ]
20
. r—‘ZI/O ]
23 &
(5) ny 1
! —D&z 7 K< ®
° (19) 8
° 170
. .
=1 »
Db <
32
® (18)
. b ——1/0
[ ]
739 |
40
. (17)
. ——1/0
[ ]
(8) n_ s 47 )
rDE —K—
48
° (16)
. —— 1/0
[ )
| oy 55 K
§ -
. as)
[ ]

- 63 ; (14
112D K—
1)y 1 (13)

1 —Db j‘Q———I
Pin numbers shown are for JT and NT packages.
Te *IP
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TIBPAL20R4-20M
TIBPAL20R4-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

logic diagram (positive logic)

cik U
@ A . (23)
|-'Nr-_—. dq——_
PRODUCT
LINES 0
(22)
%—Lr—l/o
7 - |
315y
s ——d
§ (21)
. -(lw—— 170
15
i —
®
: g [I (20
23 ! |
b <
b E a9
[
. W
(e) N 3' . -
e H
: E] us) o
39 ' ! |
'@DL'?O —<H
: [| aun o
a3 8
NN 1
48 S
° (16)
[ ) V70
[ ]
O g K—
Pse 9
. (15)
L] 170
63
o ® K—
(11 (14

Pin numbers shown are for JT and NT packages.

](13) oF

{iP
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TIBPAL20R6-20M
TIBPAL20R6-15C

HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

cux T “INPUT LINES
o 4 8 12 16 20 24 28 32 36 (23)
2 ' —4<— 1/0
T P Sm— 4
PRODUCT
LINES 0
7
|(3)[ 1 ;
! § (21)
. g ey,
‘5 '
Ay 3<H
716 n
e (20)Q -t
b :L— Q
° g Q
2 L g
. 1< 7
2% 1 8
(19)
i go_ Q 8
3]
g ~
[ ]
: o o,
33 =
D 3N
—E : lﬂﬂo
° +
47 }
81~y +H
! 9
48
e g BUS)O
55 5 |
CIT .
=D X
f5§ vj —
® LIPS
[ )
1oy, 63 ,
(11) . (14)
! { K+
- h 13) _
OE

Pin numbers shown are for JT and NT packages.

TeExas {’?

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 76265

2-93



TIBPAL20R8-20M
TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

logic diagram (positive logic)

cw Ep> INPUT LINES
@ ° 4 s 12 16 20 24 28 32 36 23)
! Dr ;iq_— !
PRODUCT
UNES
[ ]
. Sie
[ ] - >
7 .
= *KH
[ ]
° g &‘31’ Q
|§ & |
i <
o .
Q (20)
. Q
: =g
@ [ ]
g} . g !(19) o
3| 5
16) ny , ,
1
—DL.?E —<H
1
° — 31_3) Q
[ ] Py
e 39 )
|
—D&ag : <H
a7 =
(8) n 3
1
—{>s48 —<H
: Lo
55
(9) N
o — *H
6 9
63 ¥
> K
(1)} L)
i = Cau
:](13)aE

Pin numbers shown are for JT and NT packages.

{ip
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M
TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

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

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

Csuffix ..... ... .. 0°C to 756°C
Storage temperature range . . . . .. ..o oot i ittt e —-65°C to 1560°C

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

recommended operating conditions

PARAMETER —20M ~7sC UNIT
MIN NOM MAX | MIN NOM MAX

Vee Supply voltage 4.5 5 55 | 4.75 5 525 N
VIH High-level input voltage 2 5.5 2 5.5 \'4 2
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 -’
fclock Clock frequency 0 41.5 0 45 | MHz g

High 12 10 ns
tw Pulse duration, clock L(l)?lv 2 12 e E%
tsu Setup time, input or feedback before CLK?T 20 10 15 10 ns [
th Hold time, input or feedback after CLK? [¢] [o] ns ‘6
TA Operating free-air temperature -55 125 0 75 °C Q

fclock: tw. tsu. and ty, do not apply for TIBPAL20LS’.

TEXAS ‘t’f 9.95
INSTRUMENTS :
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TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

POST OFFICE BOX 655012 *» DALLAS, TEXAS 75265

—15C
PARAMETER TE: INDITI
ST CO ONS MIN_ TYPT  MAX UNIT
ViK Vec =475V, lj= -18mA -0.8 -1.5 v
VoH Ve = 475V, oy = -3.2mA 2.4 v
VoL - Vee = 475V, gL = 24 mA 03 0.5 v
0, Q outputs 20
I =525V, Vg =27V
OZH ™76 ports Vee =828V, Vo 0] “
0, Q outputs -20 pA
I = 5. B = 0.
02L ™40 ports Vec = 525V, Vo = 04V ~0.25 | mA
It Vee =526V, V=565V 1 mA
[T Vec =526V, V| =27V 25 [ A
TR Ve =525V, V) =04V -0.25 [ mA
2 los$ Ve =525V, Vg =0 -30 -70 -130 | mA
Vgc =5.256V, V=0,
I —_ 120 180 A
cc Outputs open, OE at V|4 m
O T Al typical values are Vee = 5V, Ta = 25 oC.
Q)  ¥For I/0 ports, the parameters liy and lji_ include the off-state output current.
E; 8 Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
’ g! switching characteristics over recommended operating free-air temperature range (unless otherwise
@ nhoted)
(1]
74 PARAMETER FROM TO TEST CONDITIONS —15¢ UNIT
@ ] MIN TYPT MAX
with feedback 37 40
fmax ! MH
max without feedback 45 50 i
tpd I, 110 0, /0 12 15 ns
tpd CLK? Q R1 =200Q, R2 = 390Q, 8 12 ns
ten OE Q CL = 50 pF, See Figure 1 10 15 ns
tdis OE? Q 8 12 ns
ten 1, 1/0 0, /0 12 18 ns
tdis 1, 110 0, 10 12 15 ns
TAll typical values are at Voc = 5V, Ta = 25°C.
1 i S — i S S—
fmax (with feedback) Tou * T CK 10 O fmax (without feedback) o igh + tey Tow
fmax does not apply for TIBPAL20L8’
T *IP
2.96 INSTIEAS
NSTRUMENTS




TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

electrical characteristics over reccommended free-air operating temperature range

—20M
PARAMETER TEST CONDITIONS N TPt ax ] UNT
ViK Vec =45V, || = -18mA -08 -1.5 v
VoH Veec =45V, IoH = -2 mA 2.4 3.2 \
VoL Vee = 45V, loL = 12 mA 0.25 0.5 \
lozH 363;::’”“ Vec =55V, Vo =27V 1(2)2 s
lozL 0, Q outputs Ve = 5.5V, Vo = 0.4V -20 uA
1/O ports -0.25 mA
) Vcc =55V, V=55V 1| mA
ut Vec =55V, V=27V 25 | A
I # Vec =55V, V=04V -0.25 | mA
los$ Vec =65V, Vo =0 -30 -70 -130 [ mA
e Vec =85V, Vi =0, 120 180 [ maA
Outputs open, OE at V|4

N

T All typical values are Voc = 5V, Ta = 25°C. ,.m..
tFor 1/0 ports, the parameters Ij4 and lj_ include the off-state output current. Q
8Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. -GC’
switching characteristics over recommended operating free-air temperature range (unless otherwise »
noted) 8
20M 8
PARAMETE! FROM (0] TEST CONDIT! UNIT
ETER T EST O IoNS MIN TYPT MAX
with feedback 28.5 40
frax
max without feedback 415 50 MHz
tpd I, 1/0 0, 1i0 12 20 ns
tpd CLK? Q Ry = 39092, R2 =750, 8 15 ns
ten OE Q CL = 50 pF, See Figure 1 10 20 ns
tdis OEt Q 8 20 ns
ten 1, 110 0,10 12 25 ns
tdis 1, 1/0 0, /0 12 20 ns
TAll typical values are at Vec =6V, Ta = 256°C.
1 ith feedback) = ———————— / f ithout feedback) = ————1———
max (with feedback) = === tpd (CLK to Q) M8 (without feedback) = = oW
fmax does not apply for TIBPAL20L8’
I TEXAS JJ 297
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M
TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

preload procedure for registered outputs (see Note 2)

The output registers of the TIBPAL20R’ can be preloaded to any desired state during device testing. This
permits any state to be tested without having to step through the entire state-machine sequence. Each
register is preloaded individually by following the steps given beiow.

Step 1.
Step 2.
Step 3.
Step 4.

With Ve at 5 V and pin 1 at V|, raise pin 13 to V|HH.

Apply either V| or V|H to the output corresponding to the register to be preloaded.

Pulse pin 1, clocking in preload data.

Remove output voltage, then lower pin 13 to V|L. Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Notes 2 and 3)

— — — — — ViHH
PIN 13 / [PRWAN| fe—ta —| : e
|

e ta—al k_ tw—| |
O L - T Vo
Q PIN 1 | | |
=3 \ | I v
o y T t t IL
¢=n_ | [ [
@ oo Loy
o | —|-ViH| VoH
(4 REGISTERED 1/0 INPUT OUTPUT
-ViL Vou
NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
3. tg = tgy = tyy = 100 ns to 1000 ns.
VIHH = 10.25 V to 10.75 V.
TEXAS bi
2-98
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20RG-20M, TIBPAL20R8-20M
TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C
HIGH-PERFORMANCE /MPACT ™ 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 Tl distributor, or by calling Texas Instruments at (214) 997-5762.

PARAMETER MEASUREMENT INFORMATION

5V
. 2
R1
FROM OUTPUT ) TEST [7,]
UNDER TEST POINT b4
R23 -4
“T i 2
(See Note A
ee Note A) S I72)
= [5+]
-
LOAD CIRCUIT FOR ©
THREE-STATE OUTPUTS (]
TIMING 35V HIGHLEVEL /N~~~ 35V
INPUT 15V PULSE A1sv 15V 03V
“n‘—‘h—;————OBV tw >
-t >
! <--——35V o ) 35V
DATA 15V 15V LOW-LEVEL 15V 15V
INPUT 0.3V PULSE e — — — 03V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
—— —— —35V
INPUT 15V 15V ouTPUT
d | 03V CONTROL
I " : (low-level
tI’LH"]‘—" I PHL enabling)
! "~ VoH .
IN-PHASE |
OUTPUT 15v | 15V
! ! VoL WAVEFORM 1
T i ! S1CLOSED
PHL—¢— .| —>tPLH (See Note B)
| \
OUT-OF PHASE 15V 15y OH
OUTPUT ) i WAVEFORM 2
~——=— VoL S1 OPEN
(See Note D) (See Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A. Ci 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, = t§ = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
FIGURE 1
T i
I EXAS ‘U 2.99
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TIBPAL20L8-30M, TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH PERFORMANCE /MPACT ™ PAL® CIRCUITS

D2920, MAY 1987 —REVISED DECEMBER 1987

® Low-Power, High Performance TIBPAL20L8’
Reduced Icc of 105 mA Max M SUFFIX . . . JT PACKAGE
fmax (TIBPAL20R’-25C Series): C SUFFIX . . . JT OR NT PACKAGE
Without Feedback . . . 33 MHz Min (TOP VIEW)

® Direct Replacement for PAL20L8SA, PAL20R4A,

® Preload Capability on Output Registers Simplifies

® Power-Up Clear on Registered Devices

With Feedback . . . 25 MHz Min
tpd (TIBPAL20°-25C Series) . . . 25 ns Max

PAL20R6A, and PAL20R8A with at Least 50%
Reduction in Power

Testing

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

(\)

DIPs TIBPAL20LS’
° Instr n li n M SUFFIX . . . FK PACKAGE 7
g:ﬁ:;ﬁfble Texas Instruments Quality and C SUFFIX . . . FN PAGKAGE 5
Y (TOP VIEW) )
5 98 o »
3-STATE REGISTERED 1 - — = —
DEVICE |l INPUTS g g e g e s e o |
O OUTPUTS | Q OUTPUTS | PORTS 23 27 3827 76 ©
‘PAL20L8 [ 14 2 0 6 ips 25[] vo "6
‘PAL20R4 12 0 4 (3-state buffers) 4 1 36 24[ 1/0 n
‘PAL20R6 12 [o] 6 (3-state buffers) 2 ikl 23] 1o
‘PAL20R8 | 12 0 8 (3-state buffers) | 0 nche 22 NC
K] 21[j Vo
1P 20] VO
gn 19[J VO
12131415 16 17 18
- - oo ;.
description =-gg9--o
These programmable array logic devices feature ©
high speed and functional equivalency when NC—No internal connection
compared with currently available devices.
These IMPACT™ circuits combine the latest Pin assignments in operating mode
Advanced Low-Power Schottky? technology
with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for conventional TTL
logic. Their easy programmability allows for quick design of custom functions and typically results in a
more compact circuit board. In addition, chip carriers are also available for further reduction in board space.
In many cases, these low-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.
All of the output registers are set to a low level during power-up, but the voltage levels at the output pins
stay high. 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.
'flntegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments U.S. Patent Number 3,463,975.
This d i . . Copyright © 1987, Texas Instruments Incorporated
mol: :han one ph“:t:d' dcv:lopmon(t.) Tha status nf /}
each device on the page(s) specifying its
electrical ehlrlmristha Pagels) specifying lN S’TIQE#SWNTS . 2-101
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TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

s1e0yg ereq [N

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

(TOP VIEW)
cuk [ Ua4[] vee
102 2301

10z 220wo
s  220wvo
1Ids 200a
1[e 19[] a
ny 18] Q
10s 17[] Q
e 16Jwo
1w spuo
O ad
GND (12 13[] OF

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

(TOP VIEW)

TIBPAL20R8’
M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE

(TOP VIEW)
ck [ vVee
102 |
1s Q
1a Q
10s Q
10e Q
ny Q
1s Q
e Q
1 o Q
1On |
GND [fr2 OE

Pin assignments in operating mode

TIBPAL20R4’

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

(TOP VIEW)
¥ Q
--g25_28
/ U S — t— = -
4 3 2 1282726
Ds 25 110
e 241 a
1n7 23 a
NC[]8 22 NC
Do 210 a
100 20(]
pn 19 o
1213 15 16 17 18
\ jun Ve lomlanlon )

TIBPAL20R6’

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

(TOP VIEW)
¥ (6]
_ 598 o
/ I S Sy -

23 2 1282726
1Ps 25{] a
1pe 2] a
1p7 23 a

Nc P8 22[ nC
e 210 a
1o 200 o
1pn 19 a

1213 141516 17 18

oo,

TTeglTe

TIBPAL20R8’

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

(TOP VIEW)

o

| e g gy e o e
© o N,

a[l
w[l
N CLK
~gnc
([ Vee
NIl
3ga

25(]
24(]
23]
22(]
21[]
20(]
190

12131415 16 17 18
ooooOoc;om

ooLozZzPpEPE
(¢}

NC—No

T T oolw T o
z zlo

internal connection
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TIBPAL20L8-30M, TIBPAL20R4-30M
TIBPAL20L8-25C, TIBPAL20R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20L8’
& 21
s—EN 9b— 0
40X 64 f—4
71 o——0
4
20X > A 110
14 20 7
| £ — ]
1/0
A H+P /
6 20 7 O—Q—‘-’—' /o
va o—/— 7
7 49— 1/0
4 oY 2
7
% O-a—4-p—1/0 "
-
Z, O—Q—Q—r—— 1/0 8
6 L
— 7
s
TIBPAL20R4’ ©
OF -O|EN
CLK D>c1 J
-
& 8 >1 é =0 o Q
Vi
40 X 64 7 1D L——\
8 Q
7 ——\
2 !} Q
20X D> 7
12 20 N\
1 + /—{~ ,f Q
i \
4 =21
4 20 . EN
v b——~ £ v o—w—— 110
7 O~ 4> 1/0
7 SEN 4> 10
’7 D—‘\ <+> 110
4
_— .
7 w
5 o
/ -

"\u denotes fused inputs

TeExas {i’ 2-103
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TIBPAL20R6-30M, TIBPA120H8-30M
TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

functional block diagrams (positive logic)

sjaayg ereq m

"L denotes fused inputs

TIBPAL20RS6’

OE :)IEN ‘
CLK c1
9 r
& 8 >1 =0 \} Q
ao0xe4 |7 %‘D h
8 Q
9
N
8 Q
12 [oxo] 20 7 ¢ —\
| —r— rams KAV s o
s I T =
6‘
4 8 é Q
Eam
2 20 . N o
e Eam (K
N\
>1
L —en
7] Vo—«—e>—— 110
7 P—e—4> 1/0
24 dh
6, o
7 -
TIBPAL20RS’
OE EN
CLK Zlc1
& 8 >1 1=0 ¢ Q
40X 64 [~ L L—
8 # Q
N
8, é Q
, 2] 20x0 20 ~ 8 * ) Q
. L4 'l
N
8 20 8,‘ ? e
~ —\
8 + Q
N
8 + Q
N
8 § Q

'y

A Y
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TIBPAL20L8-30M
TIBPAL20L8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)
(1)

mPUTALlNEs
o a4 8 12 16 20 24 28 32 36
(2) N 1 (23)
= K- '
PRODUCT
LINES 0
[ )
22
: %3_&; o
e
@, 7 \
"D —<—
: (21)l/0
. S 2
T ) |
! —{>.kﬁ| s < "
e
. (20 170 3
. ®
5 23 .
Db K— s
> 3 o
. “9’|/o o
[ )
-1 .
32
[ ]
. “8’|/o
[ ]
(7) L 39 N
(S =
40
® (17)
[ ] 170
[ )
(8) N 47 n
i oy = >
48
. (16)
[ ] /70
[ ]
(9,99 .
2t <
~ 56
° (15)
(] o
[ ]
63
(10) 4 (14)
N (13)
Pin numbers shown are for JT and NT packages.
EXAS JU’
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TIBPAL20R4-30M
TIBPAL20R4-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

logic diagram (positive logic)

(1)
oLk —> INPUT LINES
/0 4 ] 12 16 20 24 28 32 36 23
I‘-z-)-Di . Jj (23)
PRODUCT
LINES 0 »
: Len,,
2 °
At 1 <t
f 16 N
o .
A §> o fie o
[V] [} b cib
.23 ,
e — =
‘D )
% o g El as o
[ ] S
®
[ ] 10 E‘ﬂs) Q
[ ] et
'""D‘;z =
0 ;
: %)- ] 3»“—” a
47 =
(8)ry .
T <
48 -
[ ]
° 3? >—{L “6)1/0
[ ]
O g22 T
56 —
[ ]
() (15)l/0
[ ]
(10) 63 4
= <
(g . ‘]14’_|

Pin numbers shown are for JT and NT packages.

Te d
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TIBPAL20RG6-30M
TIBPAL20R6-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

logic diagram (positive logic)

cux S ' INPUT LINES
o 4 8 12 16 20 24 28 32 36
\ (ﬂu___- — q (23) .
PRODUCT
LNES
. %l__uo
]
7
'(3) L 4
Dﬁe a
° (21) a
[ ] 1D
lg
D= +<H
* | (20) 2
° Qo
. g [}
5)p B0 ., ] <
=LY %2 +<H »
©
° 19, ®
[ ]
B s
LN, :; j
: §> -
i °
33 =
b *H
. i_
(17)
. a
- s
‘(3) ;:; .:JQ"
[ ]
: ot
55 bt
9y
1= <
56 —
: (15)
170
[J
|(10)D 63 JJ
(18)
11 ,
! &<
" A 13) _

Pin numbers shown are for JT and NT packages.
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TIBPAL20R8-30M
TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

logic diagram (positive logic)

sj99yg eleq H

o (2> INPUT LINES ‘
2 ° a4 s 12 16 20 24 28 32 36 O . 23
( 3 N
| g =
PRODUCT
LNES
[ ]
: Bl
°
, 3 4
* [l 21)
L4 Q
[ >
15
4) .,
=Dk
16
. !(20)
b Q
[ ] bcip
5}, 23
1 =Dk
24
* (19)
* :lo— Q
[ ]
3l
LT
_{>';3?
: BULIN
[ ]
39
|
—‘D'-..Jg
: B
[ ] b
47
(s)[.
' .
: Lo
[ ]
9) n 29
12
6
° (15)
b :lv— Q
[ )
'(10) 63 ‘
'“HD'Ff -1
L<]>ﬂ3’—
63

Pin numbers shown are for JT and NT packages.
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TIBPAL20L8-30M, TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

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

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

Csuffix ....... .. ... ... . . 0°C to 75°C
Storage temperature range . . ... .. ... ..ttt e —-65°C to 150°C

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

recommended operating conditions

-30M -25C
PARAMETER 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 \2 2

ViL Low-level input voltage 0.8 0.8 \
10H High-level output current -2 -3.2 mA »
loL Low-level output current 12 24 mA 5
fclock Clock frequency 0 25 0 33 | MHz 2

) High 15 ns
tw Pulse duration, clock Tow 15 e 7,)
tsu Setup time, input or feedback before CLK1 25 ns o
th Hold time, input or feedback after CLK? (o] ns ‘6
TA Operating free-air temperature -55 125 [0} 75 °C Q

fclock: tw- tsu, and tp do not apply for TIBPAL20LS'.
E {
l 2-109
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TIBPAL20L8-30M, TIBPAL20H4-30M,k TIBPAL20RG-30M, TIBPAL20R8-30M
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

-30M
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX UNIT
ViK Vcc =45V, = -18mA -0.8 -1.5 v
VOH Ve =45V, IoH = -2 mA 2.4 3.3 \
VoL Vee =45V, loL = 12.mA 0.25 0.5 \
0, Q outputs 20
| . =55V, = 2. A
OZH 175 ports Vee = 85V, Vo =27V 00| *
0O, Q outputs -20 uA
[ V, =55V, Vo =04V
OZL  T7/0 ports cc ° ~0.25 | mA
Iy ] Vec =55V, V=55V 01| mA
it Vec =565V, V=27V 20| uA
0t Vcc =565V, V=04V -0.2 | mA
2 los® Vcc =565V, Vg=0 ) -30 -70 -130 | mA
Vee = 6.5V, Vi =0,
! 75 A
cc Outputs open,  OE at V|y4 m
O ta typical values are at Voc = 5V, Tp = 25°C.
g" $For /0 ports, the parameters Iy and I include the off-state output current.
[V} §Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed 1 second.
g switching characteristics over recommended operating free-air temperature range (unless otherwise
® noted)
]
3 PARAMETER FROM TO TEST CONDITIONS -3om UNIT
MIN TYPT MAX
ith feedback
L Wit MH
fmax without feedback , 25 2
tpd 1, 110 0, I/0 30 ns.
tod CLKT Q Ry = 3908, R2=7509, ns
ten OF Q CL = 50 pF, See Figure 1 ns
tdis OE? Q . ) ns
ten 1, /0 0, 1/025 ns
tdis 1, YO 0, 1/0 ) . ns
TAll typical values are at Vog = 5V, Ta = 25°C.
1, ith feedback) = ——————— ithout f K = 1
‘max (with feedback) e * g CIK 0 Q) fmax (without feedback) o Tigh + 1y Tow
fmax does not apply for TIBPAL20LS8’
o
g
3
m
<
E

PRODUCT PREVIEW information concerns products
in the formative or design phase of Moroumm_ i,
ristic data and other specifications are design
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TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20RG6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

-25C
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX UNIT
ViK Vec = 475V, )= —18 mA -0.8 -1.5 v
VOH Ve =475V, IpH = -3.2mA 2.4 3.3 Vv
VoL Vce = 475V, lgL = 24 mA 03 0.5 v
0, Q outputs 20
I V, =525V, Vo =27V A
OZH 170 ports cc ° 100 | *
0, Q outputs -20 nA
I Vi =525V, Vg =04V
OZL /0 ports cc ° Z0.25 | mA
[} Vee = 56.26V, V| =55V 0.1 mA
" Vee =525V, V=27V 20 | wA
nt Vec =526V, V| =04V -0.2 | mA
los? Vee =525V, Vg =0 -30 -70 -130 mA
Veec = 65.25V, V| =0, 2
! — 75 105 A
cc Outputs open, OE at V|4 m
[2)
T Al typical values are at Vee =5V, Ta = 26°C. -
*For 1/0 ports, the parameters lj and j_ include the off-state output current. 8
§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed 1 second. P
(72}
switching characteristics over recommended operating free-air temperature range (unless otherwise ©
noted) -
a
-25C
MET! F T D
PARA ER ROM TO0 EST CONDITIONS NN TYPT  MAX UNIT
with feedback 25 40
fmax’ MH
max without feedback 33 50 i
tpd 1, 110 0, 110 3 14 25 ns
tpd CLK? Q R1 =200Q, R2 =390¢Q, 2 10 15 ns
ten OE Q CL = 50 pF, See Figure 1 2 8 15 ns
tdis [ Q 2 8 15 | ns
ten 1, 1/0 0, /0 3 15 25 ns
tdis 1, 1/0 0, 1/0 3 15 25 ns
TAll typical values are at Voc = 5V, Tp = 25°C.
10 ith feedback) = ——————— . ithout feedback) = ————1—
max (with feedback) tsy + tpd (CLK to Q) max (without feedback) tw high + ty low
fmax does not apply for TIBPAL20L8’
PRODUCTION DATA documents contain information .
current as of publication date. Products conform to v}
specifications per the terms of Texas Instruments .
standard warranty. Production processing does not 2-111

necessarily include testing of all parameters. lNST RUMENTS
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TIBPAL20L8-30M, TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

preload procedure for registered outputs (see Note 2)

The output registers of the TIBPAL20R’ can be preloaded to any desired state during device testing. This
permits any state to be tested without having to step through the entire state-machine sequence. Each
register is preloaded individually by following the steps given below.

Step 1. With Vcc at 5 V and pin 1 at V|, raise pin 13 to V|HH.

Step 2.  Apply either V|| or V|H to the output corresponding to the register to be preloaded.

Step 3. Pulse pin 1, clocking in preload data. '

Step 4. Remove output voltage, then lower pin 13 to V|L. Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Notes 2 and 3)

—_———_— \}IHH
PIN 13 / k_tsu.q k—‘d—’l :
|

2 ViL
k—td—b} |¢_tw_..| |
— e v

O | | =T H
o PIN 1 | I
I~y |
o } T f——t viL
g | [ [
® I | [
o | |-ViH| VoH
(] REGISTERED 1/0 INPUT H OUTPUT

=ViL - VoL

NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
3. t4 = tgy = tyy = 100 ns to 1000 ns.
VIHH = 10.25 V to 10.75 V.

Exas W
INSTRUMENTS
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TIBPAL20L8-30M, TIBPAL20R4-30M, TIBPAL20R6-30M, TIBPAL20R8-30M
TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C
LOW-POWER HIGH-PERFORMANCE /MPACT™ 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) 997-5762.

PARAMETER MEASUREMENT INFORMATION

5V
s1
. 7)
FROM OUTPUT TEST
UNDER TEST POINT
R23 3
CL b3 Py
(See Note A) | o
4 <
= (7]
LOAD CIRCUIT FOR ©
THREE-STATE OUTPUTS "6
TIMING 35V HIGH-LEVEL N 35V
INPUT 15V PULSE 15V 15V sy
—r—q:;———-osv tw .
t, 'd ¢
s c--——35V h tw ! 35V
! . ¢ >
DATA 15V 15V LOW-LEVEL 15V 15V
INPUT 0.3V PULSE  _ o3V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
TV ouTPUT
INP 15V 15v
T —%—-—\|_ 0.3V CONTROL
| t : {low-level
tF’LH"‘_‘N I PHL enabling)
I ! " —— VoH
IN-PHASE | |
oUTPUT 15V 15V
v ! v WAVEFORM 1
i oL .
tPHL——— S1CLOSED |
1
I H—.:‘ PLHVOH (See Note B) 1PZH —1a
OUT-OF -PHASE i
OUTPUT 15V 15V WAVEFORM 2
——— VoL S10PEN
(See Note D) (See Note B)
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 = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. .

FIGURE 1

U
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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

D2920, OCTOBER 1985—REVISED DECEMBER 1987

® 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 1O YUasld vee
Package Options Include Both Plastic and : E; ;z:] [c,)o
Ceramic Chip Carriers in Addition to Plastic 10s  210wo
and Ceramic DIPs 1Os 205 1/0
| Es 19[] 170
3-STATE REGISTERED 110 g7 18] 10
DEVICE | I INPUTS
0 OUTPUTS|  QOUTPUTS | PORTS Qe Qo
‘PAL20L10 12 2 0 8 1o 16[] /0
‘PAL20X4 10 [¢] 4 (3-state buffers) 6 : E:? :i% IOIO
‘PAL20X8 10 [o] 8 (3-state buffers) 2 GND 2 13f
‘PAL20X10| 10 0 10 (3-state buffers)| 0 2
P TIBPAL20L10’
description M SUFFIX . . . FK PACKAGE ®
These programmable array logic devices feature C SUFFIX . . . FN PACKAGE -
high speed and functional equivalency when (TOP VIEW) 3
compared with currently available devices. 09 o N -
These IMPACT™ circuits combine the latest - --2>0= Uz}
Advanced Low-Power Schottky® technology T3 7%5% | ©
with proven titanium-tungsten fuses to provide 1{]s 25[] 110 E
reliable, high-performance substitutes for 1le 2410 0
conventional TTL logic. Their easy g7 23[]10
programmability allows for quick design of NC 18 22[INC
custom functions and typically results in a more 'I %?0 ;;E :;8
compact circuit board. In addition, chip carriers il 19( 10
are available for further reduction in board space. 121314 1516 17 18
o ¥ e ¥ e ¥ o ¥ e Vs W
All of the registered outputs are set to a low level “TggToQ
during power-up. In addition, extra circuitry has 5}
been provided to al!ow Ioaqlng of each reglste.er NC—No internal connection
asynchronously to either a high or low state. This
feature simplifies testing because the registers Pin assignments in operating mode
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.
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 © 1984, Texas Instruments Incorporated
current as of publication date. Products conform to %
et sty o o EXAS 2115
necessarily inclu o testing of all parameters. INSTRUM ENTS
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TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

sjoays eieq LN

TIBPAL20X4’ TIBPAL20X4’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outcik [ Ua4a[] vee X
g2 2spwo 2 o
Qs 220 o __3258e8
/"D’D’:ﬂ:ftﬂ:ﬂ:f—
:E: 2‘%20 432 128272
20 1s 25(]1/0
s 119da
{1 24[]a
10> 18da ;
107 23 Q
s wpa %
NC [J8 22[NC
1T sJuo
19 21} a
1 [Jwo 1sJwo
1o 20}
1 1spguo it 19 vo
GND (12 13] ] OF 121314 1516 17 18
r_ll—lf“\f_ll—lﬂqr
TToglsee
TIBPAL20X8’ TIBPAL20X8'
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outcewk [ U24[] vee é
Q2 230 wo E O
20 O
Oz 20a __2235%0
1gs 2pDa (G372 1827%
i0s 2000 1ps 5[]
1Oe 1da 1fls 24[la
jag 18% Q 1p7 23] Q
i0e wPa Nc [I8 22[INC
Qe 11Ja 1pe 21l a
1gwo 1spa 1o 20f] a
1gn Qo ik 190 @
GND (12 13[] O 121314151617 18
oo
- ~goQuoo
2 zlo =
TIBPAL20X10" TIBPAL20X10’
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
4
.
(8]
5038
__0z>00
/ | J S o ) -
432 1282726
1s 2s5ja
1[]e 24(]a
107 23ja
NC [18 22[INC
e 21]a
110 20(]a
1O 19[a
12 1314 1516 17 18
Vo e B s U e Ve § o
NC—No internal connection - T auwoo
z zlo

Pin assignments in operating mode

{i’
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TIBPAL20L10-25M, TIBPAL20X4-25M
TIBPAL20L10-20C, TIBPAL20X4-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL20L10
& >1
40 X 40 3/ = vp———0
3, p————————o0
7
20X D> 3, o——¢>—1/0
12 20 7
] L y) ,\J
3, p—e—¢>— 1/0
3r, O—OQ—Q-P— /0
(s}
8 20 3, &—0— 1/1
7 po—+—"\v
3” p—k—‘-’_ b
3 D—§—<->—— 170 »
o
3, D—e—4>— 110 8
L
3
3 O—OQ—Q-D— /0 7,
©
8, P -
7 « g
‘PAL20X4
OE EN
OUTCLK > c1
-l C
& =1 1=0
40 X 40 4,' L o v e
N\
a4 $ Q
4
20X5 > $ a
10 20 N
1 ~ 4 (L a
>1
a EN
3, v O_K—_"’_ /o
6 2 ~ 3 D—‘\ <+ /0
3 ‘\ <> 110
3 o N <> 1/0
3 D BN <> 1o
3, - -« 1/0
61 -
4 -

"\~ denotes fused inputs

EXAS {9
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TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20X8-20C, TIBPAL20X10-20C

HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

functional block diagrams (positive logic)

‘PAL20X8
OE EN
ouTCLK 2'01
c
& 4 =1 1=0 V Q
40 X 40 10 |
4 ¢ Q
1
—\
4 + Q
20 7
10, 20X D>f 20, ~N X N o
sa k|
N
- 4 + Q
1
8, N
2 . .
. S
4
Q
) P B o
[72] N >
g L2 vp—e———— 10
‘ 3 3 N 1/0
«® 2
8
‘PAL20X10
OF ’ EN
OUTCLK D> c1
m |
& 4 =1 é 1=0 ¥ a
40 X 40 1D
N
4 ¢ Q
N
4, é Q
10 20 N
\ 20xD ~ . ? o
7 —\
4, + - Q
N
4 + Q
— N
10 20 4 + Q
D"\ —\
4 ? Q
—
4 ? Q
4 i Q
10 )
"\ denotes fused inputs
i
2118 Texas ‘V
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TIBPAL20L10-25M
TIBPAL20L10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES
__/\
4 N\
. (1) Qeee feoes Boace 1200+ 15 e%e 200 24000 28ece 32 cos 360 39
o I
PRODUCT .
LINES - (23)
(2) N
! DEH Jd_'
8
. (22) Vo
(3) N
2 -
16 1™ 2
5 {21) /0
N (%]
. (4) 4 5
24 ~ 2
: (20)
. 1
27 /0 (/)]
(5) 4 ©
] o -
32 ‘Q“
: 19 o
35
(6) N
—Dt o
40
. ﬁ‘*—“ﬂ /0
43
7 b y
] ) .ﬂ—
48 I
. %:: E (17)
. — 1/0
51 /
\ (8) l; —-3
58
(16) Vo
59
| (9) ; ‘1
64 -
. (15) /o
67
{10) X
! -~
72
. (14) o
75
| (11) 1 4 3 (13) !
Ooee B eee Boool200c 160+ 2200 oo 280+ « 28¢ » ¢ 3204+ 36+ +39
Pin numbers shown are for JT and NT packages.
TE Qi
XAS 2119
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TIBPAL20X4-25M
TIBPAL20X4-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

logic diagram (positive logic)
INPUT LINES
A

Qeee fece Booso 12000 15.‘..20..,24.-.23...32...36-.39

/

ou-rcmﬂ-&

PRODUCT ?
LINES . {23) 1/0

3
'ﬂl>t-4 . —

(22)

/0

4)

b

S199YS eleq EH\\N)

[
2

&
Rk kA

[
7

(14) /o

. N - q (13) oE

Ocoe 4ece Booo 12000 1600 ¢ 200 0¢ 240 00 2800+ 3200+ 36° « 39
Pin numbers shown are for JT and NT packages.

{i’
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TIBPAL20X8-25M
TIBPAL20X8-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES
7\

/o... Geve Beoe 120 e 160 o 0200 o« 240 v e 28 o« 32000 3Ge -39
ourcn.x‘—"%

probUCT ¢
LINES

/o

(<}

[=]

Data Sheets H

(20)

<]

o

o

=]

B (69 [0 (B9 (60 (60 B

TET PP EE

DD Y

64
. Q
67
10)ny
0 4 4
72 ~
. (14
7'5 ) /0

1 13) —
l(‘l1) q()E

Osee 4eoe 8o oe 12000 162+ 200 0+ 2400+ 2800 ¢ 320+ 36° *39
Pin numbers shown are for JT and NT packages.
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TIBPAL20X10-25M
TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES .
A\

‘o, Beev Beor 1200e 160 vs 200 e+ 240 o s 28e e+ 320+ 36-0+39 \

ou-n:I.Ki[,¥

PRODUCT
LINES

We + O

1
. (3)': ,
2 ®
19
w)
o . (4)
=4 b
o 24
wn .
= 27
o (5)
o ! b
-+
(7]

LML

(23) a

(22) Q

(21) a

FE ¥ ¥

(<]

(69 (60 (B9 (60 (60 (B0 [0

[isi

o

l(11)

Qoo Beoo Booo 12000 16e oo 200 ee 240 co 2800 ¢ 3200+ 36+ 39

(13

SYY P T T ¢

q

Pin numbers shown are for JT and NT packages.
.Ji
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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

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

Supply voltage, VoC (see Note 1) . .. ... i i e e e 7V
Input voltage (see Note 1) .. .. ... ... e 5.5V
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 75°C
Storage temperature range . ... .. .. .. ...ttt e —-65°C to 150°C

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

recommended operating conditions

—25M —20C
PARAMETER MIN NOM MAX | MIN NOM MAX unIT
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \4
VIH High-level input voltage 2 5.5 2 5.5 \" 2
ViL Low-level input voltage 0.8 0.8 v
loH High-level output current : -2 -3.2 mA
loL Low-level output current 12 24 mA ﬁ
felock Clock frequency 0 25 0 35 | MHz 8
tw Pulse duration, clock, see Note 2 High 15 10 s L
Low 20 14 ns [75)
tsu Setup time, input or feedback before OUTCLKT 25 20 . ns
th Hold time, input or feedback after OUTCLK? 0 0 ns S
TA Operating free-air temperature -55 125 (o] 75 °C 8

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

electrical characteristics over recommended free-air operating temperature range

—25M —20C
t
PARAMETER TEST CONDITIONS TR TV AT T E
ViK Vec = MIN, || = —18 mA 1.2 “12| Vv
VOH |  Vecec = MIN,  Igy = MAX 24 3.2 24 33 \
VoL Vee = MIN, gL = MAX 0.25 0.4 0.35 0.5 \
Outputs 20 20
1 = MAX, =2
OZH ™10 ports Vee = MAX, Vo = 2.7V 100 00|
Outputs -20 -20
I = =o.
OZL ™7/0 ports Vee = MAX, Vo = 0.4V ~250 “2s0] “
| Vee = MAX, V) = 65V 0.1 01| mA
H Vee = MAX, V=27V 20 20 | A
I Vee = MAX, V) =04V -0.25 ~0.25 mA
los$ Vec =5V, Vg=0 -30 -130 | -30 -130 | mA
'20X4, '20X8, '20X10 120 180 120 180
1 Voo = MAX, V) = A
CC 20010 cc 1=0 120 165 120 165 | "

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
* Al typical values are Vog = 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.

