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A Corporate Dedication to
Quality and Reliability

National Semiconductor is an industry leader in the
manufacture of high quality, high reliability integrated
circuits. We have been the leading proponent of driv-
ing down IC defects and extending product lifetimes.
From raw material through product design, manufac-
turing and shipping, our quality and reliability is second
to none. o

We are proud of our success . . . it sets a standard for
others to achieve. Yet, our quest for perfection is on-
going so that you, our customer, can continue to rely
on National Semiconductor Corporation to produce
high quality products for your design systems.

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation




Wir fiihlen uns zu Qualitét und
Zuverldssigkeit verpflichtet

National Semiconductor Corporation ist flihrend bei der Her-
stellung von integrierten Schaltungen hoher Qualitdt und
hoher Zuverldssigkeit. National Semiconductor war schon
immer Vorreiter, wenn es galt, die Zahl von IC Ausféllen zu
verringern und die Lebensdauern von Produkten zu verbes-
sern. Vom Rohmaterial Giber Entwurf und Herstellung bis zur
Auslieferung, die Qualitdt und die Zuverldssigkeit der Pro-
dukte von National Semiconductor sind uniibertroffen.

Wir sind stolz auf unseren Erfolg, der Standards setzt, die

fir andere erstrebenswert sind. Auch ihre Anspriiche steig- -

en stindig. Sie als unser Kunde kdnnen sich auch weiterhin
auf National Semiconductor verlassen.

La Qualité et La Fiabilité:

Une Vocation Commune Chez Nationat
Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-
dustriels qui fabrique des circuits intégrés d’une trés grande
qualité et d’une fiabilité exceptionelle. National a été le pre-
mier & vouloir faire chuter le nombre de circuits intégrés
défectueux et a augmenter la durée de vie des produits.
Depuis fes matiéres premiéres, en passant par la concep-
tion du produit sa fabrication et son expédition, partout la
qualité et la fiabilité chez National sont sans équivalents.

Nous sommes fiers de notre succés et le standard ainsi
défini devrait devenir I'objectif & atteindre par les autres so-
ciétés. Et nous continuons a vouloir faire progresser notre
recherche de la perfection; il en résulte que vous, qui étes
notre client, pouvez toujours faire confiance a National
Semiconductor Corporation, en produisant des systémes
d’une trés grande qualité standard.

Un Impegno Societario di Qualita e
Affidabilita

National Semiconductor Corporation & un'industria al ver-
tice nella costruzione di circuiti integrati di alta qualita ed
affidabilitd. National & stata il principale promotore per I'ab-
battimento della difettosita dei circuiti integrati e per I'allun-
gamento della vita del prodotti. Dal materiale grezzo attra-
verso tutte le fasi di progettazione, costruzione e spedi-
zione, la qualita e affidabilita National non é seconda a nes-
suno.

Noi siamo orgogliosi del nostro successo che fissa per gli
altri un traguardo da raggiungere. Il nostro desiderio di per-
fezione & d'altra parte illimitato e pertanto tu, nostro cliente,
puoi continuare ad affidarti a National Semiconductor Cor-
poration per la produzione dei tuoi sistemi con elevati livelli

'di qualita.
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Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation
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Introduction

HOW TO USE THIS BOOK

This Data Book and Design Guide is intended for use by
system designers and manufacturers who wish to take ad-
vantage of the opportunities created with National's Pro-
grammable Logic Devices (PLDs). The book goes beyond a
collection of available data sheets by adding selected appli-
cation examples and background information on design tech-
niques and benefits of programmable logic products.

The book is laid out to permit users of varying familiarity with
PLDs to find the information they need. It should be used as
a reference work at all levels and as an introductory tutorial
for those areas which require review. While PLDs provide a
level of simplicity, flexibility and compactness beyond that
offered by other off-the-shelf parts, their optimal use requires
the designer to be familiar with design methodologies, devel-
opment tools and design testing as well as the details of the
products themselves.

Experienced users will find reference information in Part |
(Data Book). Part | contains two sections which will aid the
designer during actual system design and development pro-
cess. Section 1 provides an overview of the entire program-
mable logic product line available from National to aid in de-
vice selection. Section 2 presents complete data sheets for
all listed devices.

For the user new to PLD design, it is recommended that the
introductory Section 3 is read first, followed by careful study
of Section 4 on design methodology, with reference to PLD
Tools in Section 5 and PLD Fabrication (technology and
quality) in Section 6 as required. Following this, a review of
available products in Section 1 and examination of a few
data sheets of interest in Section 2 will provide background:
for a study of concrete design examples enumerated in Sec-
tion 7.




Product Status Definitions

National
Semiconductor

Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status

Definition

Formative or
In Design

This data sheet contains the design specifications for product
development. Specifications may change in any manner without notice.

First
Production

This data sheet contains preliminary data, and supplementary data will
be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

Full
Production

This data sheet contains final specifications. National Semiconductor
Corporation reserves the right to make changes at any time without
notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to

improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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Section 1
Product Line Overview

MBIAIBA

Section 1 is provided as a reference guide to National Semiconductor’s programmable logic product line. The product selection
tables in Section 1.1 and the collection of product block diagrams in Section 1.3 can be used to compare the features and
architectures of the various PLD families and to aid in the selection of the appropriate devices which best suit the designer's
application.

1.1 Selection Tables

The product selection tables which follow are organized by technology group (TTL, E2CMOS and ECL), then by *family”, then
by “series” within each family. The term “family” refers to a set of one or more “device types” which are variations on the same
basic architecture. The term *‘device type” refers to a specific device architecture (regardless of performance characteristics).
The term “series” refers to a particular speed/power version in which the devices of a PLD family are available. Thus as
technology advancements provide for improved speed/power performance, a new series is added to selected product families.

TABLE 1-1. Programrﬁable Logic Product Selection Guide

tpp
Family and Part Icc Outputs
Series Numbers 'flmfxz (max) Page
. (Note 1) Combinatorial Registered
TTL
20-Pin PAL10H8 35 90 8 — 23
Small PAL10L8 35 90 8 — 2-3
PAL® PAL12H6 35 90 6 — 2-3
(Standard PAL12L6 35 90 6 — 2-3
Speed) PAL14H4 35 90 4 — 2-3
PAL14L4 35 90 4 —_ 2-3
PAL16H2 35 90 2 — 2-3
PAL16L2 35 90 2 — 2-3
PAL16C1 © 35 90 1 — 2-3
20-Pin PAL10HBA 25 90 8 —_ 2-3
Small PAL10L8A 25 90 8 — 2-3
... PAL PAL12H6A 25 90 6 — 2-3
Series-A PAL12L6A 25 90 6 — 2-3
. PAL14H4A 25 920 4 _ 2-3
PAL14L4A 25 90 4 —_ 2-3
PAL16H2A 25 90 2 — 2-3
PAL16L2A 25 90 2 bl 2-3
. PAL16C1A 30 90 1 — 2-3
20-Pin PAL10HBA2 35 45 8 — 2-3
Small PAL10L8A2 35 45 8 — - 23
PAL. PAL12HBA2 35 45 6 — 2-3
Serigs-A2 PAL12L6A2 35 45 6 — 2-3
- PAL14H4A2 35 45 4 — 2-3
PAL14L4A2 35 45 4 — 2-3
PAL16H2A2 35 45 2 — 2-3
PAL16L2A2 35 45 2 — 2-3
PAL16C1A2 40 45 1 — 2-3
20-Pin PAL16L8 35 180 8 — 2-23
Medium PAL16R4 35 180 4 4 2-23
PAL ) PAL16R6 35 180 2 6 2-23
(Standard) PAL16R8 35 180 — 8 2-23

Note 1: Maximum tpp for combinatorial outputs (commercial operating range). Denotes characteristic speed of family where product has all non-registered outputs.
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TABLE 1-1. Programmable Logic Product Selection Guide (Continued)

tpp

Family and Part Icc Outputs ;

Serles Numbers ’(‘m'ax)1 (max) Page
(Note 1) Comblinatorial |  Registered
TTL (Continued)
20-Pin PAL16L8A 25 180 8 — 2-23
Medium PAL16R4A 25 180 4 4 2-23
PAL PAL16R6A 25 180 2 6 2-23
Series-A PAL16R8A 25 180 — 8 2-23
20-Pin PAL16L8A2 35 90 8 —_ 2-23
Medium PAL16R4A2 35 90 4 4 2-23
PAL PAL16R6A2 35 90 2 6 2-23
Series-A2 PAL16R8A2 35 90 — 8 2-23
20-Pin PAL16L8B 15 180 8 — 2-23
Medium PAL16R4B 15 180 4 4 2-23
PAL PAL16R6B 15 180 2 6 2-23
Series-B PAL16R8B 15 180 — 8 2-23
20-Pin PAL16L8B2 25 90 8 _ 2-23
Medium PAL16R4B2 25 100 4 4 - 2-23
PAL PAL16R6B2 25 100 2 6 2-23
Series-B2 PAL16R8B2 25 100 —_ 8 2-23
20-Pin PAL16L8D 10 180 8 —_ 2-23
Medium PAL16R4D 10 180 4 4 2-23
PAL PAL16R6D 10 180 2 6 2-23
Series-D PAL16R8D 10 180 — 8 2-23
20-Pin PAL16L8-7 7.0 180 - 8 —_ 2-23
Medium PAL16R4-7 7.0 180 4 4 2-23
PAL PAL16R6-7 7.0 180 2 6 2-23
Series-7 PAL16R8-7 7.0 180 — 8 2-23
24-Pin PAL12L10 40 100 10 —_ 2-48
Small PAL14L8 40 100 8 —_ 2-48
PAL PAL16L6 40 100 6 — 2-48
(Standard PAL18L4 40 100 4 — 2448
Speed) PAL20L2 40 100 2 —_ 2-48
PAL20C1 40 100 1 — 2-48
24-Pin PAL12L10A 25 100 10 —_ 2-48
Small PAL14L8BA 25 100 8 —_ 2-48
PAL PAL16L6A 25 100 6 —_ 2-48
Series-A PAL18L4A 25 100 4 — 2-48
' PAL20L2A 25 100 2 —_ 2-48
PAL20C1A 30 100 1 —_ 2-48
24-Pin PAL20L10 50 165 10 _— 2-62
XOR PAL20X4 50 180 6 4 2-62
PAL PAL20X8 50 180 2 8 2-62
(Standard) PAL20X10 50 180 — 10 2-62
24-Pin PAL20L10A 30 165 10 - 2-62
XOR PAL20X4A 30 180 6 4 2-62
PAL PAL20X8A 30 180 2 8 2-62
Series-A PAL20X10A 30 180 — 10 2-62
24-Pin PAL20LBA 25 210 8 - 2-77
Medium PAL20R4A 25 210 4 4 2-77
PAL PAL20R6A 25 210 2 6 2-77
Series-A PAL20R8A 25 210 —_ 8 2-77
24-Pin PAL20L8B 15 210 8 —_ 2-77
Medium PAL20R4B .15 210 4 4 2-77
PAL PAL20R6B 156 210 2 6 2-77
Series-B PAL20R8B 15 210 — 8 2-77
Note 1: Maxi tpp for combi

ial outputs (commercial operating range). Denotes characteristic speed of family where product has all non-registered outputs.




TABLE 1-1. Programmable Logic Product Selection Guide (Continued)

tep

Family and Part (max) Icc Outputs Page
Series Numbers (max)
(Note 1) Combinatorial Registered
TTL (Continued)
24-Pin PAL20L8D 10 210 8 — 2-77
Medium PAL20R4D 10 210 4 4 2-77
PAL PAL20R6D 10 210 2 6 2-77
Series-D PAL20R8D 10 210 — 8 2-77
24-Pin PAL20P8B 15 210 8 — 2-95
Polarity PAL20RP4B 15 210 4 4 2-95
PAL PAL20RP6B 15 210 2 6 2-95
Series-B PAL20RP8B 15 210 — 8 2-95
Registered PAL16RA8 30 170 — 8 2-108
Asynchronous PAL20RA10 30 200 —_ 10 2-118
E2CMOS
20-Pin GAL16V8-20L 20 90 —_ 8 2-129
Generic GAL16V8-25Q 25 45 — 8 2-129
Array GAL16V8-25L 25 90 — 8 2-129
Logic GAL16V8-35Q 35 45 — 8 2-129
20-Pin GAL16V8A-10L 10 115 — 8 2-162
Generic GAL16VBA-12L 12 115 — 8 2-162
Array GAL16VBA-15L 15 115 — 8 2-162
Logic GAL16V8A-20L 20 115 — 8 2-162
Series-A
24-Pin GAL20V8-20L 20 90 — 8 2-145
Generic GAL20V8-25Q 25 45 — 8 2-145
Array GAL20V8-25L 25 90 — 8 2-145
Logic GAL20V8-35Q 35 45 — 8 2-145
24-Pin GAL20V8A-10L 10 115 — 8 2-177
Generic GAL20V8A-12L 12 115 — 8 2-177
Array GAL20V8A-15L 15 115 —_ 8 2-177
Logic GAL20VBA-20L 20 1156 —_ 8 2-177
Series-A GAL22V10-15 15 130 —_ 10 2-193
GAL22V10-20 20 130 — 10 2-193
GAL22V10-25 25 130 —_ 10 2-193
GAL20RA10-15 15 150 — 10 2-206
GAL20RA10-20 20 150 —_ 10 2-206
GAL20RA10-25 25 150 — 10 2-206
GAL6001-30L 30 150 — 10 2-217
GAL6001-35L 35 150 — 10 2-217

Note 1: Maximum tpp for combinatorial outputs (commercial operating range). Denotes characteristic speed of tamily where product has all non-registered outputs.
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TABLE 1-1. Programmable Logic Product Selection Guide (Continued)

Family and Part ('::l l;) Icc Outputs Page
Series Numbers (Note 1) (max)
Combinatorial Registered
ECL
Combinatorial PAL1016P8 6 —240 8 — 2-183
PAL10016P8 6 —240 8 —_— 2-183
PAL1016P8-3 3 —220 8 -
PAL10016P8-3 3 —220 8 -
PAL1016PE8-3 3 —220 8 _
PAL10016PES-3 3 —-220 8 —
PAL1016P4A 4 —220 4 —_ 2-207
PAL10016P4A 4 —220 4 _ 2-207
PAL1016P4-2 2.5 —-220 4 —_
PAL10016P4-2 25 —220 4 —
PAL1016C4-2 2 -220 4 —_
PAL10016C4-2 2 —220 4 —
Registered PAL1016RD8 6 —280 — 8 2-193
PAL10016RD8 6 —280 —_ 8 . 24193
PAL1016RM4A 4 —-220 —_ 4 2-217
PAL10016RM4A 4 —220 -_ 4 2-217

Note 1: Maximum tpp for combinatorial outputs (commercial operating range). Denotes characteristic speed of family where product has all non-registered outputs.




1.2 Ordering Information

The ordering information diagram below defines the product-number nomenclature used throughout National's programmabile
logic product line. This nomenclature is based on that used by the original industry-standard PAL products, and are therefore
very similar to the product numbers used by other PLD manufacturers. Refer to the corresponding “Ordering Information”
diagrams in the individual product datasheets to determine the valid combinations of attributes describing actual PLD products.