X
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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

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

noted)
. —25M —20C

PARAMETER FROM TO TEST CONDITIONS i TveT xR vt wax] NI
frmax 25 35 MHz
tod 1, 1/0 0, 1/0 12 25 12 20| ns
tod OUTCLK? Q R1 = 200 @, 10 20 10 15| ns
ten OF Q R2 = 390 Q, 7 20 7 15| ns
tdis OE? Q CL = 50 pF 7 20 7 15 ns
ten 1, 1/0 0, /0 15 25 15 20| ns
tdis 1, 1/0 0, /0 15 25 15 20 | ns

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

2 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 Tl distributor, or by calling Texas Instruments at (214) 995-5762.

sjeayg eleq
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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

5V
S1
R1
FROM OUTPUT ) TEST
UNDER TEST POINT
>
cL R22
" (See Note A) !

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

TIMING___/'/“-"V__—&S Y HISHLEVEL 15V 15v—_—_—3'5 Y
: PULSE : .
INPUT 4T 03V ' ! 03V

N

N
! T— ty —® -
th &
et S [
! -~ —35V o tw 35V o
DATA 15V 15V LOW-LEVEL 15V 15V £
INPUT 0.3V PULSE f — — — 03V (7]
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS ©
SETUP AND HOLD TIMES PULSE DURATIONS =
—————35V (]
INPUT 15V 15V OUTPUT
d h 03V CONTROL
| . (low-level
P—ﬂ*'
‘PLH"‘_‘N PHL enabling)
IN-PHASE Vo "~ — VoH
oUTPUT ! 15v | 15V
! ! Vou WAVEFORM 1
tpHL— [ S1CLOSED
PHLHI j—>tPLH (See Note B)
| v
OUT-OF-PHASE 15V sy oM
OUTPUT ) ) WAVEFORM 2
——=— VoL $10PEN
(See Note D) (See Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

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 = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.

XAS Q’ 2-125
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TIBPAL20L10-25M, TIBPAL20X4-25M, TIBPAL20X8-25M, TIBPAL20X10-25M
TIBPAL20L10-20C, TIBPAL20X4-20C, TIBPAL20X8-20C, TIBPAL20X10-20C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT ™PAL® CIRCUITS -

preload procedures

preload procedure for rqgistered outputs

Step 1 With Vcg at 5 volts, raise Pin 13 (OE) to V|HH 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 V|HH.

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 V|L to verify preload.

—————————————— VIHH
|
(PRELOADPINT) /N — Vi
OF 100 nsl 100 ns
2 MIN e |
j— | Vi
o b Lol
— I — T/
8 SELECTED | ! THH
o ouUTPUT I |
TO PRELOAD
2] | :
= | VoH
(1] Q
2 VERIFY Vo
(7]
PRELOAD WAVEFORMS
security fuse programming
——————— 125V
PIN 10
< tw3——————p ov
SECURITY FUSE PROGRAMMING WAVEFORMS
NOTE: Pin numbers shown apply only for the DIP package. If a chip carrier socket adaptor is not used, pin numbers must be changed
accordingly.
T i
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TIBPAL20L10-30C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

D2920, DECEMBER 1987

TIBPAL20L10"
C SUFFIX . . . JT OR NT PACKAGE
(TOP VIEW)

® Functionally Equivalent to MMI PvAL® Series
24XA

® Preload Capability on Output Registers
Simplifies Testing

® Power-Up Clear on Registered Devices
Package Options Include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

DEVICE

I
INPUTS

3-STATE
O OUTPUTS

REGISTERED
Q OUTPUTS

o
PORTS

‘PAL20L10
‘PAL20X4

12

2

(o]
4 (3-state buffers)
8 (3-state buffers)

N

0o
‘PAL20X8 10 [
‘PAL20X10 10 0

o N O

TIBPAL20L10’
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

10 (3-state buffers)

description

These programmabile array logic devices feature

high speed and functional equivalency when 4
compared with currently available devices.
These IMPACT™ circuits combine the latest
Advanced Low-Power Schottky! technology
with proven titanium-tungsten fuses to provide nc s 22: NC
reliable, high-performance substitutes for |
conventional TTL logic. Their easy 1bo 200 1o
programmability allows for quick design of i

custom functions and typically results in a more 121314151617 18
compact circuit board. In addition, chip carriers
are available for further reduction in board space.

o
2508
g s gy e
1 27 26

~M
w(i
~{1

Data Sheets

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

NC—No internal connection

Pin assignments in operating mode

The TIBPAL20’ C suffix devices are characterized for operation from 0°C to 75°C.

IMPACT is a trademark of Texas Instruments Incorporated.
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 © 1987, Texas Instruments Incorporated

current as of publication date. Products conform to y}

spacifications per the terms of Texas Instruments TEXAS
INSTRUMENTS

standard warranty. Production processing does not
POST OFFICE BOX 655012 » DALLAS, TEXAS 75265
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TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

TIBPAL20X4* TIBPAL20X4"
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
=
g o
__3g28¢9¢
/ S S -
43 2 1282726
1ps 25(j10
1pse 247]Q
1p7 23]a
NC I8 22[]NC
e 21f]a
1010 20f]a
gn 19[j 170
121314151617 18
aonomoom
Q
lw) TIBPAL20X8' TIBPAL20XS8’
Y C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
& {TOP VIEW) {TOP VIEW)
(2] X
= ! ST
o __3289,
-, S S g - gy - -
7 43 2 1282726
1ps 25]a
1se 24[]a
1p7 23[ja
Nc s 22[INC
ik 21[]a
1 p1o 20{]
1pn 190
12131415161718
oaooooonm
EECES
o
TIBPAL20X10’ TIBPAL20X10’
C SUFFIX . . . JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
1
g9
-_-82500
/OO oOTT
4 3 2 1282726
1ps 25(]a
1pe 24[]a
1p7 23]
NC 8 22[NC
1De 21Ja
1p1o 20[ja
pn 19[a
©12131415161718
F o e W W o W o W W |
gglgoc
()
Pin assignments in operating mode NC—No internal connection
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TIBPAL20L10-30C, TIBPAL20X4-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

functional block diagrams (positive logic)

TIBPAL20L10"

& EN =1
40 X 40 43/ vp————o
3, p——o0
20x D> 3, —a—<¢>— i/0
12 20 7
! + —\v
3, P-a1—4>—1/0
3,, ﬁ+ 1/0
—e»— 1/0
8 20 3, D-Q )
+ po—+—"\
3 p—e—4>— 110 2
3 1
, p-a—¢>— 10, *
1/0 ®
3,, Do —4— g
-
A O-a—4>—1/0 &
v L
N ©
TIBPAL20X4'
OE —d EN
OUTCLK c1
9 r
& =1 =0
a0x a0} i‘ o v e
N\
41 é Q
4 a
20xD> ~ $
20 N
—2 "o 4 $ Q
>1 )
a4 EN
3 v /o
3 p—ea 14> /o
6 20 4
~ o Y] \
3 D i <+ 1/0
3, o ENIRAaE 1o
3 p—a1—¢-b— o
4 N
3, +\ <+ /o
64 a
41 4
A\ denotes fused inputs
i
2-129
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TIBPAL20X8-30C, TIBPAL20X10-30C

HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

functional block diagrams '(positive logic)

TIBPAL20XS8’
OE EN
OUTCLK - D> c1
m | L
& 4 =1 1=0 V Q
40 X 40 1D —
4 Q
] —
4 + - Q
10 20X > 20 [\
I - A \u 2 + a
——
. N
. 1 a + Q
. _+_
8 N\
2 DR ;
N
4 { aQ
E 2 o | —\
Iy Q
~* 1 J,
[+ N
@ on i R
= \v /o
® _—
() 3 D /0
e £ PR
7 2
8
TIBPAL20X10’
3 EN
OUTCLK c1
& =1 Fl =0 v a
40 X 40 [~ 1D
4, + Q
N
4, + Q
10 20 —\|
P ] 20xD | 20 ~ a ? a
[ N
a, + Q
- N
4 + Q
N
10 20 4, ? Q
4, + . a
R
4, + a
N\
4, % Q
10

"\ denotes fused inputs
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TIBPAL20L10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES
A
/ \
\ 1) Oeee 4eee B oeve 12000 1go0e 20e0e 24000 28ece 32 ees 3640 39
o ~
PRODUCT ©
LINES M__(z_s) o
(2) N
RN H<—
s o
X (22) /o
1
\ (3) -
. - 2
N (21)
. 1/0
19
(4) . (]
. -
b d [}
24 - V]
: (20) £
> 1/0 [7,)
, 8 4 ]
L o 16
32 o
: (19) o
- 1/0
. (6) N
Ly —a
20 o
A (18)
. l
43 o
7 .
RN
a8
N (17)
3 10
. (8) 1— -:
56
. (16)
o 1/0
. (9) .
64
: (15) /o
67
| o), .
72
: ALIPN
75
ATIT i 13)

Qese B oce Besel2ece 1600 2200 oo 2800 + 280 ¢ 324+ 36+ +39

Pin numbers shown are for JT and NT packages.
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TIBPAL20X4-30C
HIGH-PERFORMANCE EXCLUSIVE-OR IMPII(.‘T"“PII[® CIRCUITS

logic diagram (positive logic)

INPUT LINES
A
/
Oeoe Bees Beoo1200e 16oes 200+ +24e oo 280 ¢+ 3200 « 36 +39
1
ouTcu.x—‘-'—&
probuct ¢

LINES

3
(2)
! —DC-<

8 oy

1"
|

(3) Ny~

16 )

19

4

sjoays eieq BN

(23) 1/0

(22) /0

(21) /o

-
. §>—[’]}= 18 o
59
T 4
64 -~
: as) o
67
| (100 Ny ‘:
72
. LIRS
75
(11) .

Oeee Beee Beos 12000 1600 s 200 oo 24e o+ 2800 » 32¢ ¢+ 36° 39
Pin numbers shown are for JT and NT packages.
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TIBPAL20X8-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES
/\

/o... Bees Beoeo 1200 160 00200 o+ 24+ 0+ 280 ¢ o 32"‘36"39\
outcLk-1Lps

PRODUCT O
LINES -
3

\ (2)c|:_‘
8

(23) /o

(<]

N

(20)

us

=]
Data Sheets

B

(<}

(

o

(=]

T T T T

Ul

4 (13) —
, (11) 4 3

Qece 4oce Boeoe 1200 160 ¢ e 200 ¢+ 240 9+ 28¢ « 320« 36° *39
Pin numbers shown are for JT and NT packages.
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TIBPAL20X10-30C ' ’
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

logic diagram (positive logic)

INPUT LINES
/\

/o... Geve Beoo 1200 160 e 2000 s 2400 s 28e s 32000 360039 \

ouTCLK _m_>

PRODUCT
LINES

We « O

s19ays eieq E\®)

DR PR T

T YV LTV YT Y

E ¥

(22)

(14)

I(11)

Deoeo feéees Beoo 1200016000 20e e 240 00 28ee o 3200+ 36+ 39
Pin numbers shown are for JT and NT packages. :

(13|

%

o

Q

[=]

o]

o

[}

(<}

Q

ql
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TIBPAL20L10-30C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

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

Supply voltage, VcC (see Note 1)
Input voltage (see Note 1)
Voltage applied to a disabled output (see Note 1)
Operating free-air temperature range: C suffix
Storage temperature range

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

recommended operating conditions

-30C
PARAMETER WiN_ NOM MAX UNIT
Vee Supply voltage 4.75 5 b5.25 \%
ViH High-level input voltage 2 5.5 \Y
ViL Low-level input voltage 0.8 v 2
loH High-level output current -3.2 mA
loL Low-level output current 24 mA n
fclock  Clock frequency 0 22.2 | MHz 5
tw Pulse duration, clock, see Note 2 High 18 ns o
! ! Low 25 £
tsu Setup time, input or feedback before OUTCLK? 30 ns 72]
th Hold time, input or feedback after OUTCLK? 0 ns (1]
TA Operating free-air temperature [*] 75 °C ‘6
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 o
than the minimum clock period, which is the reciprocal of the maximum recommended clock frequency.
electrical characteristics over recommended free-air operating temperature range
PARAMETER TEST CONDITIONS T —30¢ UNIT
MIN TYP} MAX
ViK Vce = MIN, i = —18 mA -1.2 \
VOH Vce = MIN, loH = MAX 2.4 3.3 \
VoL Vee = MIN, loL = MAX 0.35 0.5 \
lozH :::gtz:t:s Vce = MAX, Vo =27V 1;3 pA
lozL l?;tz::s Vee = MAX, Vo =04V “222 A
[0 Vee = MAX, V| =55V 0.1 mA
hH Vee = MAX, Vy =27V 20 pA
I Vee = MAX, V) =04V -0.25 mA
1os? Vec =5V, Vg =0 -30 -130 | mA
'20X4, '20X8, '20X10 120 180
'cC o110 Vee = MAX, Vi=0 120 165 ] ™
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
+ All typical values are Voe = 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.
e
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TIBPAL20L10-30C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

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

noted)
PARAMETER FROM TO TEST CONDITIONS —30¢ UNIT
MIN TYPT MAX
fraxt With Feedback 22.2 MHz
tpd 1, 110 0, /0 23 30 | ns
tod OUTCLK? Q R1 = 200 Q, 10 15 ns
ten OF Q R2 = 390 @, 11 20| ns
tdis OEt Q Cy = 50 pF 10 20 ns
ten 1, 1/0 0, /0 19 30 [ ns
tdis 1, /0 0, /0 15 30 | ns

T All typical values are at Ve = 6 V, Tp = 25°C.

N

*fmax (with feedback) =

1
tsu + tpd(CLK to Q)

programming information

sje0yg eleQ

fmax Without feedback can be calculated as fiyax (Without feedback) =

1

twhigh + tylow

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 Tl distributor, or by calling Texas Instruments at (214) 997-5762.
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TIBPAL20L10-30C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

FROM OUTPUT
UNDER TEST

(See Note A)

5V

b

LOAD CIRCUIT FOR

THREE-STATE OUTPUTS

TIMING
INPUT 15V

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

—————35V
INPUT 15V 15V
! | 0.3V

! 4
tPLH j—>ttpHL

i == Vou
INPHASE | H
oureuT | 15v | 15v
| | . VoL
tPHL—1¢—N [——b-tPLH
i

| v
OUT-OF PHASE 15V 15y oH
ouTPUT L oL
(See Note D)

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. C| includes probe and jig capacitance.

TEST
POINT
>
R23
<
HIGH-LEVEL /N~~~ sV
PULSE 1 15V 15V ' 0.3V
-ty — '
-ty ’; 35V
LOW-LEVEL 15V 15V
PULSE " —— — 03V
VOLTAGE WAVEFORMS
PULSE DURATIONS
OUTPUT 35V
CONTROL
{low-level
enabling)
WAVEFORM 1
S1 CLOSED) !
(See Note B 1
PZH —nui
WAVEFORM 2
S1 OPEN
(See Note B)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

N

Data Sheets

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; = ty = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.

*
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TIBPAL20L10-30C, TIBPAL20X4-30C, TIBPAL20X8-30C, TIBPAL20X10-30C
HIGH-PERFORMANCE EXCLUSIVE-OR /MPACT™PAL® CIRCUITS

\ preload procedures

preload procedure for registered outputs

Step 1 With Ve at 5 volts, raise Pin 13 (OE) to V|HH 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 V| to verify preload.

(PRELOAD PIN 13)

______ —_V
BE H
|
el w
i | P !
SELECTED | Mol ———— ViHH
OUTPUT | I
TO PRELOAD | I
I
I

Q
VERIFY
PRELOAD WAVEFORMS

security fuse programming

PIN 10

&
<

tw3 > oV

SECURITY FUSE PROGRAMMING WAVEFORMS

NOTE: Pin numbers shown apply only for the DIP package. If a chip carrier socket adaptor is not used, pin numbers must be changed
accordingly.
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

D3088, DECEMBER 1987

© True Product-Term Sharing Option TIBPAL20SP8
M SUFFIX . . . JT PACKAGE
@ High-Performance Operation: C SUFFIX . . . JT OR NT PACKAGE
TIBPAL20SP8-20C tpd . . . 20 ns (TOP VIEW)

TIBPAL20SP8-30M tpd . . . 30 ns
® Choice of Output Polarity

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

© Dependable Texas Instruments Quality and
Reliability

3-STATE | REGISTERED | 1/0
0 OUTPUTS | @ ouTPUTS | PORTS
"PAL20SP8| 14 2 0 6

DEVICE | | INPUT

N

TIBPAL20SP8
description M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE
These programmable array logic devices feature (TOP VIEW)
high-speed product-term sharing. They combine
the Advanced Low-Power Schottky technology
with proven titanium-tungsten fuses. These /

B vee
Data Sheets

~{Inc
N1

300

~1
m[l

J

devices will provide reliable, high-performance 2
substitutes for conventional TTL logic. Their 1ps 25[J1/0
easy programmability allows for quick design of 1pe 24[}110
custom functions and typically result in a more 1p7 2310
compact circuit board. In addition, chip carriers NC 18 22[INC
are available for further reduction in board space. 1pe 21410
1pwo 20(w0

100 19(jro

161718
o Tum Vom|
- - o

Product-term sharing allows a choice of one or
two outputs for any product term. The 56
product terms are grouped in multiples of 14 per
output pair, not counting the 8 enable terms (1
per output). Any number of product terms (from
0 to 16) can be associated with one output. In
addition, a product term may be common to two
outputs. In addition to the product term sharing, Pin assignments in operating mode
these devices feature a polarity option for each

output.

The TIBPAL20SP8-30M is characterized for
operation over the full military temperature range
of —55°C to 125°C. The TIBPAL20SP8-20C is
characterized for operation from 0°C to 75°C.

-
N
-
w

GND I
NC [

Ip
p

NC—No internal connection

IMPACT is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Monolithic Memories Inc.

PRODUCT PREVIEW

Pmmuct PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
rod the fol U
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH-PERFORMANCE /MPACT™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

logic diagram (positive logic)

sja9ys eleq m

M3IA3Yd 109NAO0dd

f (11}

2

INPUT LINES
/\e

12

16 20 24 28 32 36

1 <—
PRODUCT @23
LINES 0 .
EED?D.L_‘”’O
7 T 1
NEENY )
8
, %::—D?;_@m
. -
@ N8 =+
1= <
16 . —
. It
: EE 2o
23 rooi
5
11— <
24
. .
: q {19) o
T
® g =
) I
32 »
. ét
: t 08 o
Vs
a2 = Y
[ > 8 K
40
L+
. — N
. 7 o
@ 3 = F
1 =X <
a8 D)
. EDP}L ne o
. T
55 L =
9
l—"‘|>|—~56 —
. T o
. 4 “
. T o
63 — =
LI, 5 1 ua,
[y 109,
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

functional block diagram (positive logic)

Data Sheets H

PRODUCT PREVIEW

N1
N2
N3
N4
NS5
N6
N7
N8
1 C
& =1
40 x 64 EN (1 v] SEEE—
14 A
=1
v 29p——— o0
EN .
=1
N 3Q 110
~o (
D 14
14 20 =1
| —p >— v ~
4Q p—<—<->—- 110
EN
=1
EN v |—¢—»— 110
5 D—Y
6 20 14 r\,
7 Yan ~ =1
v (v b—<—<—>— 110
EN
>1
EN
79 —<e—>»— /0
~ <
14
_{ =1
i 8Q | +»—1/0
EN (
Texas ‘b’
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH-PERFORMANCE /MPACT™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

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

Supply voltage, VCC (S8 NOE 1) . . oottt ettt et e et ettt 7V
Input voltage (see NOte 1) . . ... .. ittt i et e e et et e 55V
Voltage applied to a disabled output (see Note 1) .. ............ ... .00, 5.5V

Operating free-air temperature range: —30M suffix .......................

—20Csuffix ........ciii e .

Storage temperature TaNGE . . . ... oo vt v ittt ettt e e

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

recommended operating condtions

~55°C to 125°C

0°C to 75°C

—-65°C to 150°C

—30M —20C UNIT
MIN NOM MAX | MIN NOM MAX
Vce  Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \Y
2 V|4  High-level input voltage . 2 2 v
ViL Low-level input voltage 0.8 0.8 \2
10H High-level output current -2 -3.2 mA
O oL Low-level output current 12 24 mA
2 TA Operating free-air temperature - 55 125 [¢] 75 °C
o
7)) electrical characteristics over recommended operating free-air temperature range
=
o t —30M —20C ’
o PARAMETER TEST CONDITIONS MIN TYPE MAX | MIN_ TYPF MAX UNIT
I Vik Vee = MIN, I = —18 mA ~08 -15 08 -15] V
VoH Vce = MIN, loH = MAX 2.4 3.2 2.4 3.2 \
VoL Vee = MIN, loL = MAX 0.3 0.5 0.3 0.5 \
lozH® Vee = MAX, Vo = 2.7V 100 100 | wA
lozL? " Vee = MAX, Vo = 04V -100 -100 pA
] Vee = MAX, Vi =55V 0.2 0.2 mA
(I Ve = MAX, Vp =27V 25 25 | pA
I 8 Vee = MAX, V) =04V -0.08 -0.25 -0.08 -0.256 mA
1os¥ Vce = MAX, Vo =0 -30 -70 -130 | -30 -70 -130 | mA
=MAX, .
icc \\;CC OMA Outputs open 140 180 140 180 | mA
| =
Ci f = 1 MHz, Vp=2V 5 5 pF
Co f = 1 MHz, Vo =2V 6 6 pF
-U tFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions.
o Al typical values are at Voc = 5V, Ta = 25°C.
81/0 leakage is the worst case of lgz| and I or oz and i, respectively.
8 YNot more than one output should be shorted at at time and duration of the short-circuit should not exceed one second.
v
)
m
<
g
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
HIGH-PERFORMANCE /MPACT ™PAL® CIRCUITS WITH PRODUCT-TERM SHARING

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

TEST —30M —20C
AMETER | FROM TO UNIT
PAR CONDITIONS MIN TYP MAX | MIN TYP MAX
1, 0.
15 30 15 20 s
tpd 110 110 n
| 5 R1 = 200 Q,
ten o o R2 = 3902, 16 30 16 20| ns
0 ) See Figure 1
tdi ! ' 1R 30 16 20
dis 110 110 ns

programming information

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

N

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 3
authorized Tl distributor, or by calling Texas Instruments at (214) 997-5762. g
L
72]
1]
-
1]
(a]
w
L
o
o.
=
(&
=2
(o]
o
0
o

;
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TIBPAL20SP8-30M, TIBPAL20SP8-20C
- HIGH-PERFORMANCE /MPACT™PAL® CIRCUI

TS WITH PRODUCT-TERM SHARING

PARAMETER MEASUREMENT INFORMATION

5V
s1
R1
FROM OUTPUT TEST
UNDER TEST POINT
cL SR2
(See Note A)
[—o
—
LOAD CIRCUIT FOR
2 THREE-STATE OUTPUTS
o /T 35V OUTPUT 35V
& INPUT 15V 15V CONTROL 15V 15V
5! | | 0.3V (low-level : ; 0.3V
t [ t enablingg | — I —T——™" :
pd —le— l¢—>—tpd ton—p| |4~ D je—1tdis
wn | 1 + v
IN-PHASE | OH || Iy -
=2 15V 15V WAVEFORM 1 ! I 33V
@ OuTPUT ] Y15V I §VoL+0.5V
@ | | Vou $1 CLOSED | LFT e
[
a (pd—K———D: K—'}—‘pd (See Note B) ten—bl [e— —» - tdis
VoH | -y
———¥ — Vou
OUT-OF-PHASE 15V 15V WAVEFORM 2 i {
OUTPUT L e $1 OPEN 1.5V VoH-0.5V
(See Note D) (See Note B) R =0V

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. C| includes probe and jig capacitance and is 50 pF
B. Waveform 1 is for an output with internal conditions

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

for tpg and ten, 5 pF for tgjs.
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 closed.

FIGURE 1

o

X

@]

w)

c

(@)

]

v

o)

m

<
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

D2943, OCTOBER 1986 —REVISED DECEMBER 1987

Second Generation PAL Architecture

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

® Choice of Operating Speeds
TIBPAL22V10AC . . . 25 ns Max
TIBPAL22V10AM . . . 30 ns Max
TIBPAL22V10C . . . 35 ns Max
TIBPAL22V10M . . . 40 ns Max

® Increased Logic Power — Up to 22 Inputs
and 10 Outputs

©® Increased Product Terms — Average of 12
per Output

® Variable Product Term Distribution Allows
More Complex Functions to be Implemented

® Each Output is User Programmable for
Registered or Combinatorial Operation,

N

Polarity, and Output Enable Control M SUFFIX . . . FK PACKAGE
C SUFFIX . . . FN PACKAGE )
TTL-Level Preload for Improved Testability (TOP VIEW) 5
Extra Terms Provide Logical Synchronous § 1) 8% g 2
Set and Asynchronous Reset Capability - —-0Z2>== 7,)
U S S S )
® Fast Programming, High Programming Yield, 4321282772 ®
and Unsurpassed Reliability Ensured Using 1gs 5[} vo/a 'E
Ti-W Fuses 1pe [ o/Q a
107 23[] vo/a
® AC and DC Testing Done at the Factory ncls 22[] NC
Utilizing Special Designed-In Test Features Qs 21{J vora
® Dependable Texas Instruments Quality and g 20ff vo/Q
" Reliability 1pu 1 voa
12 1314 15 16 17 18
® Package Options Include Plastic and aoooma
Ceramic Dual-In-Line Packages and Chip % % g g
Carriers o ==
® Functionally Equivalent to AMD NC—No internal connection
AMPAL22V10 and AMPAL22V10A Pin assignments in operating mode
description
The TIBPAL22V10 and TIPPAL22V10A are programmable array logic devices featuring high speed and
functional equivalency when compared to presently available devices. They are implemented with the
familiar sum-of-products (AND-OR) logic structure featuring the new concept ‘’Programmable Output Logic
Macrocell’’. These IMPACT™ circuits combine the latest Advanced Low-Power Schottky technology with
proven titanium-tungsten fuses to provide reliable high-performance substitutes for conventional TTL logic.
These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining
and programming the architecture of each output on an individual basis. Outputs may be registered or
nonregistered and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential
outputs are enabled through the use of individual product terms.
IMPACT is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
e e et ot Exas W
speci .
standard . Producti ing d t -
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TIBPAL22V10M TIBPAL22V1 0AM
-TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

sjoays eieq W\N

Further advantages can be seen in the introduction of variable product term distribution. This technique
allocates from 8 to 16 logical product terms to each output for an average of 12 product terms per output.
This variable allocation of terms allows far more complex functions to be implemented than in previously
available devices.

Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term.
These functions are common to all registers. When the synchronous set product term is a logic 1, the
output registers are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous
reset product term is a logic 1, the output registers are loaded with a logic 0. The output logic level after
set or reset depends on the polarity selected during programming. Output registers can be preloaded to
any desired state during testing. Preloading permits full logical verification during product testing.

With features such as programmable output logic macrocells and variable product term distribution, the
TIBPAL22V10 and TIBPAL22V10A offer quick design and development of custom LS| functions with
complexities of 500 to 800 equivalent gates. Since each of the ten output pins may be individually configured
as inputs on either a temporary or permanent basis, functions requiring up to 21 inputs and a single output
or down to 12 inputs and 10 outputs are possible.

A power-up clear function is supplied that forces all registered outputs to a predetermined state after power
is applied to the device. Registered outputs selected as active-low power-up with their outputs high.
Registered outputs selected as active-high power-up with their outputs low.

A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns.
Once blown, the verification circuitry is disabled and all other fuses will appear to be open.

The M suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The C suffix devices are characterized for operation from 0°C to 75°C.

2-146
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

logic diagram (positive logic)

i INPUT LINES
0 4 8 12 16 20 24 28 32 36 40
an ASYNCHRONOUS RESET
oF o (TO ALL REGISTERS)
H
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7 S
& K
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H E,‘ MACRO
: :D__ CELL 22)
9 .5 o=
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—DF —<—H
OE .
0
3 MACRO
: H cewL (21
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—DE = ——H
OE o
0
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OE
0
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: H — (18)
S
15
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. MACRO
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: : Mac (15)
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0
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

functional block diagram (positive logic)
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

output logic macrocell diagram

OUTPUT LOGIC MACROCELL

—_ = —
MUX |
9 3
AR—R 1=0 [-Dc»— 2 |
10 ! —>—
> C1 D 0
ss—{1 1.0
s %G? |
v o
FROM CLOCK BUFFER | 2
MUX S0 |
7T =
— K4 , »
1 < -
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G1 I ~
«\n
| ©
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[}
| o

AR = asynchronous reset
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

D | -

$1 =0 . $1 =0
SO =0 SO = 1
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
Q
-, ° .
(2}
=
8 St =1 $1 =1
w N
1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT
MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE
F:fE SELES(:)T FEEDBACK AND OUTPUT CONFIGURATION
(o] o} Register feedback | Registered Active low
[o] 1 Register feedback | Registered Active high
1 0 1/0 feedback Combinational | Active low
1 1 1/0 feedback Combinational | Active high
0 = unblown fuse, 1 = blown fuse
$1 and SO are select-function fuses as shown in the output logic
macrocell diagram.
FIGURE 1. RESULTANT MACROCELL FEEDBACK AND OUTPUT LOGIC AFTER PROGRAMMING
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VCC (see Note 1) . . .. i e e e e 7V
Input voltage (see NOte 1) . .. ... it e e et et 5.5V
Voltage applied to a disabled output (see Note 1) . .. ............ . it innn..n 5.5V
Operating free-air temperature range: M suffix. .......................... —-55°C to 125°C
Csuffix .......i i 0°C to 75°C
Storage temperature raNGE . ... ... v vttt i e e e e -65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle or during a pre-load cycle.
i
2-150 XAS b
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TIBPAL22V10M, TIBPAL22V10C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

recommended operating conditions

TIBPAL22V10M TIBPAL22V10C UNIT
MIN NOM MAX [ MIN NOM MAX
Vcec  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 \
loH High-level output current -2 -3.2 mA
loL Low-level output current 12 16 mA
felock Clock frequencyt 16.5 18 | MHz
tw Pulse duration Clock high or low 30 25 ns
Asynchronous Reset high or low 40 35
Input 35 30
tsu Setup time before clockt Feedback 38 30 ns
Synchronous Set 35 30
Asynchronous Reset low (inactive) 40 35 2
th Hold time, input, set, or feedback after clockt 0] 0 ns
Ta Operating free-air temperature -55 125 o] 75 °C
2
electrical characteristics over recommended operating free-air temperature range 8
TIBPAL22V10M TIBPAL22V10C <
PARAMETER TEST CONDITIONS ¥ MIN_ TYP® MAX MIN TYPE  MAX UNIT (/5]
VIK Vcc = MIN, )= —18 mA -1.2 -1.2 v ﬁ
VoH Vce = MIN, loH = MAX 2.4 3.5 2.4 3.5 \ ©
VoL Vee = MIN, loL = MAX 0.25 0.5 0.35 0.5 \ [a]
lozH Vce = MAX, Vo =27V 0.1 0.1 mA
lozL ::; :’/‘g”m Vee = MAX, Vg = 04V _;gg _;gg A
] Vecec = MAX, V| =55V 1 1 mA
IH Vee = MAX, V=27V 25 25 A
[ Vee = MAX, V| =04V -0.25 -0.25 mA
1os ! Vee = MAX, Vg =05V -30 -90 |-30 -90 | mA
Icc Vece = MAX, V| = GND, Outputs open 120 180 120 180 mA

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

PARAMETER FROM TO TEST CONDITIONS TIBPAL22V10M TIBPAL22V10C UNIT
MIN TYP® MAX | MIN TYP® MAX

fmax With feedback CL = 50 pF 16.5 18 MHz
tpd I, 1/0 1/0 R1 = 300 Q for C suffix, 15 40 15 35 ns
tpd 1,1/O (reset) Q R1 = 390 Q for M suffix, 15 45 15 40 ns
tpd Clock Q R2 = 390 @ for C suffix, 10 25 10 25 ns
ten I, 1/0 /0, Q R2 = 750 Q for M suffix, 15 40 15 35 ns
tais T, 170 110, Q| See Figure 2 165 40 15 35 | ns

7 .
tsu + tpd (CLK to Q)
1
ty high + ty low
¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
8 All typical values are at Vee =5V, Ta = 26°C.
Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vg at
0.5 V to avoid test problems caused by test equipment ground degradation.

\ Texas {'f 2151
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TIBPAL22V10AM, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

recommended operating conditions

TIBPAL22V10AM TIBPAL22V10AC UNIT
MIN NOM MAX | MIN NOM MAX
Vcc - Supply voltage 4.5 5 5.5 |4.75 5 b5.25 \2
VIH High-level input voltage 2 5.5 2 5.5 \2
ViL Low-level input voltage 0.8 0.8 \"
loH High-level output current -2 -3.2 mA
loL Low-level output current 12 16 mA
felock ~ Clock frequency 22 28.5 | MHz
A Clock high or low 20 15
tw Pulse duration - ns
Asynchronous Reset high or low 30 25
Input 25 20
tsu Setup time before clock? Feedback 25 20 ns
Synchronous Set 25 20
2 Asynchronous Reset low (inactive) 30 25
th Hold time, input, set, or feedback after clock? 0 [¢] ns
TA Operating free-air temperature -55 125 o] 75 °C
O
'ﬁ_” electrical characteristics over recommended operating free-air temperature range
> PARAMETER TEST CONDITIONS# TIBPAL22V10AM TIBPAL22V10AC UNIT
n MIN TYP3 MAX | MIN TYP® MAX
(:D- ViK Vee = MIN, I = —18 mA -1.2 -1.2 \'
(4] VOH ‘ Vece = MIN, loH = MAX 2.4 3.5 2.4 3.5 \
3 VoL Vee = MIN, loL = MAX 0.25 0.5 0.35 0.5 \
lozH Vee = MAX, Vg =27V 0.1 0.1 mA
lozL 2:: I‘;‘:p”t Vec = MAX, Vg =04V _;:8 _;gg KA
Iy Vece = MAX, V) =55V 1 1 mA
IIH Vee = MAX, V| =27V 25 25 rA
M Vee = MAX, V| =04V -0.25 -0.25 mA
los$ Vce = MAX, Vg =05V -30 -90 |-30 -90 [ mA
Icc Vece = MAX, V| = GND, Outputs open 120 180 120 180 mA
switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)
TIBPAL22V10AM TIBPAL22V10AC
PI:\RAMETER FROM TO TEST CONDITIONS MIN TYPS MAX | MIN TYP® MAX UNIT
fmax | With feedback CL = 50 pF 22 28.5 MHz
tpd I, 1/0 /0 R1 = 300 @ for C suffix, 15 30 15 25 ns
tpd I, 1/0O (reset) Q R1 = 390 Q for M suffix, 15 35 15 30 ns
tpd Clock Q R2 =390 @ for C suffix, 10 20 10 15 ns
ten I, 1/0 Q R2 = 750 Q for M suffix, 15 30 15 25 ns
tdis 1, 1/0 Q See Figure 2 15 30 15 25 ns
T fmax and felock (with feedback) = m, fmax and felock without feedback can be calculated as fmax and
felock (without feedback) = —‘w high : o Tow
¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
8 All typical values are at Vcec =56V, Ta = 26°C.
¥ Not more than one output should be shorted at a time and the duration of the short circuit should not exceed. one second. Set Vo at
0.5 V to avoid test problems caused by test equipment ground degradation.
: i
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

preload procedure for registered outputs (see Note 2)

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. Each register is preloaded
individually by following the steps given below.

Step 1. With V¢ at 5 volts and pin 1 at V|, raise pin 13 to V|HH.

Step 2. Apply either V| or V|H to the output corresponding to the register to be preloaded.