Technology Family:

PAL = Programmable Array Logic (TTL)
GAL = Generic Array Logic (E2CMOS)
PAL10 = 10 kH ECL PAL

PAL100 = 100k ECL PAL

PL = Factory Programmed PAL

NL = National Masked Logic

MBIAJBAQ BUIT 1ONpPo.d

Number of Array Inputs

Output Type:
L = Active Low
H = Active High

C = Complementary

R = Registered

X = Exclusive-OR Registered

P = Programmable Polarity
RA = Registered Asynchronous

V = Variable (GAL only)

Z = In-System Re-Programmable (GAL only)
RD = Registered, Dual Clock (ECL only)
RM = Registered, Multiple Clocks (ECL only)

Number of Registered/Latched Outputs
(or total outputs if non-registered)

Speed/Power Series:
No Symbol = 35 ns (TTL); 6 ns (ECL)
A = 25ns (TTL); 4 ns (ECL)
A2 = 35 ns, Half-power (TTL)
B = 15ns (TTL)
B2 = 25 ns, Half-power (TTL)
D = 10 ns (TTL, vertical fuse)
-7=17ns
—20L = 20 ns, Half-power (GAL)
—25L = 25 ns, Half-power (GAL)
—25Q = 25 ns, Quarter-power (GAL)
35Q— = 30 ns, Quarter-power (GAL)
A—10 = 10 ns, Half-power (GAL)
A—12 = 12 ns, Half-power (GAL)
A—15 = 15 ns, Half-power (GAL)
A—20 = 20 ns, Half-power (GAL)

Package Type:
N = Plastic DIP
J = Ceramic DIP

V = Plastic Leaded Chip Carrier
W = Quad Cerpak (ECL only)

Temperature Range:
~ C = Commercial
M = Military
| = Industrial (GAL only)

]
>

=
of

R 8 D N C
FIGURE 1-1. PLD Part-Number Nomenclature and Ordering Information
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1.3 Block Diagrams

The following collection of block diagrams provides a graphic representation of all product architectures (“device types”) in
National’s programmabile logic product line. The block diagrams may be used in conjunction with the selection tables in Section

1.1 to identify the most appropriate PLD products to suit the system’s application requirements.
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20-Pin Small PAL Family (Continued)
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20-Pin Small PAL Family (continued)
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24-Pin Small PAL Family (Continued)
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Generic Array Logic Family
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Generic Array Logic Family (continued)
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Generic Array Logic Family (continued)
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Generic Array Logic Family (continued)
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Product Line Overview

Generic Array Logic Family (continued)
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GAL6001 Block Diagram—DIP Connections
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Product Line Overview

ECL Registered PAL Family
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National
Semiconductor

Programmable Array Logic (PAL®)

20-Pin Small PAL Family

General Description

The 20-pin Small PAL family contains nine popular PAL ar-
chitectures. The devices in the Small PAL family draw only
90 mA maximum supply current for standard power ver-
sions, and as little as 45 mA for Series A2 as compared to
180 mA in the 20-pin Medium PAL devices. These devices
offer speeds as fast as 25 ns maximum propagation delay.
National Semiconductor’s Schottky TTL process with titani-
um tungsten fusible links provides high-speed user-pro-
grammable replacements for conventional SSI/MSI logic
with significant chip-count reduction.

Programmable logic devices provide convenient solutions
for a wide variety of application-specific functions, including
random logic, custom decoders, state machines, etc. By
programming fusible links to configure AND/OR gate con-
nections, the system designer can implement custom logic
as convenient sum-of-products Boolean functions. System
prototyping and design iterations can be performed quickly
using these off-the-shelf products. A large variety of pro-
gramming units and software makes design development
and functional testing of PAL devices quick and easy.

The Small PAL logic array has between 10 and 16 comple-
mentary input pairs and up to 8 combinatorial outputs gener-
ated by a single programmable AND-gate array with fixed
OR-gate connections. The Small PAL family offers a variety
of input/output combinations as shown in the Device Types
table below. Security fuses can be programmed to prevent
direct copying of proprietary logic patterns.

Features

m As fast as 25 ns maximum propagation delay

m User-programmable replacement for TTL logic

m Large variety of JEDEC-compatible programming equip-
ment available

m Fully supported by Nationat PLANT™ development
software

m Security fuse prevents direct copying of logic patterns

Device Types
Device Dedicated Combinatorlal
Type Inputs Outputs
PAL10H8/PAL10L8 10 8
PAL12H6/PAL12L6 12. 6
PAL14H4/PAL14L4 14 4
PAL16H2/PAL16L2 16 2
PAL16C1 16 1 Pair
Speed/Power Versions
Series Example Commercial Military
to | lcc | tep | lcc
Standard | PAL10H8 | 35ns (90mA | 45ns | 90 mA
A PAL10HBA | 25ns* | 90 mA | 30 ns* | 90 mA
A2 PAL10HBA2 | 35ns* | 45mA | 45ns | 45 mA

*Except PAL16C1A tpp = 30 ns Commercial, 35 ns Military.
PAL16C1A2 tpp = 40 ns Commercial.

Block Diagram—PAL10H8

| 1 —

~

AND
ARRAY

>

w

BIISLLIR

El =BG EE D

!

TL/L/9995-1

Anwed vd llews uid-02




20-Pin Small PAL Family

Standard Series (PAL10H8, PAL12H6, PAL14H4, PAL16H2, PAL10L8, PAL12L6, PAL14L4, PAL16L2, PAL16C1)

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Output Current (Ig) +100 mA
please contact the National Semiconductor Sales Storage Temperature —65°C to +150°C
Office/Distributors for availability and specifications. Ambient Temperature

Supply Voltage (Vcc) (Note 2) ~0.5t0 +7.0V with Power Applied —65°Cto +125°C
Input Voltage (Notes 2 and 3) —1.5t0 +5.5V Junction Temperature —65°C to +150°C
Off-State Output Voltage (Note 2) —-1.5t0 +5.5V

Input Current (Note 2) —30.0mAto +5.0 mA

Recommended Operating Conditions

Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Voo Supply Voltage 45 5 ‘5.5 475 5 5.25 v
TA Operating Free-Air Temperature -55 0 75 °C
Tc Operating Care Temperature 125 ) ¢
Electrical Characteristics over Recommended Operating Conditions (Note 4)
Symbol Parameter Test Conditions Min Typ Max | Units
ViL Low Level Input Voltage (Note 5) 0.8 v
ViH High Level Input Voltage (Note 5) 2 v
Vic Input Clamp Voltage Vee = Min, | = —18 mA -08 | —15 v
IR Low Level Input Current Vec = Max, V) = 0.4V —-0.02 | —0.25| mA
(] High Level Input Current Voo = Max, V) = 2.4V 25 BA
I Maximum input Current Veo = Max, V| = 5.5V 1 mA
VoL Low Level Output Voltage Vec = Min loL=8mA 0.3 0.5 \
Vou High Level Output Voltage Vee = Min loH = —2mA MiL 24 29 v
loH = —3.2mA COM
los Output Short-Circuit Current Ve = 5V, Vo = 0V 30l —70 | —130 | mA
(Note 6) i
Icc Supply Current Ve = Max, Outputs Open 55 90 mA

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming operations according to the applicable specification.

Note 3: It is recommended that precautions be taken to minimize electrostallc dlscharge when handling and testing this product. Pins 1 and 11 are connected
directly to the security fuses, and the security fuses may be d: d p g quent programming and verification operations.

Note 4: All typical values are for Voo = 5.0V and T = 25°C.

Note 5: These are absolute voltages with respect to the ground pin on the device and include all overshoots dus to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 6: To avoid Invalid readings in other p tests, itis p le to conduct the Ipg test last. To minimize internal heating, onfy one output should be
shorted at a time with a maximum duration of 1.0 second each. Prolonged shorting of a high output may raise the chip temperature above normat and permanent
damage may result.
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Standard Series (PAL10H8, PAL12H6, PAL14H4, PAL16H2, PAL10LS, PAL12L6, PAL14L4, PAL16L2, PAL16C1)

(Continued)

Switching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military Commercial Units
Min Typ Max Min Typ Max
tpD Input to Output CL = 50pF 25 45 25 35 ns
Test Load Test Waveform
v Propagation Delay
\ 3v
R1 INPUT Vi Vi o
toLn e =t (= Vou
OUTPUT MIL/COM IN-PHASE N v
OUTPUT -—I oL
cL R2 R1 = 560 tPHL e
R2 = 11K OUT OF PHASE Vox
OUTPUT [
= = VoL
TL/L/9995-2 TL/L/9995-3
Notes:
Vr =15V’

Schematic of Inputs and Outputs
EQUIVALENT INPUT

C includes probe and jig capacita

In the examples above, the phase
have been chosen arbitrarily.

TYPICAL OUTPUT

nce.
relationships between inputs and outputs

o Vec

Vee ©

INPUT O—4

g 5ka NoM.
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> 400 NOM.

—C OUTPUT
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20-Pin Small PAL Family

Series A (PAL10H8A, PAL12H6A, PAL14H4A, PAL16H2A, PAL10L8A, PAL12L6A, PAL14L4A, PAL16L2A, PAL16C1A)

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for availability and specifications.

Output Current (Iop)
Storage Temperature
Ambient Temperature

+100 mA
—65°Cto +150°C

Supply Voltage (Vo) (Note 2) -0.5t0 +7.0V with Power Applied —65°C to +125°C
Input Voltage (Notes 2 and 3) —1.5to +5.5V Junction Temperature —65°C to +150°C
Off-State Output Voltage (Note 2) —15to +5.5V
Input Current (Note 2) —30.0mAto +5.0 mA
Recommended Operating Conditions
Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 55 4.75 5 5.25 \
Ta Operating Free-Air Temperature —55 0 75 °C
Tc Operating Case Temperature 125 °C
Electrical Characteristics over Recommended Operating Conditions (Note 4)
Symbol Parameter Test Conditions Min | Typ Max | Units
ViL Low Level Input Voltage (Note 5) 0.8 v
ViH High Level Input Voltage (Note 5) 2 \
Vic Input Clamp Voltage Vgg = Min,l = —18 mA —-08 | —-15 \"
I Low Level Input Current Vce = Max, V| = 0.4V —0.02 ] -0.25| mA
IiH High Level Input Current Voo = Max, V) = 2.4V 25 nA
h Maximum Input Current Ve = Max, V) = 5.5V 1 mA
VoL Low Level Output Voltage Ve = Min loL = 8mA 0.3 0.5 \"
VoH High Level Output Voltage Vec = Min loH = —2mA MiL 24 29 v
loH = —3.2mA COM
los Output Short-Circuit Current Voo = 5V, Vg = OV —30| —70 | =130 | ma
(Note 6)
lcc Supply Current Vcc = Max, Outputs Open 55 90 mA

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming operations according to the applicable specification.
Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 11 are connected
directly to the security fuses, and the security fuses may be damaged preventing subsequent programming and verification operations.
Note 4: All typical values are for Vcg = 5.0V and Tp = 25°C.
Note 5: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.
Note 6: To avoid Invalid readings in other parameter tests, it is preferable to conduct the lgg test last. To minimize internal heating, only one output should be

shorted at a time with a maximum duration of 1.0 second each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent
damage may result.




Series A (PAL10HBA, PAL12H6A, PAL14H4A, PAL16H2A, PAL10LBA, PAL12L6A, PAL14L4A, PAL16L2A, PAL16C1A)
(Continued)

Switching Characteristics over Recommended Operating Conditions

Ajwed vd jjews uid-02

Symbol Parameter Test Conditions Military Commercial Units
Min Typ Max Min Typ Max
trD Input to Output CL = 50pF Except 16C1A 15 30 15 25 ns
16C1A 35 30 ns
Test Load Test Waveform
5v Propagation Delay
3v
RY : INPUT Vi vk o
tpLn = ~{touL p= Vou
ouTPUT MIL/COM IN-PHASE V')F v
OUTPUT ..| oL
CL R2 R1 = 560 fPHL e
R2 = 1.1K OUT OF PHASE Vo
OUTPUT 4
= = - Vo
TL/L/9995-2 TL/L/9995-3
Notes:
Vr = 1.5V

Cy includes probe and jig capacitance.
In the examples above, the phase relationships between inputs and outputs
have been chosen arbitrarily.

Schematic of Inputs and Outputs

EQUIVALENT INPUT TYPICAL OUTPUT
Vee © 0 VCC

< >
S 5k0 NOM. S 400 NOM.
< <

INPUT © K {<¢ e

p—=O OUTPUT
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20-Pin Small PAL Family

Series A2 (PAL10HBA2, PAL12HBA2, PAL14H4A2, PAL16H2A2, PAL10LBA2, PAL12L6A2, PAL14L4A2, PAL16L2A2,
PAL16C1A2)

Absolute Maximum Ratings (Note 1) :
If Military/Aerospace specified devices are required, Output Current (Iop) +100 mA

please contact the National Semiconductor Sales Storage Temperature —65°Cto +150°C
Office/Distributors for availabllity and specifications. Ambient Temperature
Supply Voltage (Vo) (Note 2) —05t0 +7.0V with Power Applied -65°Cto +125°C
Input Voltage (Notes 2 and 3) —15to +5.5V Junction Temperature —65°Cto +150°C
Off-State Output Voltage (Note 2) —1.5t0 +5.5V '
Input Current (Note 2) —30.0mA to +5.0 mA
Recommended Operating Conditions
Symbol Parameter Mititary Commercial Units
Min Nom Max Min ‘Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \')
Ta Operating Free-Air Temperature —55 0 75 °C
Tc Operating Case Temperature 125 °C
Electrical Characteristics over Recommended Operating Conditions (Note 4)
Symbol Parameter Tect Cdnditlons Min Typ Max | Units
ViL Low Level Input Voltage (Note 5) 0.8 \
VIH High Level Input Voltage (Note 5) 2 \
Vic Input Clamp Voltage Vce = Min, [ = —18 mA ) -08 | —15 \
I Low Level Input Current Vce = Max, V) = 0.4V —0.02| ~-025| mA
IH High Level Input Current Voo = Max, V| = 2.4V 25 pA
] Maximum Input Current Vee = Max, V| = 5.5V 1 mA
VoL Low Level Output Voltage Vce = Min loL = 8 mA 0.3 0.5 v
VoH High Level Output Voltage Vee = Min loH= —2mA- MIL 24 29 v
loy = —3.2mA COM
los Output Short-Circuit Current Ve =5V, Vp = 0V —30| -70 | ~130 | maA
(Note 6)
Icc Supply Current Vcc = Max, Outputs Open 28 45 mA

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming operations according to the applicable specification.

Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 11 are connected
directly to the security fuses, and the security fuses may be damaged preventing subsequent programming and verification operations.

Note 4: All typical values are for Vg = 5.0V and T4 = 25°C.

Note 5: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 6: To avoid Invalid readings in other parameter tests, it is preferable to conduct the log test last. To minimize internal heating, only one output shoutd be
shorted at a time with a maximum duration of 1.0 second each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent
damage may result.




Series A2 (PAL10HBA2, PAL12H6A2, PAL14H4A2, PAL16H2A2, PAL10LBA2, PAL12L6A2, PAL14L4A2, PAL16L2A2,
PAL16C1A2) (Continued)

Switching Characteristics over Recommended Operating Conditions

Anwed vd llews uid-02

Symbol Parameter Test Conditions Military Commercial Units
Min Typ Max Min Typ Max
tpD Input to Output CL = 50 pF Except 16C1A2 25 45 25 35 ns
16C1A2 45 40 ns
Test Load Test Waveform
- Propagation Delay
k1Y
INPUT Vr v,!k
R1 ov
tpLu = tpuL 1+ Vo
IN=PHASE v | Ve
ouTPUT MIL/COM OUTPUT N VoL
oy | +ltpiy [
q R2 R1 = 560 OUT OF PHASE Vou
I R2 = 1.1K QUTPUT /
Vou
—_— — TL/L/9995-3
TL/L/9995-2 Notes:
Vr = 15V

Cy includes probe and jig capacitance.
In the examples above, the phase relationships between inputs and outputs
have been chosen arbitrarity.

Schematic of Inputs and Outputs

EQUIVALENT INPUT TYPICAL OUTPUT
Vec 0— o Veo

< P 4
q: 5k NOM. < 400 NOM.
< <

INPUT o—.—H__L___—.

% —O0 OUTPUT

7:1416

— —

- . TU/L/9995-4
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20-Pin Small PAL Family

20-Pin Small PAL Family Block Diagrams—DIP Connections
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20-Pin Small PAL Family Block Diagrams—DIP Connections (continued)
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20-Pin Small PAL Family

20-Pin Small PAL Family Block Diagrams—DIP Connections (continued)
PAL16C1
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*Series-A parts are not available in this package.
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Functional Description

The 20-pin Small PAL logic arrays consist of between 10
and 16 complementary input lines and 16 product-term lines
with a programmable fuse link at each intersection (up to
512 fuses). The family consists of nine device types with
different numbers of combinatorial outputs. The 20-pin
Small PAL Family Block Diagrams show the number of
product terms allocated to each output for each device. All
product terms allocated to each output connect into an OR-
gate to produce the sum-of-products output logic function.

An unprogrammed (intact) fuse establishes a connection
between an input line (true or complement phase of an ar-
ray input signal) and a product term; programming the fuse
removes the connection. A product term is satisfied (logical-
ly true) while all of the input lines connected to it (via unpro-
grammed fuses) are in the high logic state. Therefore, if
both the true and complement of at least one array input is
left connected to a product line, that product term is always
held in the low logic state (which is the state of all product
terms in an unprogrammed device). Conversely, if all fuses
on a product term were programmed, the product term and
the resulting logic function would be held in the high state.
As with any TTL logic circuits, unused inputs to a PAL de-
vice should be connected to ground, VoL, Vo, or resistive-
ly to Vgc. However, switching any input not connected to a
product term or logic function has no effect on its output
logic state.

Security Fuse

Security fuses are provided on all National PAL devices
which, when programmed, inhibit any further programming

Ordering Information

or verifying operations. This feature prevents direct copying
of proprietary logic patterns. The security fuses should be
programmed only after programming and verifying all other
device fuses.

Design Development Support

A variety of software tools and programming hardware is
available to support the development of designs using PAL
products. Typical software packages accept Boolean logic
equations to define desired functions. Most are available to
run on personal computers and generate JEDEC-compati-
ble “fuse maps”. The industry-standard JEDEC format en-
sures that the resulting fuse-map files can be down-loaded
into a variety of programming equipment. Many software
packages and programming units support a wide variety of
programmable logic products as well. The PLANTM software
package from National Semiconductor supports all pro-
grammable logic products available from National and is ful-
ly JEDEC-compatible. PLAN software also provides auto-
matic device selection based on the designer’s Boolean
logic equations.

Detailed logic diagrams showing all JEDEC fuse-map ad-
dresses for the 20-pin Small PAL family are provided for
direct map editing and diagnostic purposes. Contact your
local National Semiconductor sales representative or dis-
tributor for a list of current software and programming sup-
port tools available for these devices. Contact the National
Semiconductor Programmable Device Support Department
if detailed specifications of PAL programming algorithms are
needed.

Anwed vd |lews uid-02

Programmable Array Logic Family
Number of Array Inputs

e Qutput Type:

: H = Active High

L =Active Low

C = Complementary

R =Registered

X = Exclusive=OR Registered

P =Programmable Polarity

Number of Outputs

— Speed/Power Version:
No Symbol =35 ns
A =25ns
A2=35ns, Half Power
Package Type:
N =20-Pin Plastic DIP
J=20-Pin Ceramic DIP
V=20-Lead Plastic Chip Carrier
Temperature Range:
C = Commercial imc to +75°C§
5 M = Military (~55°C to #125°C
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TL/L/9995-15
*Series-A is not available in the V-package.
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20-Pin Small PAL Family

Logic Diagram PAL10H8
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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Logic Diagram PAL12H6

DIP PIN NUMBERS INPUT LINE  DIP PIN
PRODUCT LINE FIRST FUSE NUMBERS NUMBERS  NUMBERS
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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20-Pin Small PAL Family

Logic Diagram PAL14H4

DIP PIN NUMBERS

PRODUCT LINE FIRST FUSE NUMBERS
02 46 81012 14 1618
31517 1mMp3 s pp

DIP PIN
INPUT LINE NUMBERS
NUMBERS l

2022 2426 « Veg
oppips s L—28
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18

TYY T

13

i

12

J

012) 416} 8110112 141 16
911 13 15 1
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.

20122] 24126
9 2123 2527

Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + input Line Number.

TL/L/9995-18

2-16




L.ogic Diagram PAL16H2

DIP PIN NUMBERS

PRODUCT LINE FIRST FUSE NUMBERS
02 46 8101214 1618 2022 2426 21*3304J
315171911 9121)23 |25)27 129} 31

1 113)15 |17)1
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number -+ Input Line Number.

012) 4161 8110l 121141 16118] 201221 24126| 28130
13 57 91113151719 2123 2527 2931

TL/L/9995-19
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20-Pin Small PAL Family

Logic Diagram PAL10L8

DIP PIN NUMBERS INPUT LINE  DIP PIN
PRODUCT LINE FIRST FUSE NUMBERS NUMBERS ~ NUMBERS
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TL/L/9995-20
Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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Logic Diagram PAL12L6

DIP PIN NUMBERS INPUT LINE  DIP PIN
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.




20-Pin Small PAL Family

Logic Diagram PAL14L4

DIP PIN NUMBERS

PRODUCT LINE FIRST FUSE NUMBERS
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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Logic Diagram PAL16L2

DIP PIN NUMBERS

INPUT LINE

PRODUCT LINE FIRST FUSE NUMBERS NUMBERS

02 46 8101214 1618 2022 2426 2830<J
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.

TL/L/9995-23
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20-Pin Small PAL Family

Logic Diagram PAL16C1

DIP PIN NUMBERS INPUT LINE
PRODUCT LINE FIRST FUSE NUMBERS NUMBERS

02 4 6 8101214 1618 2022 2426 2830<J
1131517 11 (13015 1719 | 21|23 |25)27 |129]31
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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National
Semiconductor

Programmable Array Logic (PAL®)

20-Pin Medium PAL Family

General Description

The 20-pin Medium PAL family contains four of the most
popular PAL architectures used in industry. National Semi-
conductor’s advanced Schottky TTL process with titanium
tungsten fusible links is used in manufacturing the standard,
Series-A, Series-A2, Series-B and Series-B2 devices. Se-
ries-D devices are manufactured using National Semicon-
ductor’s isoplanar “FAST-Z"” TTL process with highly reli-
able “vertical-fuse” programmable cells. Vertical fuses are
implemented using avalanche-induced migration (“AIM”)
technology offering very high programming yields and is an
extension of National’s FAST logic family. The 20-pin Medi-
um PAL Family provides high-speed user-programmable re-
placements for conventional SSI/MSI logic with significant
chip-count reduction.

Programmable logic devices provide convenient solutions
for a wide variety of application-specific functions, including
random logic, custom decoders, state machines, etc. By
programming the programmable cells to configure AND/OR
gate connections, the system designer can implement cus-
tom logic as convenient sum-of-products Boolean functions.
System prototyping and design iterations can be performed
quickly using these off-the-shelf products. A large variety of
programming units and software makes design develop-
ment and functional testing of PAL devices quick and easy.

The PAL logic array has a total of 16 complementary input
pairs and 8 outputs generated by a single programmable
AND-gate array with fixed OR-gate connections. Device out-
puts are either taken directly from the AND-OR functions

(combinatorial) or passed through D-type flip-flops (regis-
tered). Registers allow the PAL device to implement se-
quential logic circuits. TRI-STATE® outputs facilitate busing
and provide bidirectional 1/0 capability. The medium PAL
family offers a variety of combinatorial and registered output
mixtures, as shown in the Device Types table below.

On power-up, Series-D devices reset all registers to simplify
sequential circuit design and testing. For these devices, di-
rect register preload is also provided to facilitate device test-
ing. Security fuses can be programmed to prevent direct
copying of proprietery logic patterns in all the family devices.

Features

m As fast as 7 ns maximum propagation delay
(combinatorial)

® User-programmable replacement for TTL logic

B High programming yield and reliability of vertical-fuse
technology for Series-D/-7 products. (Programming
equipment with certified vertical-fuse algorithm
required.)

m Extension of FAST product line

m Large variety of JEDEC-compatible programming equip-
ment and design development software available

m Fully supported by National PLAN™ development
software

m Power-up reset for registered outputs

B Register preload facilitates device testing

m Security fuse prevents direct copying of logic patterns

Device Types
DTgvlce D?dlcaled Rg%lfgzzzd Combinatorial
ype | INPUtS | (yith Feedback) 70s |Outpute
PAL16L8 10 — 6 2
PAL16R4 8 4 4 —_
PAL16R6 8 6 2 —
PAL16R8 8 8 — —
Speed/Power Versions
Serles | Example Commercial Military
tep lec tep lec
Standard [ PAL16L8 35ns [180mA| 45ns |180 mA
A PAL16LBA | 25ns |180mA| 30ns |180 mA
A2 PAL16LBA2| 35ns | 9OmA | 50ns | 90 mA
B PAL16L8B | 15ns [180 mA| 20 ns {180 mA
B2 PAL16L8B2| 25ns |90 mA*| 30 ns |90 mA*
D PAL16L8D | 10ns |180 mA
-7 PAL16L8-7 | 7ns |180 mA

*For the registered devices Icg = 100 mA.

Block Diagram—PAL16R8
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20-Pin Medium PAL Family

Standard Series (pAL16Ls, PAL16R4, PAL16R6, PAL16RS)

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Output Current (lor) 100 mA
please contact the National Semiconductor Sales Storage Temperature —65°Cto +150°C
Office/Distributors for availability and specifications. Ambient Temperature
Supply Voltage (Vcg) (Note 2) —0.5Vto +7.0V with Power Applied —65°Cto +125°C
Input Voltage (Notes 2 and 3) —1.5Vto +5.5V Junction Temperature —65°C to +150°C
Off-State Output Voltage (Note 2) —~1.5Vto +5.5V ESD ' 1500V
Input Current (Note 2) —30.0 mA to +5.0 mA ’
Recommended Operating Conditions
Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.75 5 5.25 \'
TA Operating Free-Air Temperature —55 0 75 °C
Tc Operating Case Temperature 125 °C
tw Clock Pulse Width Low 25 25 ns
High 25 25 : ns
tsu Setup Time from Input )
or Feedback to Clock 45 35 ns
tH Hold Time of Input after Clock 0 —-15 ' 0 —-15 ns
folk Clock Frequency With Feedback 12.2 16.6 MHz
(Note 4) Without Feedback 20 ‘ 20 MHz

Electrical Characteristics over Recommended Operating Conditions (Note 5)

Symbol Parameter Test Conditions “Min " Ty‘p Max Units
ViL Low Level Input Voltage (Note 6) 0.8 \
ViH High Level Input Voltage (Note 6) 2 v
Vic Input Clamp Voltage Vee = Min, | = —18 mA -0.8 —-1.5 \
e Low Level Input Current (Note 7) Vco = Max, V| = 0.4V | —0.02 | —0.25 mA
IH High Level Input Current (Note 7) | Vgg = Max, V| = 2.4V . 25 pA
I Maximum Input Current Vee = Max, V| = 5.5V 100 pA
VoL Low Level Output Voltage Vce = Min loL = 12mA MIL 03 05 v
loL = 24 mA COM
Vou High Level Output Voltage Vce = Min loH = —2mA MiL 24 29 v
loy = —3.2mA | COM
lozL Low Level Off-State Output Vce = Max | Vo = 0.4V ~100 pA
Current (Note 7) .
lozH High Level Off-State Output Vo = Max | Vo = 2.4V 100 uA
Current (Note 7) ]
los Output Short-Circuit Current Vee = 5V, Vo = OV —30 ~70 —130 mA
(Note 8)
lcc Supply Current Vcc = Max, Outputs Open 120 180 mA
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Standard Series (PAL16Ls, PAL16R4, PAL16R6, PAL16RS) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification.

Note 3: It is recommended that precautions be taken to minimize elecirostanc discharge when handhng and testing this product. Pins 1 and 11 are connected
directly to the security fuses, and the security fuses may be d, pi 9 quent prog g and verification operations.
Note 4: fcy « with feedback is derived as (g k + tsu)~!.

fcrk without feedback is derived as (2tw) =1
Note 5: All typical values are for Voo = 5.0V and T4 = 25°C. -
Note 6: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test thase values without suitable equipment.
Note 7: Leakage current for bidirectional 1/0 pins is the worst case between lj_ and lozt or between |y and lozp.
Note 8: To avoid Invalid readings in other p tests it is p to conduct the Ipg test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a High output may raise the chip temperature above normal and permanent
damage may result.

Switching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military Commercal Units
Min | Typ | Max | Min | Typ | Max

trD Input <?r Fegdback to Cy. = 50 pF, S1 Closed 25 45 25 a5 ns

Combinatorial Output
toLk Clock to Registered C_ = 50 pF, S1 Closed

Output or Feedback 15 25 15 2 ns
tpzxg G Pin to Registered CL = 50 pF, Active High: S1 Open,

Output Enabled Active Low: S1 Closed 15 2 15 25 ns
tpxzg | G Pinto Registered CL = 5pF, From Voy: S1Open,

Output Disabled From Voy: S1 Closed 1512 18| 25 | ns
tpzxi Input to Combinatorial Output | C = 50 pF, Active High: S1 Open, 25 45 25 35 ns

Enabled via Product Term Active Low: S1 Closed
texzi Input to Combinatorial Output | C_ = 5pF, From Vgy: S1 Open,

Disabled via Product Term From Vg_: S1 Closed 2 45 25 35 ns

Test Load Schematic of Inputs and Outputs
sV —o/ EQUIVALENT INPUT TYPICAL OUTPUT
st Ve O o Ve
L1}
outeut ML COML ;- 5ka NOM. :» 400 NOM.
« " R1 =39 R1 =200 1
I . R2 =750 R2 =390
= = INPUT O——q
TL/L/9381-2
pb—o outPuT
A\ 4

TL/L/9391-7
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20-Pin Medium PAL Family

Series-A (PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A)

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Output Current (lo)
Storage Temperature
Ambient Temperature

_ 100 mA
—65"Cto +150°C

Supply Voltage (Vcc) (Note 2) —0.5Vto +7.0v with Power Applied - —65°Cto +125°C
Input Voltage (Notes 2 and 3) —-1.5Vto +5.5V Junction Temperature —65°Cto +150°C
Off-State Output Voltage (Note 2) —1.5Vto +5.5V ESD ‘ 1500V
Input Current (Note 2) —30.0mA to +5.0 mA
Recommended Operating Conditions
Symbol Parameter Military - Qommerclal . Units
Min Nom Max Min’ Nom Max
Vec . | Supply Voltage 45 5 55 475 5 5.25 v
Ta Operating Free-Air Temperature -55 0 75 °C
Tc Operating Case Temperature 125 °C
tw Clock Pulse Width Low 20 10 15 10 ns
High 20 10 15 10 ns
tsu Setup Time from Input )
or Feedback to Clock ) 80 - % 6. ns
ty Hold Time of Input after Clock 0 -10 0 —10 ns
folk | Clock Frequency With Feedback 20 25 MHz
(Note 4) Without Feedback 25 333 | MHz
Electrical Characteristics over Recommended Opérating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) 0.8 \
ViH High Level Input Voltage (Note 6) 2 \
Vic Input Clamp Voltage Vcc = Min, | = —18 mA -08 [ =15 \
IiL Low Level Input Current (Note 7) Vee = Max, V) = 0.4V ) -0.02 | —0.25 mA
liH High Level Input Current (Note 7) | Vg = Max, V) = 2.4V 25 pA
I Maximum Input Current Vece = Max, V| = 5.5V 100 HA
VoL Low Level Output Voltage VC;; =Min | loL=12mA MIL 03 05 v
loL = 24 mA COM
VoH High Level Output Voltage Ve = Min loH = —2mA MIL 24 29 v
loH= —3.2mA | COM
lozL Low Level Off-State Output Vec = Max | Vo = 0.4V —100 A
Current (Note 7) ) B
lozH High Level Off-State Output Vec = Max | Vo = 2.4V 100 A
Current (Note 7) B
los Output Short-Circuit Current Vee = 5V, Vo = 0V ~30 70 —130 mA
(Note 8)
Icc Supply Current Vce = Max, Outputs Open 120 180 mA
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[]
Series-A (PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A) (Continued) )
=
Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the =
specified recommended operating conditions. D
Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification. %
Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 11 are connected 3
directly to the security fuses, and the security fuses may be damaged, preventing subsequent programming and verification operations. o
Note 4: fc k with feedback Is derived as (o k + tsy)~1. >
foLk without feedback Is derived as (2tw) 1. r
Note 5: Al typical values are for Vgg = 5.0V and T4 = 25°C. ;,ﬂ
Note 6: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to 5
test these values without suitable equipment. . =
Note 7: Leakage current for bidirectional 1/0 pins is the worst case between I and loz_ or between tjy and lozn. <
Note 8: To avoid Invalid readings in other p tests It is preferable to conduct the log test last. To minimize internal heating, only one output should be
shorted at a time with & maximum duration of 1.0 sec. each. Prolonged shorting of a High output may raise the chip temperature above normal and permanent
damage may result.
SWitChlng Characteristics over Recommended Operating Conditions
Military Commercial
Symbol Parameter Test Conditions y Units
. Min | Typ | Max | Min | Typ | Max
tpp Input c?r Fee.dback to Cy = 50 pF, S1 Closed 15 a0 15 25 ns
Combinatorial Output .
toLk Clock to Registered Cp = 50 pF, S1 Closed 10 20 10 15 ns
Output or Feedback .
tpzxg | G Pin to Registered CL = 50 pF, Act!ve High: S1 Open, 10 | 25 10 | 20 ns
Output Enabled Active Low: S1 Closed
tpxzg | G Pin to Registered CL = 5pF, From Vgoy: S10pen, 1| 28 1 | 20 ns
Output Disabled From Vo, S1 Closed
tpzxi Input to Combinatorial Output | Cp = 50 pF, Active High: S1 Open, 10 30 ) 10 25 ns
Enabled via Product Term Active Low: S1 Closed
texz) Input to Combinatorial Output | Cp = 5 pF, From Vou: S1Open, 13 30 12 25 ns
Disabled via Product Term From Vg: 81 Closed .
Test Load Schematic of Inputs and Outputs
. : EQUIVALENT INPUT TYPICAL OUTPUT
sv —oﬁ)— Yec o o Voo
<
: b4l $ ska NoW. $ 400 Now.
: 1 MIL coM'L 1 3
°”""”T"' _ R1 =390 A1 =200 j
> = 750 R2 = 390
CL J:[:- R2 R2 INPUT © K {1
TULL/9391-2 : '
p—0 outPUT
dey .—4
A <
b:
A\ 4
TL/L/9391-7
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20-Pin Medium PAL Family