Step 3. Pulse pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower pin 13 to V). Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Notes 2 and 3)

I

:

1

:

g
|

N

}1—‘d—’| l‘—‘w—-ﬂ | |
o S S S @
PIN 1 | | | | 8
|L } I ! viL L
I [ : [ ]
|
I : I —VIH | VoH S
REGISTERED /0 >—< INPUT >———<E 8
——ViL VoL

NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.
3. td = tgy = tyy = 100 ns to 1000 ns. V|yy4 = 10.25 V to 10.75 V.
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

power-up reset

Following power-up, all registers are reset to zero. The output level depends on the polarity selected during
programming. This feature provides extra flexibility to the system designer and is especially valuable in
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the Vcc's
rise be monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable
input and feedback setup times are met.

power-up reset waveforms

4v 8V
Vee \
|
e tpdt >
(600 ns typ, 1000 ns MAX) :
2 ACTIVE-HIGH [T T T T Vo
REGISTERED OUTPUT / STATE UNKNOWN \1‘5 v
+ VoL
' .
o VoH
o ACTIVE-LOW ! o
o REGISTERED OUTPUT STATE UNKNOWN ‘ 15V
© Yor
[— tsu¥ —»i
= |
8 | ViH
o cLocK \\1.5 v 15V
. |
| L=
—tw——»4
T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
¥ This is the setup time for input or feedback.
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) 997-5762.
) {
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TIBPAL22V10M TIBPAL22V10AM
TIBPAL22V10C, TIBPAL22V10AC
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

PARAMETER MEASUREMENT INFORMATION

5V

S‘ll>

R1
FROM OUTPUT TEST
UNDER TEST POINT

CL

b3
:, R2
(See Note A) |

LOAD CIRCUIT FOR
THREE-STATE OUTPUTS

i}

()

' 35V — ———35V 7
TIMING 1.5V HIGH-LEVEL 15V 15V -
INPUT / 03V PULSE i I 03V o
-t '*H“— th-’% }Q.__tw__.’l’ ' c
su
| —]———35V | [ 35V 72]
DATA 1.5V 15V LOW-LEVEL 1.5V 15V
INPUT . : PULSE . : ‘S
03V —— ——03V ©
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS Q
SETUP AND HOLD TIMES PULSE DURATIONS
—————— 35V outPUT — 3.5V
INPUT 15V 1.5V CONTROL
| | 03V (low-level
tpd _JI‘_.' H tpd enabling)
IN-PHASE | ! v M '1—5";"0" ‘
OUTPUT ) ) | ’ WAVEFORM 1
| | VoL $1 CLOSED
tod —i—> l¢—>—tpd (See Note 8)
| | VoH
OUT-OF-PHASE 15V 15V WAVEFORM 2
OUTPUT ANy S1 OPEN
(See Note D) oL (Sea Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
NOTES: A. Cj 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 outout 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 open.
FIGURE 2
TEXAS 'b 2-155
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TIBPAL22VP10-25M
TIBPAL22VP10-20C

HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

D2943, FEBRUARY 1987 —REVISED DECEMBER 1987

® Functionally Equivalent to the
TIBPAL22V10/10A, with Additional
Feedback Paths in the Output Logic
Macrocell

® Choice of Operating Speeds:
TIBPAL22VP10-20C . . . 20 ns Max
TIBPAL22VP10-25M . . . 25 ns Max

® Variable Product Term Distribution Allows
More Complex Functions to be Implemented

® Polarity of Each Output is Programmable
TTL-Level Preload for Improved Testability

Extra Terms Provide Logical Synchronous
Set and Asynchronous Reset Capability

® Fast Programming, High Programming Yield,

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

Qs 20[]v0/Q
1{]e 19 ]170/Q
By 18[]I/0/Q
I[s 17(J170/Q
16[ ] 1/0/Q
o 1s[Jro/
v 1aJro/a

M SUFFIX . . . FK PACKAGE

N

and Unsurpassed Reliability Ensured Using C SUFFIX . . . FN PACKAGE 7]
Ti-W Fuses (TOP VIEW) °
® AC and DC Testing Done at the Factory § o 8% g -q=;
Utilizing Special Designed-in Test Features -—-02Z2>== (/5]
/ L Gy S S Sy S
® Dependable Texas Instruments Quality and 4 3 2128272 s
Reliability IDs 25| 1yo/Q ©
‘ 1he 2a[] o/ (a]
® Package Options Include Plastic and | %7 ZSE /01
gera-mlc Dual-In-Line Packages and Chip NC e 2[ne
arriers 1D 21 yo/Q
. 110 20} v0/Q
description 1R 19fvora
The TIBPAL22VP10 is equivalent to the 12131415 16 17 18
.. vy epe (mimiaimialals]
TIBPAL22V10A but offers additional flexibility - “Bho-00
in the output structure. The improved output 22 345
macrocell uses the registered outputs as inputs ==
when in a high-impedance condition. This NC—No internal connection
provides two additional output configurations for Pin assignments in operating mode
a total of six possible macrocell configurations
all of which are shown in Figure 1.
The device contains up to twenty-two inputs and ten outputs. It defines and programs the architecture
of each output on an individual basis. Outputs may be registered or nonregistered and inverting or
noninverting. In addition, the data may be fed back into the array from either the register or the 1/0O port.
The ten potential outputs are enabled through the use of individual product terms.
Further advantages can be seen in the introduction of variable product term distribution. This technique
allocates from 8 to 16 logical product terms to each output for an average of 12 product terms per output.
This variable allocation of terms allows far more complex functions to be implemented than in previously
available devices.
IMPACT is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA documents contain information . Copyright © 1987, Texas Instruments Incorporated
current as of publication date. Products conform to v}
hondard wapranty: rodustin atawessing doss wo ' 2-157
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

‘s199ys eieq BN

Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term.
These functions are common to all registers. When the synchronous set product term is a logic 1, the
output registers are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous
reset product term is a logic 1, the output registers are loaded with a logic 0. The output logic level after
set or reset depends on the polarity selected during programming. Output registers can be preloaded to
any desired state during testing. Preloading permits full logical verification during product testing.

With features such as programmable output logic macrocells and variable product terms, the TIBPAL22VP10
offers quick design and development of custom LSI functions with complexities of 500 to 800 equivalent
gates. Since each of the ten output pins may be individually configured as inputs on either a temporary
or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 10
outputs are possible.

A power-up clear function is supplied that forces all registered outputs to a predetermined state after power
is applied to the device. Registered outputs selected as active-low power-up with their outputs high.
Registered outputs selected as active-high power-up with their outputs low.

A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns.
Once blown, the verification circuitry is disabled and all other fuses will appear to be open.

The TIBPAL22VP10-25M is characterized for operation over the full military temperature range of —55°C
to 125°C. The TIBPAL22VP10-20C is characterized for operation from 0°C to 75°C.

2-158
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

functional block diagram (positive logic)
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

logic diagram (positive logic)
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

output logic macrocell diagram

_D OUTPUT LOGIC MACROCELL

- — -/ /7

1D
>c1 &

§S—]18

QO = O = N W

FROM CLOCK BUFFER

MuX SO

—
I MUX '
|
|
I
|
I

— K+ |
. 12/3 < i
I o3

,_ : I

o

I s2t is1
l AR = asynchronous reset

| SS = synchronous set |

1 This fuse is unique to the Texas Instruments TIBPAL22VP10. It allows feedback from the 1/O port using registered outputs as shown
in the macrocell fusing logic function table.

N

Data Sheets
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- TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH- PEHFOHMANCE IMPACT™ PROGRAMMABLE ARRAY lOGIc

§2=0 §2 =0
$1 =0 S1 =0
S0 =0 SO =1
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OQUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
O
[%) R p——p——— R )— G p——
s 1D 1D
wn [>cC1 > C1
=2 —11s §2 =1 1S ) s2 =1
8 S1 =0 $1 =0
Py k I S0 =0 SO =1
7]
1/0 FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT? 1/0 FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT?
r—‘—’— ——>—
§2 = X §2 = X
81 =1 $1 =1
1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT
T These configurations are unique to the TIBPAL22VP10 and provide added flexibility when comparing it to the TIBPAL22V10 or
TIBPAL22V10A.
FIGURE 1. RESULTANT MACROCELL FEEDBACK AND OUTPUT LOGIC AFTER PROGRAMMING
2162 I TeExas ‘V
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE

PROGRAM-FUSE SELECT FEEDBACK AND OUTPUT CONFIGURATION
§2 S1 SO
(o] 0 (o] Regi feedback | Regi d Active low
0 [o] 1 Regi feedback | Regi: d Active high
1 (o] [} 1/0 feedback Registered Active low
1 (o] 1 1/0 feedback Registered Active high
X 1 [o] 1/0 feedback Combinational | Active low
X 1 1 1/0 feedback Combinational | Active high

0 = unblown fuse, 1 = blown fuse, X = unblown or blown fuse
$2, S1, and SO are select-function fuses as shown in the output logic macrocell
diagram.

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

N

Supply voltage, VCC (see NOte 1) . . ... oot e e e 7V
Input voltage (see Note 1) . ... ... ... . e e 55V
Voltage applied to a disabled output (see Note 1) ... ......... ... ... iiiiirinnnnnnn. 55V o
Operating free-air temperature range: TIBPAL22VP10-25M ................. —-55°C to 125°C E;
TIBPAL22VP10-20C . ... ... . it 0°Cto 75°C @
Storage temperature range . . .. ... v v vttt e e —-65°C to 150°C ‘.’C’
NOTE 1: These ratings apply except for programming pins during a programming cycle or during a pre-load cycle. [+
. - ©
recommended operating conditions o
TIBPAL22VP10-25M | TIBPAL22VP10-20C 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 \Y
ViL Low-level input voltage 0.8 0.8 \
loH High-level output current : -2 -3.2 mA
loL Low-level output current 12 16 mA
folock Clock frequencyt 25 37 MHz
tw Pulse duration Clock high or low 20 10 ns
Reset high 30 20
Input 25 15
tsu Setup time before clock? :::::Ck iz 12 ns
Reset low (inactive) 30 20
th Hold time, input, preset, or feedback after clock? (o] o ns
TA Operating free-air temperature -55 125 [¢] 75 °C
Tfelock (with feedback) = m , felock Without feedback can be calculated as
f, (without feedback) = ! .
clock T Pigh + tyy ow
m \
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

electrical characteristics over recommended operating free-air temperature range

TIBPAL22VP10-25M | TIBPAL22VP10-20C
PARAMETER TEST CONDITIONS T UNIT
ON MIN TYP? MAX | MIN TYP¥ MAX
VIK Vce = MIN, I = —18 mA -1.2 -1.2 \
VOH Vce = MIN, loH = MAX 2.4 3.5 2.4 3.5 \
VoL Vce = MIN, loL = MAX 0.25 0.5 0.35 0.5 \
lozH Vee = MAX, Vo = 2.7V 0.1 0.1 mA
Any output -100 -100
! Vece = MAX, Vo =04 A
OZL Ay 10 cc 0 v —250 —250 | *
[ Vee = MAX, V) =55V 1 1 mA
IiH Vee = MAX, V=27V 25 25 pA
T8 Vee = MAX, V=04V —-0.25 —-0.25 mA
| 1os? Vce = MAX, Vo =05V -30 -90 | -30 -90 mA
2 Icc Vece = MAX, V| = GND, Outputs open 140 220 140 210 mA
switching characteristics over recommended ranges of supply voltage and operating free-air temperature
o (unless otherwise noted)
Q TIBPAL22VP10-25M | TIBPAL22VP10-20C
PARAMETER FROM TO TEST CONDITIONS UNIT
i &' MIN TYP} MAX [ MIN TYP? MAX
o fmax] CL = 50 pF, 25 50 37 50 MHz
- tpd 1, 110 1/0 R1 = 300 @ for C suffix, 12 25 12 20 ns
o tpd 1, /0O (reset) Q R1 = 390 Q for M suffix, 12 25 12 20 ns
2 tpd Clock Q R2 = 390 Q for C suffix, 8 15 8 12 ns
] ten 1, 1/0 Q R2 = 750 Q for M suffix, 12 25 12 20 ns
tdis 1, 1/0 Q See Figure 2 12 25 12 20 ns
1t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
 All typical values are at Vo = 5V, Ta = 25°C.
§ Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vg at
0.5 V to avoid test problems caused by test equipment ground degradation.
. 1 .
1fmax (with feedback) = ‘—su T tpa CK 10 @) . fmax without feedback can be calculated as
f (without feedback) !
ack) = —M8 —
max fwithout Tee tw high + tw jow
u’.
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

preload procedure for registered outputs (see Note 2)

The output registers of the TIBPAL22VP10 can be preloaded to any desired state during device testing.
This permits any state to be tested without having to step through the entire state-machine sequence.
Each register is preloaded individually by following the steps given below.

Step 1. With VcC at 5 volts and pin 1 at V|, raise pin 13 to V|HH-

Step 2. Apply either V|L or V|H to the output corresponding to the register to be preloaded.

Step 3. Pulse pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower pin 13 to V). Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Notes 2 and 3)

————— VIHH
PIN 13 /
fe—tsu—pq p—td—> Vi
o=
|
|
|
I
I

s

PIN 1

-+ ViL

od

|
I
|
I
|
|

|
\ I \'/
] —VIH I OH
INPUT OUTPUT
—ViL VoL
NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed

accordingly.
3. tg = tgy = tyy = 100 ns to 1000 ns. Vjqyq = 10.26 V to 10.75 V.

REGISTERED 1/0

[7Z]
-
Q
[
L
n
(1]
-
©
Q

I

, |
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TIBPAL22VP10-25M
TIBPAL22VP10-20C
HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

power-up reset

Following power-up, all registers of the TIBPAL22VP10 are reset to zero. The output level depends on
the polarity selected during programming. This feature provides extra flexibility to the system designer
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it
is important that the VcC's rise be monotonic. Following power-up reset, a low-to-high clock transition
must not occur until all applicable input and feedback setup times are met.

power-up reset waveforms

sjeayg eleq u

5V

4v f-
Vee

4

tpa! »
(600 ns typ, 1000 ns MAX) ]

ACTIVE-HIGH [———————- Vou
REGISTERED OUTPUT / STATE UNKNOWN 15V

I Voo
ACTIVE-LOW / 1 VoH
REGISTERED OUTPUT STATE UNKNOWN 15V
-
je—tsut —py
} ViH
CLOCK : \\1.5 v % 1.5V
]I Jl' - ==V
e tw e

1 This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
*This is the setup time for input or feedback.

programming information

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

When the additional fuses are not being used, the TIBPAL22VP10 can be programmed using the
TIBPAL22V10/10A programming algorithm. The fuse configuration data can either be from a JEDEC file
(format per JEDEC Standard No. 3-A) or a TIBPAL22V10/10A master.

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 Tl distributor, or by calling Texas Instruments at (214) 995-5762.
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TIBPAL22VP10-25M
TIBPAL22VP10-20C

HIGH-PERFORMANCE /MPACT™ PROGRAMMABLE ARRAY LOGIC

PARAMETER MEASUREMENT INFORMATION

FROM OUTPUT
UNDER TEST

CL SR2
(See Note A) ‘
p

LOAD CIRCUIT FOR

5V

S1L

TEST
POINT

THREE-STATE OUTPUTS 2
35V — — ——35V »
TIMING 15V HIGH-LEVEL 15V 15V -
INPUT PULSE \ [}
e — —— - 03V ! 0.3V )
PRI g i I =
su
| —f———35V | | 35V \
DATA 15V 15V LOW-LEVEL 15V v
INPUT ) ) PULSE . 1.5 S
0.3V —— ——03V ©
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS (a]
SETUP AND HOLD TIMES PULSE DURATIONS
—————— 35V ouTPUT 35V
INPUT 15V 15V CONTROL
| | 0.3V (low-level 03V
tpd —:4———-’[ l¢—t—tpa enabling) . -
| + — — VoH .
IN-PHASE
ouTPUT : 15V I_\"i' WAVEFORM 1 15V T/::,f A
! | VoL $1 CLOSED i =X L
tde| ——>—tpd (SeeNote 8 tonp| - ; 0
| VoH |
—— =Y
OUT-OF-PHASE 1.5V 15V WAVEFORM 2 ! 3 oH
ouTPUT .y S1 OPEN VOH-0.5V
(See Note D) oL
(See Note B} =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
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, = t = 2 ns, duty cycle = 50%.
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
FIGURE 2
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TIBPALR19L8M, TIBPALR19R4M, TIBPALR19R6M, TIBPALR19R8M
TIBPALR19L8C, TIBPALR19RAC, TIBPALR19R6C, TIBPALR19R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

D2709, DECEMBER 1982 —REVISED DECEMBER 1987

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

® Preload Capability on Output Registers and 600-mil Ceramic

® Dependable Texas Instruments Quality and

Reliability
3-STATE REGISTERED
DEVICE UD INPUTS | 1 INPUTS | "0\irn) o Q OUTPUTS 1/0 PORTS
"PALR19L8 11 2 2 0 6
‘PALR19R4 1 0 0 4 (3-state buffers) 4
‘PALR19R6 1 0 0 6 (3-state buffers) 2
‘PALR19R8 11 [o] o 8 (3-state buffers) o]
description TIBPALR19L8’
. X M SUFFIX . . . JW PACKAGE N
These programmable array logic devices feature C SUFFIX . . . JW OR NT PACKAGE
high speed and functionality similar to the (TOP VIEW) 2
TIBPAL16L8, 16R4, 16R6, 16R8 series, but
with the added advantage of D-type input I/DI E; IVSC o
registers. If any input register is not desired, it o s é -
can be converted to an input buffer by simply 10 [Ja 110 3
programming the architectural fuse. o s /0 <
Combining Advanced Low-Power Schottky T v [ /o o
. L o 7 10 (]
technology, with proven titanium-tungsten
. . . . . /D (8 110 b4
fuses, these devices will provide reliable high D [ 110 1]
performance substitutes over conventional TTL o Cho 0 (@]
logic. Their easy programmability allows for D O INCLK
quick design of custom functions and typically GND 12 1
result in a more compact circuit board. In
addition, chip carriers are available for further TIBPALR19LS’
reduction in board space. M SUFFIX . . . FK PACKAGE
L . . C SUFFIX . . . FN PACKAGE
Extra circuitry has been provided to allow loading (TOP VIEW)
of each register asynchronously to either a high
or low state. This feature simplifies testing oo ©9a
because the registers can be set to an initial state y ;;;ii;g
prior to executing the test sequence. 432128272
. R . /D 15 25[] 1/0
An M suffix demgpates full-temperature circuits o [le 2[] /0
that are characterized for operation over the full o 17 23[] 1/0
military temperature range of —55°C to 125°C. NC [18 22[| NC
A C suffix designates commercial-temperature /D fJo 21fj vo
circuits that are characterized for operation from 1D 1o 200} /0
0°C to 70°C. /D 11 19[] Vo
121314 1616 1718
s W ¥ e ¥ e ¥ s e W
INPUT REGISTER FUNCTION TABLE eegyg~ %o
== 3]
INPUT OUTPUT OF © z
INCLK D INPUT REGISTER .
T [} H NC—No internal connection
E ; OLO Pin assignments in operating mode

t Integrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.
PAL is a registered trademark of Monolilthic Memories Inc.

PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
cumifq( :ts_ of publil;;tia(n date. rr]gducul cn!nfnrm :o TEXAS {l’

spacifications per the terms of Texas Instruments

standard warranty. Production processing does not 2-169
necessarily incl'me testing of :II paramgters. INSTRUMEN1S
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TIBPALR19R4M, TIBPALR19R6M, TIBPALR19R8M
TIBPALR19R4C, TIBPALR19R6C, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

- s199ys eleq B\N

TIBPALR19R4’ ' TIBPALR19R4’
M SUFFIX . . . JW PACKAGE . M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outclk 1 U2dJ vee
w2 2300 b
w2200 wo
s  21[J vo
v [ds 20] Q
e 190 Q
mwr 18 a
mwde 17Ja
mJe  1e[d 110
D [Jio 1s[] 170
1D (1 1a[] INCLK
GND [h2  13[] GF
TIBPALR19R6’ TIBPALR19R6"
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outcik [T TJ2a[] vee 3
w2 2800w aabo8
w s 22010 22585992
mws 20da 3
mw s 200 Q 5 a
mwdse 9]0 D
o fle Q
o 2 18] Q
w7 23] Q
mwe 17Ja )
ncfls 22[} NC
mmJe 18[]a
e 21} a
1D [ho  1s[] 1O
wpJio 20] o
o O 4] I_IiléCLK o b1 190 a
GND [Jrz__13]] O 1213141516 1718
oo ¥ e s ¥ e e ¥ e e |
222218352
5] Q
Z
TIBPALR19R8’ TIBPALR19R8’
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FK PACKAGE
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE
(TOP VIEW) (TOP VIEW)
outcik [ Uadl] vee
w2 28w
mwds 220a
mws 2100
mw[ls 200 a Q
Qe 18] Q
w7 18] a Q
mwds Qo NC
e 8JQ Q
o 150 Q Q
D 11 1a[] INCLK Q
GND [J12__13[] OF 1213141516 17 18
aocoacacc
Pin assignments in operating mode g g % %lg é °
o z
NC—No internal conn;ction
——
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TIBPALR19L8M, TIBPALR19R4M
TIBPALR19L8C, TIBPALR19RAC
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

functional block diagrams (positive logic)

‘PALR19L8
& en >!
asxes| 7 Vp————o
mcm_cE I
21 7 6
7
1 b 7 O-a—4-—1/0
+13c3 7
4 2c3 1" 7, 49— 1/0
o+_ ~ 7
1
1/0
1/D —— 3D ,7, D-*—‘—b— /
M2
E 1 7 € 1/0
% °'§ /
8
= 2 7 - —4>—1/0
| —~ 8D ~ 7
8 7
Dl % D—k—d—b——llo
Gl 4
> <
‘PALR19R4
OE OJEN2
OUTCLK > C1
n |
38?(64 % ”! i V) a
7 D N\
8, Q
INCLK 21 7 —\
8, & Q
11X
‘,‘, - s N
+1.2c3 >3 Q
J2c3 1 - N
" En”
1/D ——#—{ 3D A Vb—cvd-b—— i/o
M2
1" 7 O—&1—4—>
D) <> 1/0
= 8 7 ol <o
= D o~ 7, oo < 170
D—e 14 1
’___ ’B, - 7 \ /0

) U O

a A
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TIBPALR19R6M, TIBPALR19R8M
TIBPALR19R6C, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

functional block diagrams (positive logic)

‘PALR19R6
OF EN2
OUTCLK ci
5
& 8, >1 29}——a
38 x 64[ 7 é 1D
INCLK a>z1 2 | é o
8 Q
nx 1 Eam *
- A~ —\
+412c3 8 Q
4 2c3 1 — ¢
b—~ N
1 - 8 é Q
2 1/D = i:u) f —
E 17 2 == a
U = 8 ———7 EN >1
[ : ) 7~ Vp-&—¢»——110
8 —~
8 |_ 7 o> 1/0
(2] 2
= e <
1] 6, <
Q 7 d
~
»
‘PALR19R8
OE EN2
OUTCLK —>c1
1
& 8 >1 é"’ 29| a
7
INCLK z1 8, § Q
. -
Q
R e ]
41, a
+ 23 1 f‘ é
1 - 8, Q
1/D ——rp— ;l:; 7 é I
E_ 7] 8 Q
1" 4 *
N
< s 8, % Q
8D P~ 4
8 é Q
8, 7
o~ -
81
T *l’
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TIBPALR19L8M, TIBPALR19L8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive logic)
()
[}

INPUT LINES
0 4 8 12 16 20 24 28 32 36
1o 2. L 23
=  PRODUCT =
LINES
0
L]
. (22)0
L]
L]
7 —
3) [ a2 :'Q""_
I/D 8 2
MO .
M1
2434 o — 20
- .
[oce 15 B "m_‘
@] qice — o
1/D 16
3 Q
M (20,5 =
.
. /7]
23 ) ©
) < S
/D 24 =
. (19) 0
. y————1/0
.
¢ 31 —
&L 32 <
. (18)
L]
. /o
L]
39 )
K
40
: a7
. y———1/0
.
47 )
yr K
.
. 18 o
L]
55 -
56 +d
.
: (15)0
L]
63 )
—<—
(1) Arc2
1/D 2
EMI
2422
= 0% neLk
3,

Pin numbers shown are for JW and NT packages.
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TIBPALR19R4M, TIBPALR19R4C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive logic)
(1)

OUTCLK
INPUT LINES
~ A
4 12 16 20 24 28 32 36
oc2 ocz2
wo @ i b @) 5
e ]
2433 2432
PRODUCT | =
LINES
0
. (22)
: p——— 1/0
.
2= &
I1/D (€] 8 d
i lll @21
23 —=1/0
= o
— 15
E wo 8L P16 ¢
g M1 . l
» e Y ke
> . ,
:‘ 4 0C2 = -
Q /D (5) 1C2 " ‘..<|.
@ w | 2
M1 .
74 2436 ° (19)
’ _ ; Q
. berb
31
foc .
wo @ i P75 +<H
m L]
2437 o %}; E 1&2’0
L] b
39
0c2 -
/D @] éf{ 40 = ]
M1 : 1
43§ l(_n a
L] P
47
o
/D @8] 48
. .
: Qe /0
L]
1 ss
o & 3 [56 i
m .
— L]
gzm . 1) o
= °
63
1o 19 3? —<
M
2431
4 oc2
vo 1567
vy
2442
= <]p——‘"’ INCLK
(13) —
OF
Pin numbers shown are for JW and NT packages.
'Ji
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TIBPALR19R6M, TIBPALR19R6C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive logic)

a

OUTCLK
INPUT LINES
-\
12 16 20 22 28 32 36
1o 2] 23),p,
=  PRODUCT
LINES
0
L]
M — (220
.
7 —
T heE &
I/D( 8 2
MO .
M1
2438 o
= .
15 2
—qi1c2
|/c“) 20 16 [}]
w1 : V)
2435 o £
= . (72}
23
q 0C2 m
o &35 -
a

N
£
w
&

N

Weoo o

1/D — 32
Ll
L]
L]
Ll
J 39
I/D(l)- 40
L]
.
.
.
o 'ggz 47
o B 18 P25
MO
M1 .
§2439 |
=
55
1/D 56
.
L]
. 15),0
L]
63
1/D— K
1) 0c2
1c2
1/D— 3:(']
M1
2442
< P—-HA)INCLK
U35

Pin numbers shown are for JW and NT packages.
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TIBPALR19R8M, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

logic diagram (positive Io'gic)

outeLk
INPUT LINES
-\
! 4 12 1® 20 24 28 32 36
[ 0c2
(23)
‘ wo &L _13& 1D
MO
2433 1
PRODUCT
LINES
0
L]
. E @»@’o
L]
: X
0C2 7 :'Q.—
wo B35 P -
i E (21
2438 o E Q
T . p
— 15 .
o ] HK-—
[ o B 138 e
~+ MO .
[} Ll . (20)
n 2435 o E Q
* . -
= Lo |28 -
® DREE —
@ /D 20 24
~* (i M
. (19)
"] 243§ E Q
= - D » ’
31 B
© 7 e — <
1/D 20 32
MO
M . (18)
iy .q_ Q
= . bc1p
39
4 0C2 4
o DL 158 P20 <
M1 °
2438 | ang,
e Wl
el & - -
o B 336 48 -
m .
e VN
- . b b
P 55 4 ]
1/D = 56 -
.
. 15,
. E ( )Q
L] b b
63
1D
/D
= <pUincLk
(13) —
OF
Pin numbers shown are for JW and NT packages.
i
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TIBPALR19L8M, TIBPALR19R4M, TIBPALR19R6M, TIBPALR19R8M
TIBPALR19L8C, TIBPALR19R4C, TIBPALR19RG6C, TIBPALR13R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

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

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

Csuffix ........ ... . 0°C to 70°C

Storage temperature range . . ... ... ..ot 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 55| 475 5 5.25 \Y
VIH High-level input voltage 2 5.5 2 5.5 \% 2
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 ‘a;
f Clock frequenc INCLK 0 20 o L VI Q
clock quency OUTCLK 0 20 0 30 R
INCLK high 20 15 n
tw Pulse duration, clock INCLK low 20 15 ns S
OUTCLK high 20 15 ©
OUTCLK low 20 15 (a)
Data before INCLKT 15 10
tsy Setup time Data before OUTCLK? 30 25 ns
INCLK? before OUTCLKT (See Note 2) 30 25
t Hold time Data after INCLK? 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 registers.

j
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TIBPALR19L8M, TIBPALR19R4M, TIBPALR19R6M, TIBPALR19R8M -
TIBPALR19L8C, TIBPALR19R4C, TIBPALR19R6C, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS N TPt mAx TWIN TYPE mAX UNIT
ViK Vce = MIN, = -18 mA -1.5 -1.5 v
VOH Vee = MIN, loH = MAX 2.4 3.2 . 2.4 3.3 \
VoL Vce = MIN, oL = MAX 0.25 0.4 0.35 0.5 Vv
o [oome ] oo wm_ ww =27y . 21
OE Input 0.2 0.2
1 1/D Inputs Vee = MAX, V| =556V 0.1 0.1 mA
All others 0.1 0.1
OE Input 40 40
2 IH 1/D Inputs Vee = MAX, V| =27V 20 20 7
All others - 20 20
OE Input -0.4 -0.4
O [ I/D Inputs Vee = MAX, V| =04V -0.6 -0.6 | mA
‘ﬁ_’. All others -0.2 -0.2
o |lof Ve = MAX, Vo = 2.25V -30 -125 |-30 -125 | mA
N |icc Vee = MAX,© Vi = 0V, 150 210 150 210[| mA
- Outputs open . ’
@
m .
5,‘ switching characteristics over recommended operating free-air temperature range (unless otherwise
noted)
PARAMETER FROM TO TEST M SUFFIX C SUFFIX UNIT
CONDITIONS MIN TYP¥ MAX | MIN TYP¥ MAX
fmax INCLK? 1/0, O 20 30 MHz
pd 1, 110 1/0, 0 15 30 15 25 ns
tpd DY 1/0, O 20 40 20 35| ns
tpd INCLK1 /0, O 20 40 20 35 ns
tpd OUTCLK? Q RL = 500 0, 10 25 10 20 ns
- Tio oo ] G- s % TR T
fen . . See Note 3 ns
ten 110Y 110, O 27 45 27 40 ns
ten INCLK1 1/0, O 27 45 27 40 ns
tdis OE? Q 1 25 1 20 ns
tdis 1, 110 1/0, O 12 30 12 25 ns
tdis 10y 1/0, O 13 30 13 30| ns
tdis INCLK? 1/0, O 13 30 13 25 ns
1t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are Vo = 5V, Tp = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igs.
1Input configured as an input buffer.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
i
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TIBPALR19L8M, TIBPALR19R4M, TIBPALR19R6M, TIBPALR19R8M
TIBPALR19L8C, TIBPALR19R4C, TIBPALR19R6C, TIBPALR19R8C
HIGH-PERFORMANCE REGISTERED-INPUT 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 Tl distributor, or by calling Texas Instruments at (214) 997-5762.

preload procedure for registered outputs (see Note 4)

Step 1 Pin 13 to V|H, Pin 1 to V||, and VCC 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 V|L.

Step 5 Remove the voltages applied to the outputs.

Step 6 Pin 13 to V|

Step 7 Check the output states to verify preload.

[\

preload ﬁaveforms (see Note 4)

5V

OUTPUTS DISABLED

PIN 13 (OF) % \
L | I
tdis —-'q-pl

Data Sheets

VIHH — — — — — — r - :
PIN 14 (INCLK) : : |
ViL } | :
[ [
I 100ms | I e ViH :
Vo | mn 1€ ’1 | I ! | VERIFY
2 . LRI — XXX
Vou |
i
Vi

NOTE 4: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed
accordingly.

7
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TIBPALT1SL8M, TIBPALT19R4M, TIBPALT19R6M, TIBPALT19R8M
TIBPALT19L8C, TIBPALT19R4C, TIBPALT19R6C, TIBPALT19R8C
HIGH-PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS

D2709, DECEMBER 1982—REVISED DECEMBER 1987

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

® Preload Capability on Output Registers and 600-mil Ceramic

® Dependable Texas Instruments Quality and

Reliability
3-STATE REGISTERED
DEVICE I/D INPUTS | | INPUTS 0 OUTPUTS Q OUTPUTS 1/0 PORTS
'PALT19L8 11 2 2 (0] 6
'PALT19R4 1 (o] o 4 (3-state buffers) 4
‘PALT19R6 11 (o] [o] 6 (3-state buffers) 2
'PALT19R8 1 [o] [0] 8 (3-state buffers) [0]
description
Th bl logic devi £ TIBPALT19L8"
hese programmable array logic devices eature M SUFFIX . . . JW PACKAGE
high speed and functionality similar to the C SUFFIX . . . JW OR NT PACKAGE 2
TIBPAL16L8, 16R4, 16R6, 16R8 series, but (TOP VIEW)
with the added_advantage of.D-type tr.ansp_arent (I T2 vee »
latches on the inputs. If any input register is not w2 20w id-;
desired, it can be converted to an input buffer mws 2200 o
by simply programming the architectural fuse. 10 [Ja 210J 110 L
. mw[ds 2000 (/2]
Combining Advanced Low-Power Schottky | o s 19% 10
technology, with proven titanium-tungsten w10 wo ,s
fuses, these devices will provide reliable high o (e 17 1o ©
performance substitutes over conventional TTL m[Je  18[J10 o
logic. Their easy programmability allows for o Cho 1sJo
quick design of custom functions and typically D 1 1a[] INLE
result in a more compact circuit board. In GND [l12__ 3]
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
of each register asynchronously to either a high (TOP VIEW)
or low state. This feature simplifies testing %)
because the registers can be set to an initial state ee_¢99%c,
prior to executing the test sequence. e
An M suffix designates full-temperature circuits s . 25[J 110
that are characterized for operation over the full 1o f16 24[juo
military temperature range of — 55 °C to 125 °C. /D %; ;gE Ir\/l?:
A C suffix designates commercial-temperature :g o 2o
circuits that are characterized for operation from o fro 20f 10
0°C to 70°C. D 1 190} 1o
12148181708
INPUT LATCH FUNCTION TABLE . co % g 15 o
INLE D | LATCH OUTPUT 70O Z
L L L NC—No internal connection
L H H
H X Qo Pin assignments in operating mode
Tlntegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.
PAL is a trademark of Monolithic Memories Inc.
PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
cwrg;l.t l:. of publilé;tiotn date. rrlq_aductsl n:otl:lorm :o ¢ .
specitications per the terms of lexas Instruments
sgamhrd mmrnt . Production processing does not TEXAS 2-181
necessarily include testing of all parameters. lNSTRUMEN'rS
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TIBPALT19R4M, TIBPALT19R6M, TIBPALT19R8M
TIBPALT19R4C, TIBPALT19R6C, TIBPALT19R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

sjeays eleq BN

-

TIBPALT19R4’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE
(TOP VIEW)

TIBPALT19R6’
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE
(TOP VIEW)

TIBPALT19R8"
M SUFFIX . . . JW PACKAGE
C SUFFIX . . . JW OR NT PACKAGE

(TOP VIEW)

TIBPALT19R4’

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

(TOP VIEW)

1/D s
110 e
1D 7
NC 18
11D o
1D Q1o
/D 111

25(]
24(]
23(]
22(]
21(]
20(]

19[]

110
Q
Q
NC

110

.
Quw o

- =
ZIOZ_

TIBPALT19R6’

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

(TOP VIEW)

/D
/D
vee
11D
/0

»
w)
njouTCLK
-[INC

N

@

N

]

3

D f15
/D f18
10 [}7

1D flo
11D [J10
/D i1

12 1314 1516 17 18
ooam;o,

25}
24[]
23]
22}
21[]
20(]

19[]

oo
gggg%EQ

TIBPALT19R8’

2
OOOOOOO

M SUFFIX . . . FK PACKAGE

C SUFFIX . . . FN PACKAGE

(TOP VIEW)
~

Q
o
>

/D

=)

[&]
Z
1 26

»[1/D
w[] /D
~[JOUTCLI

28 2

~N

D 15
ypfle

“upp7

o e
o o
b 1

19[]

z
OODODOO

Pin assignments in operating mode NC—No internal connection

{i’
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TIBPALT19L8M, TIBPALT19R4M
TIBPALT19L8C, TIBPALT19R4C
HIGH-PERFORMANCE LATCHED-INPUT PAL®

functional block diagrams (positive logic)

‘PALT19L8
& IEN 21
3xea|l 7 Vp————o
INLE 21
7, p———o0
11X 1 :
s P 7 D—Q\—4->—|/o
4133 7 4
4 2c3 " 7, -8 14— 1/0
[)+ -~ 7
U 7, —<¢—— 1/0
1/D ——fmr ;l[; i) P-4
E n 7, o—x—d—»—-l/o
7
8
.:I 2 S Dl ,7, P& 1—4>—1/0
8 7, P-&—¢—>—1/0
D+ B 7
ot
‘PALT19R4
OE O EN2
OUTCLK > c1
1 L
& >1
8 29b————a
38 X 64 % L‘D —\
8, é Q
E 21
INL — .
8
11X 7 &
1| N
+413c3 ¢ fl & Q
4 2c3 1 N
~ en T
1
/D —~—{ 3D A \v} D—ﬁ—»——-—— 1/0
M2
E 1 7, - > 1/0
7
= 8 & P
= 5D L b ,7, o- o> 10
8 |_ 7, &> 1/0
7 7
4 <
7 -
e

Texas {'f
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TIBPALT19R6M, TIBPALT19R8M
TIBPALT19R6C, TIBPALT19R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

functional block diagrams (positive logic)

‘PALT19R6
[]3 EN2
ouTCLK c1
)
& 8 >1 27 a
4 410
38 X 64 —\
INLE 21 | & # a
8
Q
11X 1 am ¢
+1.2c3 7~ 8 Q
+2c3 1 . é —
1 ~ 8, Q
1/D~—+*— 3D % —
2 M2 8 )’ Q
IS- " > -
1
= 8 — ] En 7
E 3> P~ Vo-a—>—1—10
& 8, 7 e <> o
S~
» [ LA
= 6, P
m 7 -
@
-
» ‘PALT19R8
OE EN2
OUTCLK c1
C
& 8 >1 0 29 Q
38 xe64| 7 ——
INLE ——({l;-—_j 8, 4 Q
7
N\
11X 11, E, * Q
+1,2c3 3 h IS
+ 2c3 1 > §
|/D-—1/1— 3D % % a
7 .
M2 s h PN
7 5 )
N
=i 8 ﬁ‘ + a
s> P~ —.
8, Q
8, 7 %
e~ I
8
7

{i’
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TIBPALT19L8M, TIBPALT19L8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

logic diagram (positive logic)

il
INPUT LINES
0 a 8 12 16 20 24 28 32 36
4 0C2
23
up @ L8 23
(MO
M
2433
= PRODUCT =
LINES
0
Ll
L4 .ﬂo
.
o .
7 .
3)] Jicz K—
/D 8
e 21 2
2438 o 1o
2 : "
15
@] ez < -
/D 16 [+
w | 2
24%  ° (20),,0 -
L]
x . (7]
¢ ocz |22 4 [5+]
(5) 1c2 34"'_ -
1D 24
L . 19) |
243 * 190 (o]
= .
e 31 g
e 1 32 4
m L]
2437 ° 180
= L]
39 )
T 3% K
T e il T
M1 . 1
2B 170
= L]
47 )
m — K
.
. (16)
. ———1/0
: :
55 )
56 «
.
: (15) o
Ll
63 )
K
) Jiez
/D 20
fM1
2442
< (M) e
“3)1

Pin numbers shown are for JW and NT packages.