Series-A2 (PAL16L8A2, PAL16R4A2, PAL16R6A2, PAL16RBA2)

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Output Current (o) 100 mA*
please contact the National Semiconductor Sales Storage Temperature —65°Cto +150°C
Office/Distributors for availabllity and specifications. Ambient Temperature
Supply Voltage (Vcc) (Note 2) —0.5Vto +7.0V with Power Applied —65°Cto +125°C
Input Voltage (Notes 2 and 3) —1.5Vto +5.5V Junction Temperature —65°C to +150°C
Off-State Output Voltage (Note 2) —1.5Vto +5.5V ESD 1500V
Input Current (Note 2) —30.0mAto +5.0mA
Recommended Operating Conditions
Symbol Parameter Military Commerclal Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 Vv
Ta Operating Free-Air Temperature —55 125 0 75 °C
tw Clock Pulse Width Low 25 10 25 10 ns
High 25 10 25 10 ns
tsu Setup Time from Input
or Feedback to Clock ' 50 2 35 25 ns
tH Hold Time of Input after Clock 0 —-15 0 -15 ns
fok Clock Frequency With Feedback 13.3 16.7 MHz
(Note 4) Without Feedback 20 20 MHz
Electrical CharacteristiCs over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) * 0.8 \
ViH High Level Input Voltage (Note 6) 2 v
Vic Input Clamp Voitage Vee = Min, | = —18 mA -0.8 -1.5 v
I Low Level Input Current (Note 7) Vee = Max, V| = 0.4V . -0.02 | —0.256 mA
i1 High Level Input Current (Note 7) | Vcc = Max, V| = 2.4V 25 pA
] Maximum Input Current Vce = Max, V) = 5.5V 100 rA
VoL Low Level Output Voltage Vce = Min loL = 12mA MIL 03 05 v
loL = 24 mA COM
VoH High Leve! Output Voltage Vee = Min loh = —2mA MIL 24 29 v
loy = —3.2mA | COM
lozL Low Level Off-State Output Vec = Max | Vg = 0.4V ~100 A
Current (Note 7) P’
lozH High Leve! Off-State Output Voc = Max | Vp = 24V 100 A
Current (Note 7) B
los Output Short-Circuit Current Vee = 5V, Vo = OV _a0 —70 —130 mA
(Note 8)
lcc Supply Current Vec = Max, Outputs Open 70 90 mA
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Series-A2 (PAL16LBA2, PAL16R4A2, PAL16R6A2, PAL16RBA2) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification.

Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 11 are connected
directly to the security fuses, and the security fuses may be damaged, preventing subsequent programming and verification operations.

Note 4: i k with feedback is derived as (tg k + tsy)— 1.
fcLk without feedback is derived as (2tw) 1.

Note 5: All typical values are for Vcg = 5.0V and Tp = 25°C.

Note 6: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 7: Leakage current for bidirectionat 1/0 pins is the worst case between !|_ and loz(_ or between Iy and lozn.

Note 8: To avoid invalid readings in other parameter tests it is preferable to conduct the log test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a High output may raise the chip temperature above normal and permanent
damage may result.

Ajwed Tvd wnipap uid-02

Switching Characteristics over Recommended Operating Conditions

Symbol ‘Parameter Test Conditions Military Commercal Units
Min | Typ | Max | Min.| Typ | Max
trD Input ?r Fee.dback to CL = 50 pF, S1 Closed 25 50 25 a5 ns
Combinatorial Output
toLk Clock to Registered Cy = 50 pF, S1 Closed
QOutput or Feedback 5 % 15 2 ns
tpzxG G Pin to Registered CL = 50 pF, Active High: S1 Open,
Output Enabled Active Low: S1 Closed 15 25 15 25 ns
tpxzag G Pin to Registered CL = 5pF, From Vopn: S10Open,
2
Output Disabled From Vo: S1 Closed 1’128 e
tpzxI Input to Cgmbmatonal Output | C = 50 pF, Act!ve High: S1 Open, 25 45 25 35 ns
Enabled via Product Term Active Low: S1 Closed
tpxzi Input to Combinatorial Output | C_ = 5 pF, From Vopn: S1 Open,
Disabled via Product Term From Voy: S1 Closed 2 45 2 35 ns
Test Load : Schematic of Inputs and Outputs
o/ EQUIVALENT INPUT TYI;ICM. OUTPUT
S 51 © Vee © o Vec
3w $ sia Now. S 400 Now.
1 MIL comL 1 3
°“"’“'TP R1 =300 Rl =200 v
24 R2 =750 R2 =390 T
CLI. gh2 INPUT o—-.—%}{-—
= = v
TL/L/9391-2 -
p—0 OUTPUT
y —_—
x 1 L:
3
£ L

TL/L/9391-7
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20-Pin Medium PAL Family

Series-B (paL16L8B, PAL16R4B, PAL16R6B, PAL16REB)

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Qutput Current (o)
Storage Temperature
Ambient Temperature

100 mA

—65°C to +150°C

Supply Voltage (Vcg) (Note 2) —0.5Vto +7.0vV with Power Applied —65°C to +125°C
Input Voltage (Notes 2 and 3) —1.5Vto +5.5V Junction Temperature —65°Cto +150°C
Off-State Output Voltage (Note 2) —1.5Vto +5.5V ESD 1000V
Input Current (Note 2) —30.0mAto +5.0 mA
Recommended Operating Conditions
Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
TA Operating Free-Air Temperature —-55 0 75 °C
Tc Operating Case Temperature 125 °C
tw Clock Pulse Width Low 12 5 10 5 ns
High 12 5 10 5 ns
tsu Setup Time from Input
or Feedback to Clock 20 10 15 10 ns
tH Hold Time of Input after Clock 0 -5 0 -5 ns
foLk ‘Clock Frequency With Feedback 28.6 . 40 MHz
(Note 4) Without Feedback 47 50 MHz
Electrical Characteristics over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) 0.8 \
VIH High Level Input Voltage (Note 6) 2 \
Vic Input Clamp Voltage Vge = Min, 1 = —18 mA -0.8 -1.5 \
IR Low Level Input Current (Note 7) Vee = Max, V| = 0.4V —-0.02 | —0.25 mA
IIH High Level Input Current (Note 7) .| Vgg = Max, V| = 2.4V 25 nA
Iy Maximum Input Current Vee = Max, V) = 5.5V 100 rA
VoL Low Level Output Voltage Veoe = Min loL=12mA MIL 03 05 Vv
loL = 24 mA COM
VoH High Level Output Voltage Ve = Min loH= —2mA MIL 04 3.4 v
loy= —3.2mA | COM
lozL Low Level Off-State Output Ve = Max | Vo = 0.4V ~100 A
Current (Note 7) K
lozH High Level Off-State Output Vo = Max | Vp = 2.4V 100 A
Current (Note 7) L
los Qutput Short-Circuit Current Vee = 5V, Vo = OV _30 70 ~130 mA
(Note 8)
Icc Supply Current Ve = Max, Outputs Open 120 180 mA
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Series-B (pAL16L8B, PAL16R4B, PAL16R6B, PAL16R8B) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification.

Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 11 are connected
directly to the security fuses, and the security fuses may be damaged, preventing subsequent programming and verification operations.

Note 4: fc| k with feedback is derived as (to k + tsu)~1.
foLk without feedback is derived as (twiow + twhigH) ~ 1.

Note 5: All typical values are for Voc = 5.0V and Tp = 25°C.

Note 6: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 7: Leakage current for bidirectional I/0 pins is the worst case between Iy and 1oz, or between Iy and lozn.

Note 8: To avoid invalid readings in other p tests it is pi ble to conduct the Ipg test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a High output may raise the chip temperature above normal and permanent
damage may result.

Aiwed Tvd wnipaj uid-02

Switching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military Commercial Units
Min | Typ | Max | Min | Typ [ Max
trD Input 9r Fee.dback to Cp = 50 pF, S1 Closed 1 20 11 15 ns
Combinatorial Output
toLk Clock to Registered CL = 50 pF, S1 Closed
Output or Feedback 8 15 8 12 ns
tpzxg G Pin to Registered CL = 50 pF, Active High: S1 Open,
Output Enabled Active Low: S1 Closed 10 20 10 1 ns
tpxza G Pin to Registered CL = 5pF, FromVoy: S1Open,
Output Disabled From Vg_: S1 Closed 10 20 10 15 ns
tpzxi Input to Combinatorial Qutput | Ci = 50 pF, Active High: S1 Open, 11 20 1 15 ns
Enabled via Product Term Active Low: S1 Closed
tpxzi Input to Combinatorial Output | C. = 5pF, From Vpy: S1 Open, 1 20 11 15 ns
Disabled via Product Term From Vg : S1 Closed
Test Load Schematic of Inputs and Outputs
o ~ EQUIVALENT INPUT TYPICAL OUTPUT
B 51 © L Vee © o Vec
:: R1 $ 5ka NO. ! $ 40a NoM
p i 3 . b3 .
MIL coML 1 1
outPuT p R1 =330 R1=200
3 R2 =750 R2 =390 W y
CLI b3 INPUT ©- N {¢ Q
N TL/L/:S-; 2 \ 4 g
- Pf—34—o0 outeur
h 4

»ni
]

L L

TL/L/9391-7
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20-Pin Medium PAL Family

Series-B2 (paL16L8B2, PAL16R4B2, PAL16R6B2, PAL16R8B2)

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature

Ambient Temperature
with Power Applied

—65°Cto +150°C

—65°Cto +125°C

Supply Voltage (Vcc) (Note 2) —0.5Vito +7.0V Junction Temperature —65°Cto +150°C
Input Voltage (Note 2) —1.5Vto +5.5V ESD Tolerance (Note 3) 2000V
Off-State Output Voltage (Note 2) —1.5Vto +5.5V Czap = 100 pF
input Current (Note 2) —30.0mAto +5.0 mA $ZA1PM= t;5203 Body Model
est Method: Human Body Mode
Output Current (loL) 100 mA Test Specification: NSC SOP-5-028
Recommended Operating Conditions
Symbol Parameter Mititary Commercial Units
Min .| Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
Ta Operating Free-Air Temperature —55 125 0 75 °C
tw Clock Pulse Width Low 15 8 10 8 ns
High 20 10 15 10 ns
tsu Setup Time from Input
or Feedback to Clock % " 20 1 ns
tH ‘Hold Time of Input after Clock 0 —10 0 —-10 ns
foLk Clock Frequency With Feedback 222 28.6 MHz
(Note 4) Without Feedback 286 40 MHz
Electrical Characteristics Over Recommended Operating Conditions (Note 5)
Symbol Parameter ' Test Conditions ‘Min Typ Max Units
ViL Low Level Input Voltage (Note 6) 0.8 v
VIH High Level Input Voltage (Note 6) 2 \
Vic Input Clamp Voltage Vee = Min, | = —18 mA —-0.8 -1.5 \
iL Low Level Input Current (Note 7) | Voo = Max, V) = 0.4V —0.02 | —0.25 mA
%} High Level Input Current (Note 7) | Voo = Max, V| = 2.4V 25 pA
I Maximum Input Current Vce = Max, V) = 5.5V 100 LA
VoL Low Level Output Voltage Vee = Min loL = 12mA MIL 03 05 v
loL = 24 mA COM
VoH High Level Output Voltage Vee = Min lon= —2mA MIL 24 34 v
loh = —3.2mA | COM
lozL Low Level Off-State Output Vee = Max Vo = 0.4V —~100 A
Current (Note 7) w
lozn High Level Off-State Output Vee = Max Vo = 2.4V 100 A
Current (Note 7) s
los Output Short-Circuit Current Ve =5V, Vo = 0OV _a0 —70 130 mA
(Note 8)
lcc Supply Current Vce = Max, 16L8B2 60 90
Outputs Open mA
puts Op 16R4B2, 16R6B2, 16R8B2 70 100
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Series-B2 (PaL16L8B2, PAL16R4B2, PAL16R6B2, PAL16R8B2) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.
Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification.
Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 11 are connected
directly to the security fuses, and, although the input circuitry can withstand the specified ESD conditions, the security fuses may be damaged, preventing
subsequent programming and verification operations.
Note 4: fc(  with feedback is derived as (g k + tsy)~1.

foLk without feedback is derived as (twLow + twHigH) ™'
Note 5: All typical values are for Vog = 5.0V and T4 = 25°C.
Note 6: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.
Note 7: Leakage current for bidirectional I/0 pins is the worst case between |, and Iz or between I and lozp.
Note 8: To avoid invalid readings in other parameter tests it is preferable to conduct the Ipg test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a High output may raise the chip temperature above normal and permanent
damage may result. .
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Switching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military Commercial Units
Min | Typ | Max | Min | Typ | Max

trD Input 9r Fegdback to C = 50 pF, S1 Closed 15 30 15 25 ns

Combinatorial Output
toLk Clock to Registered Ci. = 50 pF, S1 Closed

Output or Feedback 10 20 10 15 ns
tpzxa G Pin to Registered C_ = 50 pF, Active High: S1 Open,

Output Enabled Active Low: S1 Closed 5 2 15 20 ns
tpxzG G Pin to Registered CL = 5pF, From Vgy: S1Open,

Output Disabled From Vo: S1 Closed " 2 1 20 ns
tpzxi Input to Combinatorial Output | C = 50 pF, Active High: S1 Open, 10 30 10 25 ns

Enabled via Product Term Active Low: S1 Closed
tpxz) Input to Combinatorial Output | C| = 5pF, From Vgp: S1 Open, 13 30 13 25 ns

Disabled via Product Term From Vo S1 Closed

Test Load Schematic of Inputs and Outputs
o o EQUIVALENT INPUT TYPICAL OUTPUT
s 51 © L Ve © o Ve
S s : ,
M $ ska Now. $ 400 NoM,
L MIL COM'L 1 9
°”"‘"'T R1=1390 RI1 =200 ¥
> = - '
o j: a2 R2 =750 R2 =390 NPT © % ,r<
TL/L/9391-2
p—o0 ouTPUT

nl
)
"""

fed
Pl

TL/L/9391-7
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20-Pin Medium PAL Family

Series-D (PAL16L8D, PAL16R4D, PAL16R6D, PAL16RSD)

Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Offlce/Distributors for avallability and specifications.

Storage Temperature

Ambient Temperature
with Power Applied

~65°Cto +150°C

—65°Cto +125°C

Supply Voltage (Vcc) (Note 2) —0.5Vto +7.0V Junction Temperature —65°C to +150°C
Input Voltage (Note 2) —1.5Vto +7.0V ESD Tolerance 2000V
Off-State Output Voltage Czap = 100 pF
- (Vo) (Notes 2 & 3) ‘—1.5Vto +5.5V Rzap = 15000
Input Current (Note 2) —30.0mAto +5.0mA Test Method: Human Body Model
Output Current (Io,), +100 mA Test Specification: NSC SOP-5-028
Recommended Operating Conditions
Symbol Parameter Commercial Units
Min Nom Max
Vee Supply Voltage 4.75 5 5.25 \
TA Operating Free-Air Temperature 0 25 75 °C
w Clock Pulse Width Low 7 3.5 ns
High 7 2 ns
tsu Setup Time from Input
or Feedback to Clock 10 55 ns
tH Hold Time of Input after Clock 0 -3.7 ns
fok Clock Frequency With Feedback 55.5 MHz
(Note 4) Without Feedback 71 MHz
Vz Register Preload Control Voltage 9.5 9.75 10.0 \
Electrical Characteristics over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) 0.8 Vv
ViH High Level! Input Voltage (Note 6) 2 \"
Vic Input Clamp Voltage . Veg = Min, | = —18 mA -0.8 -1.2 \
i Low Level Input Current (Note 7) Vce = Max, V| = 0.4V —60 —250 pA
iH High Level Input Current (Note 7) Vee = Max, V| = 2.4V 0 25 pA
I Maximum Input Current Voo = Max, V| = 5.5V 20 100 pA
VoL Low Level Output Voltage Ve = Min, 03 05 v
loL = 24 mA
VoH High Level Output Voltage Ve = Min, 27 31 v
loh = —3.2mA
lozL Low Level Off-State Output Vce = Max, Vo = 0.4V 0 —50 A
Current (Note 7) »
lozH High Level Off-State Output Veeo = Max, Vo = 2.4V 0 50 A
Current (Note 7) b
los Output Short-Circuit Current Vee = 5V, Vo = OV _50 77 _130 mA
(Note 8)
lcc Supply Current Vec = Max, Outputs Open 125 180 mA
C Input Capacitance Vce = 5.0V, V) = 2.0V pF
Co Output Capacitance Ve = 5.0V, Vg = 2.0V pF
Cio 170 Capacitance Veg = 5.0V, Vo = 2.0V pF
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Series-D (pAL16L8D, PAL16R4D, PAL16R6D, PAL16RED) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable spacification.
Note 3: Vo must not exceed Vo + 1V ) :

Note 4: fc| k with feedback Is derived as (g k + tsy)~1.
foLk without feedback is derived as (2tw)~1.

Note 5: All typical values are for Voo = 5.0V and Tp = 25°C.

Note 8: These are absolute voltages with respect to the ground pin on the device and include all overshoots dus to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 7: Leakage current for bidirectional 170 pins is the worst case between I and lgz, or between Ly and lozn.

Note 8: To avoid invalid readings in other parameter tests it is preferable to conduct the lgg test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 second each. Prolonged shorting of a High output may raise the chip temperature above normal and permanent
damage may result.

SWitChing Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Commercal Units
Min Typ Max
tpD Input or Feedback to C_ = 50 pF, S1 Closed
¥ R 741 10 ns
Combinatorial Output .
teik Clock to Registered CL = 50 pF, $1 Closed 55 8 ns
Output or Feedback )
tpzxG G Pin to Registered C = 50 pF, Active High: S1 Open, 55 10 ns
Output Enabled Active Low: S1 Closed )
tpxza G Pin to Registered CL = 5pF, FromVgpp: S1Open, 40 10 ns
Output Disabled From Vo: S1 Closed )
tpzx Input to Combinatorial Output Cp = 50 pF, Active High: S1 Open, 7 10 ns
Enabled via Product Term Active Low: S1 Closed ’
tpxz! Input to Combinatorial Output CL = 5pF, From Vpu: S1 Open, 5.0 10 ns
Disabled via Product Term From Vo: S1 Closed
tRESET Power-Up to Registered
Output High 1000 ns
Test Load Schematic of Inputs and Outputs
v —"C EQUIVALENT INPUT TYPICAL OUTPUT
s Vee © o Vec
A1
$ 1240 Now S 400 NOM
ouTPUT b ’ b3 ’
o A2 ﬁ
:!_-— = INPUT O~—— e
TL/L/9391-2
R1 = 200 .
R2 = 390 h 4
. —O OUTPUT
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¢
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20-Pin Medium PAL Family

7 ns Series (PAL16L8-7, PAL16R4-7, PAL16R6-7, PAL16R8-7)
Absolute Maximum Ratings (ote 1) ‘

If Military/Aerospace specified devices are required, Storage Temperature —-65°Cto +150°C
please contact the National Semiconductor Sales Ambient Temperature
Office/Distributors for availability and specifications. with Power Applied —65°Cto +125°C
Supply Voltage (Vcc) (Note 2) —0.5Vto +7.0V Junction Temperature —65°Cto +150°C
Input Voltage (Note 2) —1.5Vto +7.0V ESD Tolerance TBD
Off-State Output Voltage Czap = 100 pF
(Vo) (Notes 2 & 3) -1.5Vto +5.5V Rzap = 15000 )
Input Current (Note 2) —30.0mAto +5.0mA Test Method: Human Body Model
Output Current (loy) +100mA Test Specification: NSC SOP-5-028
Recommended Operating Conditions
Symbol Parameter Commercial Units
Min Nom Max
Vee Supply Voltage 4,75 5 5.25 v
TA Operating Free-Air Temperature 0 25 75 °C
tw Clock Pulse Width Low 5.0 ns
High 5.0 ns
tsu Setup Time from Input 65 ns
or Feedback to Clock
tH Hold Time of Input after Clock 0 ns
foLk Clock Frequency With Feedback 77 MHz
(Note 4) Without Feedback 100 MHz
Vz Register Preload Control Voltage 9.5 9.75 10.0 \
Electrical Characteristics over Recommended Operating Conditions
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 5) 0.8 \"
ViH High Level Input Voitage (Note 5) 2 \Y
Vic Input Clamp Voltage Voo = Min, 1 = —18 mA -1.2 \
T Low Level Input Current (Note 6) Vee = Max, V) = 0.4V —250 pA
WK High Level Input Current (Note 6) Ve = Max, V) = 2.4V 25 pA
] Maximum Input Current Ve = Max, V) = 5.5V 100 pA
VoL Low Level Output Voltage Vce = Min,
0.5 \
loL = 24 mA
VoH High Level Output Voltage Ve = Min,
2.7 \"
lon = —3.2mA
lozL Low Level Off-State Output Vee = Max, Vo = 0.4V —50 A
Current (Note 6) >
lozH High Levei Off-State Output Vee = Max, Vo = 2.4V 50 A
Current (Note 6) ®
los Output Short-Circuit Current Vg = 5V, Vp = 0V _50 _130 mA
(Note 7)
Icc Supply Current Vcc = Max, Outputs Open 125 180 mA
C Input Capacitance Vce = 5.0V, V| = 2.0V pF
Co Output Capacitance Vog = 6.0V, Vg = 2.0V pF
Cio 1/0 Capacitance Veo' = 5.0V, Vijo = 2.0V pF
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7 ns Series (PAL16L8-7, PAL16R4-7, PAL16R6-7, PAL16R8-7)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification.
Note 3: Vo must not exceed Vgg + 1V

Note 4: fc k with feedback is derived as (toik + tsu) 1.
foLk without feedback is derived as (2tw)—1.

Note 5: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 6: Leakage current for bidirectional 1/0 pins is the worst case between || and lgz| or between |4 and Igzy.

Note 7: To avoid invalid readings in other parameter tests it is preferable to conduct the Ipg test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 second each. Prolonged shorting of a High output may raise the chip temperature above normal and permanent
damage may result.

SWItChlng Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Commercial Units
Min Typ Max
tpp Input or Feedback to CL = 50 pF, S1 Closed 70 ns
Combinatorial Output )
toLk Clock to Registered CL = 50 pF, S1 Closed
Output or Feedback 30 65 ns
tezxg G Pin to Registered CL = 50 pF, Active High: S1 Open, 30 70 ns
Output Enabled Active Low: S1 Closed ’ ’
tpxza G Pin to Registered CL = 5pF, FromVpp: S1Open, 3.0 70 ns
Output Disabled From Vp_: S1 Closed ’ ’
tpzxi Input to Combinatorial Output CL = 50 pF, Active High: S1 Open, a.0 7.0 ns
Enabled via Product Term Active Low: S1 Closed ’ '
tpxzi Input to Combinatorial Output CL = 5pF, FromVpy: S1Open, 3.0 20 ne
Disabled via Product Term From Vor: S1 Closed ’ )
tskew Skew between Registered
1.0 ns
Outputs
tRESET Power-Up to Registered
1000
Output High 0 ns
Test Load Schematic of Inputs and Outputs
¥ ——C EQUIVALENT INPUT TYPICAL OUTPUT
st Vee O 0 Voo
R1
3 12k NOM. 3 400 NoM.
oUTPUT b 9
CL A2 1
INPUT Ol
TL/L/9391-28
R1 = 200 A 4
R2 = 390 b—o0 ouTPUT

1<

TL/L/9391-29
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20-Pin Medium PAL Family

Test Waveforms
Set-Up and Hold
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In the examples above, the phase relationships between inputs and outputs

have been chosen arbitrarily.

Switching Waveforms
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Functional Description

All of the 20-pin Medium PAL logic arrays consist of 16 com-
plementary input lines and 64 product-term lines with a pro-
grammabile cell at each intersection (2048 cells). The prod-
uct terms are organized into eight groups of eight each.
Seven or eight of the product terms in each group connect
into an OR-gate to produce the sum-of-products logic func-
tion, depending on whether the output is combinatorial or
registered.

For the fuse-link PAL devices (all PAL devices excluding D
and -7) an unprogrammed (intact) fuse establishes a con-
nection between an input line (true or complement phase of
an array input signal) and a product term; programming the
fuse removes the connection. In the National Series-D/-7
vertical fuse PAL devices, a programmed vertical fuse cell
establishes a connection between an input line and a prod-
uct term. A product term is satisfied (logically true) while all
of the input lines connected to it (via unprogrammed fuses
for the fuse-link devices, or by programming the corre-
sponding cells for the vertical fuse devices) are in the high
logic state. Therefore, if both the true and complement of at
least one array input is connected to a product line, that
product term is always held in the low logic state (which is
the state of all product terms in an unprogrammed fuse-link
device). Conversely, if all input lines are disconnected from
a product line, the product term and the resulting logic func-
tion would be held in the high state (which is the state of all
product terms in an unprogrammed National Series-D/-7
PAL device).

The medium PAL family consists of four device types with
differing mixtures of combinatorial and registered outputs.
The 16L8, 16R4, 16R6 and 16R8 architectures have 0, 4, 6
and 8 registered outputs, respectively, with the balance of
the 8 outputs combinatorial. All outputs are active-low and
have TRI-STATE capability.

Each combinatorial output has a seven product-term logic
function, with the eighth product term being used for
TRI-STATE control. A combinatorial output is enabled while
the TRI-STATE product term is satisfied (true). Combinatori-
al outputs also have feedback paths from the device pins
into the logic array (except for two outputs on the 16L8).
This allows a pin to perform bidirectional 1/0 or, if the asso-
ciated TRI-STATE contro! product term were programmed
to remain unsatisfied (always false), the output driver would
remain disabled and the pin could be used as an additional
dedicated input.

Registered outputs each have an eight product-term logic
function feeding into a D-type flip-flop. All registers are trig-

gered by the high-going edge of the clock input pin. All reg-
istered outputs are controlled by a common output enable
[(©)) pin (enabled while low). The output of each register is
also fed back into the logic array via an internal path. This
provides for sequential logic circuits (state machines, coun-
ters, etc.) which can be sequenced even while the outputs
are disabled.

Series-D/-7 Medium PAL devices reset all registers to a low
state upon power-up (active-low outputs assume high logic
levels if enabled). This may simplify sequential circuit design
and test, To ensure successful power-up reset, Vo must
rise monotonically until the specified operating voltage is
attained. During power-up, the clock input should assume a
valid, stable logic state as early as possible to avoid interfer-
ing with the reset operation. The clock input should also
remain stable until after the power-up reset operation is
completed to allow the registers to capture the proper next
state on the first high-going clock transition.

For the National Series-D/-7 PAL device, during power-up,
all outputs are held in the high-impedance state until DC
power supply conditions are met (Vcc approximately 3.0V),
after which they may be enabled by the TRI-STATE control
product terms (combinatorial outputs) or the G pin (regis-
tered outputs). Whenever V¢g goes below 3V (at 25°C), the
outputs are disabled as shown in Figure 1 below.

s
N~~——

TL/L/9391-25

Ve 30v
0

OUTPUTS

Note: tz is less than 100 ns.
FIGURE 1. Series-D Power-Up TRI-STATE Waveform

In an unprogrammed National Series-D/-7 PAL device, no
array inputs are connected to any product-term lines. There-
fore, all combinatorial outputs would be enabled and driving
low logic levels (after power-up is completed). All registers
would still initialize to the low state, but would become per-
manently set (low-level outputs, if enabled) following the
first clock transition.

As with any TTL logic circuits, unused inputs to a PAL de-
vice should be connected to ground, Vo, Vo, or resistive-
ly to Voc. However, switching any input not connected to a
product term or logic function has no effect on its output
logic state.
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20-Pin Medium PAL Family

Bl

20-Pin Medium PAL Family Block Diagrams—DIP Connections
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20-Lead PLCC Connection Conversion Diagram
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Typical Registered Logic Function Without Feedback
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20-Pin Medium PAL Family

Typical Registered Logic Function With Feedback

ne

_{:%

Functional Description (continued)

CLOCK FREQUENCY SPECIFICATION

The clock frequency (fo k) parameter specifies the maxi-
mum speed at which a registered PAL device is guaranteed
to operate. Clock frequency is defined differently for the two
cases in which register feedback is used versus when it is
not. In a data-path type application, where the logic func-
tions fed into the registers are not dependent on register
feedback from the previous cycle (i.e.—based only on exter-
nal inputs), the minimum required cycle period (fo k1 with-
out feedback) is defined as the greater of the minimum
clock period (tw high + tw low) and the minimum “data
window” period (tsy + tH). This assumes optimal alignment
between data inputs and the clock input. In sequential logic
applications such as state machines, the minimum required
cycle period (foLk—1 with feedback) is defined as toLk +
tsu. This provides sufficient time for outputs from the regis-
ters to feed back through the logic array and set-up on the
inputs to the registers before the end of each cycle.

Output Register Preload

In the 20-pin Medium PAL family, register preload is avail-
able on the Series-D/-7 PAL devices only.

TL/L/8391~18

The output register preload feature simplifies device testing
since any state may be loaded into the registers at any time
during the functional test sequence. This allows complete
verification of sequential logic circuits, including states that
are normally impossible or difficult to reach. Register pre-
load is not an operational mode and is not intended for
board level testing because elevated voltage levels are re-
quired. The programming system normally provides the pre-
load capability as part of its functional test facility.

The preload function allows the register to be loaded direct-

ly and asynchronously with any desired pattern. These verti-

cal-fuse devices provide two register preload operations:

1. All registers can be reset to the low state (high-level out-
puts) by applying the elevated contro! voltage (Vz) to in-
put Pin 2* for time tp (Figure 2a).

2. Selected registers can be set to the high state (low-level
outputs) as follows (Figure 2b):

a. All registered outputs are disabled by raising the G in-
put Pin 1* to V4.

b. After time tp, the selected registered output pins are
raised to the elevated control voltage (Vz) for time tp
to set the corresponding registers.

*Applies to both DIP and PCC packages for 20-pin PAL devices.

—

szt:t ///

ALL REGISTERED
OQUTPUTS

777

—
. ) o TL/L/9391-26
a) To Reset All Registers
iy
G (PIN 11) \7
( |'_ N M mn
tp —] _v,
SELECTED REGISTERED ~ VOH —\0
OUTPUTPIN 7 4
oL e iD

TL/L/9391-27

b) To Set Selected Registers

Note: Vz = 9.5V to 10.0V, tp min. = 500 ns.