{i’
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TIBPALT19R4M, TIBPALT19R4C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

logic diagram (positive logic)
a

OUTCLK
INPUT LINES
A
\
f 4 12 16 20 24 28 32 36
0c2
o QL e 25
MO
2433
PRODUCT
LINES
5 -
L]
: (22) \/0
L]
— 7 9
vo BLL 35 ] ~
w | o Cl 1)
M1
223 o ——— 1/0
= .
o = ‘
() I/D @y 1% 16 -
o . (20)
B : LR °
.
. I
(/2] 23 1
=3 &<H
(4] 24
@ . 19
a’ . ] { )0
. pC1p
oc2 31 —
vo € i X

B (18)0

[l
R
g
Beoeew
14.
S

40
. a a7)
. a
L]
a7 )
a8 <+
.
) . 8) /0
.
55
— K
L]
: (15) /o
.
63 )
x—
<] (14) NLE
3(13)—(%

Pin numbers shown are for JW and NT packages.

m|
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‘ TIBPALT19R6M, TIBPALT19R6C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

logic diagram (positive logic)

m

ouTCLK
INPUT LINES
o\
—
0 4 8 12 16 20 24 28 32 36
1o 2] 23),/p
=  PRODUCT
LINES
0
L]
. 22),,0
.
.
7
o B 15 P
W . B(zn
M1
§z434 . Q
+ . b
I 3
DM) 1c2 7 O
\/ 6
| B(zo) 2
243 o Q <
. p (7]
] 23
0c2 “
5 Jic2
I/D() %5 24 -
| i
19
52436 : 19 a
- Ld
67 oc2 31
p 8 "zﬁ’ 32
M1 . (18)
2437 | io Q
. C1p
39 =
e—boc2 .
o e —KH
1/D ——20 40
m .
243 o 7q
= . pC1p
) a7 -
I/D& 48
.
.
.
.
55 =
56
A
L]
.
L]
63
18 e
. 5

Pin numbers shown are for JW and NT packages.
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TIBPALT19R8M, TIBPALT19R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

logic diagram (positive logic)

outcri
INPUT LINES
BN
( ’ 4 12 16 20 24 28 32 36 -
+—bocz : o3 (23)
2 1c2 20| t———————1/D
1/D = 20 M|
MO B M1
2433 2432
= PpRODUCT
LINES
0
L]
. _@0@) a
L]
7 K }—-
7 |
o B 138° b
2 s | [Len,
2438 ¢ E
iR '
g o @ %:-? 16 A
LT E (20)
o 52435 . g Q
n = . il
23 1,
g ) ] —<
o 1/D — 24
o . E a9,
L]
i
31 .
o e <
1/D 32 .
i o E] (18)
2437 | g [
= . b D
39 .
o he = G
D = a0
M1 L4 (17)
2438 | E Q
< . bor b
47 .
- <
. E (16)
. Q
L] b b
55 .

ﬁ%
3]
13
(=]

Pin numbers shown are.for JW and NT packages.
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TIBPALT19L8M, TIBPALT19R4M, TIBPALT19R6M, TIBPALT19R8M
TIBPALT19L8C, TIBPALT19R4C, TIBPALT19R6C, TIBPALT19R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

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

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

Csuffix ....... ... . . . 0°C to 70°C
Storage temperature range . .. ... .. .. ..ot —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 \2 2
VL 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 ‘W_'
fclock Clock frequency OUTCLK 0 20 0 30 | MHz ()]
] INLE low 20 15 ns Q
tw Pulse duration OUTCLK high 20 15 ns g
OUTCLK low 20 15
Data before INLE 1 , 15 10 S
tsy Setup time Data before OUTCLK? 30 25 ns ©
TNLE low before OUTCLK? (See Note 2) 35 30 o
" Hold time Data after INLE 1 5 5 ns
Data after OUTCLK? 0 0
Ta Operating free-air temperature —55 125 o] 70 °C
NOTE 2: This setup time ensures the output registers will see stable data from the input latches.
+*p
TExAs 2-189
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TIBPALT19L8M, TIBPALT19R4M, TIBPALT19R6M, TIBPALT19R8M
TIBPALT19L8C, TIBPALT19RAC, TIBPALT19R6C, TIBPALT19R8C
HIGH-PERFORMANCE LATCHED-INPUT PAL® CIRCUITS

electrical characteristics over recommended free-air operating temperature range

M SUFFIX C SUFFIX
RAM NDITIONS I
PARAMETER TEST CO o MIN_ TYPE WMAX | MIN TYpt max | OO
ViK Vce = MIN, lj = -18 mA -1.5 -1.5 \
VOH Vce = MIN, loH = MAX 2.4 3.2 2.4 3.3 \
VoL Vce = MIN, loL = MAX 0.25 0.4 - 035 0.5 v
Outputs 20 20
1 = , =27V A
OZH 175 ports Vee = MAX,  Viy = 2 100 100 | ¥
Outputs ) -20 -20
1 = MAX, Vg =04V A
OZL /5 ports Vee = MA H =0 ~250 —250 | *
OE Input 0.2 0.2
1 = , =55V A
! All others Ve = MAX, Vi =85 0.1 o1 | M
OE Input 40 40
i = ., V=27V
H All others Vee = MAX =2 20 20| "
OE Input -0.4 -0.4
1 = , =04V A
2 IL All others Vee = MAX Vi=0 -0.2 -0.2 m
108 Vce = MAX, Vg = 2.25V -30 -125 |-30 -126 | mA
= MAX, V=0V,
O i Vee = M ! 150 210 150 210 | mA
g Outputs open
m - - . - » . -
7 switching characteristics over recommended operating free-air temperature range (unless otherwise
= noted)
@
® | paRaMETE 10 TEST M SUFFIX C SUFFIX NIT
"m" ARA R FROM CONDITIONS MIN- TYPE max | MiIN TYPt max | U
frmax OUTCLKT Q 20 30 MHz
tpd 1,1/0 1/0, O 15 30 15 25| ns
tpd DY 1/0, O 25 45 25 40 | ns
tpd INLE! 1/0, O 28 45 28 40| ns
tod OUTCLKT Q 10 25 10 20| ns
ten OE! Q RL = 500 @, 10 25 10 20 ns
ten 1, /O 1/0, O CL = 50 pF, 14 30 14 25| ns
ten 1101 1/0, 0 See Note 3 30 45 30 40| ns
ten INLE! 1/0, O 30 45 30 40| ns
tdis OE? Q 11 25 11 20 ns
tdis 1, 110 1/0, O 12 30 12 25| ns
tdis DY 1/0, O 14 30 14 25| ns
tdis INLEL 1/0, 0 14 30 14 25| ns

tFor conditions shown as MIN or MAX, use the appropriate value specified under
* Al typical values are Voc = 5V, TA = 25°C.

5The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, lggs.
Yinput configured as an idput buffer or INLE low.

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

\ded op ing it

{i,
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TIBPALT19L8M, TIBPALT19R4M, TIBPALT19R6M, TIBPALT19R8M
TIBPALT19L8C, TIBPALT19RAC, TIBPALT19R6C, TIBPALT19R8C
HIGH-PERFORMANCE LATCHED-INPUT 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) 997-5762.

preload procedure for registered outputs (see Note 4)

Step 1 Pin 13 to V|4, Pin 1 to V)L, and VCC to 5 volts.

Step 2 Pin 14 to VIHH

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

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.

N

preload waveforms (see Note 4)

5V

Vee /
ov
OUTPUTS DISABLED
PIN 13 (OE) % \
Vi |

s e et ten

! ENABLE PRELOAD

Data Sheets

VIHH — — — — — — r— :
PIN 14 (INCLK) : : [
viL $ | :
| !
I 100 ns Lo tw ViH :
Vou | miN- ""I'l | ! | VERIFY
2 o1 LRRRRN——— — XXX
VoL 1
i
Vi

secruity fuse programming (see Note 4)

PIN13 !""”"!"!G/_\L———- 16V

NOTE 4: Pin numbers shown are for JW and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed

accordingly.
Texas WP s101
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

03090, DECEMBER 1987

50-MHz Clock Rate M SUFFIX . . . JT PACKAGE
C SUFFIX . . . JT OR NT PACKAGE
Power-On Reset of All Registers (TOP VIEW)

16-Bit Internal State Registers
8-Bit Output Registers

Outputs Programmable for Registered or
Combinational Operation

©® |deal for Waveform and State Machine
Applications

description

The TIBPLS506 is a TTL field-programmable
state machine of the Mealy type. This state
machine (logic sequencer) contains 97 product
terms (AND terms) and 24 pairs of sum terms
(OR terms). The product and sum terms are used M SUFFIX . . . FK PACKAGE

N

to control the 16-bit internal state registers and C SUFFIX . .. FK OR FN PACKAGE 3
the 8-bit output registers. {TOP VIEW) 3
The outputs of the internal state registers -0 é IS >89 ~ "’C’
(PO-P15) are fed back and combined with the 13 Pam ===y
inputs (10-112) to form the AND array. In 4 3 2 1282726 S
addition, two sum terms are complemented and 1215 2s(j18 ©
fed back to the AND array, which allows any 13pe 2419 (a)
product terms to be summed, complemented, 1407 23[J110
and used as inputs to the AND array. N'C ]: ifE I"ﬁ
The eight output cells can be individually 02 %10 20(]112/0E
programmed for registered or combinational Q1 pn 19 a7
operation. Nonregistered operation is selected by 121314151617 18
blowing the output multiplexer fuse. Each Oooooonn
combinational output must also have all fuses 8 8 % % 3 3 8
blown from the reset term. Registered output ©
operation is selected by leaving the output NC—No Internal Connection
multiplexer fuse intact. )
Pin 17 can be programmed to function as an input and/or an output enable. Blowing the output enable
fuse lets pin 17 function as an output enable but does not disconnect pin 17 from the input array. When
the output enable fuse is intact, pin 17 functions only as an input with the outputs being permanently
enabled. ;
The state and output registers are synchronously clocked by the fuse programmable clock input. The clock '-'I'-'l
polarity fuse selects either positive- or negative-edge triggering. Negative-edge triggering is selected by >
blowing the clock polarity fuse. Leaving this fuse intact selects positive-edge triggering. The state and w
output registers are unconditionally reset low on power-up. E
The eight outputs can be individually programmed for combinational operation by blowing the output (-
multiplexer fuse. Each combinational output must also have all fuses blown from its associated reset term. (3}
When the output multiplexer fuse is left intact, registered operation is selected. S
Q
(o ¥
a4
o
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of d;
Snociheations ata desigh gonl. guat Insrumonts EXAS 2-193
reserves tho right to changa or discontinue thess INSTRUMENTS
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TIBPLS506M, TIBPLS506C

13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER ’

. logic diagram (positive logic)

3

n € oP o=
”Q‘ a dae 3 SER !EaLﬂ.ﬂ&.tElEiLxnggszs
o sgun:nnhnggv

NOTES: A. All AND gate inputs with a blown link assume the logic-1 state

s [ E
- [
2R = | 2
: TIT 97T &
2 TTT §
z 2 v & 2
ckkEEREREEEEE sE @m T @F@@ S
. FANAOAA A Ad b Ad
2 2 _
U 2
& 1
~,
o 8
7 R
=2
) N
D [
PN
» 3
3
; :
¢
L]
:
o a
w o
o H
O
c :
O
ﬂ -]
v
X
m
<
S

B. All OR gate inputs with a blown link assume the logic-O state.
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

logic diagram (continued)

Data Sheets H
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

S-R FUNCTION TABLE (see Note 1)

CLK POLARITY FUSE | CLK S R | STATE REGISTER
INTACT Tt L L Qo
INTACT t L H L
INTACT t H L H
INTACT t H H | INDETERMINATE
BLOWN LoLL Qo
BLOWN I L H L
BLOWN I H L H

/ BLOWN I H H | INDETERMINATE

NOTE 1: The S-R registers clear at power-up. Qq is the state of the
S-R registers before the active clock edge.

functional block diagram (positive logic)

1 L
=3 P 16,
[+Y] < 7
2
% < 4 [ c1
=1
e 97 x50 16xr
«w 1=0
16, 1s ,,16
'{IE 1R
& 8 x MUX
60 x 97 8, ; .
L 20 20~ ’ ;  Vp#—ooar
16, | 16> |8~ L_bc1 I P
7
01—6/—"\-» 97, — EN
1~ 1 C
13 8 x
1011 12, gl LA Py 1=0
1 7 1° 8
'U 112/0E —@~ AL/ PNy 8 1R ——
o ‘
c = =
0 ~ denotes fused inputs '
|
v
X
<
g
i
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

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

Supply voltage, VCC (see NOte 2) . . . .. . .. . e 7V
Input voltage (see Note 2) . . . ... . ... 5.5V
Voltage applied to disabled output (see Note 2) ... ... ... .. ... .. .. .. ... ... 5.5V
Operating free-air temperature range: TIBPLS506M. ... .. .. .. ... .. ... ...... 55°C to 125°C

TIBPLS506C .. ... .ot 0°C to 70°C
Storage temperature range . . . .. ... ... ittt e —-65°C to 150°C

NOTE 2: These ratings apply except when programming pins during a programming cycle.

recommended operating conditions

TIBPLS506M TIBPLS506C UNIT
MIN NOM MAX MIN NOM MAX
Vce  Supply voltage 4.5 5 5.5 | 4.75 5 5.25 \
V)4  High-level input voltage 2 5.5 2 5.5 v 2
VL Low-level input voltage 0.8 0.8 \
IoH High-level output current -2 -3.2 mA
loL Low-level output current 24 mA ﬁ
Clock high ]
tw Pulse duration ocx g ns Q
Clock low =
. Setup time before CLK ! input or Without C-array (/5]
ns
SU  feedback to S-R inputs With C-array ©
Input or feedback =
th  Hold time after CLK nput or feecbac ns ©
at S-R inputs Q
TA Operating free-air temperature —55 125 o] 75 °C
TThe active edge of CLK is determined by the programmed state of CLK polarity fuse.
electrical characteristics over recommended operating free-air temperature range (unless otherwise
noted)
TIBPLS506M TIBPLS506C
PARAMETER TEST CONDITIONS# UNIT
o MIN TYP® MAX | MIN TYPS MAX
ViK Vce = MIN, | = —18 mA -1.2 -1.2 v
VOH Vce = MIN, I0H = MAX 24 3.2 2.4 3 v
VoL Vce = MIN, oL = MAX 0.25 0.4 037 05 v
I Vee = MAX, V| =65V 25 25 [ uA
M Vee = MAX, Vj =27V 20 20 [ uA
L Veec = MAX, V| =04V ~0.25 —0.25 [ mA
10s Vee = MAX, Vg = 2.25V -15 -65 | —15 -65 | mA ;
lozH Vce = MAX, Vg =27V 20 20 [ A
lozL Vce = MAX, Vg =04V -20 -20 pA E
\7 = MAX, V=45V,
Icc cc ! 140 140 mA >
Outputs open L
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. E
S All typical values are at Ve = 5V, T = 25°C. -
a
{/
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

switching characteristics over recommended ranges of supply voitage and operating free-air temperature
(unless otherwise noted), (see Note 3)

p FROM TO TIBPLS506M TIBPLS506C
PARAMETER T ITION
M (INPUT) (OUTPUT) TEST CONDITIONS MIN TYPT MAX | MIN TYPT MAX UNIT
Without C-array 60 60
f, k3
max With C-Array 20 20 MHz
CLKS istered ’ 2 2
Q (nonre'glstere ) RL = 500 @, 0 0
tpd CLK Q (registered CL = 50 pF 9 9 ns
| Q (nonregistered) L 15 15
ten OE! Q 6 6 ns
tdis OE? Q 6 6 ns

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

tf,-.-,a,( is independent of the internal programmed configuration and the number of product terms used.
8The active edge of CLK is determined by the programmed state of the CLK polarity fuse.

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

2

: diagnostics
E A diagnostic mode is provided with these devices that allows the user to inspect the contents of the state
5’ registers. The step-by-step procedures required to use the diagnostics follow.
(7 1. Disable all outputs by taking pin 17 (OE) high (see Note 4).
g 2. Take pin 8 (Q0) double high to enable the diagnostics test sequence.
2 3. Apply appropriate levels of voltage to pins 11 (Q3), 13 (Q4), and 14 (Q5) to select the desired
«» state register (see Table 1).
The voltage level monitored on pin 9 will indicate the state of the selected state register.
NOTE 4: If pin 17 is being used as an input to the array, then pin 7 (I5) must be taken double high before pin 17 is taken high.
diagnostics waveforms
5 VIHH
(PIN 7)
|
OE ViH
(PIN 17)...___./|
Ih—100 ns-—-" -—— s ——— — - — - - - VIHH
v Qo _—— e e ———— =
w H
(PIN 3) . ViL
O |1—-100 ns —p|
) a3, 04, 05 VOHH
c (PINS 11, 13, 14) s —-—— === Vo
c_|> I VoL
o '1—100 ns —-b‘
a1 r VoH
% ww o ZLLLLLLLLLLLETELEL LT LT LRI o,
S
s
7/
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TIBPLS506M, TIBPLS506C
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER

TABLE 1. ADDRESSING STATE REGISTERS
DURING DIAGNOSTICS

]
)
|
i
i
|
|
|
|

REGISTER BINARY ADDRESS BURIED REGISTER
PIN11 PIN13  PIN 14 SELECTED
L L L c1 !
L L H P15 !
L L HH co i
L H L P14 '
L H PO |
L H HH P1 |
L HH L P2 i
L HH H P3 !
L HH HH P4 i
H L L P5
H L H P6
H L HH P7
H H L P8 }
H H P9 & ;
H H HH P10 [<}] !
H HH L P11 .d:’
H HH H P12 [7;) :
H HH HH P13 |
s
1 I
a
PROGRAMMING INFORMATION
I
Texas Instruments programmable logic devices can be programmed using widely available software and |
reasonably priced device programmers. |
Complete programming specifications, algorithms, and the latest information on firmware, software, and
hardware updates are available upon request. Information on programmers that are capable of programming
Texas Instruments programmable logic is also available, upon request, from the nearest Tl sales office, !
local authorized Texas Instruments distributor, or by calling Texas Instruments at (214) 997-5762. ‘
i
|
=
Ll
S
[TT R
oc |
a |
=
2
o
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

D3029, MAY 1987 —REVISED DECEMBER 1987

50 MHz Clock Rate

Ideal for Waveform and State Machine
Applications

6-Bit Internal Binary Counter
8-Bit Internal State Register
Programmable Clock Polarity

Outputs Programmable for Registered or
Combinatorial Operation

6-Bit Counter Simplifies Logic Equation
Development in State Machine Designs

Dependable Texas Instruments Quality and
Reliability

description

The TIBPSG507 isa 13 x 80 x 8 Programmable
Sequence Generator (PSG) that offers the
system designer unprecedented flexibility in a
high-performance field-programmable logic
device. Applications such as waveform
generators, state machines, dividers, timers, and
simple logic reduction are all possible with a PSG.
By utilizing the built-in binary counter, the PSG
is capable of generating complex timing
controllers. The binary counter also simplifies
logic equation development in state machine and
waveform generator applications.

The PSG507 contains 80 product (AND) terms,
a 6-bit binary counter with control logic, eight
S/R state holding registers, and eight outputs.
The eight outputs can be individually
programmed for either registered or
combinatorial operation. The clock input is fuse
programmable for either positive- or negative-
edge operation.

The 6-bit binary counter is controlled by a synchronous-clear and a count/hold function. Each control function
has a nonregistered and registered option. When either SCLRO or SCLR1 is taken high, the counter resets
to zero on the next active clock edge. When either CNT/HLDO or CNT/HLD1 is taken high, the
counter is held at the present count and is not allowed to advance on the active clock edge. The SCLR

M SUFFIX . .
C SUFFIX . .

12
13
14

15
Qo
Q1

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

(TOP VIEW)

13 25(]
16 24
7 23]
s 22(]
1E] 21]

)10
] 11 19(]

azf1s
a3fls

eND PR
Nc%a‘

Q4
Qs

NC — No internal connection

function overrides the CNT/HLD feature when both lines are simultaneously high.

Clock polarity is programmable through the clock polarity fuse. Leaving this fuse intact selects positive-
edge triggering. Negative-edge triggering is selected by blowing this fuse. Pin 17 functions as an input
and/or an output enable. When the output enable fuse is intact, all outputs are always enabled allowing
pin 17 to be used strictly as an input. Blowing the output enable fuse lets pin 17 function as an output
enable and an input. In this mode, the outputs are enabled when pin 17 is low and are in a high-impedance

state when pin 17 is high.

. . FK PACKAGE
. . FK OR FN PACKAGE

19

110
NC

11
112/0E
Q7

Data Sheets

PRODUCT PREVIEW

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of
development. Characteristic data and other
specifications are design goals. Texas Instruments
reserves the right to change or discontinue these
products without notice.

Texas Q?

INSTRUMENTS

Copyright © 1987, Texas Instruments Incorporated |
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

description (continued)

The eight outputs can be individually programmed for combinational operation by blowing the output
multiplexer fuse. Each combinational output must also have all fuses blown from its associated reset term.
When the output multiplexer fuse is left intact, registered operation is selected.

The M suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The C suffix devices are characterized for operation from 0°C to 75°C.

6-BIT COUNTER CONTROL FUNCTION TABLE (see Note 1)

CNT/HLD1 CNT/HLDO SCLR1 SCLRO OPERATION
L L ‘L L counter active
X X X H synchronous clear
X X H X synchronous clear
X H L L hold counter
2 H X L L hold counter
NOTE 1: The 6-Bit counter and the S/R control registers are clear upon power-up.
Devices with the fuses intact will power-up in the counter-active mode.
U When all fuses are blown on a product line (AND), its output will be high.
2 When all fuses are blown on a-sum line (OR), its outputs will be low. All
o product and sum terms are low on devices with fuses intact.
(72}
- S/R FUNCTION TABLE (see Note 2)
8 CLK POLARITY FUSE CLK S R STATE REGISTER
a’ INTACT [ L L Qo
INTACT t L H L
INTACT t H L H
_INTACT 1 H H INDET?
BLOWN 1 L L Qo
BLOWN t L H L
BLOWN 1 H L H
» BLOWN ! H H INDET T
fOutput state is indeterminate
NOTE 2: S/Rregisters are clear upon power up. Qg is the state of the S/R register
before the active clock edge.
)
) )
c ,
E:
<
—
i
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. TIBPSG507M, TIBPSG507C i
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR ;

j
|
|
\
)
I
!
|

functional block diagram

= 8, <
~ <
6 2 d
7 <+
STATE REGISTERS
=1 L c1 BINARY COUNTER
80x38
CTR 6
2x 1=0
2 =0 L da2
- e 1s
2
54 x 80 > R 1CT=0
6
6 xB 67’ v 6/‘
(6, | > C1/2,3+ |Cco-C5
09*— v
dG3
1CT=0
8 x>
8, 2" i 1»—E cl '] g
7
po—— v | o
894 ~y 8x L
s 1=0 (7]
o 18 8, !
o1 2 13D, 1A, 8, " 7 s
1, 13 7 OUTPUT CELL © |
112/08 —> v 8 MUX o
7 1 |
c1 |
|
N r v 18- ap-07 i
|
8 x i
1=0 8, 15
8, 18
7 G1
5, n L™
~ denotes fused inputs
Ll
S
I
w
e
o ‘
i
o
[« I

A |
1} |
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TIBPSG507M, TIBPSG507C .
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

logic diagram (positive logic)

mo_
cLk AAD— —

(2) i

Yy 9y 0y

v

5

Y99 U9 Yy Yy Yy YYDy DY YU YO YO YOy Yy Y

T/HLD1

2

2
B

3

o
&

2

Pty

xam
©
3

® o

—= a1

1uo o,

dTan o,

ER(LEIIP
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a
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

absolute maximum ratings

Supply voltage, VoG (see Note 3) . . . . ... it e 7V
Input voltage, V] (see NOote 3) . ... ...ttt e e 5.5V
Voltage applied to a disabled output (see Note 3) . . ... ......... ... . ... ... ......... 55V
Operating free-air temperature range: TIBPGS507M . ... ................... -55°C to 125°C

TIBPGS507C . . . ... 0°C to 75°C
Storage temperature range . . . ... ...ovv vt ettt -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
- NIT i
PARAMETER MIN NOM MAX MIN NOM MAX v i
Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 A\
VIH High-level input voltage 2. 5.5 2 5.5 \'
ViL Low-level input voltage 0.8 0.8 \
10H High-level output current -2 -3.2 mA »
loL Low-level output current 12 24 mA -’
t Pulse duratio Clock high S 8
w vise duration Clock low " o=
Input or feedback 15 ns [75)
st to S/R inputs o
Setup time S
t, before CLK nput or feedback 25 ns 1]
su . " to SCLRO a
active transition
Input or feedback 25 ns
to CTNT/HOLDO i
Input or feedback o |
Ri .
Hold timet ft S/t o'":"‘":ba - |
nput or feedbac i
1 fter CLK i
" :c:\:ectransit'on at SCLO ° "~ !
! :
Input or feedback o
at CNT/HLDO 1
TA Operating free-air temperature —55 125 0 75 °C
Tinternal setup and hold times, ts,, feedback to SCLR1, feedback to CNT/HLD1; t,, feedback at SCLR1 and feedback at CNT/HLD1, are
guaranteed by fi,ax specifications. The active transition of CLK is determined by the programmed state of the CLK polarity fuse.
i
S
&
o
o
EXAS JU’
2-205
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

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

noted)
M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS N P WAX "N TVPT A UNIT
VIK Vee = MIN, I| = -18 mA -1.2 -1.2 Vv
VOH Vce = MIN, loH = MAX 2.4 3.2 2.4 3 \4
VoL Vee = MIN, loL = MAX 0.25 0.4 0.37 0.5 Vv
Iy Voe = MAX, V) = 5.5V 25 25 uA
IIH Vce = MAX, V=27V .20 20 pA
M Vee = MAX, Vi =04V -0.25 -0.25 mA
los Vce = MAX, Vg = 225V -15 —~65 -15 —65 mA
lozH Vce = MAX, Vg =27V 20 20 uA
lozL Vce = MAX, Vg = 0.4V ~-20 -20 pA
2 icc Vee = MAX XLtpu‘:s'so:)/;n 140 140 “mA
switching characteristics over recommended supply voltage and operating free-air temperature range
g (unless otherwise noted) (see Note 4)
- TEST M SUFFIX C SUFFIX
© | PARAMETER FROM o CONDITIONS [ MIN _TYPT WAX | MIN _TvpT MAX | N7
2] 6-Bit counter
g ¢ + 6-Bit counter with SCLR1 or CNT/HLD1 50 MH
- max 6-Bit counter with SCLRO or CNT/HLDO 35 z
74 SIR registers RL = 500, 50
CLKS Q (non-registered) ¥ c_ = 50 pF 20 ns
tod CLKS Q (registered) 12 ns
| Q (non-registered) 18 ns
ten OE¢ Q 12 ns
tdis OEt Q 12 ns
NOTE 4: Load circuits and voltage waveforms are shown in Section 1 of the TTL Data Book, Volume 4.
tAII typical values are at Vo = 5V, Ta = 25°C.
*fmax is independent of the number of product terms used.
8The active edge of CLK is determined by the programmed state of the CLK polarity fuse.
1tpd CLK to Q (nonregistered) is the same for data clocked from the counter or state registers.
PRINCIPLES OF OPERATION
g PSG DESIGN THEORY
o Most state machine and waveform generator designs can be simplified with the PSG by referencing all or part
w) of each sequence to a binary count. The internal state registers can then be used to keep track of which binary
C count sequence is in operation, to store input data and keep track of internally generated status bits, or as output
'g) registers when connected to a nonregistered output cell. State registers can also be used to expand the binary
-] counter when a larger counter is needed.
- Through the use of the binary counter, the number of product lines and state registers required for a design
= v is usually reduced. In addition, the designer does not have to be concerned about generating wait states where
IT1 the outputs are unaffected because these can be timed from the binary counter. For detailed information and
< examples using this design concept, see the *’DESIGNER’S GUIDE TO THE PSG507’ applications report (literature
==  number SPDA0O3).
s
\ *p
2.206 Texas
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEGUENCE GENERATOR

PRINCIPLES OF OPERATION
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 firmware, software, and
hardware updates are available upon request. Information on persons capable of programming Texas Instruments
Programmable Logic is also available upon request from the nearest Tl sales office or local authorized Tl distributor;
information may also be obtained by calling or writing Texas Instruments at (214) 997-5762, Texas Instruments,
Post Office Box 655803, Dallas, Texas 75265.

TYPICAL APPLICATION

RFC ®
DYNAMIC RAM 5
"ﬁﬁiﬁ" DYNAMIC = AO-A8 BANKO o
MEMORY ,> 1 MEG x 32BITS| O
CONTROLLER | | HAS0 TMS4C1027 (7
REFREQ REFREQ SN74ALS6301 RAS ©
MEMORY | caso -
TIMING W ©
CONTROLLER (@]
TIBPSG507
F S
GENERATOR o aoas| \) A0-A8 BANKY
CLK vee -ag| A% 1MEG x 32 BITS
l_ - RAS1 TMS4C1027
—>{RESET LE | CAS1
w s L
RAS RASI
WAIT  CAS CAsi
R/W MSEL MSEL
Alzz MmC1 MmC1 \> BANK2
as AL e o A A0AB g meG x 32 BITS
_:[‘ | ] 7AS2 TMS4C1027
_ CAS2
MICROPROCESSOR ¢s W ;
. =
SN74ALS6310 E
A BANK3 E
. S AOA8 1 mEG x 32 BiITS o
ADDRESS ) ASa TMS4C1027 o
7 —
2 MEMORY BANK SIGNALS 1 CAs3
7 L g SELO.1 W 5
/\\ //\\ :
DATA o
o
Fo_r detailed information, please see the ''SYSTEMS SOLUTION FOR STATIC COLUME DECODE'’ Application Report. a-

'}
E .
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TIBPSG507M, TIBPSG507C
13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR

diagnostics

A diagnostics mode is provided with these devices that allows the user to inspect-the contents of the state
registers. The following are the step-by-step procedures required for the diagnostics.

1. Disable all outputs by taking OE (pin 17) high. (Note: If pin 17 is being used as an input to the array, then
pin 15 or pin 7 must be taken to double high first before pin 17 is taken high.)

2. Take QO (pin 8) double high to enable the diagnostics test sequence.
3. Apply appropriate levels of voltage to pins 11, 13 and 14 to select the desired state register, (see Table 1)

4. The voltage level monitored on pin 9 will indicate the state of the selected state register.

diagnostics waveforms

15 - VIHH
({1 Ry J S —

v

OE
O R — ViH
9-’! :4—100 —
ns
o Qo f———— —— — —— — — —_———— VIHH
n PN IZ L LU TLTCTTYS \- -~ -~ - - —= === ‘6'"
- ! I
® |
@ l€¢—100 ns—pi
'u'{ ! VOHH
Q3, Q4. Q5
(pmsn,13,14,\\\\(\\X\\XY\\\\\L{I —————————————— “;gl:
;4—-—100 ns—p|
Q1LALX‘YT\\\\\\\\\\\\LL\\\\XI\\\\A)\\\\VOH
(PIN 9) VoL
TABLE 1. ADDRESSING STATE REGISTERS DURING DIAGNOSTICS
REGISTER BINARY ADDRESS BURRIED REGISTER SELECTED
PIN 11 PIN13 | PIN 14
) L L L SCLRO
L L H SCLR1 .
L L HH CNT/HLDO
L H L CNT/HLD1
" L H H PO .
x L H HH P1
(@) L HH L P2
(w ] L HH H P3
CcC L HH HH P4
(@] H L L P5
-] H L H P6
H L HH P7
; H H L co
m H H c1
< H H HH c2
-— H HH L c3
m H HH H ca
E H HH HH cs
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TIB82S105BM, TIB82S105BC
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

D2897, SEPTEMBER 1985—REVISED DECEMBER 1987

50-MHz Clock Rate M SUFFIX . . . JD PACKAGE
. C SUFFIX . . . JD OR N PACKAGE
Power-On Preset of All Flip-Flops (TOP VIEW)

6-Bit Internal State Register with 8-Bit

. CLK |1 vee
Output Register 70-2 8
Power Dissipation . . . 600 mW Typical 16 L3 19
Programmable Asynchronous Preset or :i : ::?
Output Control 13 s N2
® Functionally Equivalent to, but Faster than 1217 (7113
. 828105At 11 0s 114
10 (e 1115
description a7 [ 19[]PRE/CE
The TIB82S105B is a TTL field-programmable a6 Lj ’Sg Qo
. . Qs (12 170 Qa1
state machine of the Mealy type. This state sl 6] a2 2
machine (logic sequencer) contains 48 product ono s 150 a3
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 M SUFFIX . . . FK PACKAGE g
8-bit output register. C SUFFIX . . . FK OR FN PACKAGE o
. ) (TOP VIEW) I7,)
The outputs of the internal state register v O
(PO—P5) are fed back and combined with the 16 woerg oo S
inputs (I0—115) to form the AND array. In V== = [}
addition a single sum term is complemented and 4321282726 (]
fed back to the AND array, which allows any of 14[]s 25[} 110
the product terms to be summed, 136 21
complemented, and used as an input to the AND 127 23[j 12
array. 1nps 22[1 113
o » 10[19 21[ 14
The state and output registers are positive-edge- a7fo 20 115
triggered S/R flip-flops. These registers are asf)n 19(] PRE/OE
unconditionally preset high on power-up. Pin 19 12 1314 1516 17 18
v can be used to preset both registers or, by Loooooo
blowing the proper fuse, be converted to an 83283858
output control function. O
The TIB82S105BM 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 82S105A. See Recommended Operating Conditions.
PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
current as of publication date. Products conform to M
niand sosranty: Proguciion prosensing doss ot TEXAS 2-209
necessarily include testing of all parameters. lNSTRUMEN'[‘S
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TIB82S105BM, TIB82S105BC

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

functional block diagram (positive logic)

PRE/OE —— }

| } L JEn
|;‘ \—4 s
CLK > C1 IJ
1
8X
>1 8 1=1
= 1S
= 48x 29 ) ) Q0-a7
N 45 48 i R
16X 16
‘ \ 16 . v
0—115 ———plemm—d 16 48
2 % 2 PN Lt c1
s
! C
o exD 8, =
o 6 6, =1
-+ p—r— > 18
[ = S, R
e ~
o® L
2 6
(7]

N, denotes fused inputs.

timing diagram

Vee

PRE

fe—tsu—>

|

I

OPTIONAL |
[ |

I

10-115 ﬂ

CLK

INTERNAL

h“su

> _&_____

- — — == =]— -

STATE REG ——/
PO—P5

‘F

l |
Qo—-Q7 —-l/ \ /

F
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TIB82S105BM, TIB82S105BC
16 % 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

logic diagram (positive logic) w

(9

109 - - —
" (8) .
2 7
1318 4
14 {5)
5 (@)
e
—f
{2) ]
18427 119 prejoE
I9(26l
101250y
111 24 o et
12 (23)
I‘l3(22.
11at21)
”5l20) L_
R, ~
@
P1 o
P P2 i<t
o .
P4 o
L s T 2
od— )] !
EI QUIN0 OLITTOT GOUHH000 HOODTUN TOIDTIY DUOUHI00 2
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INPUT LINES

NOTES: 1. All AND gate inputs with a blown link float to a logic 1.
2. All OR gate inputs with a blown link float to a logic O.

Texas “’ 2-211

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



TIB82S105BM, TIB82S105BC
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 (€8 NOte 3) . ... oottt

Input voltage (see Note 3)

Voltage applied to a disabled output (see Note' 3) . .. ......... ... ...
. -55°C to 125°C
0°C to 75°C
—-65°C to 150°C

Operating free-air temperature range: TIB82S105BM

TIB82S105BC . ................

Storage temperature range

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

recommended operating conditions

56V

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 \"
2 VIH High-level input voltage 2 5.5 2 5.5 \2
ViL Low-level input voltage 0.8 0.8 v
loH High-level output current -2 -3.2 mA
O |[lou Low-level output current 12 24 mA
1 thru 48 product terms
9’ without C era u* 0 40 0 50
i X
o felock Clock frequency T PRy dy ey MHz
v ) ru product terms 0 25 0 30
5 with C-array
® . Pulse duration Clock high or low 12 10 ns
2 w Preset 18 15
] t 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 CLK1$ 10 8 ns
th Hold time, input after CLKT 0 0 ns
TA Operating free-air temperature -55 125 o 75 °Cc
t The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input,
the maximum clock frequency must be calculated.
#The C-array is the single sum term that is complemented and fed back to the AND array.
§ After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition.
i
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TIB82S105BM, TIB82S105BC
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
Al Tl TEST CONDITIONS ! NIT
PARAMETER S MIN TYPt MAX | MIN TYpt max | U
VIK © Vee = MIN, I = —18 mA -1.2 -1.2 \
VOH Vee = MIN, IoH = MAX 24 3.2 2.4 3 v
VoL Ve = MIN, loL = MAX 0.25 0.4 0.37 0.5 v
I Vee = MAX, V| = 5.5V 25 25 A
IIH Vee = MAX, Vi =27V 20 20 rA
L Vee = MAX, V) =04V -0.25 -0.25 mA
o8 Vce = MAX, Vg = 2.256 V -30 -112 | -30 -112 | mA
lozH Vee = MAX, Vo = 2.7V 20 20 A
lozL Vee = MAX, Vo = 0.4V -20 -20 A
Vee = MAX, Vi =45V,
1 . 120 180 120 180 A
cc PRE/OE input at GND, QOutputs open m
switching characteristics over recommended supply voltage and operating free-air temperature ranges
(unless otherwise noted) @
[}
M SUFFIX C SUFFIX Qo
PARAMETER FROM TO TEST CONDITIONS UNIT
R MIN TYPE MAX [ MIN TYPE MAX K =
£ q Without C-array 40 70 50 70 MHz %]
Max" "With C-array 25 45 30 45 [\]
g
1 CLK? 8 8 15
pd - a R = 500 0, 2 ad <
tpd PREt Q Cl - 50 o 12 25 12 20 ns ()]
tod Vool | @ L =3P 0 10 0 10| ns
ten OEL Q 10 25 10 20 ns
tdis OEt 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 Vee =5V, Ta = 26°C.
5The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, 10s.
quax is independent of the internal programmed configuration and the number of product terms used.
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) 997-5762.
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TIB82S105BM, TIB82S105BC
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUEHCER
WITH 3-STATE OUTPUTS OR PRESET

diagnostics

A diagnostics mode is provided with these devices that allows the user to inspect the contents of the
state register. When 10 (pin 9) is held at 10 V, the state register bits 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

- - ViH
11-115 x :
: viL

|

: [ ——— +10V

| + *sov

/ | \ Vi

I - | I \) H
2 1o g I\

| /| : | \ viL
) ! " ! ~
2 | ! N | Vi
o CLK | | |
L [ = [ ; + ViL
= ﬂ—‘su—*—'w—l-ﬂ |
® INTERNAL | — e l————-——-v
®  STATE REGISTER T T OH
a PS | NS

PO—P5 = o o e o= ]

e ——————va,

|
! “—'pd———ﬂ k—tpa—u

|
: |
| l
Qo0-Q5 Qn | \ Qn+1 NS Qn + 1
! |

OPTIONAL
OF — — ov

PS = Present state, NS = Next state
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TIB82S105BM, TIB82S105BC |
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 18115, 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 I
with the programmed logic function. i

TEST ARRAY PROGRAM

OPTION PRE/OE T
AND OR i
PRODUCT INPUT PRESENT STATE | NEXT STATE out
— ! P N
LINE clehilihii (in) (PS) (NS) (@Qn)
s|al3(2|1]lo([9[8]7]6[s[a[3[2][1]o]s[a[3]2]1]o|s5[4[3]2]1]0o]|7[e][5]4]3]2]1
48 NE AN IEEREEEEENENEEEE
49 —IXJLTe e oo e e e e e Ju e Je e e e fe e e Je fef e TR R H[H]H]H[H
(2]
test array waveforms - 5
5V % :
£
Vee (7] i
———————————————————————— ov ©
! le—tw —pf E
: - = —Vy Q
CLK |
| ViL
| “—‘su—br—'h—bl | y
. | T | H
10-17 | | |
+ | -+ -——w
H—‘pd’i le—>t—tpd tpd —e—! :
Qo-a7 /' \ | / VoH |
. I !
e —_— v
oL ;
I [ |
INTERNAL | | | :
STATE REGISTER | HIGH
PO—P5 | |
S — - Low
TEST ARRAY DELETED
OPTION PRE/OE H i
AND OR i
INPUT PRESENT STATE| NEXT STATE out i
PRODUCT {in) (PS) NS) (@n)
LINE clClrf1|1[1|{1]1
s(4|3(2|1|o[9]8]7[6][5]a[3[2]1]o[5]a[3]2]1]o[s]a]3]2]1]o]7]6][s]a]3]2]1]0
48 —[=[RIR{H[AHTR[A IR [RTATH R HTHTRTATHTRH R R =T === 1-] =] =]-]-]-]-
49 “Ix ooy fojofofoooyo oo oo o oo o oo e = === 1= == == === 1=
X = Fuse intact, — = Fuse blown
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TIB82S105BM, TIB82S105BC
16 < 48 X 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TIB82S105B, 82S105A COMPARISON

The Texas Instruments TIB82S105Bisa 16 x 48 x 8 Field-Programmable Logic Sequencer that is functionally
equivalent to the Signetics 82S105A. 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 825105A 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 fmax 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 TIB82S105B 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 Signetics 82S105A was designed in such a way that after both power-up preset and asynchronous preset
it requires 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. However,
if the TIB82S 1058 is used to replace the 82S105A, then the t must understand that clocking will begin
with the first clock rising edge after preset.