FIGURE 2. Series-D Register Preload Waveforms




Security Fuse

Security fuses are provided on all National PAL devices
which, when programmed, inhibit any further programming
or verifying operations. This feature prevents direct copying
of proprietary logic patterns. The security fuses should be
programmed only after programming and verifying all other
device fuses. Register preload is not affected by the securi-
ty fuses. :

Design Development Support

A variety of software tools and programming hardware is
available to support the development of designs using PAL
products. Typical software packages accept Boolean logic
equations to define desired functions. Most are available to

run on personal computers and generate JEDEC-compati-

ble “fuse maps’. The industry-standard JEDEC format en-
sures that the resulting fuse-map files can be down-loaded
into a variety of programming equipment. Many software
packages and programming units support a wide variety of
programmable logic products as well. The PLANTM software
package from National Semiconductor supports all pro-
grammable logic products available from National and is ful-
ly JEDEC-compatible. PLAN software also provides auto-
matic device selection based on the designer's Boolean
logic equations.

In National Series-D/-7 PAL devices, logical and physical
connections between array input lines and product-term
lines are established when vertical fuse cells are pro-
grammed. This is opposite to other PAL products based on
fusible links in which connections are established when

Ordering Information

Output Type:

fuses are left unprogrammed (intact). This difference is
compensated by the vertical-fuse PAL programming algo-
rithm so that the user’s design development process looks
the same. (The only functional difference due to vertical-
fuse technology is the behavior of “unprogrammed" devic-
es.) The JEDEC programming maps produced by PAL de-
velopment software for all Medium PAL devices denote a
“connection” with a 0", and a “non-connection” with a
“1". The programming algorithms for most fuse-link PLDs
program fuses where ones are located in the map to re-
move corresponding connections, whereas the algorithm for
National Series-D PAL products automatically compensates
by programming vertical-fuse cells where zeroes are locat-
ed in the map to establish connections. Therefore, the same
JEDEC map representing the user’s desired logic equations
produces the same functional results when using either PAL
technology. The user need only provide the appropriate de-
vice code and/or adapter for the programming equipment to
invoke the proper programming algorithm. Only program-
mers with the certified National Series-D/-7 vertical-fuse
PAL programming algorithm can be used to program these
vertical-fuse devices.

Detailed logic diagrams showing all JEDEC fuse-map ad-
dresses for the 20-pin Medium PAL family are provided for
direct map editing and diagnostic purposes. For a list of
current software and programming support tools available
for these devices, please contact your local National Semi-
conductor sales representative or distributor. If detailed
specifications of the PAL programming algorithm are need-
ed, please contact the National Semiconductor Programma-
ble Device Support Department.

Programmable Array Logic Family
Number of Array Inputs

Ajjwed yd wnipap uld-02

H = Active High
L = Active Low
C = Complementary
R = Registered
X = Exclusive-OR Registered
P = Programmable Polarity
Number of Registered Outputs (or total outputs if non-registered)

Speed/Power Version:

No Symbol = 35ns
A =25ns
A2 = 35 ns, Half Power Lateral Fuse
B =15ns :
B2 = 25ns, Half Power
D =10ns Vertical Fuse
7 =7ns

Package Type:

N = 20-Pin Plastic DIP
J = 20-Pin Ceramic DIP
V = 20-Lead Plastic Chip Carrier

Temperature Range:
C = Commercial (0°C to +75°C)
M = Military (~55°C to +125°C)
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2-43



20-Pin Medium PAL Family

Logic Diagram—PAL16L8
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Logic Diagram—PAL16R4 o
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20-Pin Medium PAL Family
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Logic Diagram—PAL16R6
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Logic Diagram—PAL16R8
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24-Pin Small PAL Family

National
Semiconductor

Programmable Array Logic (PAL®)

24-Pin Small PAL Family

General Description

The 24-pin Small PAL family contains six popular PAL archi-
tectures. The devices in the Small PAL family draw only
100 mA maximum supply current as compared to 210 mA in
the 24-pin Medium PAL devices. These devices offer
speeds as fast as 25 ns maximum propagation delay. Na-
tional Semiconductor’s Schottky TTL process with titanium
tungsten fusible links provides high-speed user-programma-
ble replacements for conventional SSI/MSI logic with signif-
icant chip-count reduction.

Programmable logic devices provide convenient solutions
for a wide variety of application-specific functions, including
random logic, custom decoders, state machines, etc. By
programming fusible links to configure AND/OR gate con-
nections, the system designer can implement custom logic
as convenient sum-of-products Boolean functions. System
prototyping and design iterations can be performed quickly
using these off-the-shelf products. A large variety of pro-
gramming units and software makes design development
and functional testing of PAL devices quick and easy.

The Small PAL logic array has between 12 and 20 comple-
mentary inputs and up to 10 combinatorial outputs generat-
ed by a single programmable AND-gate array with fixed OR-
gate connections. The Small PAL family offers a variety of

‘input/output combinations as shown in the Device Types

table below. Security fuses can be programmed to prevent
direct copying of proprietary logic patterns.

Features

m As fast as 25 ns maximum propagation delay

m User-programmable replacement for TTL logic

m Large variety of JEDEC-compatible programming equip-
ment available

m Fully supported by National PLANT™ development
software

m Security fuse prevents direct copying of logic patterns

Device Types
Device Dedicated Combinatorial
Type Inputs Outputs
PAL12L10 12 10
PAL14L8 14 8
PAL16L6 16 6
PAL18L4 18 4
PAL20L2 20 2
PAL20C1 20 1 Pair
Speed/Power Versions
Series | Example Commercial Military
tpp lcc tep Icc
Standard| PAL12L10 | 40ns {100 mA | 45ns [ 100 mA
A PAL12L10A [ 25 ns* | 100 mA [ 30 ns* | 100 mA

*Except PAL20C1A tpp = 30 ns Commercial, 35 ns Military.

Block Diagram—PAL12L.10
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Standard Series (PAL12L10, PAL14L8, PAL16LS, PAL18L4, PAL20L2, PAL20CT)

Absolute Maximum Ratings (Note 1)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

+100 mA
—65°C to +150°C

Output Current (Ig1)
Storage Temperature
Ambient Temperature

Supply Voltage (Vcc) (Note 2) —0.5t0 +7.0V with Power Applied —65°Cto +125°C
Input Voltage (Notes 2 and 3) -15t0 +5.5V Junction Temperature —65°C to +150°C
Off-State Output Voltage (Note 2) ~1.5t0 +5.5V
Input Current (Note 2) —30.0mAto +5.0 mA
Recommended Operating Conditions
Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 Vv
Ta Operating Free-Air Temperature -55 0 75 °C
Tc Operating Case Temperature 125 °C
Electrical Characteristics over Recommended Operating Conditions (Note 4)
Symbol Parameter Test Conditions Min Typ Max | Units
ViL Low Level Input Voltage (Note 5) 0.8 \
VIH High Level Input Voltage (Note 5) 2 \
Vic Input Clamp Voltage Vee = Min, I = —18 mA -0.8 -1.5 Vv
i Low Level Input Current Voo = Max, V| = 0.4V —-0.02| —0.25 | mA
1] High Level Input Current Voo = Max, V| = 2.4V 25 RA
I Maximum Input Current Veo = Max, V| = 5.5V 1 mA
VoL Low Level Output Voltage Vee = Min loL=8mA 0.3 0.5 \
VoH High Level Output Voltage Vce = Min loH = —2mA MIL 24 3.0 v
loy = —3.2mA COM
los Output Short-Circuit Current Vee = 5V, Vp = 0V —30| -70 | -130 | ma
(Note 6)
Icc Supply Current Vec = Max, Outputs Open 60 100 mA

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the

specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming operations according to the applicable specification.

Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 13 (DIP) are connected
directly to the security fuses, and the security fuses may be damaged preventing subsequent programming and verification operations.

Note 4: All typical values are for Vcg = 5.0V and Ty = 25°C.

Note 5: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to

test these values without suitable equipment.

Note 6: To avoid Invalid readings in other parameter tests, it is preferable to conduct the lpg test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 second each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent

damage may result.
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24-Pin Small PAL Family

Standard Series (PAL12L10, PAL14L8, PAL16L6, PAL18L4, PAL20L2, PAL20C1) (Continued)

Switching Characteristics over Recommended Operating Conditions

Symbol . Parameter Test Conditions Military Commercial Units
. Min Typ Max Min Typ Max
trp Input to Output CL=50pF
25 45 25 40 ns
Test Load Test Waveform
sy - Propagation Delay
v
Rl INPUT lk
MIL/COM 3"
R1 = 560 OH
OUTPUT - IN=PHASE
Rz =11k OUTPUT Ny,
o K2 OUT OF PHASE
V
I OUTPUT Y o
= = — VoL
TL/L/8997-2 TL/L/9997-3

Schematic of Inputs and Outputs

EQUIVALENT INPUT

Notes:

Vr = 1.5V
Cy includes probe and jig capacitance.

In the examples above, the phase relationships between inputs and outputs
have been chosen arbitrarily.

TYPICAL OUTPUT

Vec © o Vee
S 5k NOM S 400 NoM
2 N < .
< <
¢ 3
INPUT O~——tg
}—0 QUTPUT

7\

TL/L/9997-4




Series A (PAL12L10A, PAL14LBA, PAL16L6A, PAL18LAA, PAL20L2A, PAL20G1A)

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Ambient Temperature
please contact the National Semiconductor Sales with Power Applied —65°Cto +125°C
Office/Distributors for availability and specifications. Junction Temperature —65°C to +150°C
Supply Voltage (Vcc) (Note 2) —05t0 +7.0V ESD Tolerance (Note 3) 1500V
Input Voltage (Note 2) —1.5t0 +5.5V Czap = 100 pF
Off-State Output Voltage (Note 2) —1.5t0 +5.5V ?ZAtPM—;ﬂ: 5303 Body Modl

_ est Method: Human Body Mode
Input Current (Note 2) 30.0mA to +5.0 mA Test Spacification: NSC SOP-5-028
Output Current (Ig)) +100 mA
Storage Temperature —65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter Military Commerclal Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
TA Operating Free-Air Temperature —55 0 75 °C
Tc Operating Case Temperature 125 °C
Electrical Characteristics over Recommendsd Operating Conditions (Note 4)
Symbol Parameter Test Conditions Min Typ Max | Units
ViL Low Levsl Input Voltage (Note 5) 0.8 \')
VIH High Level Input Voltage {Note 5) 2 \"
Vic Input Clamp Voltage Vee = Min, | = —18 mA -0.8 -1.5 \
L Low Level Input Current Vcc = Max, V| = 0.4V —0.02 | —0.25 | mA
IIH High Level Input Current Voo = Max, V) = 24V 25 nA
Iy Maximum Input Current Ve = Max, V| = 5.5V 100 pA
VoL Low Level Output Voltage Ve = Min loL = 8 mA 0.3 0.5 \
VoH High Level Output Voltage Vee = Min loH = —2mA MIL 54 3.0 v
loH = —3.2mA COM
los Output Short-Circuit Current Vec = 5V, Vg = 0V —a0| =70 | =130 | ma
(Note 6)
lcc Supply Current Vcc = Max, Outputs Open 60 100 mA

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming operations according to the applicable specification.
Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 13 (DIP) are connected

directly to the security fuses, and although the input circuitry can withstand the specified ESD conditions, the security fuses may be damaged preventing
subsequent programming and verification operations.

Note 4: All typical values are for Vgc = 5.0V and Ty = 25°C.
Note 5: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 6: To avoid Invalid readings in other parameter tests, it is preferable to conduct the iog test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 second each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent
damage may result.
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24-Pin Small PAL Family

Series A (PAL12L10A, PAL14L8A, PAL16L6A, PAL18L4A, PAL20L2A, PAL20C1A) (Continued)

Switching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military Commercial Units
Min Typ Max Min Typ Max
tpp Input to Output CL = 50 pF 12L10A, 14L8A,
16L6A, 18L4A, 15 30 15 25 ns
20L2A
20C1A 35 30 ns
Test Load Test Waveform
5v Propagation Delay
N 3V
R1 INPUT TS N o
MIL/COM v
R1 = 560 OH
OUTPUT _ IN-PHASE N
Rz =1k oUTPUT VoL
“ k2 OUT OF PHASE
7
I ouTPUT / v°”
— — — VoL

TL/L/9997-5

Schematic of Inputs and Outputs

EQUIVALENT INPUT

Notes:
V1 = 15V

Cy_ includes probe and jig capacitance.

TL/L/9997-6

In the examples above, the phase relationships between inputs and outputs
have been chosen arbitrarily.

TYPICAL OUTPUT
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TL/L/9997-7
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24-Pin Small PAL Family Block Diagrams—DIP Connections §
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24-Pin Small PAL Family

24-Pin Small PAL Family Block Diagrams—DIP Connections (continued)
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Note: For availability of old (NON-JEDEC) pinout, please contact your local National Semiconductor sales representative or distributor.
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Functional Description

The 24-pin Small PAL logic arrays consist of between 12
and 20 complementary input lines and either 16 or 20 prod-
uct-term lines with a programmable fuse link at each inter-
section (up to 720 fuses). The family consists of six device
types with different numbers of combinatorial outputs. The
24-pin Small PAL Family Block Diagrams show the number
of product terms allocated to each output for each device.
All product terms allocated to each output connect into an
OR-gate to produce the sum-of-products output logic func-
tion.

An unprogrammed (intact) fuse establishes a connection
between an input line (true or complement phase of an ar-
ray input signal) and a product term; programming the fuse
removes the connection. A product term is satisfied (logical-
ly true) while all of the input lines connected to it (via unpro-
grammed fuses) are in the high logic state. Therefore, if
both the true and complement of at least one array input is
left connected to a product line, that product term is always
held in the low logic state (which is the state of all product
terms in an unprogrammed device). Conversely, if all fuses
on a product term were programmed, the product term and
the resulting logic function would be held in the high state.
As with any TTL logic circuits, unused inputs to a PAL de-
vice should be connected to ground, Vg, Voy, or resistive-
ly to Vcc. However, switching any input not connected to a
product term or logic function has no effect on its output
logic state.

Security Fuse

Security fuses are provided on all National PAL devices
which, when programmed, inhibit any further programming

Ordering Information

or verifying operations. This feature prevents direct copying
of proprietary logic patterns. The security fuses should be
programmed only after programming and verifying all other
device fuses.

Design Development Support

A variety of software tools and programming hardware is
available to support the development of designs using PAL
products. Typical software packages accept Boolean logic
equations to define desired functions. Most are available to
run on personal computers and generate JEDEC-compati-
ble “fuse maps"”. The industry-standard JEDEC format en-
sures that the resulting fuse-map files can be down-loaded
into a variety of programming equipment. Many software
packages and programming units support a wide variety of
programmable logic products as well. The PLANTM software
package from National Semiconductor supports all pro-
grammable logic products available from National and is ful-
ly JEDEC-compatible. PLAN software also provides auto-
matic device selection based on the designer’s Boolean
logic equations.

Detailed logic diagrams showing all JEDEC fuse-map ad-
dresses for the 24-pin Small PAL family are provided for
direct map editing and diagnostic purposes. Contact your
local National Semiconductor sales representative or dis-
tributor for a list of current software and programming sup-
port tools available for these devices. Contact the National
Semiconductor Programmable Device Support Department
if detailed specifications of PAL programming algorithms are
needed.

Programmable Array Logic Family
Number of Array Inputs

———— Output Type:

Ajjwed qvd jlews uid-v2

H = Active High

L =Active Low

C =Complementary

R =Registered

X =Exclusive~OR Registered
P =Programmable Polarity

Number of Outputs
Speed Version:
No Symbol =40 ns
A =25ns
Package Type:
N =24~Pin Plastic DIP
J=24~Pin Ceramic DIP
V=28-Lead Plastic Chip Carrier
Temperature Range:
C=Commercial ?o°c to +75°C
i M= Military (=55°C to +1259C
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24-Pin Small PAL Family

Logic Diagram PAL12L10

DIP PIN NUMBERS
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number,

TL/L/9997-16
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Logic Diagram PAL14L8 T
3
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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24-Pin Small PAL Family

Logic Diagram PAL16L6

DIP PIN NUMBERS
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.

TL/L/9997-18
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Logic Diagram PAL18L4

DIP PIN NUMBERS
PRODUCT LINE FIRST FUSE NUMBERS
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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24-Pin Small PAL Family

Logic Diagram PAL20L2

DIP PIN NUMBERS

PRODUCT LINE FIRST FUSE NUMBERS
6 10 1214 1618 2022 24 26 2830 3234 36384J VCCE 1
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.