TABLE 3. SPEED DIFFERENCES

PARAMETER

82S105A TIB82S105B

SIGNETICS

TI ONLY

fmax

20 MHz ~

50 MHz

pd, CLK to Q

20 ns

15 ns
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TIB82S105BM, TIB82S105BC
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

Vee |
: —tsu—p|
I‘——tsu——ﬂ . ‘
PRE | | !
i | i
SO I v FY s NV i B =
REGISTERS /' '\ x E/

FIGURE 1. 825105A PRESET RECOVERY OPERATION

Vee /i

PRE

P—tsy

[1

CLK | }

I

L+ L ;L L+ L ¢

[ 1
Reaisters  / \

XX XX

FIGURE 2. TIB82S105B PRESET RECOVERY OPERATION
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TIB82S167BM, TIB82S167BC |

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

D2896, JANUARY 1985—REVISED DECEMBER 1987

Programmable Asynchronous Preset or
Output Control

Power-On Preset of All Flip-Flops

8-Bit Internal State Register with 4-Bit
Output Register

Power Dissipation . . . 600 mW Typical

Functionally Equivalent to.! 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
to control the 8-bit internal state register and the
4-bit output register.

The outputs of the internal state register (PO-P7)
are fed back and combined with the 14 inputs
(10-113) to form the AND array. In addition the
first two bits of the internal state register (PO-P1)
are brought off-chip to allow the output register
to be extended to 6 bits if desired. A single sum
term is complemented and fed back to the AND
array, which allows any of the product terms to
be summmed, complemented, and used as inputs
to the AND array.

The state and output registers are positive-edge-
triggered S/R flip-flops. These registers are
unconditionally preset 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 825167A.

M SUFFIX . . . JT PACKAGE

C SUFFIX . . . JT OR NT PACKAGE

M SUFFIX . . . FK PACKAGE

C SUFFIX . . . FK OR FN PACKAGE

13
12

nc

10
Qo

NC—No internal connection

25}
24(]
23]
22(]
21(]
20(]
19Q

19

110

111

NC

112
113
PRE/OE

Data Sheets m

PRODUCTION DATA documents contain information
current as of publication date. Products conform to

Standar waranty. Froucton processing does ot Texas
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TIB82S167BM, TIB82S167BC
14 % 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

functional block diagram (positive logic)

PRE/OE }

s199yg eleqg m

I > EN
CcLK c1
- N -
& >1 4, 1s ax o
45X 48 48x 25 [ 1=1 Y
4, " v}—~—— 0003
19xD J1a,
14 <1\
10-113 ———ptmm— I PN 2, s 2X
P 2 =gl 2. PO, P1
o~ 1R
2xP | 2
~ >\~ 48,
2 ‘onn MY
o~ N\ —jC1
s
XD | 6
e KA . m er
bSed 3 15,2,
6,
— 1R
D
C = 1]
6,
2,

"\ denotes fused inputs
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TIB82S167BM, TIB82S167BC
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

timing diagram

Vce

PRE

|

f
OPTIONAL I
oF |
I

|
|
|
]
|
10-113 ——{-—( ! [
1 |
|
|
|
I

I
| |
CLK | 1 |
g H |
| | ] |
|
|
|
|

INTERNAL

STATE REG —:/

P2—P7

| I | |
00—a3, po—p1 —V \ / \__|<:

Data Sheets H
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TIBBZS167BM; TIB82S167BC
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

LOGIC DIAGRAM

10 48 M
n )
1248
13180
" ::: (OPTION)
153 _pp
162t 'J\;l.
17 123 ot [ S
18 1220 o2 preioE
19 2104
110 22 pt )
19)
n » e
12 4180 o
ns U257 L
’—‘ P 41
P2 14
2 P P4 —
ol - E
_J P7 1
,n_’, ¢ o
[ B UO00C )UL)(JXH H)' 00000 00000 l} } Q00
n 7S
M
= e s
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~* 1R s|
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c1
1R S|
7S
c1
1R S
" al T
1R s
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c1
17 S|
» as
1R s| :
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c1 |
~ — e
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] il |
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c1 i
1R 8| |
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1R S : .
= o
c1 v
o 17 s -
47 e 40 39 voe 32 3 oee 24 23 oer 16 15 o 8 7 vos o o
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.
i
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~ TIB82S167BM, TIB82S167BC
14x 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) . .. ... 7V
Input voltage (see Note B) . .. .. .ottt e e s 5.5V
Voltage applied to a disabled output (see Note 3) . .. ........ .. ... ... .. ... 5.5V
Operating free-air temperature range: TIB82S167BM .. .................... —-55°C to 125°C

TIB82S167BC . . .. .. . it
Storage temperature range . . . .. .. ......ourueete e

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

recommended operating conditions

M SUFFIX C SUFFIX
PARAMETER MIN NOM MAX | MIN NOM MAX UNIT
Vee Supply voltage 4.5 5 5.5 | 4.75 5 5.25 v
VIH High-level input voltage 2 5.5 2 5.5 \
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 3
1 'thru 4?: produ:t terms o 40 o 50 g
folock  Clock frequencyt without C-array MHz | £
1 .thru 48 product terms o 25 o 30 m
with C-array
+ Pulse duration Clock high or low 12 10 ns S
w Preset 18 15 ©
¢ Setup time before CLKT, Without C-array 20 15 ns o
su 1 thru 48 product terms With C-array 35 30
tsu Setup time, Preset low (inactive) before CLK18 10 8 ns
th Hold time, input after CLKT [o] 0 ns
TA Operating free-air temperature - 55 125 (o] 75 °Cc
 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.
tThe C-array is the single sum term that is complemented and fed back to the AND array.
§ After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition.
{f
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TIB82S167BM, TIB82S167BC
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 t UNr
0 S MIN TYP! MAX | MIN TYP! mMAX i

ViK Vee = MIN, I} = =18 mA -1.2 -1.2 |. V
VoH Vce = MIN, lon = MAX 24 3.2 2.4 3 v
VoL Vce = MIN, loL = MAX 0.25 0.4 0.37 0.5 v

0 Vce = MAX, V| = 6.5V 25 25 uA
[T Vee = MAX, V=27V 20 20 A

L Vee = MAX, Vi =04V -0.25 -0.25 mA
108 Vee = MAX, Vo = 2.25V -30 -112 | -30 -112 | mA
lozH Vee = MAX, Vo =27V 20 20 | wA
lozL Vee = MAX, Vo =04V -20 -20 A

Vee = MAX, Vi =45V, .

! 1 20 A

2 cc PRE/OE input at GND, Outputs open 90 60 160 m

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

O (unless otherwise noted)

Q

- M SUFFIX C SUFFIX

[} PARAMETER FROM- | TO TEST CONDITI UNIT

CONDITIONS MIN _TYPH MAX | MIN TYP¥ MAX

g i q Without C-array 40 70 50 70 MHz

@ | | with C-array 25 45 30 45

® | tpd CLK? Q 10 20 10 15 ns

RL = 500 @,

& [T PRET | @ & 50 oF 8 %5 8 20 | ns
o Vool | @ L=50p 0 10 0 10 | ns
ten OFE! 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.

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

8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, Igs.

“max is independent of the internal programmed configuration and the number of product terms used.

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 Tl distributor, or by calling Texas Instruments at (214) 997-5762.
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TIB82S167BM, TIB82S167BC
14 x 48 x 6 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 10 (pin 9) is held at 10 V, the state register bits P2-P7 will appear at the Q0-Q3 and
PO-P1 outputs. The contents of the registers, Q0-Q3, and PO-P1 remain unchanged.

diagnostics waveforms

ViH
1n-13 x
ViL

[T ———— T T +10V

# %

o
<

ViH

Vi

-
N

ViL

INTERNAL | '
- - o} — — o — - — S ¥
STATE REGISTER T -7 OH
PS | | NS

P2-P7 == e o = o o]

2

S

|

|

|

|

I

|

]
it
I

I

[

|

I

I

I

|

|

<

X

Data Sheets

+—m———————— - — ——=vo

|
] b——tpa——! k————tpd—-—-»:
|

[ - VoH
X an+1 X NS Xﬂn +1
l vo

L

Q0-Q3, PO-P1 Qn

OPTIONAL __

OF ov

PS = Present State
NS = Next State

¢ 2-225

EXAS
INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265 ‘
i
I



TIB82S167BM, TIB82S167BC ,
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

test array

A test array that consists of product lines 48 and 49 has been added to these devices to allow testing

prior to programming. The test array is factory programmed as shown below. Testing is accomplished

by connecting Q0-Q3 to 110-113, PRE/OE to GND, and applying the proper input signals as shown in the

timing diagram. Product lines 48 and 49 must be deleted during user programming to avoid interference
. with the programmed logic function.

test array program

OPTION PRE/OE 1H
AND OR
INPUT PRESENT STATE | NEXT STATE OUTPUT
PRODUCT (in) (PS) (NS) (Qn)
une  |cl|gfif1[1]a]1]a " "
s5la[3[2|1]o[9]8[7]6]5][4][3[2]1]o[s]a[3]2]1[o[s]4a]3[2]1]0f7]6]s]a][3]2]1]0
2 48 X[ |n[H[H[H[R|H]|H[H]H|H[H]H (R[] ]H{H[H B R (R]Cfo oo e oo e fe e fe ]
49 —IxTofefefoyoqooyoyoloyofofofe oo oo oo o v[ulelaa[r[HTA TR [R]RTHTH
8 test array waveforms
=3
o 5V
(7] Vce
~2
) — s e e e e e —  — —  — — ——— ov
(5] l H—‘w—-ﬂ
rs |
(7] | —_——Viy
CLK |
Vi
| .
| H—'su—bld—th—-bl |
| T | Vi
10-19 | I |
+ l + - =V
t, 1,
K-pd'.% be—>— tpd tpd —¢—>l .
Q0-03 /I \ | / OH
|
: | “I——““VOL
INTERNAL | I . |
STATE REGISTER | HIGH
PO-P7 |
————— Low
test array deleted
OPTION PRE/OE [H
AND OR
PRODUCT INPUT PRESENT STATE | NEXT STATE OUTPUT
- { P N Q
LINE clefiThhn (in) (PS) . W) (an)
s|a{3|2]|1|o{a{s8|7|6|5]|a|3|2{1]|0]|s]a|3|2]|1]0o|5]|a[3]2]1]|0|7|6]|5]a]|3]2]1]0
48 —[—|H[H[H[ATR]A[H]eHTHH[H]RIRTR]RTH R R [H TR TR =T-[=[-]=]-]=T=-[-1=[-[-]-
49 —IxTolefefe oo oo e oo o oo e oo o fe e fef=1=1={=1- 1= - 1=1-1-1-1-1-1-
X = Fuse intact, — = Fuse blown
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TIB82S167BM, TIB82S167BC
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

TIB82S167B, 82S167A COMPARISON

The Texas Instruments TIB82S167Bis a 14 x 48 x 6 Field-Programmable Logic Sequencer that is functionally
equivalent to the Signetics 82S167A. However, the TIB82S167B is designed for a maximum speed of 50 MHz
with the preset function being made conventional. As a result the TIB82S167B differs from the 82S167A in
speed and in the preset recovery function.

The TIB82S167B is a high-speed version of the original 82S167A. The TIB82S167B 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 82S167A, the fmax would be about 15 MHz. The fmax
for the TIB82S167B remains at 50 MHz regardless of the programmed configuration. In addition, the preset
recovery sequence was changed to a conventional recovery sequence, providing quicker clock recovery times.
This is explained in the following paragraphs.

The TIB82S167B and the 82S167A 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

[Z]
is not inhibited. In a similar manner after an asynchronous preset, the preset input must return low (inactive) f";
for a given time, tgy, before clocking. (7]
The Signetics 82S167A was designed in such a way that after both power-up preset and asynchronous preset ('g
it requires that a high-to-low clock transition occur before a clocking transition (low-to-high) wiil be recognized. ©
This is shown in Figure 1. The Texas Instruments TIB82S167B 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 3 '
time) before the clock rising edge. See Figure 2.
The TIB82S1678B, with an fjax 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 TIB82S167B be used in new designs. However,
if the TIB82S 1678 is used to replace the 82S167A, then the customer must understand that clocking will begin
with the first clock rising edge after preset.
TABLE 3. SPEED DIFFERENCES
: 825167A TIB82S167B
PARAMETER SIGNETICS TI ONLY
fmax 20 MHz 50 MHz
tpd, CLK to Q 20 ns 15 ns
7/
2-227
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TIB82S167BM, TI8828187BC
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER
WITH 3-STATE OUTPUTS OR PRESET

sjaays eieq u

: Ie—tsu—p|
—tsu—>| |
PRE | ! i
1 ) v :
SO I Y e T i Y e Y e Y
) i
REGISTERS /l \ X_i/
FIGURE 1. 82S167A PRESET RECOVERY OPERATION
Vce 1
: ﬂ"!'—‘su
PRE ! | | '
. | H i
oK __ | } L+ L L ¢+ L+ L2
! I i

REGISTERS _/ \ X xl/ \ X

X

FIGURE 2. TIB82S167B PRESET RECOVERY OPERATION
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TICHAL16L8-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C

HIGH-SPEED HAL® CIRCUITS

D2972, MARCH 1987 —REVISED DECEMBER 1987 |

® Mask-Programmed Version of 20-Pin PAL®
Family

Virtually Zero Standby Power
35-ns Maximum Propagation Delay
HC, HCT, and TTL Compatible

Choice of 20-Pin DIP, 20-Pin SO (Small
Outline) or 20-Pin PLCC Packages

® Low-Power Replacement for 20-Pin ‘A’
PAL® Devices

® Dependable Texas Instruments Quality and
Reliability

3-STATE |REGISTERED| /0

DEVICE |INPUTS
Q OUTPUTS | OUTPUTS |PORTS

TICHAL16L8
C SUFFIX . . . DW OR N PACKAGE

(TOP VIEW)

]
|
|
|

W 0 N OB WN =

imimininininlninin)

=
(=]

GND []

TICHAL16L8
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

'HAL16L8 10 2 0 6 o 7 i
'HAL16R4 8 0 4 (3-state) 4 ___ %0 5 !
'HAL16R6 8 o} 6 (3-state) 2 ) )
"HAL16R8 8 0 8 (3-state) | O 21219 £
1Da 1810 »
description 1ps 1700 S
) ) 1pe 16010 s
These high-speed CMOS Hard Array Logic ik 150 o a !
(HAL®) circuits are mask-programmed versions he 1advo
of the 20-pin PAL® devices. They provide 101112 13
reliable, high-speed, low-power substitutes for '
conventional TTL and HCT logic. They are also TgTog@ J
compatible with HC logic over Vcc range of 4.5 o !
volts to 5.5 volts.
This family of CMOS HAL® circuits provide the flexibility of using integrated circuits with virtually zero :
standby power and lower operating power than those currently achieved by bipolar PALs. Prototyping can |
be done using standard PAL® devices before converting to CMOS HAL® circuits for production.
The TICHAL16’ circuits have internal electrostatic discharge (ESD) protection circuits and have been
classified with a 2000-volt ESD rating tested under MIL-STD-883B, Method 3015.1. However, care should
be exercised in handling these devices as exposure to ESD may result in a degradation of the device
parametric performance.
The C suffix designates commercial-temperature circuits that are characterized for operation from 0°C
to 75°C.
i
1
|
i
PAL and HAL are registered trademarks of Monolithic Memories Inc. .
I
PRODUCTION DATA documents contain information . Copyright ©® 1987, Texas Instruments Incorporated |
L A e Exas Wi |
specil
tandard . Producti ing does not -
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TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS
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(TOP VIEW)
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TICHAL16L8-35C, TICHAL16R4-35C
HIGH-SPEED CMOS HAL® CIRCUITS

functional block diagrams (positive logic)
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TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

functional block diagrams (positive logic)
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TICHAL16L8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

logic diagram (positive logic)
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TICHAL16R4-35C
HIGH-SPEED CMOS HAL® CIRCUITS

logic diagram (positive logic)
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TICHAL16R6-35C
HIGH-SPEED CMOS HAL® CIRCUITS

logic diagram (positive logic)
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TICHAL16R8-35C

HIGH-SPEED CMOS HAL® CIRCUITS

logic diagram (positive logic)
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TICHAL16L8-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

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

Supply voltage range, VO C - - - v v vttt e e -0.5Vto7V
Input voltage range, V| . ... ... i i e e -0.5VtoVcc+0.5V
Input clamp current, IK (V] < 0or V| > VCC) - o i i v i +20 mA
Output clamp current, IoK (VO < 00orVQ > VCC) - - v v i i i +20 mA
Continuous output current, [0 (VO = 0to VCC) - - - -« oo i i +35 mA
Continuous current through VCC Pin. . ... ... 70 mA
Continuous current through GND pin . .. ........ ... ... ... ... iiiiuurernn.n.. —200 mA
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . ............ AP 260°C
Operating free-air temperature range . . . . . . ... v vttt it ittt e e 0°C to 75°C
Storage temperature range . . .. ... ... v vt et —-65°C to 150°C

recommended operating conditions

C-SUFFIX

MN_Nom  max | oM 2

Vee  Supply voltage 4.5 5.5 v
VIH High-level input voltage 2 \% 7))
ViL Low-level input voltage 0.8 \4 ‘6
tw Pulse durationv g:gzt :::3: ig ns 2
tsy Setup time, input or feedback before CLK? 30 ns )
th Hold time, input or feedback after CLK? 0 ns S
TA Operating free-air temperature range [o] 75 °C ©
(a]

Texas {’) 9.237
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TICHAL16L8-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

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

noted) i
C-SUFFIX
ARAMETER ’ S N N T
‘ P, ME . TEST CONDITIONS MIN_ TYPT  MAX UNI
Vou  High-level output voltage Vee = 4.5V, o4 = —6 mA 3.76 \
VoL  Low-level output voltage Vcec = 4.5V, loL = 24 mA 0.4 V-
Off-state output current with :
i V =556V, Vo = Vi 1
0zH high-level voitage applied cc 0 cc 0 ”A
Off-state output current with
I Y/ =556V, Vo =0 -10 A
ozL low-level voltage applied cc 5 0 : . »
4 High-level input current Vge = 5.5V, Vi = Vce 1 A
iL Low-level input current Vee = 5.5V, V) = N -1 A
’ =55V, V) = Ve,
Icc Standby supply current Ivocg 0 55V I = OorVee 100 »A
. Vee =565V, V| = 0orVge,
! b t 2 A/MH:
2 cc Operating supply curren f =1 MHz, Io =0 mA/MHz
) Vee = 5.5V, V| = 05Vor24V,
t ch | . 1.4 A
U Alcc* Change in supply current Other inputs at 0 or VCe 3 m, _
2 [c input capacitance Ta = 25°C, f = 1 MHz 10| oF
[} Co Output capacitance Ta = 25°C, f=1MHz 10 pF
- g . .
=  switching characteristics over recommended ranges of supply voltage and operating free-air temperature
8 {uniess otherwise noted)
~
# | PARAMETER FROM To 1 TEST CONDITI C-SuPFAIX
(INPUT) (OUTPUT) EST CONDITIONS MIN TYPT MAX unIT
with feedback : 18
fmax? .
max without feedback ‘ 25 MHz
1, I, 1/0, or feedback ! 1 3
e fngoma] oo - 200 s
pd = A Ry = 390 0, - >
ton 4 CL = 50 pF 2 5 ns
tdis OEt Q 12 25 ns
ten 1 or /O O or /O 14 35 ns
tdis 1 or /O 0 or I/0 16 35| ns
T Al typical values are Vo = 5V, TA = 25°C.
¥ This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than O or Vee-
1 1
§ ; back) = ————o . i -
fmax (with feedback) tou * tpd (CK 10 Q) fmax (without feedback) twlhighl + twllow)
. NSTRUMENTS
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TICHAL16L8-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

Vce

FROM OUTPUT , _ TEST
UNDER TEST POINT
cL > R2

S1
R1
‘P
:»
(See Note A) |

NOTES: A. C_ = includes probe and jig capacitance.
B. When measuring propagation times of 3-state outputs, S1 is closed.

N

FIGURE 1. LOAD CIRCUIT FOR THREE-STATE OUTPUTS ﬁ
[}
Q
—————————— 3v <
INPUT 1.5V \'\1‘5 v 2
/-= tpd = tPLH OF tPHL | ov [
N—-—‘PLH——-—D‘ le——tPHL—| 8
] R et
e Frov |
t | VoL
be——tPHL—y le——tPLH—y
| | VOH
OUT-OF-PHASE . \1 sV 15V
ouTPUT
————— VoL

VOLTAGE WAVEFORMS

NOTES: A. When measuring propagation times of 3-state outputs, S1 is closed.
B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z; = 50 ©, t, = 6 ns.

FIGURE 2. PROPAGATION DELAY TIMES, OUTPUT RISE AND FALL TIMES

TeExas k‘ 2-239
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TICHAL16L8-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

- — — ——-3V
CLK 15V
| .
le " N ov
fe—tsu—pf '}
|
_-———— ——-3vV
DATA 1A 27V 2.7V XI
weur 8 VA 1X15Vv
0.3V | | 0.3V
11 | ov
—ﬂ‘rk— —"tf“‘—

VOLTAGE WAVEFORMS

NQTE: Phase relationship between waveforms was chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR < 1 MHz, Zp = t; = 6 ns, t§ = 6 ns.

N

FIGURE 3. SETUP AND HOLD TIMES, AND INPUT RISE AND FALL TIMES

sj}99ys ejeq
Q
g
PR
2
b

|
——tpzL — l¢—tPLz—pl
ouTPUT : | | ! ~Vee
WAVEFORM 1 | | 05V
S1 CLOSED | '\“5 v | v
(See Note B) | | —F———- VoL
le—tpzn—>sl =
OUTPUT ! — ¥ o
WAVEFORM 2 ! J 5
S1 OPEN 5V ! | 05V
(See Note B) | . | =0V
[¢——tPHZ—>|

ten = tPZL Of tpZH tdis = tPLZ Of tPHZ
‘ VOLTAGE WAVEFORMS

NOTES: A. Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z5 = 50Q, t, = 6 ns, tf = 6 ns.
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,

FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS

2.240 Texas "w’?
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TICHAL16L8-35C, TICHAL16R4-35C, TICHAL16R6-35C, TICHAL16R8-35C
HIGH-SPEED CMOS HAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

—————— 3v
HIGH-LEVEL K
PULSE ! 1.5V ' 15V
1 I ov
LOW-LEVEL
PULSE

VOLTAGE WAVEFORMS

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z, = 50 Q, t; = 6 ns.
B. For clock inputs, fmayx is measured with input duty cycle = 50%.

FIGURE 5. PULSE DURATIONS

Data Sheets H
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

D3062, NOVEMBER, 1987

® Standard 20-Pin PAL Family TICPAL16L8’
C SUFFIX . . . JL OR N PACKAGE
® Virtually Zero Standby Power (TOP VIEW)
~® Propagation Delay . . . 55 ns Max 'C‘ U2 vee
102 0o
® TTL- and HC-Compatible Inputs and Outputs 10s  Qwo
I 17[Juo
® Preload Capability to Aid Testing ,E: - ,6%,/0
()
® Fully Tested for High Programming Yield :E? -~ :f%:jg
Before Packaging ide 0o
® Greater than 2000-V Input Protection for GND' E?O '2%'0
Electrostatic Discharge 1
@ Devices in the ‘JL’ Package Can Be Erased TICPAL16R4’
and Reprogrammed More Than Once C SUFFIX . . . JL OR N PACKAGE
(TOP VIEW)
ck [ U20Qvee 2
3-STATE | REGISTERED| 1/0 102 9Qwvo
 DEVICE | INPUTS 0 OUTPUTS| Q OUTPUTS | PORTS 10s  18fio 17
PAL16LB | 10 2 0 6 tgs  17da ®
1s ~18Ja
PAL16R4 8 0 4 (3-state) 4 1 e (‘_)‘53 a Y]
PAL16R6 8 ¢} 6 (3-state) 2 1> 140 f,
PAL16R8 8 (] 8 (3-state) 0 1iQs  130wo
ife 120wo [1]
o GND [Jio n[]OE ‘s
description a
. . . . TICPAL16R6"
These PAL devncgs provide rehab'le, high- C SUFFIX . . . JL OR N PACKAGE
performance substitutes for conventional TTL (TOP VIEW)
and HCT logic. They are also compatible with HC
logic over the Vc( range of 4.75 V to 56.25 V. CLKI C; Ufgjzgc
Their easy programmability allows for quick i e
design of ‘‘custom’’ functions and typically Qs 170a
result in a more compact circuit board. Static 10s (—-)16:]0
power dissipation for these devices is negligible. l EG ~ 15% Q
147 14 |1Q
The output registers of these devices are D-type e 11{Ja
flip-flops that store data on the low-to-high 10e 12Qwo
transition of the clock input. The registered GND [Jro 11f]0E
outputs may be disabled by taking OE high, '
whereas the nonregistered outputs may be TICPAL16RS
" oL C SUFFIX . . . JL OR N PACKAGE
disabled through the use of individual product
: (TOP VIEW)
terms. Unused inputs must always be connected
to an appropriate logic level, preferably either C'-Kl E; T::IZ\CC
Ve or ground. ide  efa
1ds  10a
1s (*)163 Q
1{e '~"15Ja
10 14[]a
10e  130a
1IJe 120a
GND [(J1o  11[JOE
The dotted circles represent windows found only on the JL package.
PAL® is a registered trademark of Monolithic Memories Inc. ‘
PRODUCTION DATA documents contain information Copyright ® 1987, Texas Instruments Incorporated
current as of publication date. Products conform to i
specicnons g e e o, Tnas fstrunnte i[> 2.243
necessarily include testing of all parameters. INSTRUMENTS
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

description (continued)

O
o
~
o
»n
=3
®
®
-+
(7

The programming cell consists of a floating-gate device like those used in EPROMSs. All terms are initially
connected. The unwanted terms are programmed out to provide the desired function. The output of a
given AND gate is low if both the true and complement cells of a term are connected, and high if all related
cells are programmed. Programming can be done manually but is usually achieved through the use of
commercially available programming equipment.

‘This TICPAL16’ series has internal electrostatic discharge (ESD) protection circuits and has been classified

with a 2000-V ESD rating tested under MIL-STD-883B, Method 3015.1. However, care should be exercised
in handling these devices, as exposure to ESD may result in a degradation of the device parametric
performance.

The floating gate programmable cells allow these PALs to be fully programmed and tested before assembly
to assure high field programming yield and functionality. They are then erased by ultraviolet light before
packaging. )

All devices in this series contain a security feature. Once the security cell is programmed, additional
programming and verification cannot be performed. This prevents easy duplication of a design.

The TICPAL16'C series is charaéterized for operation from 0°C to 75°C.

erasure

The TICPAL16’ (JL package) series can be erased after programming by exposure to ultraviolet light that
has a wavelength of 253.7 nm (2537 A). The recommended minimum exposure dose (UV intensity x
exposure time) is fifteen wesecm —2, The lamp should be located about 2.5 cm (1 inch) above the chip
during erasure. It should be noted that normal ambient light contains the correct wavelength for erasure.
Therefore, when using the TICPAL16’ series (JL package), the window should be covered with an opaque
label.
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TICPAL16L8-55C, TICPAL16R4-55C
STANDARD CMOS PAL® CIRCUITS

functional block diagrams (positive logic)

Data Sheets “
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TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

~ functional block diagrams (positive logic)
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STANDARD CMOS PAL® CIRCUITS

logic diagram (positive logic)
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TICPAL16R4-55C
STANDARD CMOS PAL® CIRCUITS

logic diagram (positive logic)
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TICPAL16R6-55C
STANDARD CMOS PAL® CIRCUITS

logic diagram (positive logic)
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TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

logic diagram (positive logic)
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

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

Supply voltage range, YOG - -« o v v vt v it ittt ettt et e -05Vto7V
Input voltage range, V| . ... ...t e -0.5VtoVce +0.5V
Input clamp current, K (V] < 00r VI > VCC) vt it e it e e +20 mA
Output clamp current, IOK (VO < 00rVQ > VCC) -+ vt vvivmeeiaeee e +20 mA
Continuous output current, I0 (VO = Oto VCC) - ..o oo +35 mA
Continuous current through VCC PIN. . . . .. oo e e 70 mA
Continuous current through GND pin . . . .. ... ... it —200 mA
Operating free-air temperature range . . . . . ... ...ttt it 0°C to 75°C
Storage temperature FaNgE . . . . ... .v v vt v et -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds (JL package) ........... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds (N package) . ........... 260°C

recommended operating conditions

C-SUFFIX
MIN NOM MAX uNIT
Ve Supply voltage 4,75 5.25 \%
Vi High-level input voltage 2 v ﬁ
Vi Low-level input voltage 0.8 A" 8
tw Pulse duration ::::::z:: :zgvh zg ns ‘ﬁ
_t_s_u Setup time, input or feedback before CLK! 40 ns ©
t,  Hold time, input or feedback after CLK! 0 ns “'6
Ta  Operating free-air temperature range [o] 75 °C Q
|
i
|
|
|
|
|
|
|
|
|
\
’
{f
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

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

noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
Von Vee = 4750V, IoH = 3.2 mA (for TTL) 4 v
Vee = 475V, loH = —4 mA (for CMOS) 3.86
v Ve = 4.75 0V, oL = 24 mA (for TTL) 0.5 v
oL Vee = 4.75 V, loL = 4 mA (for CMOS) 0.4
lozH Vce = 5.26 V, Vo = 2.4V 10 uA
1ozL Vce = 6.25 V, Vo = 0.4V -10 | wA
IiH Vce = 56.25 V, Vi = Vce 10 rA
m Vee = 5.25 V, Vi =0 -10 | pA
IcC(standby) Vee = 5.25 'V, Vi = 0 or Vee, o =0 100 pA
ICC(operating) Vce = 6.25V, Vi = 0to Vce. lo =0 2 _mA
f f = 1 MHz to 25 MHz MHz
Ve 56.26 V, Vi=05Vor24yv,
2 *aice Other inputs at O V or Vcc 14 3 mA
Ci Ta = 26°C, f=1MHz 6 pf
o )
'O_b' switching characteristics over recommended ranges of supply voltage and operating free-air temperature
@ (unless otherwise noted) R1 = 200 2, R2 = 390 Q, CL. = 50 pf
2] FROM TO
3- PARAMETER INPUT) (OUTPUT) MIN TYPY MAX | uNIT
[+ P - with feedback 16 MHz
7Y max wio feedback 25
tpd I, /0, or feedback O or /0 35 55 ns
tpd CLKT Q 15 22 ns
ten OEl Q 15 25 ns
tdis OE? Q 15 25 ns
ten lor /O Qor l/O 35 55 ns
tdis 1or I/O Q or /0 35 55| ns
TAll typical values are at Vo = 5V, To = 25°C.
#This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than 0 or V¢c.
$fmax(with feedback) = ! i fmax(without feedback) = *
tsy + tpg (CLK to Q) tsu
e
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

preload procedure for registered outputs

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. All of the registers may

be preloaded simultaneously by following the steps below.

Step 1. With Vcc at 5 V and Pin 11 at V|H, raise Pin 1 to V|HH-

Step 2. Apply either V| or V|H to the output corresponding to the register to be preloaded.

Step 3. Lower Pin 1 to V|, then remove the output voltage. Preload can be verified by lowering Pin 11

to V|L and observing the voltage level at the output pins.

preload waveforms

———————— Vep
PIN 1 2
1 1
| |
1 | viL 2]
! | ]
—»l 4 je— | o
| | 1 £
I I \ Vi 7]
PINS
29 : | s
i | 1+
\7
1 | | iL Q
| I
— e —» td e :
| : 1 |
| H | | ! v
1 T T —|—— ViH
PIN 11 Il toreload = 148 o N\ v
| | v | T L
! | . —» 4
vig— :— : | VoH
)
REGISTERED 1/O
ViL— VoL
preload parameters, TA = 25°C
PARAMETER? MIN NOM MAX UNIT
VIHH Preload voltage on pin 1 12.5 13 135 \
WHH Preload input current at pin 1 3.2 4 4.8 mA
Av/At Voltage ramping (ViHH) 50 Vius
td Setup and hold times 2 #s
TOther test parameters and conditions are shown in recommended operating conditions and electrical characteristics tables.
i
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

cc

b

‘ s1
R1
FROM OUTPUT TEST
UNDER TEST POINT
c $R2
(See Note A) I ]

NOTES: A. C_ = includes probe and jig capacitance.
B. When measuring propagation times of 3-state outputs, S1 is closed.

N

w) FIGURE 1. LOAD CIRCUIT FOR THREE-STATE OUTPUTS
Q
~
o e ————— 3y
(7 INPUT 185V \\‘I.S v
= 1 tpd = tPLH Of tPHL i ov
® | |
oy [‘-——‘PLH-——-’: le——tPHL——p
@ | | - R
IN-PHASE | 15V 15V
ouTPUT | : I :
+ | VoL
|4-—-—‘PHL—-§| k———‘PLH——’[
|. | VOH
T e e frsv
: ———=VoL

VOLTAGE WAVEFORMS

NOTES: A. When measuring propagation times of 3-state outputs, S1 is closed.
B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zg = 50 Q, t, = 6 ns.

FIGURE 2. PROPAGATION DELAY TIMES, OUTPUT RISE AND FALL TIMES

9.254 TExas {?
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

—— — ——-3V

CLK 15V
! ov
lc———'h———’l

fe—tsu—p! |
|
——————— 3v
DATA A 27V 2.7V Xl
1.5 v ¥l X115V
INPUT
0.3V | | 0.3V
[ ov
—l t b —l tf be—

VOLTAGE WAVEFORMS

Phase relationship between waveforms was chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR < 1 MHz, Z5 = t; = 6 ns, tf = 6 ns.

FIGURE 3. SETUP AND HOLD TIMES, AND INPUT RISE AND FALL TIMES

3v
OF 5& 15V ﬁ v .
i
| +--————-————— ov
le—tpzL—» le—tPLz—p!
OUTPUT : I | | ~Vee
WAVEFORM 1 | | 05V
$1 CLOSED | \\1‘5 v | v
(See Note B) | | —F——— VoL
le—tpzn—>l :
ouUTPUT I — ¥ _vou
WAVEFORM 2 ! 15V ! ~F_
S1 OPEN : | ) 0.5V
(See Note B) | | =0V
le——tPHZ —p|
ten = tpzL OF tpzH tdis = tPLZ OF tPHZ

VOLTAGE WAVEFORMS

NOTES: A. Allinput pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z5 = 50Q, t; = 6 ns, tf = 6 ns.

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.

FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS
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TICPAL16L8-55C, TICPAL16R4-55C
TICPAL16R6-55C, TICPAL16R8-55C
STANDARD CMOS PAL® CIRCUITS

PARAMETER MEASUREMENT INFORMATION

HIGH-LEVEL
PULSE %’ 15V l 15V
1 ov

|
— tw——————

LOW-LEVEL
PULSE

VOLTAGE WAVEFORMS

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z5 = 60 Q, t; = 6 ns.
B. For clock inputs, fmax is measured with input duty cycle = 50%.

FIGURE 5. PULSE DURATIONS |

sjeayg ejeq m

j
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPI/C™ CMOS GENERIC PAL®

D3087, DECEMBER 1987

® 20-Pin Advanced CMOS Generic PAL JL PACKAGE
TOP VIEW
® Virtually Zero Standby Power ) )
\
® 25-ns Maximum Propagation Delay ) /S/CQ
® Eight Output Logic Macrocells 1/0/Q
— Each OLM Is User-Programmable for 1/0/Q
Registered or Combinational Operation, 1/0/Q
Polarity, and Output Enable Control 1/0/Q
® UV-Light-Erasable Cell Technology Allows :ig;g
for:
I
— Reconfigurable Logic [/O/Q

— Reprogrammable Cells
— Full Factory Testing for Guaranteed
100% Yields

® Preload Capability on All Registered Outputs
Allows for 100% Functional Testing

Pin assignments in operating mode

N

(%)
® Power-Up Clear 5
Programmable Design Security Bit Prevents g
Copying of Logic Stored in Device %)
® The TICPAL18V8 Replaces the PAL ©
Functions in Table 1 . ?U‘
- o
description
This PAL device features advanced CMOS speed and virtually zero standby power. It combines Tl’s EPIC™
(Enhanced Processed Implanted CMOS) process with ultraviolet-light-erasable EPROM technology. Each
output has an Output Logic Macrocell (OLM) configuration allowing for user definition of the output type.
This PAL provides reliable, low-power substitutes for numerous high-performance TTL PALs.
TABLE 1. PAL FUNCTIONS
CLK/ — — | Vec | Veec | Vec | Vee | Vee | Vee | Vee | Vee | Vee | Vec
I — - o] | | | Q /0 110 (o} o /0
I — - o} (o} 1 | Q Q 1/0 1/0 (o} 110
| — - [0} (o} o ! Q Q Q 110 (o] 1/0
I - - [0} (o] [0} (o] Q Q Q 110 o 1/0
| - - o} (o} o (o} Q Q o} 1/0 [o} /0
- -]l o] o] o I a|a]|al]vw]| o |uw ;
| — - (o} o | | Q Q 1/0 1/0 (o} /0 w
I — — (o] 1 | | Q /0 1/0 [} o 110 —
GND — -1 | I i | o | o | o | 1 | | >
10L8 | 12L6 | 14L4 | 16L2 |16R8 |16R6 |16R4 | 16L8 [16LD8| 18P8 w
10H8 | 12H6 | 14H4 | 16H2 | 16RP8 | 16RP6 | 16RP4 | 16H8 [16HD8 E
10P8 | 12P6 | 14P4 | 16P2 16P8
o
EPIC is a trademark of Texas Instruments Incorporated. o
PAL is a registered trademark of Monolithic Memories Inc. D.
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of /]
dovoilfqpn:‘nnt. I:h:uicuristile ana lan;ir other E. 2.257
acifications are design goals. Texas Instruments =
sannm the right to _c! g;o or discontinue these lNSTRUMENTS

products without notice. POST OFFICE BOX 655012 * DALLAS, TEXAS 75265




TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

descriptibn (continued)

architecture

sja9ys eleq u &

M3IATHd 1ONA0Yd

The 'PAL18V8 architecture is a generic version of the 20-pin family of PALs. This generic flexibility is
achieved by the implementation of each output function with an Output Logic Macrocell (OLM). The OLM
contains architectural options configured through programming. These options include the user selection
of combinatorial or registered outputs with a choice of active-high or active-low logic.

The 'PAL18V8 has 74 product terms in the AND array, 64 of which are OR-function product terms, 8
product terms that are used as bidirectional output controls, and 1 product term each as asynchronous
reset and synchronous set control, respectively. Each of the 8 outputs has 8 product terms per OR function
and a dedicated product term for the bidirectional control of that output. The bidirectional control allows
for individual outputs to be forced into the high-impedance state for bidirectional operations or for dedicated
input usage.

The circuit design is enhanced by the addition of synchronous set and asynchronous reset product terms.
These two functions are common to all the OLMs. When the synchronous set product term is a logic 1,
the output registers are loaded with a logic 1 on the next low-to-high clock transition. When the
asynchronous reset product term is a logic 1, the output registers are loaded with a logic O independently
of the clock. The output logic level after set or reset depends on the polarity selected during programming.
An asynchronous reset always overrides synchronous set.

" A clock function is routed to all the OLMs. It is used with the registered macrocell options. The clock function

shares a pin with an array input. The sharing provides an additional input pin when registered options are
not exercised.

The registers in the '18V8 have been designed to reset after power-up. During power-up, all registers will
reset to the O-state following a transition of any input or any I/0. The output voltage level for any output
will depend on the polarity selected for that output. This feature is especially valuable in simplifying state
machine initialization.

~ All output registers can be preloaded to any desired state during testing. Preloading permits full Iogiéal

verification during device testing.

The TICPAL18V8 has internal electrostatic discharge (ESD) protection circuits and has been classified with
a 2000-V ESD rating tested under MIL-STD-883B, Method 3015.1. However, care should be exercised
in handling these devices, as exposure to ESD may result in a degradation of the device parametric
performance.

The floating gate programmable cells allow these PALs to be fully programmed and tested before assembly
to assure high field programming yield and functionality. They are then erased by ultraviolet light before
packaging.

The M-suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The C-suffix devices are characterized for operation from 0°C to 75°C.

design security

The 'PAL18V8 contains a programmable design security bit. Programming this bit will disable the read
verify and programming circuitry, protecting the design from being copied. The security bit is usually
programmed after the design is finalized and released to production. A secured device will verify as if every
location in the device is programmed. Because programming is accomplished by storing an invisible charge
instead of opening a metal link, the '18V8 cannot be copied by visual inspection. Once a secured device
is fully erased, it can be reprogrammed to any desired configuration.
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‘TICPAH 8V8-30M, TICPAL18V8-25C
ADVANCED EPI/C™ CMOS GENERIC PAL®

functional block diagram (positive logic)
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TICPAL18V8-30M, flCPAI.I 8V8-25C
~ ADVANCED EPIC™ CMOS GENERIC PAL®

logic diagram (positive logic)
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

output logic macrocell (OLM) description

A great amount of architectural flexibility is provided by the user-configurable macrocell output options.
The macrocell consists of a D-type flip-flop and two select multiplexers. The D-type flip-flop operates like
a standard TTL D-type flip-flop. The input data is latched on the low-to-high transition of the clock input.
The Q and Q outputs are made available to the output select multiplexer. The asynchronous reset and
synchronous set controls are available in all flip-flops.

The select multiplexers are controlled by programmable bits. The combination of these programmable bits
will determine which macrocell functions are implemented. It is this user control of the architectural structure
that provides the generic flexibility of this device.

output logic macrocell diagram

OUTPUT LOGIC MACROCELL

L
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P

AR R =0 1%—

1D
c1

ol O

SS—{18

Data Sheets
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

output logic macrocell options

MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE

c::'" SELE:J FEEDBACK AND OUTPUT CONFIGURATION
[o] (4] Register feedback | Registered Active low
(o] 1 Register feedback | Registered Active high
1 0 1/0 feedback Combinational | Active low
1 1 1/0 feedback Combinational | Active high

0 = erased cell, 1 = programmed cell
S1 and SO are select-function cells as shown in the output logic
macrocell diagram.

O R
Y]
g 10
> C1
[72]
-5 1S
o S1 =0 S1 =0
o SO = 0 i S0 = 1
~*
(7]
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
p—a—— p—at—>—
S1 =1 ) S1 =1
; 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT
n)
X
m
<
rén
i
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

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

Supply voltage, VG - - - o vt e -0.5Vto7V
Input voltage, Vi(see Note 1) . ... ... ... ... .. ... ... -0.56VtoVcc+0.5V
Input diode current, lIK (V] < Oor VI > VCC) . oo v +20 mA
Output diode current, IoK (VO < 0orVQ > VCEC) .- oo +20 mA
Continuous output current, I0 (VO = 0toVCC) - - - - . oo oo +40 mA
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. ... .................. 300°C
Operating free-air temperature range: M suffix. . ....... ... ... ... ....... -55°C to 125°C

Csuffix ....... . ... i 0°C to 75°C
Storage temperature range . . ... .. ... e —-65°C to 150°C

NOTE 1: These ratings apply except during programming and preload cycles.

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

N

recommended operating conditions

—30M —25C
UNIT (2]
MIN NOM MAX MIN NOM MAX -
Vce  Supply voltage 4.5 5 5.5 4.75 5 5.25 \ g
Vi4  High-level input voltage 2 Vee+0.5 2 Vee+0.5 \ N
ViL  Low-level input voltage 0.8 0.8 v (2]
Driving TTL -2 -3.2 ©
I High-level output t A
OH igh-level output curren; Driving CMOS = >y m ‘6
Driving TTL 12 24 Q
1 Low-level output t A
oL ow-level output curren Driving CMOS > 2 m
felk Clock frequency MHz
CLK high 10 8 s
tw Pulse duration CLK Jow 1 9
Asynchronous reset 30 25 ns
¢ Setup tim Input or feedback 25 20 ns
i
su p time Reset inactive state 30 25
th Hold time Input or feedback 0 0 ns
TA Operating free-air temperature -55 125 [¢] 75 °C
(1]
>
&
o.
o.

X
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EP/C™ CMOS GENERIC PAL®

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

noted)
—30M —25C
PARAMETER TEST coyanuousf N Tvet max TN TveE max ] UNIT
Vo Ve = MIN, loH = MAX | TTL 4 4 v
Vce = MIN, loH = MAX | CMOS 3.86 3.86 \2
VoL Vce = MIN, loL = MAX | TTL 0.5 0.5 Vv
Vee = MIN, loL = MAX | cmos 0.4 0.4 v
lozH Vee = MAX, Vg = 27V 10 pA
lozL Vce = MAX, Vo =05V . -10 uA
i Ve = MAX, V| = 5.25 V 10 | »A
I Vce = MAX, V| = 0.5V -10 | uA
o8 Vee = MAX, Vo = 0.5V -30 -130 | -30 -130 | mA
V = MAX, V| = O or Vce.
lce OSg)uts open l « 100 100 HA
Ic Vce = MAX, vi=0to 3V, ‘
-;9 . ;1 e i 2 - 2 mA/MHz
Vce = MAX, Pin 1 4 4| mas
alcc# | Oneinput at 0.5 V or 2.4 V,
Other inputs at 0 V or Voo Others 2 2 | Input
Pin 2 15 15
G :/':1 2M\l/';z, Clock Pin 12 12 oF
~ 250¢ AllI/O Pins 15 15
Other inputs 10 10
switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)
FROM TO —30M —25C
PARAMETER | inpuT) (OUTPUT) TEST CONDITIONS MIN_ TYP? MAX | MIN TYP? WAX | U
fmaxu W/O feedback C suffix: 50 50 MHz
With feedback - R1 = 200 Q, R2 = 390 Q, 35 35
tpd 1, /O 0, 1/0 CL = 50 pF 15 30 15 26 | ns
tpd CLK? Q M suffix: 12 12 ns
thd Reset Q R1 = 3900, R2 = 750 @, 20 10 ns
ten 1, 1/0 1,Q, /0 CL = 50 pF 15 15 ns
tdis 1, 110 1,Q, 110 CL = 5 pF, See Figure 4 15 15 ns

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

=0 }Al typical values are at Vcc = 5V, Ta = 25°C.
w § This parameter approximates lgg. The condition Vg = 0.5 V takes tester noise into account.
o 9 Disabled outputs tied to GND or Vcc.
U #This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than at 0 V or Vcc.
1 1

I, ith feedback —_— thout feedback ——
C  Tmextwith feedback) = T Gk to @ ¢ maxtwithout feedback) = T liow)
3
m
<
rén
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TICPAL18V8-30M, TICPAL18V8-25C -
ADVANCED EP/C™ CMOS GENERIC PAL®

preload procedure for registered outputs

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. Each register is preloaded
individually by following the steps given below. The output level depends on the polarity selected during
programming.

Step 1. With Vg at 5 volts and Pin 1 at V|, raise Pin 11 to V|HH.

Step 2. Apply either V| or V|H to the output corresponding to the register to be preloaded.

Step 3. Pulse Pin 1, clocking in preload data. :

Step 4. Remove output voltage, then lower Pin 11 to V|. Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Note 2)

[\

————— ViHH
PIN 11 / } Il
| ViL
[e—tsu—py [—td—» | ﬂ
le—td —p! le—tw—sl | I o
| | | | l_ _ | —— v Qo
| 1 - - —I ————— H -
PIN 1 | | | | (7]
] ! | v ©
T T T L

| | |I | g

! : I —ViH : Vo

REGISTERED 1/0 :>—< INPUT >———<E
——ViL Vou
NOTE 2: tq = tg, = tyy = 100 ns to 1000 ns. )
ViHH = 10.25 V to 10.75 V.

—
>
Ll
(o s
[
-
O
=
(a]
@)
o
o
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

power-up reset

Following power-up, all registers are reset to zero. The output level depends on the polarity selected during
programming. This feature provides extra flexibility to the system designer and is especially valuable in
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the Vcc's
rise be monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable
input and feedback setup times are met.

power-up reset waveforms

's)@9yg eleq m

5V

av
Vece R '

tpdf __—_,’l

(600 ns typ, 1000 ns MAX) |
ACTIVE-HIGH | VoH
REGISTERED OUTPUT / STATE UNKNOWN \1\1-5 v
g VoL
Vv
ACTIVE-LOW 1 OH
REGISTERED OUTPUT STATE UNKNOWN ' 1.5V
VoL

I
j— tsut —>i

. : ViH
CLOCK w\ts \2 F15v
| 2
e tw ———¥§

TThis is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
tThis is the setup time for input or feedback.

programming information

M3IAIHd 1ONA0Hd

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 Insruments at (214) 997-5762.
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

PARAMETER MEASUREMENT INFORMATION

Vece

b

S1 / (See Note A)

FROM OUTPUT TEST
UNDER TEST P poINT
cL S R2

R1
<l
b3
(See Note B) |

NOTES: A.When measuring propagation times of 3-state outputs, S1 is closed.
B. CL = includes probe and jig capacitance.

FIGURE 1. LOAD CIRCUIT FOR THREE-STATE OUTPUTS

Data Sheets H

__________ 3v
INPUT 15V 15V
(See Notes A and B) d tpd = tPLH OF tPHL N\
! | ov
fe—tpLH .|| l¢——tPHL—|
|
| | I Jl ————VoH
IN-PHASE ! 1.5V 15V
OUTPUT I ’ ! :
: + | VoL
l¢——tPHL—y be——tPLH—
: | | VoH
our-ozm:ﬁ \1.5 v % 15V
——=—=VoL

VOLTAGE WAVEFORMS

NOTES: A. When measuring propagation times of 3-state outputs. S1 is closed.
B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zo = 60 @, t, = 3 ns.

FIGURE 2. PROPAGATION DELAY TIMES, OUTPUT RISE AND FALL TIMES

PRODUCT PREVIEW
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

PARAMETER MEASUREMENT INFORMATION

——— ——-3V

CLK y
(See Notes A and B) %l 15V \
ov
I 3v

DATA INPUT 127V v 27V %I
(see Note &) 15 VX! ¥isv
03V 0.3V ov

[ |
— b —l ty be—

VOLTAGE WAVEFORMS

FIGURE 3. SETUP AND HOLD TIMES, AND INPUT RISE AND FALL TIMES

N

3v
(w} DATA INPUT -
o (See Note A) ; 1.5V 1.5V
~*
Q | : + ov
o —tpzL—» je—trLz—l
= OUTPUT : | | : 213 Vee
1] WAVEFORM 1 | 0.5V
1.5V .
@ $1 CLOSED I | v
/] (See Note C) | l | -—4-———-- VoL
le— tpzn—l |
OUTPUT ! —j—-—-—-—-— VoH
WAVEFORM 2 [} t ~3_
$1 OPEN 1.5V | | 0.5V
(See Note C) | | =0V
—tPHZ—|
ten = tPZL OF tPZH tdis = tPLZ O tPHZ
' VOLTAGE WAVEFORMS
FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS
—————— 3v
HIGH-LEVEL g \
PULSE | 1.5V | 1.5V
i | | ov
o
o
U LOW-LEVEL
. g PULSE
;u VOLTAGE WAVEFORMS
v FIGURE 5. PULSE DURATIONS
m NOTES: A. All input pulses are supplied by generators having the followng characteristics: PRR < 1 MHz, Z, = 60 Q, t, = 3 ns.
< B. For clock inputs, fmax is measured with input duty cycle = 50%.
E C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
E Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
{f
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EPIC™ CMOS GENERIC PAL®

special design features

True CMOS Outputs: Each '18V8 output is designed with a P-channel pull-up transistor and an N-channel
pull-down transistor, a true CMOS output with rail-to-rail output switching. This provides direct interface
to CMOS logic, memory, or ASIC devices without the need for a pull-up resistor. The CMOS output has
24-mA drive capability, which makes the '18V8 an ideal substitute for bipolar PALs. The electrical
characteristics of this device show the output under both CMOS and TTL conditions.

Simultaneous Switching: High-performance CMOS devices often have output glitches on nonswitched
outputs when a large number of outputs are switched simultaneously. This glitch is commonly referred
to as ‘‘ground bounce’’ and is most noticeable on outputs held at VoL (low-level output voltage). Ground
bounce is caused by the voltage drop across the inductance in the package lead when current is switched
(dv o« | x di/dt).

One solution is to restrict the number of outputs that can switch simultaneously. Another solution is to
change the device pinout such that the ground is located on a low-inductance package pin. Tl opted for
a third option in order to maintain pinout compatibility and eliminate functional constraints. This option
controls the output transistor turn-on characteristics and puts a limit on the instantaneous current available
to the load, much like the Qs resistor in a TTL circuit.

N

Wake-Up Features: The '18V8 employs input signal transition detection techniques to power-up the device
from the standby-power mode. The transition detector monitors all inputs, I/Os, and feedback paths.
Whenever a transition is sensed, the detector activates the power-up mode. The device will remain in the
power-up mode until the detector senses that the inputs and outputs have been static for about 40 ns;
thereafter, the device returns to the standby mode.

Data Sheets

Electronic Signature Word: The '18V8 has a 72-bit word available for the user to stare device information,
such as ID codes, revision numbers, or inventory control. The signature cannot be programmed or altered
once the device is secured.

Power Dissipation: Power dissipation of the '18V8 is defined by three contributing factors, and the total
power dissipation is the sum of all three.

Standby Power: The product of VCC and the standby Icc. The standby current is the reverse current
through the diodes that are reversed biased. This current is very small, and for circuits that remain
in static condition for a long time, this low amount of current can become a major performance
advantage.

Dynamic Power: The product of VcC and the dynamic current. This current flows through the device
only when the transistors are switching from one logic level to the other. The total dynamic current
for the '18V8 is dependent upon the users’ configuration of the PAL and the operating frequency.
Output loading can be a source of additional power dissipation.

Interface Power: The product of AlCC (operating) and VCC. The total interface power is dependent
on the number of inputs at the TTL VQH level. The interface power can be eliminated by the addition
of a pull-up resistor.

Even though power dissipation is a function of the user’s device configuration and the operating
frequency, the '18V8 is a lower-powered solution than either the quarter-powered or half-powered
bipolar devices. The virtually zero standby power feature makes the '18V8 the device of choice for
low duty cycle and battery-powered applications.

PRODUCT PREVIEW
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TICPAL18V8-30M, TICPAL18V8-25C
ADVANCED EP/C™ CMOS GENERIC PAL®

special design features (continued)

sjeays eyeq m

M3IATHd 109NA0YUd

Programming and Eraseability: Programming of the '18V8 is achieved through floating-gate avalanche
injection techniques. The charge trapped on the floating gate remains after power has been removed,
allowing for the nonvolatility of the programmed data. The charge can be removed by exposure to light
with wavelengths of less than 400 nm (4000 A). The recommended erasure wavelength is 2563.7 nm
(25637 A), with erasure time of 20 to 30 minutes, using a light source with a power rating of 12000 xW/cm
placed within 2.5 cm (1 inch) from the device.

The '18V8 is designed for programming endurance of 1000 write/erase cycles with a data retention of
ten years. A few precautions will guarantee maximum data retention. Continuous exposure to high-intensity
UV light can cause permanent damage. The maximum exposure intensity is 7000 Wss/cm (The equivalent
of leaving the unit in a UV eraser for a week). The window on the device should be covered by an opaque
label, as the fluorescent light in a room can erase a unit in three years or, in the case of a direct sunlight,
erasure can be complete in one week.

2-270
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TICPAL22V10M, TICPAL22V10C
EPIC™ CMOS PROGRAMMABLE ARRAY LOGIC

D3089, DECEMBER 1987

24-Pin Advanced CMOS PAL JL PACKAGE
(TOP VIEW)

Virtually Zero Standby Power
Propagation Delay Time . . . 20 ns Typ

Variable Product Term Distribution Allows
More Complex Functions to be Implemented

® Each Output is User-Programmable for
Registered or Combinatorial Operation,
Polarity, and Output Enable Control

® Extra Terms Provide Logical Synchronous
Set and Asynchronous Reset Capability

® Preload Capability on All Registered Outputs
Allow for Improved Device Testing

N

Power-Up Clear on Registered Outputs
UV Light Erasable Cell Technology Allows

7]
for: *6
Reconfigurable Logic )
Reprogrammable Cells L
Full Factory Testing for 2]
Guaranteed 100% Yields 9
@ Programmable Design Security Bit Prevents 8
Copying of Logic Stored in Device
® Package Options Include Plastic and
Ceramic Dual-In-Line Packages and Chip
Carriers
description
This PAL device features high-speed performance, increased and variable product terms, flexible outputs,
and virtually zero standby power. It combines TI’s EPIC ™ (Enhanced Processed Implanted CMOS) process
with ultraviolet-light-erasable EPROM technology. Each output has an OLM (Output Logic Macrocell)
configuration allowing for user definition of the output type. This PAL provides reliable, low-power
substitutes for numerous high-performance TTL PALs with gate complexities between 300 and 800 gates.
The 'PAL22V10 has 12 dedicated inputs and ten user-definable outputs. Individual outputs can be
programmed as registered or combinational and inverting or noninverting as shown in the Output Logic
Macrocell (OLM) diagram. These ten outputs are enabled through the use of individual product terms. ;
The variable product-term distribution on this device removes rigid limitation to a maximum of eight product E
terms per output. This technique allocates from 8 to 16 logical product terms to each output for an average >
of 12 product terms per output. The variable allocation of product terms allows for far more complex LLl
functions to be implemented in this device than in previously available devices. o
With features such as the programmable OLMs and the variable product-term distribution, the o
TICPAL22V10-25 offers quick design and development of custom LS| functions. Since each of the ten -
output pins may be individually configured as inputs on either a temporary or permanent basis, functions (&)
requiring up to 21 inputs and a single output or down to 12 inputs and 10 outputs can be implemented - |
with this device. (a]
oc
EPIC is a trademark of Texas Instruments Incorporated. 0.
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of 0,
development. Characteristic data and other T
spacifications are design goals. Texas Instruments 2-271
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TICPAL22V10M, TICPAL22V10C

EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

description (continued)

sjeays eieq [N

M3IIATdd 1ONA0Ud

Design complexity is enhanced by the addition of synchronous set and asynchronous reset product terms.
These functions are common to all registers. When the synchronous set product term is a logic 1, the
output registers are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous
reset product term is a logic 1, the output registers are loaded with a logic O independently of the clock.
The output logic level after set or reset will depend on the polarity selected during programming.

Output registers of this device can be preloaded to any desired state during testing, thus allowing for full
logical verification during product testing.

The TICPAL22V10 has internal electrostatic discharge (ESD) protection circuits and has been classified
with a 2000-V ESD rating tested under MIL-STD-883B, Method 3015.1. However, care should be exercised
in handling these devices, as exposure to ESD may result in a degradation of the device parametric
performance.

The floating gate programmable cells allow these PALs to be fully programmed and tested before assembly
to assure high field programming yield and functionality. They are then erased by ultraviolet light before
packaging.

The TICPAL22V10-25 has a power-up clear function, which forces all registered outputs to a predetermined
state after power is applied to the device. Registered outputs selected as active low will power up with
their outputs high while registered outputs selected as active high power up with their outputs low.

The M-suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The C-suffix devices are characterized for operation from 0°C to 75°C.

design security

The 'PAL22V10 contains a programmable design security bit. Programming this bit will disable the read
verify and programming circuitry protecting the design from being copied. The security bit is usuaily
programmed after the design is finalized and released to production. A secured device will verify as if every
location in the device is programmed. Because proagramming is accomplished by storing an invisible charge
instead of opening a metal link, the '22V10 cannot be copied by visual inspection. Once a secured device
is fully erased, it can be reprogrammed to any desired configuration.

2-272
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TICPAL22V10M, TICPAL22V10C
EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

functional block diagram (positive logic)
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TICPAL22V10M, TICPAL22V10C

EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

logic diagram (positive logic)
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Vs TICPAL22V10M, TICPAL22V10C
EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

output logic macrocell (OLM) description

A great amount of architectural flexibility is provided by the user-configurable macrocell output options.
The macrocell consists of a D-type flip-flop and two select multiplexers. The D-type flip-flop operates like
a standard TTL D-type flip-flop. The input data is latched on the low-to-high transition of the clock input.
The Q and Q outputs are made available to the output select multiplexer. The asynchronous reset and
synchronous set controls are available in all flip-flops.

The select muitiplexers are controlled by programmable bits. The combination of these programmable bits
will determine which macrocell functions are implemented. It is this user control of the architectural structure
that provides the generic erxublllty of this device.

output logic macrocell diagram

—-D ' ‘ ___OUTPUT LOGIC MACROCELL

- - T T/ /M

Data Sheets E

— -
I . 3 MUX |
I AR—]R 1=0 T—Do—z IV
. n 1 b
- I 1>DC1 og 0
e T )
FROM CLOCK BUFFER |
| MUX m
ﬂ—i—— ! = |
1 @ i
D 1
| G1 |
[ |
| |
| o
|, N |
- asynchronous reset
s - o] E
>
i
o
o
-
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=
(a]
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TICPAL22V10M, TICPAL22V10C
EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

output logic macrocell options
MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE

CELL
SELECT FEEDBACK AND OUTPUT CONFIGURATION
S1 SO
(o] [o] Register feedback Registered Active low
0 1 Regi feedback Registered Active high
1 o] 1/0 feedback Combinational Active low
1 1 1/0 feedback Combinational Active high

0 = erased cell 1 = programmed cell
S1 and SO are select-function cells as shown in the output logic macrocell
diagram. .

sivous eieq INY

R
1D
> C1
18
S1 =0 S1=0
S0 =0 S0 = 1
_ REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT  *  REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
§ p——>— . e
o
$1 =1 S1 =1
1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT

M3IATHd 10NAO0YHd
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EPIC ™CMOS

TICPAL2ZV10M, TICPAL22V10C
PROGRAMMABLE ARRAY LOGIC

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

Supply voltage range, VCC - -+« v v v v vt it e et et e e e -0.5t07V
Input voltage range, Vi(see Note 1) . . ........ ... ... ... ... ... -0.5toVvVgcec + 0.5V
Input diode current, IK (V] < Oor VI > VCC) . - - v oo o e +20 mA
Output diode current, IoK (VO < 00orVQ > VCC) -« v oo oo +20 mA
Continuous output current, I (VO = Oto VCC) . .- oo oo +40 mA
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds: FN or N package ......... 260°C
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds: FH or J package.......... 300°C
Operating free-air temperature range: Msuffix .......................... -55°C to 125°C

Csuffix ...... ... . .. . 0°C to 75°C

Storage temperature range . . ... ... . ...

Note 1: This rating applies except during programming and preload cycles.

............. —-65°C to 150°C

1 Stresses beyond those listed under ‘'absolute maximum ratings’’ may cause permanent damage to the device. These are stress
ratings only and functional operation of the device at these or any other conditions beyond those indicated under ‘‘recommended

operating conditions’’ is not implied. Exposure to absolute-maximum-rated conditions

recommended operating conditions

for extended periods may affect device reliability.

POST OFFICE BOX 665012 * DALLAS, TEXAS 75265

M SUFFIX C SUFFIX o | B8
MIN NOM MAX | MIN NOM MAX g
Vcc  Supply voltage 4.5 5 5.5 | 4.76 5 b5.25 \' =
ViH High-level input voltage 2 Vee+0.5 2 Vec+0.5 \ (7]
ViL Low-level input voltage 0.8 0.8 \4 ©
Driving TTL -2 -3.2 -
loH High-level output current D::::: CMOS ey 2 mA 8
Driving TTL 12 16
loL Low-level output current D:v::: TMOS 2 2 mA
fclock Clock frequency 0 [ MHz
CLK high 10 8 ns
tw Pulse duration CLK low 11 9 ns
Asynchronous reset. 30 25 ns
N Setup time Input or feedback 25 20 ns
su up Reset inactive state 30 25
th Hold time Input or feedback 0 0 ns
TA Operating free-air temperature -55 125 [o] 75 °C
wl
S
&
o.
o.
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TICPAL22V10M, TICPAL22V10C
EPIC™CMOS PROGRAMMABLE ARRAY LOGIC

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

M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONSt MIN_ TYPE  MAX MIN_ TYPE  MAX UNIT
VoH Vce = MIN, loH = MAX for TTL 4 4 \Y
Vece = MIN, IoH = MAX for CMOS 3.86 : 3.86 ) \%
VoL Vee = MIN, loL = MAX for TTL 0.5 0.5 Vv
Voo = MIN, loL = MAX for CMOS 0.4 0.4 \'
10ZH Voo = MAX, Vo =27V 10 #A
lozL Vece = MAX, Vg = 0.5V -10 pA
IiH Vece = MAX, Vi =525V 10 pA
i Vee = MAX, Vi'= 0.5V -10 A
08 Vee = MAX, Vg = 0.5V -30 -130 | -30 -130 | mA
] \ = MAX, Vi = 0orVce,
icc Oﬁgms open’ ¢ 100 100 | »A
e Jee T Vi=0w3V, 2 2 mAMHz
E Vee = MAX, Pin 1 4 4
4 alec# One input at 0.5 V or 2.4 V, mA
[] Other inputs at 0 V or Vcc Others 2 2
w V=2V, Clock pin 12 12
= Ci f =1 MHz, All inputs 10 10 pF
8 Ta = 26°C All /0 pins 15 15
~~
(]

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

FROM TO M SUFFIX C SUFFIX
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP! MAX | MIN TYP} MAX UNIT
Without feedback C suffix: 45 45
fmax| - MHz
With feedback R1 = 2009, R2 = 390 Q, 30 30
tphd 1, 1/0 0, 1/0 CL = 50 pF 20 20 ns
tod i CLK? Q " M suffix: 15 15 ns
tpd RESET Q R1 = 3909, R2 = 750 @, 25 25 ns
ten 1, 1/0 1,Q, /0 CL = 50 pF 20 20 ns
tdis 1, 1/0 1.Q, 1/0 CL = 5 pF, See Figure 4 20 20 ns

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

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

$This parameter approximates lgg. The condition Vg = 0.5 V takes tester noise into account.

Disabled outputs are tied to GND or Vce:

#This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than at 0 V or Vcc.

) 1 i 1
lfmax(with feedback) = ‘——su o (CLK to Q); fmax(without feedback) = i T twliow]

M3INTHd LONAO0Yd
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TICPAL22V10M, TICPAL22V10C
N EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

preload procedure for registered outputs

The output registers can be preloaded to any desired state during device testing. This permits any state
to be tested without having to step through the entire state-machine sequence. Each register is preloaded
individually by following the steps given below. The output level depends on the polarity selected during
programming.

Step 1. With Vg at 5 volts and pin 1 at V|, raise pin 8 to V|HH.

Step 2. Apply either V| or V|H to the output corresponding to the register to be preloaded.

Step 3. Pulse pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower pin 8 to V|L. Preload can be verified by observing the voltage
level at the output pin.

preload waveforms (see Note 2)

————— ViHH
Ny X
j—tsu—py [e—td—p | Vi

le—ta —p! le—tw—pl I | a

| | | | | ®

| | i — = ——— ViH o

CLK/I ! | | | ~
— E " s

e

l : : —ViH : VoH g

REGISTERED 1/0 D——( INPUT >-_—<£_Ti_
——ViL VoL
NOTE 2: tg = tgy = tw = 100 ns to 1000 ns. Vi = 10.25 V to 10.75 V.

w

>

L

oc

o.

.

O

=

(a]

@)

c

o.
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TICPAL22V10M, TICPAL22V10C
EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

power-up reset

Following power-up, all registers are reset to zero: The output level depends on the polarity selected during
programming. This feature provides extra flexibility to the system designer and is especially valuable in
simplifying state-machine initialization. To ensure a-valid power-up reset, it is important that the vVee's
rise be monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable
input and feedback setup times are met.

power-up reset waveforms

N

O
o
~*
o
2]
=3
®
@
[vd
(7}

av 5v
Vee \ N
|
‘pdT .’
(600 ns typ, 1000 ns MAX) |
ACTIVE-HIGH T~ """ VoH
REGISTERED OUTPUT / STATE UNKNOWN \15 v /
' | VoL
v
ACTIVE-LOW 1 OH
REGISTERED OUTPUT STATE UNKNOWN | 15V
I VoL
[ tsu¥ —»
: ViH
CLK/H \\1.5 v 15V
!
. 2R,
———tw———>f

T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
This is the setup time for input or feedback.

programming information

M3INTHd 1ONAO0Yd

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

Complete programming specification, algorithms, and the lastest 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 Tl distributor, or by calling Texas Instruments at (214) 997-5762. ’

2-280
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TICPAL22V10M, TICPAL22V10C
EPIC ™"CMOS PROGRAMMABLE ARRAY LOGIC

PARAMETER MEASUREMENT INFORMATION

Vce

b

S1
(See Note A)

FROM OUTPUT TEST
UNDER TEST POINT
3
Cp <3 R2

(See Note B) l 1

NOTES: A. When measuring propagation times of 3-state outputs, S1 is closed.
B. C = includes probe and jig capacitance.

FIGURE 1. LOAD CIRCUIT FOR THREE-STATE OUTPUTS

Data Sheets H

—————————— 3v
INPUT ’
% 15V 15V
(See Notes A and B) | tpd = tPLH O tPHL Xl& ov
|
je—tPLH—p le——tPHL—
| | | |
l ! | [~ Vou
IN-PHASE
OUTPUT | )/1‘5" | k1'5V
t | VoL
le——tPHL—py le—tPLH—y
| | VoH
OuT-OF. PHASE \1 sv 15V
———=VoL

VOLTAGE WAVEFORMS

NOTES: A. When measuring propagation times of 3-state outputs, S1 is closed.
B. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z = 50 @, t; = 3 ns.

FIGURE 2. PROPAGATION DELAY TIMES, OUTPUT RISE AND FALL TIMES

PRODUCT PREVIEW
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TICPAL22V10M, TICPAL22V10C
EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

PARAMETER MEASUREMENT IVNFORMATION

CLK
(See Notes A and B) %' 15V \
ov

3v

DATA ) (A 27V 27V Xl
INPUT 1.5 V 115V
(See Note A) 0.3V 0.3V ov

i {
—»l tr le— —l tf l‘—
, VOLTAGE WAVEFORMS
» FIGURE 3. SETUP AND HOLD TIMES, AND INPUT RISE AND FALL TIMES
DATA =3V
nU, INPUT X.s v X1 5V
8‘ (See Note A) : l : ov
n ——tpzL —y le——trLz—»|
> - ouTpuT : | | : ~2/3 Ve
o WAVEFORM 1 | 05V
® $1 CLOSED I 15V | R
74 (See Note C) | | I —F————Vo
. '4——‘PZH——D: |
OUTPUT | l - _ou
WAVEFORM 2 15V ok I
S1 OPEN : I | 0.5V
(See Note C) | [ =0V
¢——tPHZ —>]

M3IATHd 12NA0Yd

ten = tpzL Of tPZH tdis = tPLZ OF tPHZ
VOLTAGE WAVEFORMS ’
FIGURE 4. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS

HIGH-LEVEL
PULSE

LOW-LEVEL
PULSE

VOLTAGE WAVEFORMS

FIGURE 5. PULSE DURATIONS

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Z, = 50 Q, t,
B. For clock inputs, fmax is measured with input duty cycle = 50%

= 3 ns.

C. 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.

ixas X

2282 INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TICPAL22V10M, TICPAL22V10C
EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

special design features

True CMOS Outputs: Each '22V10 output is designed with a P-channel pull-up transistor and an N-channel
pull-down transistor, a true CMOS output with rail-to-rail output switching. This provides direct interface
to CMOS logic, memory, or ASIC devices without the need for a pull-up resistor. The CMOS output has
16-mA drive capability, which makes the '22V10 an ideal substitute for bipolar PALs. The electrical
characteristics of this device show the output under both CMOS and TTL conditions.

Simultaneous Switching: High-performance CMOS devices often have output glitches on nonswitched
outputs when a large number of outputs are switched simultaneously. This glitch is commonly referred
to as ‘‘ground bounce’’ and is most noticeable on outputs held at Vo[ (low-level output voltage). Ground
bounce is caused by the voltage drop across the inductance in the package lead when current is switched
(dv o | x di/dt).

One solution is to restrict the number of outputs that can switch simultaneously. Another solution is to
change the device pinout such that the ground is located on a low-inductance package pin. Tl opted for
a third option in order to maintain pinout compatibility and eliminate functional constraints. This option
controls the output transistor turn-on characteristics and puts a limit on the instantaneous current available
to the load, much like the IQg resistor in a TTL circuit.

Wake-Up Features: The '22V10 employs input signal transition detection techniques to power-up the device
from the standby-power mode. The transition detector monitors all inputs, 1/0Os, and feedback paths.
Whenever a transition is sensed, the detector activates the power-up mode. The device will remain in the
power-up mode until the detector senses that the inputs and outputs have been static for about 40 ns;
thereafter, the device returns to the standby mode.

Power Dissipation: Power dissipation of the 22V 10 is defined by three contributing factors, and the total
power dissipation is the sum of all three.

Standby Power: The product of VcC and the standby IcC. The standby current is the reverse current
through the diodes that are reversed biased. This current is very small, and for circuits that remain
in static condition for a long time, this low amount of current can become a major performance
advantage.

Dynamic Power: The product of VcC and the dynamic current. This dynamic current flows through
the device only when the transistors are switching from one logic level to the other. The total dynamic
current for the '22V10 is dependent upon the users’ configuration of the PAL and the operating
frequency. Output loading can be a source of additional power dissipation.

Interface Power: The product of Icc (operating) and Vcc. The total interface power is dependent
on the number of inputs at the TTL VQH level. The interface power can be eliminated by the addition
of a pull-up resistor.

Even though power dissipation is a function of the user’s device configuration. and the operating
frequency, the 22V 10 is a lower powered solution than either the quarter-powered or half-powered
bipolar devices. The virtually zero standby power feature makes the ‘22V10 the device of choice
for low-duty-cycle and battery-powered applications.