TL/L/9997~20
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Logic Diagram PAL20C1

DIP PIN NUMBERS
PRODUCT LINE FIRST FUSE
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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24-Pin Exclusive-OR PAL Family

National
Semiconductor

Programmable Array Logic (PAL®)
24-Pin Exclusive-OR PAL Family

General Description

The 24-pin Exclusive-OR PAL family contains four industry-
standard PAL architectures optimized for a specific class of
applications. National Semiconductor’s advanced Schottky
TTL process with titanium tungsten fusible links provides
high-speed user-programmable replacements for conven-
tional SSI/MSI logic with significant chip-count reduction.

Programmable logic devices provide convenient solutions
for a wide variety of application-specific functions, including
random logic, custom decoders, state machines, etc. By
programming fusible links to configure AND/OR gate con-
nections, the system designer can implement custom logic
as convenient sum-of-products Boolean functions. System
prototyping and design iterations can be performed quickly
using these off-the-shelf products. A large variety of pro-
gramming units and software makes design development
and functional testing of PAL devices quick and easy.

The PAL logic array has a total of 20 complementary inputs
and 10 outputs generated by a single programmable AND-
gate array with fixed OR-gate connections. Device outputs
are either taken directly from the AND-OR functions (combi-
natorial) or passed through exclusive-OR gates and D-type
flip-flops (registered). Registers allow the PAL device to im-
plement sequential logic circuits. The exclusive-OR func-
tions provide easy implementation of the “hold” operation
used in counters and other state sequences. TRI-STATE®

outputs facilitate busing and provide bidirectional 1/0 capa-
bility. The exclusive-OR PAL family offers a variety of combi-
natorial and registered output mixtures, as shown in the De-
vice Types table below.

Series-A devices have power-up reset and register preload
features available. On power-up, all registers are reset to
simplify sequential circuit design and testing. Direct register
preload is also provided to facilitate device testing. Security
fuses can be programmed to prevent direct copying of pro-
prietary logic patterns.

Features

® As fast as 30 ns maximum propagation delay
(combinatorial)

m Exclusive-OR function facilitates design of counters and
state sequences

W User-programmable replacement for TTL logic

W Large variety of JEDEC-compatible programming
equipment and design development software available

m Fully supported by National PLAN™ development
software

® Power-up reset for registered outputs (Series-A)

m Register preload facilitates device testing (Series-A)

m Security fuse prevents direct copying of logic patterns

Device Types
Device |Dedicated Registered Combinatorial
Type Inputs " Outputs
(With Feedback) 1/0s |Outputs
PAL20L10 14 —_ 6 2
PAL20X4 12 4 4 _
PAL20X8 12 6 2 —
PAL20X10 12 8 — —
Speed/Power Versions
Series | Example Commercial Military
trp [ tpp Icc
IStandard| PAL20L10| 50ns [165mA| 60ns | 165mA
A [PAL20L10A] 30ns [165mA| 35ns |165mA

Block Diagram—PAL20X10
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g
Standard Series (PAL20L10, PAL20X4, PAL20X8, PAL20X10) o
=
- - m
Absolute Maximum Ratings (ote 1) s
If Military/Aerospace specified devices are required, Storage Temperature —65°C to +150°C 5
please contact the National Semiconductor Sales Ambient Temperature with <
Office/Distributors for availabllity and specifications. Power Applied —65°Cto + 125°C @
Supply Voltage (Vcc) (Note 2) ~0.5Vto +7.0V Junction Temperature —65°Cto +150°C g
Input Voltage (Notes 2 and 3) —1.5Vto +5.5V o
Off-State Output Voltage (Note 2) —1.5V 10 +5.5V r;:
Input Current (Note 2) —30mAto +5.0 mA -
Output Current (o) +100 mA g
Recommended Operating Conditions
Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 5.5 4.75 5 5.25 \Y
Ta Operating Free-Air Temperature —55 0 75 °C
Tc Operating Case Temperature 125 °C
tw Clock Pulse Width Low 40 20 35 20 ns
High 30 10 25 10 ns
tsu Setup Time from Input
or Feedback to Clock & 38 %0 i ns
th Hold Time of Input after Clock 0 -15 0 —-15 ns
foLk Clock Frequency With Feedback 17.2 10.0 17.2 125 MHz
(Note 4) Without Feedback 333 | 143 333 | 167 | MHz
Electrical Characteristics over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) 0.8 \
Vi High Level Input Voltage (Note 6) 2 \
Vic Input Clamp Voltage Vce = Min, | = —18 mA —-0.8 -1.5 \
IR Low Level Input Current (Note 7) | Vgg = Max, V| = 0.4V —-0.02 | —0.25 mA
W1 High Level Input Current (Note 7) | Vgc = Max, V| = 2.4V 25 pA
I Maximum Input Current Voo = Max, V| = 5.5V 1.0 mA
VoL Low Level Output Voltage Vee = Min loL = 12mA MIL 03 05 v
loL = 24 mA COM
VoH High Level Output Voltage Vee = Min loH = —2mA MIL 24 29 v
loH= —3.2mA | COM
lozL Low Level Off-State Output Vce = Max Vo = 0.4V —100 A
Current (Note 7) w
lozH High Level Off-State Output Vce = Max Vo = 24V
100 nA
Current (Note 7)
los Output Short-Circuit Current Vee = 5V, Vg = OV —30 —70 —130 mA
(Note 8)
lcc Supply Current Ve = Max, 20L10 90 165 mA
Outputs Open | 20X4, 20X8, 20X10 120 180
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24-Pin Exclusive-OR PAL Family

Standard Series (PAL20L10, PAL20X4, PAL20X8, PAL20X10) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.
Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification.
Note 3: Itis recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 13 (DIP) are connected
directly to the security fuses, and the security fuses may be damaged preventing sub 1t prog! ing and verification operations.
Note 4: foy k with feedback is derived as (to k + tsu)~1.
foLk without feedback is derived as (twrow + twHigH) ~ 1.
Note 5: All typical values are for Voc = 5.0V and T = 25°C. .
Note 6: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.
Note 7: Leakage current for bidirectional I/0 pins is the worst case between I and Iz or between I and lozp.

Note 8: To avoid invalid readings in other parameter tests it is preferable to conduct the g test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent

damage may result.

Switching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military Commerical Units
Min | Typ | Max | Min | Typ | Max
trp Input (?r Fee.dback to CL = 50 pF, S1 Closed a5 60 35 50 ns
Combinatorial Output
toLk Clock to Registered CL = 50 pF, S1 Closed
Output or Feedback 20 40 20 80 ns
tpzxa G Pin to Registered Cp = 50 pF, Active High: S1 Open,
Output Enabled Active Low: S1 Closed 20 45 20 35 ns
tpxzg G Pin to Registered CL = 5 pF, from Vpop: S1 Open,
Output Disabled from VoL: S1 Closed 20 | 45 20 1 85 ) ns
tpzxi Input to Cc.>mb1natonal Output | C = 50 pF, Active High: S1 Open, 35 55 35 45 ns
Enabled via Product Term Active Low: S1 Closed
tpxz| Input to Combinatorial Output | C = 5 pF, from Vou: S1 Open,
Disabled via Product Term from Vo_: S1 Closed 35 5 35 45 ns
Test Load Schematic of Inputs and Outputs
EQUIVALENT INPUT TYPICAL OUTPUT
5V __o/o_ Vee © —0 Yec
St
< 2
, S ki 3 5kQ NOW. 3 400 NOM.
A
OUTPUT b
L INPUT O=—ntg
(] I S R2
;./L/9998—2 p—0 OUTPUT
MIL coM'L
R1 =39 R1 =200 N _*. "I/
Rz =750 R2 = 390 A b
. -4
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Series—A (PAL20L10A, PAL20X4A, PAL20X8A, PAL20X10A) o
=
. . m
Absolute Maximum Ratings (ot 1) 8
If Military/Aerospace specified devices are required, Storage Temperature —65°C to +150°C g
please contact the National Semiconductor Sales Ambient Temperature with <
Office/Distributors for availability and specifications. Power Applied —65°C to +125°C U
Supply Voltage (Vcc) (Note 2) —0.5Vito +7.0v Junction Temperature —65°C to +150°C %
Input Voltage (Note 2) —1.5Vto +5.5V ESD Tolerance (Note 3) 2000V -
Off-State Output Voltage (Note 2) —1.5Vto +5.5V Czap = 100 pF =
Input Current (Note 2) —30mAto +5.0mA ?ZAtPM= ”1‘5303 Sody Model o
. est Method: Human Body Mode
Output Current (loL) +100mA Test Specification: NSC SOP-5-028 _3__
<
Recommended Operating Conditions
Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Veo Supply Voltage 45 5 5.5 4.75 5 5.25 \
Ta Operating Free-Air Temperature —55 0 75 °C
Tc Operating Case Temperature 125 °C
tw Clock Pulse Width Low 35 15 25 15 ns
High 20 7 15 7 ns
tsu Setup Time from Input
or Feedback to Clock 40 2 %0 2 ns
th Hold Time of Input after Clock 0 -15 0 —15 ns
foLk Clock Frequency With Feedback 15.4 22.2 MHz
(Note 4) Without Feedback 18.2 250 | MHz
Electrical Characteristics over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) 0.8 \'/
VIH High Level input Voltage (Note 6) 2 \Y
Vic Input Clamp Voltage Veo = Min, I = —18 mA —-0.8 —-15 v
e Low Level Input Current (Note 7) | Voo = Max, V) = 0.4V —0.04 [ —0.25 mA
I High Level Input Current (Note 7) | Voo = Max, V| = 2.4V 25 pA
Iy Maximum Input Current Vee = Max, V| = 5.5V 100 nA
VoL Low Level Output Voltage Vee = Min loL = 12mA MIL 03 05 Y
loL = 24 mA COM
VoH High Level Output Voltage Vee = Min loH = —2mA MIL 2.4 29 Y
loH = —3.2mA | COM
lozL Low Level Off-State Output Vee = Max Vo = 0.4V
—100 pA
Current (Note 7)
lozH High Level Off-State Output Vee = Max Vo = 2.4V
100 pA
Current (Note 7)
los Output Short-Circuit Current Vecc = 5V, Vp = 0V ~30 -70 —130 mA
(Note 8) )
lcc Supply Current Vee = Max, 20L10A 115 165 mA
Outputs Open | 50x4A, 20X8A, 20X10A 135 | 180

2-65



24-Pin Exclusive-OR PAL Family

Series—A (PAL20L10A, PAL20X4A, PAL20X8A, PAL20X10A) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.
Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification.

Note 3: Itis recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 13 (DIP) are connected
directly to the security fuses, and although the input circuitry can withstand the specified ESD conditions, the security fuses may be damaged preventing
subsequent programming and verification operations.

Note 4: fc k with feedback is derived as (tgLk + tsy) 1.
fcLk without feedback is derived as (twrow + twHigH) 1.

Note 5: All typical values are for Vog = 5.0V and Tp = 25°C.

Note 6: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 7: Leakage current for bidirectional I/0 pins is the worst case betwsen Ij_ and lgz|_ or between |4y and loz.

Note 8: To avoid invalid readings in other parameter tests it is preferable to conduct the Iog test last. To minimize internal heating, only one output should be
shorted at a time with @ maximum duration of 1.0 sec. each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent
damage may result.

Switching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military CQmmerlcal Units
Min | Typ | Max | Min | Typ | Max
tpD Input or Feedback to C = 50 pF, S1 Closed 23 a5 23 30 ns
Combinatorial Output
toLk Clock to Registered CL = 50 pF, S1 Closed
Output or Feedback 10 25 10 8 ns
tpzxag GPinto Registered CL = 50 pF, Active High: S1 Open,
Output Enabled Active Low: S1 Closed "2 " 2 | ns
tpxzg G Pin to Registered Cp = 5pF, from Vou: S1 Open,
Output Disabled from Vo: S1 Closed 10 25 0| 20 | ns
tezxi Input to Combinatorial Output | C|_ = 50 pF, Active High: S1 Open, 19 a5 19 20 ns
Enabled via Product Term Active Low: S1 Closed
tpxzl Input to Combinatorial Output | C| = 5 pF, from Vpon: S1 Open, 15 a5 15 30 ns
Disabled via Product Term from VoL: S1 Closed
treseT | Power-Up to Registered 600 | 1000 600 | 1000 ns
Output High
Test Load Schematic of Inputs and Outputs
EQUIVALENT INPUT TYPICAL OUTPUT
sy —-—/O— Vec O o Vec
St X L
Sk 3 5ka NOW. 3 400 Nou.
" ouTPUT p
| L INPUT O——4
T i
- TULsoss-2 "0 outPuT
MIL com'L
R1=2390 R =200 : N A 4 rI/
R2 =750 R2 = 390 N I}‘
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Test Waveforms )
=
Set-Up and Hold Pulse Width m
£
z__.__;l,v v o
CLOCK AV HIGH=LEVEL v c
o PULSE INPUT LI ov . @
tser-up tyoLo ¢ <
DATA AR v W @
INPUT L ov LOW-LEVEL ve v v o
TL/L/9998-4 PULSE INPUT LIS ov e
TL/L/9998~5 ;
-
Propagation Delay Enable and Disable g
v

INPUT ¥ ENABLING INPUT :XVT ENABLE  Vy ) DISABLE .E_
L—_ov ov -

IN=PHASE Vou | trzn bz - |

NORMALLY HIGH Vo, "l
0.5V

N OUTPUT ;’Lv 3

VoL (S1 OPEN) 2 ===t T q

4 bz
Vou NORMALLY LOW 7 |~ P2

/ v OUTPUT vt 0.5V

oL (s1 cLosep) Vor : ¥

TL/L/9998-6

OUTPUT
(St CLOSED)

OUT OF PHASE
OUTPUT
(St CLOSED)

Notes: TL/L/9998-7

VT = 1.5V
Cy includes probe and jig capacitance.

In the examples above, the phase relationships between inputs and outputs
have been chosen arbitrarily.

Switching Waveforms

weuts JOOOK__vau eyt XXOXOCOCKXVALD PTG YALD NPT OOOOOOOCORX
tsy 1t tw ty
CLOCK /

towk tpxzol t tpzxe
REGISTERED Y
OUTPUTS
ANY INPUT
PROGRAMMED VALID DISABLEX VALID ENABLE X
FOR TRI=STATE CONTROL n T :
) PX2I Pl
COMBINATORIAL
OUTPUTS XXX )—_“l(

TL/L/9998-8

ol

Power-Up Reset Waveform (series-A only)

sv

|
90%
Vee
ov ¢
RESET —>]

Vo
REGISTERED
OUTPUTS //////////j/// INTERNAL REGISTERS RESET TO LOGIC O

Vou
v,

cLock® g .P(/////////////

ViL

TL/L/9998-9
*The clock input should not be switched from low to high until after time tresgT.
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24-Pin Exclusive-OR PAL Family

Functional Description

All of the 24-pin Exclusive-OR PAL logic arrays consist of 20
complementary input lines and 40 product-term lines with a
programmable fuse link at each intersection (1600 fuses).
The product terms are organized into ten groups of four
each. Three or four of the product terms in each group con-
nect into OR-gates to produce the output logic function, de-
pending on whether the output is combinatorial or regis-
tered.

An unprogrammed (intact) fuse establishes a connection
between an input line (true or complement phase of an ar-
ray input signal) and a product term; programming the fuse
removes the connection. A product term is satisfied (logical-
ly true) while all of the input lines connected to it (via unpro-
grammed fuses) are in the high logic state. Therefore, if
both the true and complement of at least one array input is
left connected to a product line, that product term is always
held in the low logic state (which is the state of all product
terms in an unprogrammed device). Conversely, if all fuses
on a product term were programmed, the product term
would be held in the high state.

The exclusive-OR PAL family consists of four device types
with differing mixtures of combinatorial and registered out-
puts. The 20L10, 20X4, 20X8 and 20X10 architectures have
0, 4, 8 and 10 registered outputs, respectively, with the bal-
ance of the 10 outputs combinatorial. All outputs are active-
low and have TRI-STATE capability.

Each combinatorial output has a three product-term logic
function, with the fourth product term being used for
TRI-STATE control. A combinatorial output is enabled while
the TRI-STATE product term is satisfied (true). Combinatori-
al outputs also have feedback paths from the device pins

into the logic array (except for two outputs on the 20L10).
This allows a pin to perform bidirectional I/O or, if the asso-
ciated logic function were left unprogrammed, the output
driver would remain disabled and the pin could be used as
an additional dedicated input.