Programming and Eraseability

Programming of the ‘22V 10 is achieved through floating-gate avalanche injection techniques. The charge
trapped on the floating gate remains after power has been removed, allowing for the nonvolatility of the
programmed data. The charge can be removed by exposure to light with wavelengths of less than 400 nm
(4000 A). The recommended erasure wavelength is 263.7 nm (2537 A), with erasure time of 20 to 30
minutes, using a light source with a power rating of 12000 xW/cm placed within 2.5 cm (1 inch) of the
device.

s .

Texas
INSTRUMENTS
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TICPAL22V10M, TICPAL22V10C
EPIC ™CMOS PROGRAMMABLE ARRAY LOGIC

Programming and Eraseability {continued)

sjaays eyeq m

M3IATHd 109NA0Hd

The '22V10 is designed for programming endurance of 1000 write/erase cycles with a data retention of
ten years. A few precautions will guarantee maximum data retention. Continuous exposure to high-intensity
UV light can cause permanent damage. The maximum exposure intensity is 7000 Wes/cm (The equivalent

- of leaving the unit in a UV eraser for a week). The window on the device should be covered by an opaque

label, as the flourescent light in a room can erase a unit in three years or, in the case of a direct sunlight,
erasure can be complete in one week.

2-284
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TIEPAL10H16P8-3C
HIGH-PERFORMANCE ExCL ™PAL® CIRCUIT

D3084, DECEMBER 1987

ECL 10KH PAL JT PACKAGE
(TOP VIEW)

[ ] .High-Performance Operation

Propagation Delay . . . 3 ns Max N vee
® Replacement for Conventional ECL Logic %:
24-Pin, 300-Mil Package []1/0
® Reliable Titanium-Tungsten Fuses o
% Vceo
i e [¢]
description
p i [0
This ECL PAL device combines the ExCL™ 1
(Double Polysilicon Self-Aligned) process with il
the proven titanium-tungsten fuses to provide 1
reliable, high-performance substitutes for []1
conventional ECL logic. Its easy programmability 2
allows for quick design of ‘‘custom’’ functions FK PACKAGE
and typically results in a more compact board. (TOP VIEW)
In addition, chip carriers are available for further o ,.‘ﬂ
reduction in board space. ___89_ _ 8
The TIEPAL10H16P8-3 is provided with output (2327128212 £
polarity fuses. Each output remains active-high 1ops 26]1/0 w
when the fuse is intact and is active-low when ofs 24(j0 ©
the fuse is blown. Veeco 7 2 Vceco ®
The TIEPAL10H16P8-3 has 12 dedicated inputs, Nepe 220 ne o
four standard outputs, and four I/O ports. It ops 21 |
should be noted that with emitter-coupled oo 20 I/O
outputs, a high level overrides a low level. Ipn 1415 ; 1900
Therefore, in order to use an I/O port as an input, :3, ,13. —r ,1—6, .1-, .1—2
the related output must be forced to a low level - % -=- -
either through satisfying preprogrammed >
equations or permanently by programming. NC—No internal connection
The TIEPAL10H16P8-3 is equipped with a
security fuse. Once the security fuse is blown,
additional programming and verification cannot
be performed. This prevents easy duplication of
a design.
This device is characterized for operation from 0°C to 75°C; this temperature range is designated by a
“C"" suffix in the part number (TIEPAL1OH16P8-3CJT). E
Ll
2 e
o
=
O
=
S
ExCL is a trademark of Texas Instruments Incorporated. m
PAL is a registered trademark of Monolithic Memories Inc. m
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on s te ot o s e, 1 Texas WP
spccifigniom' are design goals. Texas Instruments EXAS 2-285
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TIEPAL10H16P8-3C

HIGH-PERFORMANCE ExCL™PAL® CIRCUIT

functional block diagram (positive logic)

& 8, = -1
32X 64 i — N\ o °
8,
< e PN p——0
81 -
7 [ == [aY] °
: 12, 16XD> 16, ~ 8. 1~ b————— 0
: 4, 16 8,
7 p—r+—™ » =~ o-&—<—>— 110
8,
- —~ P& 14— 1/0
8, ol <
2 4 — i 1o
8,’ r ~N p-&—4—— 1/0
=) ‘ Vee '
] LA
o~ 7>&
[}
/|
=
[+:]
®
~h
[/
v
=
o
U +
{
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-]
")
X
m
S
g
T *i’
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v TIEPAL10H16P8-3C
HIGH-PERFORMANCE ExCL™ PAL® CIRCUIT

logic diagram (positive logic)

28)(24)
Vee
INPUT LINES
/\
Deee G ose Baos 1200016 0002000024000 28000
| 2)(1) jG (271(23) |
+ 6](22
, [31(2) D‘; ..]G (26](22) \
PRODUCT ¢
LINES °
. [25](21)
. [/[¢]
7
[4)(3) DL 4 J
s 2
.
[51(4) .
. N
15 ‘a;
D 2
— £
16 n
3
. oo 8
. (1]
23
24 n
.
.
o [6](5) .
31
32
.
° [21)(18) o
.
39
40
.
[91(7) .
o .
47
48
. 20)(17
° [20)(17) Vo ;
.
55
« I-ls-l
56 L
. 0
{10}(8) .
4 . a.
63 .
>t 1 196 B
. 1111(9) E L m [18](15) \ :
' [12](10) DL:' 1 [(171(14) \ a
[13)(11) '+ 4 [161(13)
1 A K ! g
NOTE: Pin numbers in [ ] are for the FK package; pin numbers in () are for JT package. n-

j
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TIEPAL10H16P8-3C
HIGH-PERFORMANCE ExCL™ PAL® CIRCUIT

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
(see Note 1)

Supply voltage, VEE (see Note 2) . . ... . ... .. i, e OVto -6.5V
Input voltage, V) (see Note 3) . ... ... i e 0V to VEE
OULPUL CUITENT . . . . e ettt e e e e ~50 mA
Operating free-air temperature range: Csuffix ......... ... ... . . 0. 0°C to 75°C
Storage temperature range .. ... -65°C to 150°C

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

2. All voltage values are with respect to V¢ and Vo, i-e., these pms are all assumed to be at O volts.
3. V) should never be more negative than VEgg.

recommended operating conditions (see Note 4)

C-SUFFIX
MIN NOM MAX UNIT
2 VEE Supply voltage —-4.94 -5.2 -5.46 \"
TA = 0°C . -1.17 -0.84
ViH High-level input voltage Ta = 25°C -1.13 -0.81 \
g Ta = 75°C -1.07 -0.735
-+ Ta = 0°C -1.95 -1.48
o ViL Low-level input voltage Ta = 256°C -1.95 —1.48 \
»n ) Ta = 75°C ~1.95 ~1.45
g TA Operating free-air temperature . 0 75 °C
2 NOTE 4: The algebraic convention, in which the more negative limit is designated as minimum and the less negative limit is designated
» as maximum, is used in this data sheet for logic voltage levels only. For other quantities, e.g., supply voltages and currents,

the normal magnitude convention is used.

electrical characteristics over recommended supply voltage range at specified free-air temperature

(see Notes 4 and 5)
C-SUFFIX
PARAMETER TEST CONDITIONS MIN = WAX UNIT
. 0°C -1.02 -0.84
VOH Vi = ViHgmin or Vi max 25°C -0.98 -0.895 -0.81 \%
75°C -0.92 -0.735
0°C -1.95 -1.63
VoL Vi = Viymin or V) max 25°C -1.95 -1.63 v
75°C -1.95 -1.79 -1.60
. 0°C 220
b e [T¥) V) = Vjgmax 25°C 220 pA
X 75°C 220
o 0°C 0.5
U I V| = V|Lmin 25°C 0.5 A
c 75°C 0.3 )
O 133 All inputs open 0°C to 76°C -220 mA
-'| NOTES: 4. The algebraic convention, in which the more negative limit is designated as minimum and the less negative limit is designated
as maximum, is used in this data sheet for logic voltage levels only. For other quantities, e.g., supply voltages and currents,
v the normal magnitude convention is used.
m 5. Each 10KH PAL has been designed to meet these specifications after thermal equilibrium has been established. The circuit
m is in a test socket or mounted on a printed circuit board and transverse air flow greater than 150 meters (500 feet) per minute
< is maintained. Outputs are terminated through a 50-ohm resistor to —2 V. '
—
E
e
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TIEPAL1OH16P8-3C
HIGH-PERFORMANCE ExCL™ PAL® CIRCUIT

switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(see Note 5)

FROM" T0 C-SUFFIX
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP  MAX UNIT
tpd I, 1/0, or feedback 0, 1/0 1 3 ns
tr See Figures 1 and 2 0.7 1.5 ns
tf 0.7 1.5 ns

NOTE 5: Each 10KH PAL has been designed to meet these specifications after thermal equilibrium has been established. The circuit
is in a test socket or mounted on a printed circuit board and transverse air flow greater than 150 meters (500 feet) per minute
is maintained. Outputs are terminated through a 50-ohm resistor to —2 V.

PROGRAMMING INFORMATION

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

N

authorized TI distributor, or by calling Texas Instruments at (214) 997-5762. o
. -
V]
(Y]
=
(7]
©
PARAMETER MEASUREMENT INFORMATION "6
(]
— ————VIH
: | Vi
tPLH-—bl [&—-tprL
IN-PHAW Vo
OUTPUT —_——V,
: ! VoL ouTPUT 80% 180%) OH
tPHL——N —btpLH WAVEFORM 550, /| I\ (209%)
\"
quroriast Noon Moo — A o
—== VoL tt— — et
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES RISE TIME AND FALL TIME
FIGURE 1. VOLTAGE WAVEFORMS ;
L
L
2
Q.
-
(S
=
o
o
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TIEPAL10H16P8-3C
HIGH-PERFORMANCE ExCL™ PAL® CIRCUIT

PARAMETER MEASUREMENT INFORMATION

200V =001V

25 uF
P 0.1 4F
PULSE ) I
GENERATOR - g
‘ i L-g Vee Veco
‘ INPUT OUTPUT
OSCILLOSCOPE} (™ o) UNDER unper HO) N a_a |OSCILLOSCOPE
_ [Comma [ T [ ] Lo
CL
O 50 Q
] — AMA
S 50 0 =
; ViHmax + 2V | — ALL ALL A
w or OTHER OTHER 50 0
= Vit min + 2V | — INPUTS  OUTPUTS MA
e 50
@ A
a — VA~
VEE 1
25 yF =

-3.20V £ 0.01V

NOTES: A. The offset voltage generator has the following characteristics: Pulse émplitude = 800 mV P-P, PRR = 1 MHz, t,, = 500 ns,

M3IA3Hd LONAO0YHd

tr =tf = 1ns. )
. Rt is a 50-Q terminator internal to the oscilloscope.
. CL = 3 pF, includes fixture and stray capacitance.
. -Coax has 50-Q impedance and the coax to oscilloscope channel A and to channel B must be of equal lengths.
. All unused outputs are loaded with 50-Q + 1% resistors to ground.
. All unused inputs should be connected to either high or low levels consistent with the logic function required.
. All fixture wire lengths or unterminated stubs should not exceed 6 mm (1/4 inch).

OmMmmoOw

FIGURE 2. LOAD CIRCUIT
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TIEPAL10H16P8-6C
HIGH-PERFORMANCE /MPACT ™ECL PAL® CIRCUIT

D2916, MAY 1987 —REVISED DECEMBER 1987

description

ECL 10KH PAL

High-Performance Operation
Propagation Delay . . . 6 ns Max

Replacement for Conventional ECL Logic
24-Pin, 300-Mil Package
Reliable Titanium-Tungsten Fuses

This IMPACT™ ECL PAL device uses proven
titanium-tungsten fuses to provide reliable, high-
performance substitutes for conventional ECL
logic. Its easy programmability allows for quick
design of ‘‘custom’’ functions and typically
results in a more compact board. In addition, chip
carriers are available for further reduction in
board space.

The TIEPAL10H16P8-6 is provided with output
polarity fuses. Each output remains active-high
when the fuse is intact and is active-low when
the fuse is blown.

The TIEPAL10H16P8-6 has 12 dedicated inputs,
four standard outputs, and four |/O ports. It
should be noted that with emitter-coupled
outputs, a high level overrides a low level.
Therefore, in order to use an |/O port as an input,
the related output must be forced to a low level
either through satisfying preprogrammed
equations or permanently by programming.

The TIEPAL10H16P8-6 is equipped with a
security fuse. Once the security fuse is blown,
additional programming and verification cannot
be performed. This prevents easy duplication of
a design.

TIEPAL10H16P8-6 . . . JT PACKAGE
(TOP VIEW)

TIEPAL10H16P8-6 . . . FK PACKAGE
(TOP VIEW)

/ ]_l'l._.ll_;l
ofs 25[]1/0
0ofls 24Jo
Veco 7 23 Vvcco
NC8 22[INC
ofe 21Jo
170 [J10 20{j 0
pn 19

121314 15 16 17 18

omoooom

- - wo- - -
>Z

NC—No internal connection

Data Sheets E

This device is characterized for operation from 0°C to 75 °C; this temperature range is designated by a

*C'"" suffix in the part number (TIEPAL1OH16P8-6CJT).

IMPACT is a trademark of Texas Instruments Incorporated
PAL is a registered trademark of Monolithic Memories Inc.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to i
:tp.o:j‘fiur:ﬁou per t%u tdor;n“: of Texas .Instlzumm TE XAS
ard warranty. Production processing does not
necessarily incl'm- testing of IPII unma’tors. lNST RUMENTS

Copyright © 1987, Texas Instruments Incorporated
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TIEPAL10H16P8-6C
HIGH-PERFORMANCE /MPACT ™ECL PAL® CIRCUIT

. functional block diagram (positive logic)

& 8, =1 =1 o
7 o—
32 X 64 1~
81
7 o
*—{u o
8, b o
i [ == aVY]
12 16XP> 16, 8,
1 = o———or
1™~ —]~, °
4,, 16 ~ 8, 1o
e o——A4— >
[ [AY) S
8
1~ P& —4—— 1/0
—~ P& —¢—>— 110
—{u p-a—4—— 110
Vee
41 a

sjeayg eleq m
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TIEPAL10H16P8-6C

HIGH-PERFORMANCE /MPACT ™ECL PAL® CIRCUIT

logic diagram (positive logic)

[28](24)

Vce
INPUT LINES
N\
Qeee 4o Booo12000160002000024000 28000
| [2)(1) yl J<} [27)(23) \
i 2
. (31(2) D‘; 3 (26](22) .
PRODUCT o
HINES . [251(21)
.
. 110
7
[4)(3) ' N
! DE K"
s 2
.
(51(4) O
110 O (2]
15 E;
—D e
L
16 (72}
L]
o (241200 S
o ©
23 (a]
24
.
61(5, °
o 61(5) :
) 31
32
.
. |2
.
39
40
.
947 o
.
) 47
48
. 20)(17
. [20)(17) o
.
55
56
.
[101(8) .
110 °
63
[ ' jlq [19}(16) \
[111(9) DL %'K} nsis |
[12](10) DE N [171114) !
131(11 il [16](13)
| (131(11) DE :} \
NOTE: Pin numbers in [ ] are for the FK package; pin numbers in () are for JT package.
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TIEPAL10H16P8-6C
HIGH-PERFORMANCE /MPACT ™ECL PAL® CIRCUIT

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

(see

Note 1)

Supply voltage, VEE (see NOte 2) . . ... ...ttt ittt OVto -6.5V
Input voltage, Vi(see Notes 2 and 3) .. ....... ... it OV to VEE
OULPUL CUITBNT . . . o ettt e et ettt ettt et e e -50 mA
Operating free-air temperature range: C suffix ......... P 0°C to 756°C
Storage temperature range . .. .. ... ... .ottt e —65°C to 150°C

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

2. All voltage values are with respect to Vcc and Voo, i-e., these pins are all assumed to be at O volts.
3. V| should never be more negative than Vgg.

recommended operating conditions (see Note 4)

C-SUFFIX | .
2 MIN NOM  MAX UnNIT
VEE Supply voltage —-4.94 -5.2 -5.46 \
Tp = 0°C -1.170 -0.840
U ViH High-level input voltage - TA = 26°C -1.130 —O.Bfo v
;?r TA = 75°C -1.070 -0.735
o TA = 0°C -1.950 -1.48Q
7 ViL Low-level input voltage Ta = 25°C -1.950 —1.480 \
- TA = 75°C -1.950 -1.450
8 Ta Operating free-air temperature 0 75 °C
Fg; NOTE 4: The algebraic convention, in which the more negative limit is designated as minimum and the less negative limit is designated

as maximum, is used in this data sheet for logic voltage levels only. For other quantities, e.g., supply voltages and currents,
the normal magnitude convention is used.

electrical characteristics over recommended supply voltage range at specified free-air temperature,
Vee = Veco = O (see Notes 4 and 5)

C-SUFFIX
PARAMETER TEST CONDITIONS TA —MiN P NAX UNIT
0°C -1.020 —0.840
VOH V| = Vjymin or V) max 25°C -0.980 -0.810 \
75°C -0.920 —-0.735
) 0°C —1.950 -1.630
VoL V) = Vjqmin or V) max 25°C -1.950 -1.630 \2
75°C —-1.950 —-1.600
0°C 220
WiH V| = Vijymax 25°C 220 kA
75°C 220
0°C 0.5
he V) = V|Lmin 25°C 0.5 KA
. 75°C 0.3
IEE . All inputs open 0°C to 76°C -240 mA

NOTES: 4. The algebraic convention, in which the more negative limit is desig d as minimum and the less negative limit is designated

as maximum, is used in this data sheet for logic voltage levels only. For other quantities, e.g., supply voltages and currents,
the normal magnitude convention is used.

6. Each 10KH PAL® ' has been designed to meet these specifications after thermal equilibrium has been established. The circuit
is in a test socket or mounted on a printed circuit board and transverse air flow greater than 150 meters (500 feet) per minute
is maintained. Outp are termi d through a 50-ohm resistor to —2 V.
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TIEPAL10H16P8-6C
HIGH-PERFORMANCE /MPACT ™ECL PAL® CIRCUIT

switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(see Notes 4 and 5)

FROM TO C-SUFFIX
PARAMETER (UNPUT) (OUTPUT) TEST CONDITIONS MINTYP  MAX UNIT
tpd 1, 1/0, or feedback Q 2 4 6 ns
tr See Figures 1 and 2 0.7 1 2.2 ns
tf 0.7 1 2.2 ns

NOTES: 4. The algebraic convention, in which the more negative limit is designated as minimum and the less negative limit is designated
as maximum, is used in this data sheet for logic voltage levels only. For other quantities, e.g., supply voltages and currents,
the normal magnitude convention is used.

5. Each 10KH PAL® has been designed to meet these specifications after thermal equilibrium has been established. The circuit
is in a test socket or mounted on a printed circuit board and transverse air flow greater than 150 meters (500 feet) per minute
is maintained. Outputs are terminated through a 50-ohm resistor to —2 V.

programming information

N

Texas Instruments Programmable Logic Devices can be programmed using widely available software and
inexpensive 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 Tl distributor, or by calling Texas Instruments at (214) 997-5762.

Data Sheets

PARAMETER MEASUREMENT INFORMATION

— ————VIH
INPUT 50% 50%
; | viL
tPLH— [ teuL
-
INPHASE | p H T~ Vou
50% 50% —_————V
OUTPUT | | 80% OH
- | VoL OUTPUT ! ! (80%)
tpm_—n-—bll n_.:_:m_“v WAVEFORM 5005 ¢ | 20w o
OH | [
QUTOFPHASE Y 50, 50% t P
——=— VoL tr—ﬂ 'ﬂ— —» e tf

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES RISE TIME AND FALL TIME

FIGURE 1. VOLTAGE WAVEFORMS
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TIEPAL10H16P8-6C
HIGH-PERFORMANCE /MPACT ™ECL PA[® CIRCUIT

PARAMETER MEASUREMENT INFORMATION

200V =001V

PULSE 0 o)
GENERATOR — —
:__f :_: Vee Veco
INPUT UTPUT
OSCILLOSCOPE| (™ o) 0 O () o) OSCILLOSCOPE
UNDER UNDER B
CHAMNELA | TT- —X | rest wr [T~ L SHANNEL
2 o
Rt
O v
2 50 =
o ViH max + 2V | — ALL ALL M-
m or OTHER OTHER 50 @ !
- ViL min + 2V | — INPUTS  OUTPUTS WA
® 50 ©
® — AN
~
» VEE B
25 uF =
J’:’) 0.1 pF
-3.20Vv £ 001V
NOTES: A. The offset voltage generator has the following characteristics: Pulse amplitude = 800 mV P-P, PRR < 1 MHz, t,,, = 500 ns,
tr =t = 1ns.
B. Rt is a 50-Q terminator internal to the oscilloscope.
C. C = 3 pF, includes fixture and stray capacitance.
D. Coax has 50-Q impedance and the coax to oscilloscope channel A and to channel B must be of equal lengths.
E. All unused outputs are loaded with 50-Q + 1% resistors to ground.
F. All unused inputs should be connected to either high or low levels consistent with the logic function requwed
G. All fixture wire lengths or untermlnated stubs should not exceed 6 mm (1/4 inch).
FIGURE 2. LOAD CIRCUIT
Texas
2-296
INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265



TIEPAL10016P8-3C
HIGH-PERFORMANCE ExCL ™PAL® CIRCUIT

D3083, DECEMBER 1987

ECL 100K PAL JT PACKAGE
(TOP VIEW)

High-Performance Operation
Propagation Delay . . . 3 ns Max

IEE . . . =220 mA Max
Replacement for 100K ECL Logic
24-Pin, 300-Mil Package

Reliable Titanium-Tungsten Fuses

description

This ECL PAL device combines the ExCL™
(Double Polysilicon Self-Aligned) process with
the proven titanium-tungsten fuses to provide
reliable, high-performance substitutes for

N

conventional ECL logic. Its easy programmability FK PACKAGE
allows for quick design of ‘’custom’’ functions (TOP VIEW) »
with increased logic density. In addition, chip o8 o
carriers are available for further reduction in _———_-Z> - - [T}
board space. T RS e ‘-g
The TIEPAL10016P8-3 is provided with output 1ops 25(]1/0 ©
polarity fuses. Each output remains active-high ops 24[]0 -
when the fuse is intact and is active-low when VecoP? 20 veeco 8
the fuse is blown. NC 18 22[]NC

_ . ofoe 21jo
The TIEPAL10016P8-3 has 12 dedicated inputs, oo 20f o
four standard outputs, and four 1/O ports. It iRk il
should be noted that with emitter-coupled 121314 15 16 17 18
outputs, a high level overrides a low level. aa el el on Vo e N am]
Therefore, in order to use an /O port as an input, - ;“d g~ -

the related output must be forced to a low level
either through satisfying preprogrammed NC—No internal connection
equations or permanently by programming.

The TIEPAL10016P8-3 is equipped with a security fuse. Once the security fuse is blown, additional
programming and verification cannot be performed. This prevents easy duplication of a design.

This device is characterized for operation from 0°C to 85 °C; this temperature range is designated by a
“‘/C"" suffix in the part number (TIEPAL10016P8-3CJT).

(1]
S
&
o
ExCL is a trademark of Texas Instruments Incorporated. m
PAL is a registered trademark of Monolithic Memories Inc. n-
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of v}
d.vuilfqpm.ont. ch:::lctorlstllc {htn |ln'md nth:; TEXAS 2.297
specifications are n goals. Texas Instrument -
r:::rvu the right to ghn:gc or discontinue these lNSTRUM ENTS

products without notice. POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TIEPAL10016P8-3C
HIGH-PERFORMANCE ExCL™PAL® CIRCUIT

functional block diagram (positive logic)
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TIEPAL10016P8-3C

HIGH-PERFORMANCE ExCL™ PAL® CIRCUIT

logic diagram (positive logic)

[28)(24)
Vee
INPUT LINES
/\
/0 cee B oce Biooo 12i0001Bi004i20000 2400028000
| [2)(1) [ JG [27](23) '
\ [31(2) DE N [261(22) |
PRODUCT
LINES °
: [25](21) 1o
7
[4)(3) D'— .
8
: 2
5)(4]
o [5](4) :
15 %
—t 9
1 .6 77
. [24](20) o ©
o R
23 [
24 (=]
.
o [61(5) :
- 31
32
.
. |2ute
.
39
40
.
[9)(7) .
[ .
47
48
. 201(17)
: L 1o
55 S
K w
) ->-
56
. w
10}(8]
vo {101(8) : E
63
> — [191(16) -
nye) > <& s O
1 % .ﬂ | :
[12)(10) t — 3 {171(14)
: [13)(11) D|; [161(13) : Q
! >t K — ' O
! (2
NOTE: Pin numbers in [ ] are for the FK package; pin numbers in () are for JT package. ﬂ.
TExAs ‘W 2.288
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TIEPAL10016P8-3C :
HIGH-PERFORMANCE ExCL™ PAL® CIRCUIT

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

(see

Note 1) _

Supply voltage, VEE (see Note 2) . ... ... ... i OVto -65V
Input voltage, Vi(see Note 3) . ... ... ...ttt e i OV to VEE
[ LT« o TU QT =Y 1 | -50 mA
Operating free-air temperature range . . . . .. ...t iiii e et iiin e 0°C to 85°C
Storage temperature TaNGe . . .. .. ..o vttt it ittt e —-65°C to 150°C

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

2. All voltage values are with respect to Vcc and Vcco: i.e., these pins are all assumed to be at O volts.
3. V| should never be more negative than Vgg.

recommended operating conditions (see Note 4)

MIN NOM  MAX | UNIT
VEE Supply voltage -4.2 -4.5 -4.8 \4
2 VEg = —4.2V -1.15 -0.88
ViH High-level input voltage VEE = -4.5V -1.165 -0.88 \2
o Veg = 48V ~1.165 ~0.88
o VEg = —4.2V -1.81 ~1.475
- ) -
1Y ViL Low-level input voltage VEg = -4.5V —1.81 -1.475 \'2
VEE = —4.8V -1.81 -1.49
g TA Operating free-air temperature [¢] 85 °C
[1:3
2 electrical characteristics over recommended supply voltage range, TA = 0°C to 85 °C (unless otherwise
¢ noted) (see Notes 4 and 5)

PARAMETER TEST CONDITIONS ) MIN  TYP! MAX | UNIT
: VEE = —4.2V -1.03 -0.87
VOH V| = Vjymin or V) max VEg = -4.5V -1.036 -0.9556 -0.88 \
VEg = -4.8V —1.045 -0.88
VEg = —4.2V -1.81 —-1.595
VoL V| = Vigmin or V) max Vgg = -4.5V -1.81 -1.700 -1.61 \
VEE = -4.8V -1.81 -1.61
|1 V| = Vijymax 220 pA
I V| = V| min 0.5 wA
133 All inputs open . -220 mA

TTypical values are at Vg = 4.5 V, T = 25°C.
NOTES: 4. The algebraic convention, in which the more negative limit is designated as minimum and the less negative limit is designated

M3IA3Hd 10NAO0YHd

as maximum, is used in this data sheet for logic voltage levels only. For other quantities, e.g., supply voltages and currents,
the normal magnitude convention is used.

5. Each 100KH PAL has been designed to meet these specifications after thermal equilibrium has been established. The circuit
is in a test socket or mounted on a printed circuit board and transverse air flow greater than 150 meters (500 feet) per minute
is maintained. Outputs are terminated through a 50-ohm resistor to —2 V.

2-300
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TIEPAL10016P8-3C
HIGH-PERFORMANCE ExCL™ PAL® CIRCUIT

switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(see Note 5)

FROM TO
PARAMETER (NPUT) (OUTPUT) TEST CONDITIONS MIN MAX | UNIT
tpd 1, 1/0, or feedback o, /0 1 3 ns
tr See Figures 1 and 2 0.7 1.5 ns
tf 0.7 1.5 ns

NOTE 5: Each 100KH PAL has been designed to meet these specifications after thermal equilibrium has been established. The circuit
is in a test socket or mounted on a printed circuit board and transverse air flow greater than 150 meters (500 feet) per minute
is maintained. Outputs are terminated through a 50-ohm resistor to —2 V.

PROGRAMMING INFORMATION

Complete programming specifications, algorithms, and the latest information on hardware, software, and 2
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) 997-5762. 3
4]
V]
L
77]
S
PARAMETER MEASUREMENT INFORMATION ©
(a]
———— —VH
: | ViL
tPLH— [ teHL
INPHASE | ! ' '~ Vou
ouTPUT | 50% 50% —— — —VoH
: i VoL OUTPUT 80% (80%)
tpHL—n———b: N——’:_tpLHV WAVEFORM : : @ o
OH
OUT-OF-PHASE 50% 50% { : : ;
OUTPUT A
oL tr—p le— —» M-t
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES RISE TIME AND FALL TIME
FIGURE 1. VOLTAGE WAVEFORMS
w
L
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o
a
o
o
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TIEPAL1 0016P8-3C
HIGH-PERFORMANCE ExCL™ PAL® CIRCUIT

PARAMETER MEASUREMENT INFORMATION
2,00V * 0.01V

25 uF

PULSE N Y
GENERATOR - p—
\-_f._ t_‘: Vce Veco
INPUT
osciLLosCOPE| O UNDER Ly () oo OsCiLLOSCOPE
CHANNEL A f— - - -\_{ TEST YEST Y- - ] CHANNEL B
2 | *
Rt
50 @
o — ‘ 4
-] 50 0 =
" ViHmax + 2V | — ALL ALL A
or OTHER OTHER 50 Q
n ViLmin + 2V | — | NeuTS  outpuTS A
= 50 0
® ] A
2 A A
7 VEE
25 uF =
P 0.1 pF
~-250V + 001V
NOTES: A. The offset voltage generator has the following characteristics: Pulse amplitude = 800 mV P-P, PRR < 1 MHz, tw = 500 ns,
ty =t = 1ns.
B. R is a 50-Q terminator internal to the oscilloscope.
C. CL = 3 pF, includes fixture and stray capacitance.
D. Coax has 50-Q impedance and the coax to oscilloscope channel A and to channel B must be of equal lengths
E. All unused outputs are loaded with 50-2 + 1% resistors to ground.
F. All unused inputs should be connected to either high or low levels consistent with the logic function required.
G. All fixture wire lengths or unterminated stubs should not exceed 6 mm (1/4 inch).
by v FIGURE 2. LOAD CIRCUIT
2
m
<
g
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TIEPAL10016P8-6C
HIGH-PERFORMANCE /MPACT ™ ECL PAL® CIRCUIT

D3082, DECEMBER 1987

® ECL 100K PAL JT PACKAGE
(TOP VIEW)

High-Performance Operation
Propagation Delay . . . 6 ns Max

IEE . . . =240 mA Max
Replacement for 100K ECL Logic
24-Pin, 300-Mil Package

Reliable Titanium-Tungsten Fuses

description

This IMPACT™ ECL PAL device uses proven
titanium-tungsten fuses to provide reliable, high-
performance substitutes for conventional ECL
logic. Its easy programmability allows for quick
design of ‘‘custom’’ functions and typically
results in a more compact board. Additionally,
chip carriers are available for further reduction
in board space.

The TIEPAL10016P8-6 is provided with output
polarity fuses. Each output remains active-high 110
when the fuse is intact and is active-low when

the fuse is blown. Vcﬁg
The TIEPAL10016P8-6 has 12 dedicated inputs, o
four standard outputs, and four 1/O ports. It /0
should be noted that with emitter-coupled |
outputs, a high level overrides a low level. 12 1314 15 16 17 18
Therefore, to use an I/O port as an input, the cooooan
related output must be forced to a low level w (2’

either by satisfying preprogrammed equations or

by permanent programming. NC —No internal connection

The TIEPAL10016P8-6 is equipped with a
security fuse. Once the security fuse is blown,
additional programming and verification cannot
be performed. This prevents easy duplication of
a design.

N

FK PACKAGE
(TOP VIEW)

Vee

9]
zZ>_ -
- S gy gy
28 27 26
2s5(]1/0
24[jo
23[vcco
22[JNC
21[]o
20[]1/0
191

TETTTSS )
e Acl
of!
o

Data Sheets

This device is characterized for operation from
0°C to 85°C.

IMPACT is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Monolithic Memories Inc.

PRODUCT PREVIEW

PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on products in the formative or design phase of '}
development. Characteristic data and other 2-303

lopme . Texas
ety the gt Lo Chaon o diecontinue. these INSTRUMENTS

products without notice.
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TIEPAL10016P8-6C
HIGH-PERFORMANCE /MPACT ™ ECL PAL® CIRCUIT

functional block diagrarﬁ' (positive logic)
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TIEPAL10016P8-6C
HIGH-PERFORMANCE /MPACT ™ ECL PAL® CIRCUIT

logic diagram (positive logic)

[28](24)

INPUT LINES
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Oees B oee Booe1200016000200002d000 28000
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. 25)(21)
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7
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8
[ ]
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110 ®
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L]
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. | 21018)
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1/0 .
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NOTE: Pin numbers in () are for the FK package; pin numbers in () are for JT package.
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TIEPAL10016P8-6C
HIGH-PERFORMANCE /MPACT ™ ECL PAL® CIRCUIT

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

(see

Note 1)

Supply voltage, VEg (see Note 2) . .................. e FE OVto -6.5V
Input voltage, Vi (see Note 3) .. ... ...ttt e e OV to VEE
[0 T8 oYU o U T - o P -50 mA
Operating free-air temperature range . . . ... ... .o ittt ittt i 0°C to 85°C
Storage temperature ranNge . . . . .. oo vttt ittt it e e —-65°C to 150°C

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

2. All voltage values are with respect to Vcc and Vo, i-e., these pins are all assumed to be at O volts.
3. V) should never be more negative than VEE.

recommended operating conditions (see Note 4)

MIN NOM MAX | UNIT

VEE Supply voltage -4.2 —-4.5 —-4.8 | \%
2 VEE = -4.2V -1.15 -0.88
VIH High-level input voltage VEg = -4.5V N -1.165 -0.88 \
* VEE = -4.8V ~1.165 ~0.88
nc’ VEE = —4.2V —1.81 —1.475
-, ViL Low-level input voltage VEg = —4.5V -1.81 -1.475 \
o VEE = —48V 181 ~1.49
g_’ Ta Operating free-air temperature (0] 85 °C
8 electrical characteristics over recommended supply voltage range at 0°C to 85 °C (see Notes 4 and 5)
3 PARAMETER TEST CONDITIONS VEE MIN TYP MAX | UNIT
-4.2V -1.03 -0.87
VOH V) = V)gmin or Vi max -45V |-1.035 -0.955 -0.88 "
-4.8V |-1.045 -0.88
-4.2V -1.81 -1.595
VoL V| = V|gmin or V| max -45Vv | -1.81 -1.700 -1.61 \
-4.8V -1.81 -1.61
IH V| = Vjymax 220 pA
he Vi = ViLmin 0.5 pA
IEE All inputs open - 240 mA

switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(see Note 5)

FROM T0
PARAMETER TEST CONDITIONS MIN  TYP MAX [ UNIT
O (INPUT) {OUTPUT)
P tod I, 1O, or feedback [ Ve] 2 4 6 ns
o tr See Figures 1 and 2 0.7 1 1.5 ns
O i 0.7 T 15| ns
o NOTES: 4. The algebraic convention, in which the more negative limit is designated as minimum and the less negative limit is designated
_* as maximum, is used in this data sheet for logic voltage levels only. For other quantities, e.g., supply voltages and currents,
the normal magnitude convention is used.
-u 5. Each 100KH PAL has been designed to meet these specifications after thermal equilibrium has been established. The circuit
m is in a test socket or mounted on a printed circuit board and transverse air flow greater than 150 meters (500 feet) per minute
m is maintained. Outputs are terminated through a 50-ohm resistor to —2 V.
<
g
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TIEPAL10016P8-6C
HIGH-PERFORMANCE /MPACT ™ ECL PAL® CIRCUIT

PROGRAMMING INFORMATION

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

Complete programming specifications, algorithms and the latest information on firmware, software, and
hardware updates are available upon request. Information on programmers that are capable of programming
Texas Instruments programmable logic is also available, upon request, from the nearest Tl sales office,
local authorized Texas Instruments distributor, or by calling Texas Instruments at (214) 997-5762.

PARAMETER MEASUREMENT INFORMATION

— — —— — VIH
INPUT 50% 50%
| | ViL

|
tPLHJ— e

IN-PHASE i '~ Vou
outPur | 50% | 50% — — — —VoH
Vor OUTPUT 80% (80%)

N

[Z]
|
tPHL—— —btpLH WAVEFORM 5, /| I\ 20%) VoL ®
ourormase Yoo oow ' | M £
OuTPUT e — VoL t—p le— ety (7}
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS S
PROPAGATION DELAY TIMES RISE TIME AND FALL TIME 8
FIGURE 1. VOLTAGE WAVEFORMS
u
>
L
e
Q.
-
O
=
(=]
o
o
o
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TIEPAL10016P8-6C
HIGH-PERFORMANCE /MPACT ™ ECL PAL® CIRGUIT

PARAMETER MEASUREMENT INFORMATION

200V x 001V

PULSE O o)
GENERATOR = p
;f_ -:_g Vee Veco
osciLLoscore] P Ul Fivadd prtiadl W ) oo osciLLoscore
e s [ = | e T ] Tl
2 o
Ry
50 Q
O —
.‘P. 50 =
o ViHmax + 2V | — ALL ALL VWA
(/;) or OTHER OTHER 50 Q
= Vitmin + 2V | —1 INPUTS  OUTPUTS A
® 50 @
® — A\
-+
g VEe
e
25 uF -

-250V £ 001V

NOTES: A. The offset voltage generator has the following characteristics: Pulse amplitude = 800 mV P-P, PRR < 1 MHz, tyy, = 500 ns,
tr =tf = 1ns.

. Rt is a 50-Q teminator internal to the oscilloscope.

. CL = 3 pF, includes fixture and stray capacitancea.

. Coax has 50-Q2 impedance and the coax to oscilloscope channel A and to channel B must be of equal lengths.

. All unused outputs are loaded with 50-2 + 1% resistors to ground.

. All unused input should be connected to either high or low levels consistent with the logic function required.

. All fixture wire lengths or unterminated stubs should not exceed 68 mm (1/4 inch).

GOmMmMOoOO®

FIGURE 2. LOAD CIRCUIT
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TIFPLA839M, TIFPLA839C
TIFPLAB40M, TIFPLA840C
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

JUNE 1984 —REVISED DECEMBER 1987

@ Input-to-Output Propagation Delay . . . LOGIC FUNCTION

10 ns Typical f() = PO + P1... P31 for polarity link intact

24-Pin, 300-mil Slim Line Packages () = PO* Pi* ... *P31 for polarity link open

VS . where PO through P31 are product terms
Power Dissipation . . . 6560 mW Typical g P

Programmable Output Polarity TIFPLAB39M, TIFPLAB4OM . . . JT PACKAGE
TIFPLAB39C, TIFPLASAOC . . . JT OR NT PACKAGE
description (TOP VIEW)

The 'FPLA839 (3-state outputs) and the '‘FPLA840
(open-collector outputs) are TTL field-programmable
logic arrays containing 32 product terms (AND terms)
and six sum terms (OR terms). Each of the sum-of-
products output functions can be programmed either
high true or low true. The true condition of each output
function is activated by the programmed logical
minterms of 14 input variables. The outputs are
controlled by two chip-enable pins to allow output
inhibit and expansion of terms.

These devices provide high-speed data-path logic
replacement where several conventional SSI functions
can be designed into. a single package.

TIFPLA839M, TIFPLA840M . . . FH OR FK PACKAGE
The 'FPLA839M and 'FPLA840M are characterized for TIFPLA8S39C, TIFPLA840C . . . FN PACKAGE

operation over the full military temperature range of (TOP VIEW)
—-55°C to 125°C. The 'FPLA839C and 'FPLA840C

Data Sheets H

- Q
are characterized for operation from 0°C to 70°C. _ _I"o" % é’ U
/ I I I LITITT
4 3 2 1282726
10s 25(]!
1Ds 24!
1p7 23[]!
Ncps 22[]NC
ipe 214!
pio 20(]!
ofn 190
12131415 161718
jmimimininlais]
[eXe) % glg [e)e)
(6]

Pin assignments in operating mode (pin 1 is less positive than Vi)

PRODUCTION DATA documents contain information Copyright © 1984, Texas Instruments Incorporated
s i B o Texas W0

ons per 'ms of Texas Instrumant
standard warranty. Production processing doss not 2-309
necessarily mn-'l. testing of all parameters. INST RUMENTS
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TIFPLA839M, TIFPLA839C
TIFPLA8S40M, TIFPLA840C
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

functional block diagram (positive logic)

OE1 e
OE2 N
=1 =1
32X6 ¥
~
[» &
w, | BX® -
~
7
14 32 i~
| —4— A~
14 — ~
o—rt—~
2 *—~
Y
” ——
m —
» ~denotes fused inputs.
= TFPLA839 has 3-state (V) outputs; FPLAB40 has open-collector (Q) outputs.
o
a absolute maximum ratings

Supply voltage, Ve (see Note 1) . ...
Input voltage (see Note 1) . ... ... ... ... . . .. .. .. . . . .
Off-state output voltage {(see Note 1) .. .. ... ... ... ... ... ... ..........

Operating free-air temperature range: 'FPLA839M, 'FPLA840OM . .............

‘FPLA839C, 'FPLA840C ...............

Storage temperature . ... .. ... .. e

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

‘Qip
Texas
INSTRUMENTS
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TIFPLA839M, TIFPLA839C
TIFPLAB40M, TIFPLAB40C
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

LOGIC DIAGRAM

TRoenwsoo Now Npy coyRY N ®To N
85880382 B¥TB 003 25985888 8RRy,
\ (8) 10
(7) 2
! 3
(6) 4
! 5
(5) 6
! 7
(4) ~ 8
P 9
(3) 10
! DL 1
(2) n§ 12
! DL 13
(23) 14
=D 15
(22) 16
DL 17
(21) 18
! D 19
, {20 20
21
(19) 22
DY 23
, (18) 24
25
(17) 26
! DL 27
JO Jl VOO0 LH JOUL 00000000 UU f\ lJ(lst
Do,
29 1088
D5l
1089
30
D__jjg ha)
1090
31
DSl
1091
32
D—_j[;—“m o
1092
33
Dyl e s
RMOWWeENMO) DNERMOLETN MOWLERMAW ~ROOVTN®M 1093
88588583 "RANGIGH IRTISRAR R{REeReen _I_
OE1 (1) =
OE2 (13) _
i
TExas ‘V
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" TIFPLA839M, TIFPLA839C
TIFPLA8B40M, TIFPLA840C
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
MIN _NOM MAX | MIN NOM MAX
Supply voltage, Vo 4.5 5 5.5 |4.75 5 b5.25 -V
High-level input voltage, ViH 2 2 \
Low-level input voltage, Vi 0.8 0.8 \
High-level output voltage, VoH ‘FPLA840 5.5 5.5 \4
High-level output current, IgH ‘FPLA839 -2 -3.2 mA
Low-level output current, lg| 12 24 mA
Operating free-air temperature, T -55 125 o 70 °C
N A
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
‘M SUFFIX C SUFFIX
E ki t
PARAMETER EST CONDITIONS MIN_ TYPE MAX MIN TYPE  MAX UNIT
2 ViK Vee = MIN, I = —18 mA -1.5 -1.5 v
lon 'FPLA840 Vce = MIN, VOoH = 5.5V 0.1 0.1 | mA
VoH ‘FPLA839 Vce = MIN, loH = MAX 2.4 3.2 2.4 3 \%
g VoL Vee = MIN, loL = MAX -0.25 0.5 0.37 0.5 \
-+ I Vee = MAX, V| =55V 0.1 0.1 mA
o N Vce = MAX, Vi =27V 20 20 | uA
[/ N Vce = MAX, V| = 0.4V ~0.5 ~0.5 | mA
g 108 Vee = MAX, Vg = 2.25V -30 -112 | -30 -112 | mA
(4] lozH Vee = MAX, Vo =27V 20 20 A
@ [Toz Vee = MAX, Vo =04V =20 20 | A
Vee = MAX,
icc yec Vi=0V, 130 190 130 180 | mA
OE inputs at V|4
‘FPLA839 switching characteristics
M SUFFIX C SUFFIX
PA El F I
. RAMETER ROM TO TEST CONDITIONS MIN_ TYPE MAX MIN_ TYPE  MAX UNIT
RL = 500 to GND,
1, fnput Output 10 25 10 20
pd npu Hipu Cy = 50 pF to GND "¢
ten Pin 1 RL1 = 500 to 7V, 10 25 10 20
or Output R = 500 to GND, ns
tdis Pin 13 CL = 50 pF to GND 20 8 15
‘FPLA840 switching characteristics
M SUFFIX C SUFFIX
PARAMETER FROM TO TEST CONDITIONS UNIT
s MIN _TYP! MAX | MIN TYP! MAX
4 Input | Output RL = 500 to Ve, 10 30 10 25
pd npu ey . CL = 50 pF to GND e
ton Pin 1 RL1 =500t 7V, 10 25 10 20
or Output Rp = 500 to GND, ns
tdis Pin 13 CL = 50 pF to GND 8 2. 8 15
TFor conditions shown as MIN or MAX, usé the appropriate value ified under ded op ing conditions.
Al typical values are at Ve = 5V, Tp = 256°C.
SThe output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, Igg.
. T *l’
2-312 EXAS
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TIFPLA839M, TIFPLA839C
TIFPLA840M, TIFPLAB40C
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS

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) 997-5762.

N
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IMPORTANT NOTICE

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

Ti warrants performance of its semiconductor products, 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.

Copyright © 1984, Texas Instruments Incorporated
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INTRODUCTION

The purpose of this application report is to provide the
first time user of field-programmable logic with a basic
understanding of this new and powerful technology. The
term “Field-Programmable Logic” refers to any device
supplied with an uncommitted logic array, which the user
programs to his own specific function. The most common,
and widely known field-programmable logic family is the
PROM, or Programmable Read-Only- Memory. Relatively
new entries into this expanding family of devices are the
PAL® and FPLA. This report will primarily concentrate
on the PAL family of programmable logic.

FIELD-PROGRAMMABLE LOGIC ADVANTAGES

Field-programmable logic offers many advantages to
the system designer who presently is using several
standard catalog SSI and MSI functions. Listed below are
just a few of the benefits which are achievable when using
programmable logic.

1. Package Count Reduction: typically, 3 to 6
MSI/SSI functions can be replaced with one
PAL or FPLA.

2. PC Board Area Reduced: Fewer devices
consume less PC board space. This results in
lower PC board cost.

3. Circuit Flexibility: Programmability allows for

minor circuit changes without changing PC

boards.
4. Improved Reliability: With fewer PC
interconnects, overall system reliability
increases.

5. Shorter Design Cycle: When compared with
standard-cell or gate-array approaches,
custom functions can be implemented much
more quickly.

The PAL and FPLA, will fill the gap between
standard logic and large scale integration. The versatility
of these devices provide a very powerful tool for the
system designer.

PAL AND FPLA SYMBOLOGY

In order to keep PAL and FPLA logic easy to
understand and use, a special convention has been
adopted. Figure 1 is the representation for a 3-input AND
gate. Note that only one line is shown as the input to the
AND gate. This line is commonly refered to as the

product line. The inputs are shown as vertical lines, and at

the intersection of these lines are the programmable fuses.

®PAL is a Registered Trademark of Monolithic Memories Inc.

An X represents an intact fuse. This makes that input,
part of the product term. No X represents a blown fuse.
This means that input will not be part of the product term
(in Figure 1, input B is not part of the product term). A
dot at the intersection of any line represents a hard wire
connection.

INPUT TERMS
ABC

::“%DUCT OUTPUT

F = AC

Figure 1. Basic Symbology

In Figure 2, we will extend the symbology to develop
a simple 2-input programmable AND array feeding an OR
gate. Notice that buffers have been added to the inputs,
which provide both true and complement outputs to the
product lines. The intersection of the input terms form a
4x3 programmable AND array. From the above
symbology, we can see that the output of the OR gate is
programmed to the following equation, AB+AB. Note
that the bottom AND gate has an X marked inside the
gate symbol. This means that all fuses are left intact, which
results in that product line not having any effect on the
sum term. In other words, the output of the AND gate will
be a logic 0. When all the fuses are blown on a product line,
the output of the AND gate will always be a logic 1. This has
the effect of locking up the output of the OR gate to a logic
level 1.

INPUT TERMS
i
A
INPUTS
[ -
B—Dt‘f
X%
PRODUCT TERMS
PRODUCT - _*+
LINES SUM
OF PRODUCTS
OUTPUT
F=AB+AB

Figure 2. Basic Symbology Example
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FAMILY ARCHITECTURES

As stated before, the PROM was the first widely
used programmable logic family. Its basic architecture is
an input decoder configured from AND gates, combined
with a programmable OR matrix on the outputs. As
shown in Figure 3, this allows every output to be
programmed individually from every possible input
combination. In this example, a PROM with 4 inputs has
24, or 16 possible input combinations. With the output
word width being 4 bits, each of the 16 X 4 bit words can be

16 WORDS X 4 BITS
D Cc B A

Lobd

“OR" ARRAY
(PROGRAMMABLE)

N
“AND” ARRAY

(FIXED) 03 02 01 0p
Figure 3. PROM Architecture

programmed individually. Applications such as data
storage tables, character generators, and code converters,
are just a few design examples which are ideally suited for
the PROM. In general, any application which requires
every input combination to be programmable, is a good
candidate for a PROM. However, PROMs have difficulty
accommodating large numbers of input variables.
Eventually, the size of the fuse matrix will become
prohibitive because for each input variable added, the size
of the fuse matrix doubles. Currently, manufacturers are
not producing PROMs with over 13 inputs.

“OR"” ARRAY
FIXED

et N,

e
K-
K-

OISt

\ -
V
“AND” ARRAY
(PROGRAMMABLE)

Figure 4. PAL Architecture

03 02 01 Og



To overcome the limitation of a restricted number of
inputs, the PAL utilizes a slightly different architecture as
shown in Figure 4. The same AND-OR implementation is
used as with PROMs, but now the input AND array is
programmable instead of the output OR array. This has
the effect of restricting the output OR array to a fixed
number of input AND terms. The trade-off is that now,
every output is not programmable from every input
combination, but more inputs can be added without
doubling the size of the fuse matrix. For example, If we
‘were to expand the inputs on the PAL shown in Figure 4,
to 10, and on the PROM in Figure 3, to 10. We would see
that the fuse matrix required for the PAL would be 20 x 16
(320 fuses) vs 41024 (4096 fuses for the PROM). It is
important to realize that not every application requires
every output be programmable from every input
combination. This is what makes the PAL a viable product
family.

The FPLA goes one step further in offering both a
programmable AND array, and a programmable OR
array (Figure 5). This feature makes the FPLA the most

“OR’”” ARRAY
(PROGRAMMABLE)

\'4
“AND"” ARRAY
(PROGRAMMABLE)

Figure 5. FPLA Architecture

O3 02 047 Og

)

versatile device of the three, but usually impractical in
most low complexity applications.

All three field-programmable logic approaches
discussed have their own unique advantages and
limitations. The best choice depends on the complexity of
the function being implemented and the current cost of
the devices themselves. It is important to realize, that a
circuit solution may exist from more than one of these
logic families.

PAL OPTIONS

Figure 6 shows the logic diagram of the popular
TIBPALI16LS. Its basic architecture is the same as
discussed in the previous section, but with the addition of
some special circuit features. First notice that the PAL has
10 simple inputs. In addition, 6 of the outputs operate as

1/O ports. This allows feedback into the AND array. One -

AND gate in each product term controls each 3-state
output. The architecture used in this PAL makes it very
useful in generating all sorts of combinational logic.

Another important feature about the logic diagram,
and all other block diagrams supplied from individual
datasheets, are that there are no X’s marked at every fuse
location. From the previous convention, we stated that
everywhere there was a intact fuse, there was an X.
However, in order to make the logic diagram useful when
generating specific functions, it is supplied with no X’.
This allows the user to insert the X’s wherever an intact
fuse is desired.

The basic concept of the TIBPALI6LS8 can be
expanded further to include D-type flip-flops on the
outputs. An example of this is shown in Figure 7 with the
TIBPALI16RS. This added feature allows the device to be
configured as a counter, simple storage register, or similar
clocked function.

Circuit variations which are available on other
members of the TI PAL and FPLA family are explained
below.

Polarity Fuse
The polarity of the output can be selected via the
fuse shown in Figure 8.

Input Registers

On PALs equipped with this special feature, the
option of having D-type input registers is fuse
programmable. Figure 9 shows an example of this type of
input. If the fuse is left intact, data enters on a low-high
transition of the clock. If the fuse is blown, the register
becomes permanently transparent and is equivalent to a
normal input buffer.

Input Latches
On PALs equipped with this special feature, the
option of having input latches is fuse programmable.

W
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ENABLE —{>
o ~

INPUTS
(]

In

o

|occo0 00 8

OUTPUTS N

PO

INTACT: OUTPUT = PO + P1 + ... + Pn
BLOWN: OUTPUT = PO-F1-..-Pn

Figure 8. Polarity Selection

Figure 10 shows an example of this type of input. If the
fuse is left intact, data enters while the control input is
high. When the control input is low, the data that was
present when the control input went low will be saved. If
the fuse is blown, the latch becomes permanently
transparent, and is equivalent to a normal input buffer.

PROGRAMMING

Notice in Figure 7, that the product and input lines
are numbered. This allows any specific fuse to be located
anywhere in the fuse matrix. When the device is in the
programming mode (as defined in the device data sheet),
the individual product and input lines can be selected. The
fuse at the intersection of these lines, can then be blown
(programmed) with the defined programming pulse.
Fortunately, the user seldom has to get involved with these
actual details of programming, because there exist several
commercially available programmers which handle this

function. Listed below are some of the manufacturers of
this programming equipment. *

Citel Storey Systems
DATA 1I/0 Structured’' Design
Digelec Sunrise Electronics
Kontron Valley Data Science
Wavetec Varix

Stag Micro Systems

At Texas Instruments, we have coordinated with
DATA 1/O using their Model 19 for device
characterization. Currently, DATA I/O, Sunrise, and
Structured Design have been certified by Texas
Instruments. Other programmers are now in the
certification process. For a current list of certified
programmers, please contact your local TI sales
representative.

It should now be obvious to the reader, that the
actual blowing of the fuses is not a problem. Instead, the
real question is what fuses need to be blown to generate a
particular function. Fortunately, this problem has also
been greatly simplified by recent advances in computer
software.

DATA I/O has developed a software package called
ABEL™. Also available is CUPL™, from Assisted
Technology. Both have been designed to be compatible
with several different types of programmers. Both of these
software packages greatly extend the capabilities of the
original PALASM™ program, and both can be run on
most professional computers.

Before proceeding to a design example, it would be
instructive to look at the simplified process flow of a PAL
(Figure 11). This should help give the reader a better
understanding of the basic steps necessary to generate a
working device.

DESIGN EXAMPLE

The easiest way to demonstrate the unique
capabilities of the PAL is through a design example. It is

REGISTER FUSE INTACT

0Cc2

T1C2
20 b
MO (INTACT)

M1 (BLOWN)

000

D-TYPE REGISTER
FUNCTION TABLE

CLock | b | a | @
t H|H L
+ Ll L]|H
L X | Qo | Qo

Qo = THE STATE OF Q BEFORE CLOCK *t

Figure 9. Input Register Selection

ABEL™ is a trademark of DATA 1/O.
CUPL™ is a trademark of Assisted Technology, Inc.
PALASM™ is a trademark of Monolithic Memories Inc. -
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LATCH FUSE INTACT

oo0

oc2
T 1C2
2D >
MO (INTACT)

M1 (BLOWN)

TRANSPARENT LATCH
FUNCTION TABLE

ENABLE( D | o | @
H L|L|H
H H|H|L
L X [ Qg | Qg

Qg = THE LEVEL OF Q BEFORE ENABLE |

Figure 10. Input Latch Selection

DEFINE
APPLICATION

GENERATE
LOGIC EQUATIONS

¥

SELECT APPROPRIATE
PAL .

CONSTRUCT
FUSE MAP

¥

L PROGRAM J

WORKING
DEVICE

Figure 11. PAL Process Flow Diagram

hoped that through this example the reader will gain the
basic understanding needed when applying the PAL in his
own application. In some cases, this goal may only be to
reduce existing logic, but the overall approach will be the
same.

EXAMPLE REQUIREMENTS

It is desired to generate a 4-bit binary counter which
is fed by one of four clocks. There are two lines available
for selecting the clocks, SEL1 and SELO. Table 1 shows the
required input for the selection of the clocks. In addition,
it is desired that the counter be able to switch from binary
to decade count. This feature is controlled by an input
called BD. When BD is high, the counter should count in
binary. When low, the counter should count in decade.

Figure 12 shows how this example could be
implemented if standard data book functions were used.

Table 1. Clock Selection

SEL1  SELO | OUTPUT
0 0 CLKA
0 1 CLKB
1 0 CLKC
1 1 CLKD

As can be seen, three MSI functions are required. The
’LS162 is used to generate the 4-bit counter while the clock
selection is handled by the "LS253. The LS688 is an 8-bit
comparator which is used for selecting either the binary or
decade count. In this example, only five of the eight
comparator inputs are used. Four are used for comparing
the counter outputs, while the other is used for the BD
input. The comparator is hard-wired to go low whenever
the BD input is low and the counter output is “9”. The
P=0Q output is then fed back to the synchronous clear
input on the ’LS162. This will reset the counter to zero
whenever this condition occurs.

PAL IMPLEMENTATION

As stated before, the problem in programming a
PAL is not in blowing the fuses, but rather what fuses need
to be blown to generate a particular function. Fortunately,
this problem has been grgatly simplified by computer
software, but before we examine these techniques, it is
beneficial to explore the methods used in generating the
logic equations. This will help develop an understanding,
and appreciation for these advanced software packages.

From digital logic theory, we know that most any
type of logic can be implemented in either AND-OR-
INVERT or AND-NOR form. This is the basic concept
used in the PAL and FPLA. This allows classical
techniques, such as Karnaugh Maps! to be used in
generating specific logic functions. As with the separate
component example above, it is easier to break it into
separate functions. The first one that we will look at is the
clock selector, but remember that the overall goal will be
to reduce this design example into one PAL.

W
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'LS253 ‘Ls162
SEL 0 Qo
SEL 1— ar
CLK A— g'l-_"i - CLK oz
CLK B— —_—
CLR
CLK C — Q3
CLK D~
‘LS68S
Vee
Po ao |
—{r2 a2
P3 03 v
BD s Q4 cc
P5 Q5
P6 Q6
P7 Q7
= | 5o =
I |

Figure 12. Counter Implementation with Standard Logic

PAL SELECTION

Before proceeding with the design for the clock
selector, the first question which needs to be addressed is
which PAL to use. As discussed earlier, there are several
different types of output architectures. Looking at our
example, we can see that four flip-flops with feedback will
be required in the 4-bit counter, plus input clock and clear
lines. In addition, seven inputs plus two simple outputs
will be required in the clock selector and comparator. With
this information in hand, we can see that the TIBPALI6R4
(Figure 13) will handle our application.

CLOCK SELECTOR DETAILS

The first step in determining the logic equation for
the clock selector is to generate a function table with all
the possible input combinations. This is shown in Table 2.
From this table, the Karnaugh map can be generated and
is shown in Figure 14. The minimized equation for
CLKOUT comes directly from this.

Table 2. Function Table

SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT

ooooooooooooooooooooo'ooooooooooo
G 8 83 s m s e e s s s a8 0000000000000 000
-~ 4 2 4 422 2000000002222 2323400000000
-~ 2220000 =2=2=220000===20000====0000
4 5 00 =2 2002200 =200==002==200===00==00
4 0 2 0 20 20 2020 20 =20=20=0=20=0==0=0=0 =0
4 5 8 2 0000 = 2 20000 = =SS a0 00 00000
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SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT

- m A a A a8 a S m a2 s 4 e 0000000000000 o0 oo

T T T T e IR R g
4 e m 08 a s 00000000 43 s aa s 00000000
“ e a0 000022 =2 20000 === =220000====00020
4 2m 002 5200 =200 ==200==2002==002==200=2==00
"W O 40 -0 =020 =0=20=220=020=202=20=20=020 =20
- 020 2020202020202 =00==00==00-=2=00
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Figure 13. TIBPAL16R4 Logic Diagram
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It is important to notice that the equation derived
from the Karnaugh map is stated in AND-OR notation.
The PAL that we have selected is implemented in AND-
NOR logic. This means we either have to do DeMorgan’s
theorem on the equation, or solve the inverse of the
Karnaugh map. Figure 15 shows the inverse of the
Karnaugh map and the resulting equation. This equation
can be easily implemented in the TIBPALI6R4.

SO0

S0,AB

A A
SI,CTD — [ —— |

A G
i T 1.
1] ||1 1||

c
1]1 [ 1]

I

-]
iy
-

L —— -

_
o

s1 ==
c 1[1]1]1 K
DR |
— —
B B

cLkouT =5iSoakl + Sisoke¥l + s1SokKck + s1sokkgo
CLKOUT = §750A + S7S0B + S150C + S1S0D
Figure 14. Karnaugh Map for CLKOUT
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CLKOUT = S1SoA#¥d + SisoXBEY + s150kKCH + s1soXK¥D
CLKOUT = S1S0A + S1SOB + S1S0C + S1S0D
Figure 15. Karnaugh Map for CLKOUT
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4-BIT BINARY COUNTER DETAILS

The same basic procedure used in determining the
equations for the clock selector, is used in determining the
equations for the 4-bit counter. The only difference is that
now we are dealing with a present state, next state
situation. This means a D-type flip-flop will be required in
actual circuit implementation. As before, the truth table is.
generated first, and is shown in Table 3.

Table 3. Truth Table

PRESENT STATE NEXT STATE
CLR Q3 Q2 Q1 Qo Q3 Q2 Q1 Qo
0 X X X X 0O 0 0 O
1 0 0 0 O 0 0 0 1
1 0 0 0 1 0 0 1 0
1 o 0 1 O 0o 0o 1 1
1 0o o0 1 1 0o 1 0 o0
1 0 1 0 o0 o 1 0 1
1 0o 1 0 1 o 1 1 o0
1 0 1 1 0 0o 1 1
1 o 1 1 1 10 0 O
1 1 0 0 O 1 0 0 1
1 1. 0 0 1 1.0 1 0
1 10 1 0 1.0 1 1
1 T 0 1 1 11 0 0
1 11 0 0 11 0 1
1 11 0 1 11 1 0
1 11 1 0 11 1
1 T 1 1 0 0 o0 o0

From the truth table, the equations for each output
can be derived from the Karnaugh map. This is shown in
Figure 16. Note that the inverse of the truth table is being
solved so that the equation will come out in AND-NOR
logic form.

BINARY/DECADE COUNT DETAILS

Recalling from the example requirements that the
counter should count in decade whenever the BD input is
low, we can again generate a truth table for this function
(Table 4). Since the counter is already designed to count in
binary, we can use this feature to simplify our design.
What we desire is a circuit whose output goes low,
whenever the BD input is equal to a logic level “0”, and
the counter output is equal to “9”. This output can then be
fed back to the CLR input of the counter so that it will
reset whenever the BD input is low. Whenever the BD
input is high, the output of the circuit should be a high
since the counter will automatically count in binary. Notice
that Q shown in the truth table is the function we desire.
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| Q1
[ —1 | E— - [—
Q2 Q2 a2 [:*)
T0 = CLROSARA4GS + CLRASA2G400 Q2 = CLRG88484G0 + CtReE0207ae + CtRE802Q1Q0
— + GtR@802@4a0
Qo=CLR + Q0 @2 = CLR + G201 + 020100 + 3200
(a) KARNAUGH MAP FOR Q0 () KARNAUGH MAP FOR Q2
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Figure 16. Karnaugh Maps
In this particular example, a Karnaugh map is not FUSE MAP DETAILS
required because the equation cannot be further g
simplified. The resulting equation is given below. Now that the logic equations have been defined, the o
. next step will be to specify which fuses need to be blown. (3
BD OUT=BDQ3Q2Q1Q0 Before we do this however, we first need to label the input @
and output pins on the TIBPAL16R4. By using Figure 12 oc
Table 4. Truth Table as a guide, we can make the following pin assignments in g
BDQ30Q2Q1Q0 Q@ Q@ BDQ3Q2Q1Q0 Q Q@ Figure 17. =
1]
00000 01 100 0 0 0 1 PIN _g
00 0 0 1 0 1 10 0 0 1 0 1
000 10 01 1.0.0 10 0 1 1 CLK 20 vCC &
2 SELO 19 CLKOUT <
00 0 1 1 0 1 1.0 0 1 1 0 1
3 SEL1 18 NC
00100 01 101 00 0 1
4 CLKA 17 Q0
00 1 0 1 [ 1.0 1 0 1 0 1
5 CLKB 16 Q1
00110 01 101 1 0 0 1
6 CLKC 15 Q2
o0 1 1 1 0o 1 10 1 11 0 1
0100 0 01 11700 0 0 1 7 CLKD 14 03
8 CLR 13 NC
o1 0 0 1 10 110 0 1 0 1
o1 01 0 01 1101 0 01 13212]) ﬁl(’:!)léOUT
01 0 1 1 0 1 11 0 11 0 1
01 100 01 111 00 0 1 .
01 1 0 1 0 1 111 0 1 0 1 With this information defined, we now need to insert
001 1 1 0 0 1 1111 0 o 1 tl{e logic equations into the logic diagram as shown in
01 111 01 11111 01 Figure 17.
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It is now probably obvious to the reader, that
inserting the logic equations into the logic diagram is a
tedious operation. Fortunately, a computer program
called PALASM will perform this task automatically. All
that is required is telling the program which device has
been selected, and defining the input and output pins with

DEVICE TYPE 16R4

FIN LIST NAMES =

PIN NUMERER = 1 PIN NAME =
PIN NUMBER = 2 PIN NAME =
PIN NUMBER = 3 PIN NAME =
FPIN NUMBER = 4 PIN NAME =

PIN NUMBER = S FPIN NAME =
PIN NUMBER = 4 PIN NAME =

FPIN NUMBER = 7 FIN NAME =
PIN NUMBER = = FIN NAME =

PIN NUMBER = 2 FIN NAME =
PIN NUMBER = 10 PIN NAME =

FIN NUMBER = 11 FIN NAME =
FIN NUMBER = 132 PIN NAME =
FIN NUMRBER = FIN NAME =
PIN NUMBER = PIN NAME =
FIN NUMBER = FPIN NAME =
PIN NUMBER = PIN NAME =
PIN NUMBER = FIN NAME =
PIN NUMBER = PIN NAME =

FPIN NUMBER = FIN NAME = CLEOUT
PIN NUMBER = FPIN NAME = VOO

EXPRESSIONS  AND DESCRIPTION =
EXPRESSIOND 13 =

/CLEQUT=/SEL1#/SELO#/CLEA +/SELI#SELO#/CLER +SEL1#/SELO#/CLKC +3EL1#SELO#/CLED

EXPRESZIONE 21 =
/R0=/CLR +Q0

IONC 2] =
CLR +/01#/20 +313#00

EXPRESSIOND 47 =
/RZ=/CLR +/02%/01 +Q2#01#Q0 +/02% /00

EXPRESZIONL 31 =

/ER=/CLR +/03%/02 +/02#/01 +/R3%/00 +Q3#E2#01#00

EXPRESSIOND 4] =
/BONHAT =/ BLe@34 / Q2% /(11 #G0

their appropriate logic equations (Figure 18). The program
will then generate a fuse map (Figure 19) for the device
selected. Notice that the fuse map looks very similar to the
block diagram (Figure 17) which we have just completed
by hand. In addition, this information can now be down
loaded into the selected device programmer.

W
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Figure 18. Pin ID and Logic Equations
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ADVANCED SOFTWARE

PALASM, while extremely useful in generating the
fuse map, does little to help formulate the logic equations.
This is what the new software packages such as ABEL and
CUPL address. They not only generate the fuse map, but
they also help in developing the logic equations. In most
cases, they can generate the logic equations from simply
providing the program with either a truth table or state
diagram. In addition, they can test the logic equations
against a set of test vectors. This helps ensure the designer
gets the desired function.

These are only a few of the features available on
these new advanced software packages. We recommend
that the reader contact the specific manufacturers
themselves to obtain the latest information available. For
your convenience, at the end of this application note we
have included the addresses and phone numbers for many
of these programming and software companies.

As an example, we will approach our previous
design utilizing DATA 1/0O’s ABEL package. The purpose
here is not to teach the reader how to use ABEL, but
rather to give them a basic overview of this powerful
software package. Figure 20 shows the source file required
by ABEL. Note that the 4-bit counter has been described
with a state diagram table. When the ABEL program is
complied, the logic equations will be generated from this.
The equations for CLK OUT and BD OUT have been

given in their final form to demonstrate how ABEL would’

handle these. Also notice that test vectors are included for

_checking the logic equations. This is especially important

when only the logic equations has been given.

Figure 21 shows some of the output documentation
generated by the program. Notice that the equations
generated for the counter, match the the ones generated
by the Karnaugh maps. A pinout for the device has also
been generated and displayed. The fuse map for the
device has not been shown, but looks very similar to the
one in Figure 19. As with the PALASM program, this
information can be down loaded into the device
programmer.

PERFORMANCE

Up to this point, nothing has been said about the
performance of these devices. The Standard High Speed
PAL (indicated by an “A” after the device number) offered
by TI has a maximum propagation of 25 ns from input to
output, and 35 MHz fy,,. Also available is a new, higher
speed family of devices called TIBPALSs. These devices are
functionally equivalent with the current family and offer a
maximum propagation delay of 15 ns from input to output.
They are also rated at 50 MHz fi,%. The higher speeds on
these devices make them compatible with most high-speed
logic families. This allows them to be designed into more
critical speed path applications.
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module BOLCOUNT flan “~r2°
title “4-hit binary/decade counter

ICT device “P16R47:

" pin assignments and constant declarations
CLK_IN,SELO, SELY CLKA pin 1,2,2 4:
CLKB, CLKED, CLKD pin S.6,7:
SR, BR_IN_OE pin 8,9.11;
BULOUT  CLK_OUT pin  12,19:
N2, 02, 01,00 pin 14,15 14,17+
CK, L. H, X, 2 = SCe L, 0 L1, WX., WZas
QUTPLIT = [(Qz.N2,01,00];

rounter states

30="h0000; S4="b0100, S8="b1000+7 £12=~b1100;
=~60001 ¢ S5=~b0101: 89=~b1001;  S13=~b1101;
00103 S6="b0O110;  S10="0b1010; S14="b1110;
60011 €7="t0111; £11="b1011; S15="b1111;

equations
*  clack selectar
CLK_OUT = CLHEA & 'SELO &% 'SEL1 # CLKB % !SEL1 & SELO
# CLKC % SEL1 % 'SELO # CLKD & SEL1 & SELO;
" count nine indicator for decade counting
BD_OUT = !'{'BD.IN & Q2 & !02 & 'R1 % QO):

state.dianram [(Q2,02,.01,003
State 802 IF CLR
State Sit: IF
State 32 IF
State 83 IF
State 54: IF
State 552 IF
State 861 IF
State S7: IF
State S8: IF
State 292 IF
State 510 IF
State S11: IF
State S12@  IF
State S122 IF
State S14: IF
State 515 JF

THEN SO ELSE S1;
THEN SO ELSE S2;
THEN S0 ELSE $3;
THEN S0 ELSE ©4:
THEN SO ELSE S5;:
THEN SO ELSE Sé;
THEN SO ELSE S7;
THEN SO ELSE €8
THEN S0 ELSE S9;
THEN S0 ELSE $10:
THEN SO ELSE S11;
THEN SO ELSE S12;
THEN SO ELSE S13;
THEN SO ELSE S14;
THEN S0 ELSE S15;
THEN S0 ELSE SO;

COO0DO0VDO0000O0000

suoday uoneoyddy m

test_vectors “clock selector”

(COLKA, CLKB, CLKEC, CLKD, SEL1, SELO1 —> CLK_OUT)
tL o, X X . X, L, L1 - Ls
tH o, X, X, X . L, L3 - Hs
tx , v , X, X, L, H 11— Ls
CXx , H X, X, L, H 1> H;
cXx o, X Lo, X . H, L3> [
cx o, x H X, H, L1 Hs
rx o, X , X . L. H, H1-> L
[ S S X, H o, H, H 1 - Hs

test._vectors ‘counter”

(COLKOIN, NE, CLR, BD_INJI —> (OUTPUT, BD_OUTI)
T CcK, L, L, X 1 ->0C SO, H I
t oK, L, H., X 31 ->C 81, H I
rocK, L, H, X 1 ->0 82, HI;

[ L, H, X 31 - 82, H I
€ CK, L, H, X 1->r S4, H I
L oK, L, H, X 3 ->0C €5, H I
L K, Lo, H, X 1 ->C S&, H'1;
[ L, H, X 3 ->C S7. H 1
T cK, Lo, H, X 1 ->1r0 S8, HI;
L rK, L, H, L 1->r 89, L 1
L oK, L, H, X 31 - S10, H I1;
€ CcK, L, H, X 1 - S11, H 1:
oK, L, H. X 3 ->0C S12, H J:
€ CK, L, H, X 1 ->C S13, H I
[ CK, L. H, X 1 ->TrC S14, H I;
[ L, H, H 1 ->10 815, H 1.
L ck, L, H, X 31 ->0C SO0, H1;
T X H X, X 1 ->C Z , H I

end BD_COUNT
Figure 20. Source File for ABEL
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Page 1
AREL (tm) Versian 1.00 - Document Generator
4-bit binary/decade caunter

Equations for Module BD_COUNT

Device IC1

Reduced Equations:

CLK_OUT = !'((SEL1 % SELO & 'CLKD
# (SEL1 & !'SELO % !CLKC
# (!'SEL1 & SELO & 'CLKB
# !SELT % !'SELO & 'CLEAY))):

BO_OUT = '(22 % 'Q2 & 'Q1 & Q0 & 'BD_IN);
N2 1= 12 & A2 & R1 % RO

# 002 & 02

# (02 % 'M

# ('02 & 'Q0

# 'CLR)))Y)) g
N2 1= 1((02 % 01 &% QO # ('02 & 'Q1 # ('02 &% 'Q0 # 'CLR))));
01 1= !'((A1 & Q0 # ('Q1 & 'QO # 'CLR)));
Q0 1= '((RO # 'CLR));

. Page 2
ABEL (tm) Version 1.00 - Document Generator

4—-bit binary/decade counter

Chip diagram for Module BD_COUNT

w

Device IC1

0

T

vee =4
CLK_ouT oy
o oc

0

o c
Q2 =
Q3 8
BD_OUT =3
10 OE 2

end of module BD_COUNT

Figure 21. ABEL Output Documentation
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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

ADDRESSES FOR PROGRAMMING AND SOFTWARE MANUFACTURERS*

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.
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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.

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

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

Copyright © 1985, Texas Instruments Incorporated



INTRODUCTION

The purpose of this document is to provide the design and
component engineer with a better understanding of Hard
Array Logic (HAL®). [It details both the advantages and
disadvantages of HAL and Programmable Array Logic
(PAL®) designs as a means of aiding the design and
component engineer in deciding whether to go to a HAL
device or to remain with the (PAL) product.] More
importantly, this document also defines the procedures to
be used by the customer when ordering HALs from Texas
Instruments.

PRODUCT DESCRIPTION

Programmable Array Logic (PAL) technology
constitutes one of the fastest growing areas in the
semiconductor industry today. This growth exists because
PAL: offer circuit flexibility and package count reduction,
an advantage which design and component engineers find
over standard catalog devices. Another advantage PALs offer
is shorter design cycle times when compared to semicustom
design approaches. However, once a PAL design has been
proven and is to be phased into full production, the flexibility
advantage inherently becomes costly since each PAL device
must be individually programmed. Therefore, programming
cost may be appreciable where a design requirement calls
for a high total volume level. This is where a HAL design
can become cost effective. HAL circuits are fixed and do
not require individual programming.

PALs and HALs are fabricated in the same manner
except for their final two metallization layers. In PALs the
programmable titanium-tungsten fuse array is provided which
gives the PAL its circuit flexibility. However, in a HAL,
a custom metallization mask is used, which places solid metal
links in the fuse locations to match the unblown fuse locations
of the equivalent programmed PAL. The end result is a
custom logic device that does not require programming by
the customer.

HAL USER BENEFITS
Short Leadtime

HALs offer shorter leadtimes .as compared with
semicustom devices<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>