For the registered outputs, the groups of the four product
terms are segmented into two OR-sums of two product
terms each; which are then combined by an exclusive-OR
gate at the input of the D-type flip-flop. All registers are trig-
gered by the high-going edge of the clock input pin. All reg-
istered outputs are controlled by a common output enable
(G) pin (enabled while low). The output of each register is
also fed back into the logic array via an internal path. This
provides for sequential logic circuits (state machines, coun-
ters, etc.) which can be sequenced even while the outputs
are disabled.

The 24-pin Exclusive-OR PAL Series-A devices reset all
registers to a low state upon power-up (active-low outputs
assume high logic levels if enabled). This may simplify se-
quential circuit design and test. To ensure successful pow-
er-up reset, Voo must rise monotonically until the specified
operating voltage is attained. During power-up, the clock
input should assume a valid, stable logic state as early as
possible to avoid interfering with the reset operation. The
clock input should also remain stable until after the power-
up reset operation is completed to allow the registers to
capture the proper next state on the first high-going clock
transition.

As with any TTL logic circuits, unused inputs to a PAL de-
vice should be connected to ground, Vo, Vo, or resistive-
ly to Vce. However, switching any input not connected to a
product term or logic function has no effect on its output
logic state.
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24-Pin Exclusive-OR PAL Family Block Diagrams—DIP Connections
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24-Pin Exclusive-OR PAL Family

28-Lead PLCC Connection Conversion Diagram*

JEDEC PLCC Diagram Non-JEDEC PLCC Diagram
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*For availability of old (Non-JEDEC) pinout, please contact your local National Semiconductor sales representative or distributor. PAL20L10 (Standard Series) is
not available in the JEDEC pinout shown above.

Typical Registered Logic Function Without Feedback

TL/L/9998-15

Typical Registered Logic Function With Feedback
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TL/L/9998-16
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Functional Description (Continued) 5. Data inputs are removed from registered output pins.

6. G is lowered to V). to enable registered outputs.
CLOCK FREQUENCY SPECIFICATION 7. The desired data values are verified at all registered out-

The clock frequency (fo k) parameter specifies the maxi- puts (VoL = Set, Vou = Reset).

mum speed at which a regns!ered ,PAL qu'ce is guaranteed Note: The minimum recommended time delay (tp) between successive input
to operate. Clock frequency is defined differently for the two transitions (including the Vp pulse width on DIP pin 8) is 100 ns.

cases in which register feedback is used versus when it is

not. In a data-path type application, where the logic func- Security Fuse

tions fed into the registers are not dependent on register
feedback from the previous cycle (i.e., based only on exter-
nal inputs), the minimum required cycle period (fo k —1 with-
out feedback) is defined as the greater of the minimum
clock period (tw high + ty low) and the minimum “data
window” period (tsy + ty). This assumes optimal alignment
between data inputs and the clock input. In sequential logic
applications such as state machines, the minimum required
cycle period (foLk—1 with feedback) is defined as to k +

Security fuses are provided on all 24-pin Exclusive-OR PAL
devices which, when programmed, inhibit any further pro-
gramming or verifying operations. This feature prevents di-
rect copying of proprietary logic patterns. The security fuses
should be programmed only after programming and verify-
ing all other device fuses. Register preload is not affected
by the security fuses.

tsu. This provides sufficient time for outputs from the regis- Des'Qn Development Support

ters to feed back through the logic array and set-up on the A variety of software tools and programming hardware is

inputs to the registers before the end of each cycle. available to support the development of designs using PAL
products. Typical software packages accept Boolean logic

Output Register Preload (series-A) equations to define desired functions. Most are available to

run on personal computers and generate JEDEC-compati-
ble “fuse maps”. The industry-standard JEDEC format en-
sures that the resulting fuse-map files can be down-loaded
into a large variety of programming equipment. Many soft-
ware packages and programming units support a large vari-
ety of programmable logic products as well. The PLANTM
software package from National Semiconductor supports all
programmable logic products available from National and is
fully JEDEC-compatible. PLAN software also provides auto-
matic device selection based on the designer’s Boolean
logic equations.

Detailed logic diagrams showing all JEDEC fuse-map ad-
dresses for the 24-pin Exclusive-OR PAL family are provid-

The preload function allows the registers to be loaded asyn-
chronously from data placed on the output pins. This feature
simplifies device testing since any state may be loaded into
the registers at any time during the functional test se-
quence. This allows complete verification of sequential logic
circuits, including states that are normally impossible or diffi-
cult to reach. Register preload is not an operational mode
and is not intended for board level testing because elevated
voltage levels are required. The programming system nor-
mally provides the preload capability as part of its functional
test facility.

The register preload procedure is as follows:

1. Vce is raised to 4.5V. ed for direct map editing and diagnostic purposes. For a list

2. Registered outputs are disabled by raising output enable of current software and programming support tools avail-
@G) to V. able for these devices, please contact your local National

3. The desired data values are applied to all registered out- Semiconductor sales representative or distributor. If de-
put pins (V). = set, V| = reset). tailed specifications of the PAL programming algorithm are

4. DIP pin 10 (PCC pin 12) is pulsed to Vp, then back to V.. needed, please‘ contact the National Semiconductor Pro-
(Vp = 18.0V +0.5V). grammable Device Support Department.

Register Preload Waveform

] N—
ViRV 0 b

REGISTERED
ooToos VoL = NeuT Y= oUTPUT
1T
Vp
-t o=

DIP PIN 10
PCC PIN 12

i

TL/L/9998-17
Note: Vp = 18.0V £0.5V, t{p min. = 100 ns
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24-Pin Exclusive-OR PAL Family

Ordering Information

The device number is used to form part of a simplified purchasing code where a package type and temperature range are
defined as follows: :

Programmable Array Logic Family

Number of Array Inputs

Output Type:
H = Active High
L = Active Low
C = Complementary
R = Registered
X = Exclusive-OR Registered
P = Programmable Polarity

Number of Registered Outputs (or total outputs if non-registered)

Speed/Power Version:
No Symbol = 50 ns
A =30ns

Package Type:
N = 24-Pin Plastic DIP
J = 24-Pin Ceramic DIP
V = 28-Lead Plastic Chip Carrier JEDEC Standard Pinout*
XV = 28-Lead PLCC Non-JEDEC Standard Pinout*

Temperature Range:
G = Commercial (0°C to +75°C)
M = Military (—55°C to +125°C)

PAL 20 X 10 A N C
*For availability of PAL20L10 in PLCC package, please contact your sales office.
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Logic Diagram PAL20L10
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JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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24-Pin Exclusive-OR PAL Family

Logic Diagram PAL20X4
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24-Pin Exclusive-OR PAL Family

Logic Diagram PAL20X10
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National
Semiconductor

Programmable Array Logic (PAL®)

24-Pin Medium PAL Family

General Description

The 24-pin Medium PAL family contains four of the most
popular PAL architectures with speeds as fast as 10 ns
maximum propagation delay. National Semiconductor's ad-
vanced Schottky TTL process with titanium tungsten fusible
links is used in manufacturing the Series A and Series B
devices. Series D devices are manufactured using National
Semiconductor’'s isoplanar “FAST-Z" TTL process with
highly reliable *vertical-fuse” programmable cells. Vertical
fuses are implemented using avalanche-induced migration
(“AIM") technology offering very high programming yields
and is an extension of National's FAST® logic family. The
24-pin Medium PAL family provides high-speed user-pro-
grammable replacements for conventional SSI/MSI logic
with significant chip-count reduction.

Programmable logic devices provide convenient solutions
for a wide variety of application-specific functions, including
random logic, custom decoders, state machines, etc. By
programming the programmable cells to configure AND/OR
gate connections, the system designer can implement cus-
tom logic as convenient sum-of-products Boolean functions.
System prototyping and design iterations can be performed
quickly using these off-the-shelf products. A large variety of
programming units and software makes design develop-
ment and functional testing of PAL devices quick and easy.
The PAL logic array has a total of 20 complementary input
pairs and 8 outputs generated by a single programmable
AND-gate array with fixed OR-gate connections. Device out-
puts are either taken directly from the AND-OR functions

(combinatorial) or passed through D-type flip-flops (regis-
tered). Registers allow the PAL device to implement se-
quential logic circuits. TRI-STATE® outputs facilitate busing
and provide bidirectional 1/0 capability. The medium PAL
family offers a variety of combinatorial and registered output
mixtures, as shown in the Device Types table below.

On power-up, Series-D devices reset all registers to simplify
sequential circuit design and testing and for Series B devic-
es, the registers are set on power-up. For Series D and
Series B devices, direct register preload is also provided to
facilitate device testing. Security fuses can be programmed
to prevent direct copying of proprietary logic patterns.

Features

o As fast as 10 ns maximum propagation delay (combina-
torial)

o User-programmable replacement for TTL logic

High programming yield and reliability of vertical-fuse
technology for Series D products. (Programming equip-
ment with certified vertical-fuse algorithm required)

a Extension of FAST product line (Series-D).

o Large variety of JEDEC-compatible programming
equipment and design development software available

Device Types
Device [Dedicated Hg%its;z::d Combinatorial
Type Inputs .
(With Feedback) 1/0s |Outputs
PAL20L8 14 — 6 2
PAL20R4 12 4 4 —_
PAL20R6 12 6 2 —
PAL20R8 12 8 — —
Speed/Power Versions
Series| Example Commercial Military
tep lcc trp lcc
A |PAL20L8A| 25ns |210mA | 30ns | 210 mA
B |PAL20L8B| 15ns [210mA | 20ns | 210mA
D |PAL20L8D! 10ns | 210mA

m Fully supported by National PLAN™ software
@ Power-up set/reset for registered outputs (Series-B, D)
o Register preload facilitates device testing (Series-B, D)
m Security fuse prevents direct copying of logic patterns
Block Diagram—PAL20R8
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24-Pin Medium PAL Family

Series A (PAL20L8A, PAL20R4A, PAL20R6A, PAL20RBA)

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Storage Temperature —65°Cto +150°C

Ambient Temperature with

Power Applied —65°Cto +125°C

Office/Distributors for availability and specifications. Junction Temperature —65°Cto +150°C
Supply Voltage (Vce) (Note 2) —0.5Vto +7.0V Esg T°'?__'a:‘gg g‘"f'e 3) 400V
Input Voltage (Note 2) —1.5Vto +5.5V Ri:; = 15000
Off-State Output Voltage(Note 2) —-1.5Vto +5.5V Test Method: Human Body Model
Input Current (Note 2) —30mAto +5.0 mA Test Specification: NSC SOP-5-028
Output Current (o) +100 mA
Recommended Operating Conditions
Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4,75 5 5.25 \
TA Operating Free-Air Temperature —55 0 75 °C
Tc Operating Case Temperature 125 °C
tw Clock Pulse Width Low 20 15 ns
High 20 15 ns
tsu Setup Time from [nput
or Feedback to Clock 80 18 25 18 ns
tH Hold Time of Input after Clock 0 -10 . 0 -10 ns
foLk Clock Frequency With Feedback’ 20 28.5 MHz
(Note 4) Without Feedback 25 333 | MHz
Electrical Characteristics over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) 0.8 v
ViH High Level Input Voltage (Note 6) 2 \
Vic Input Clamp Voltage Vo = Min, | = —18 mA -0.8 -1.5 v
L Low Level Input Current (Note 7) Voo = Max, V| = 0.4V —-0.02 [ —0.25 mA
ITe High Level Input Current (Note 7) | Voo = Max, V; = 2.4V 25 pA
I Maximum Input Current Voo = Max, V| = 5.5V 100 pA
VoL Low Level Output Voltage Vee = Min loL =12mA MIL 0.3 0.5 v
loL = 24 mA COM
VoH High Level Output Voltage Vee = Min loH= —2mA MiL 24 34 v
lon = —32mA | COM
lozL Low Level Off-State Output Vce = Max | Vo = 0.4V 100 A
Current (Note 7) i
lozH High Level Off-State Output Voo = Max | Vo = 24V 100 A
Current (Note 7) »
los Output Short-Circuit Current Vec = 5V, Vo = 0V —30 70 _130 mA
(Note 8)
lcc Supply Current Veoc = Max, Outputs Open 160 210 mA
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Series A (PAL20L8A, PAL20R4A, PAL20R6A, PAL20R8A) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the

specified recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification.

Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 13 (DIP) are connected

directly to the security fuses, and although the input circuitry can withstand the specified ESD conditions, the security fuses may be damaged preventing

subsequent programming and verification operations.

Note 4: fcy  with feedback is derived as (tgrk + tsu)—1.
fcLk without feedback is derived as (2tw)~1.

Note 5: All typical values are for Vog = 5.0V and Tp = 25°C.

Note 6: Thess are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to

test these values without suitable equipment.

Note 7: Leakage current for bidirectional I/0 pins is the worst case between Iy and loz), or between |y and lozp.

Note 8: To avoid invalid readings in other parameter tests it is preferable to conduct the lgg test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent

damage may result.

Switching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military Commerical Units
Min | Typ | Max | Min | Typ | Max
tpp Input gr Fegdback to Cp = 50 pF, S1 Closed 18 30 18 25 ns
Combinatorial Output
toLk Clock to Registered CL = 50 pF, S1 Closed 12 20 12 15 ns
Output or Feedback
tpzxa G Pin to Registered CL = 50 pF, Active High: S1 Open,
2!
Output Enabled Active Low: S1 Closed 10 2 10 0 ns
tpxzg G Pin to Registered CL = 5pF, From Vop: S1 Open,
5 11 20
Output Disabled From Vg_: $1 Closed " 2 ns
tpzxi Input to Combinatorial Output | C_ = 50 pF, Active High: S1 Open, 10 30 10 25 ns
Enabled via Product Term Active Low: S1 Closed
texz) Input to Combinatorial Output | C = 5 pF, From Vgu: S1 Open, 13 30 13 25 ns
Disabled via Product Term From Vo: S1 Closed
Test Load Schematic of Inputs and Outputs
v o—" o EQUIVALENT INPUT TYPICAL OUTPUT
st Vee o— ~0 Vec
R1
$ 8k NOM. S 400 NOW.
oUTPUT )
[ R2 }
I INPUT © il {4—
= = N
TL/L/9394-2
MIL coM'L
R1 =390 R1 =200 Y
R2 =750 R2 =390 —0 output
1 \ 4 I%
A 1 D

TL/L/9394-28
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24-Pin Medium PAL Family

Series B (pAL20L8B, PAL20R4B, PAL20R6B, PAL20RSB)

Absolute Maximum Ratings (ot 1)

If Military/Aerospace  specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature

Ambient Temperature with

Power Applied

—65°Cto +150°C

—65°Cto +125°C

Supply Voltage (Vcc) (Note 2) —0.5Vto +7.0V Junction Temperature —66°Cto +150°C
Input Voltage (Note 2) —1.5Vto +5.5V ESD Tolerance (Note 3) 1500V
Off-State Output Voltage(Note 2) —1.5Vto +5.5V Czap = 100 pF
Input Current (Note 2) —30mAto +5.0 mA _'I?ZAtF’NTt:]530‘2l Body Model
est Method: Human Body Model
Output Current (o) +100 mA Test Specification: NSC SOP-5-028
Recommended Operating Conditions
Symbol Parameter Mititary Commercial Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \"
Ta Operating Free-Air Temperature -55 0 75 °C
Tc Operating Case Temperature 125 °C
tw Clock Pulse Width Low 12 8 10 5 ns
High 12 8 10 5 ns
tsu Setup Time from Input :
or Feedback to Clock 2 10 15 10 ns
tH Hold Time of Input after Clock 0 -5 0 -5 ns
fok - Clock Frequency With Feedback 28.5 37 MHz
(Note 4) Without Feedback 417 50 MHz
Electrical Characteristics over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) 0.8 \"
Vi High Level Input Voltage (Note 6) 2 '
Vic Input Clamp Voltage Vec = Min, | = —18 mA -0.8 -15 v
L Low Level Input Current (Note 7) Vcc = Max, V| = 0.4V —-0.02 | —0.25 mA
i High Level Input Current (Note 7) | Vg = Max, V| = 2.4V 25 pA
Iy Maximum Input Current Vec = Max, V| = 5.5V 100 rA
VoL Low Leve! Output Voltage Vee = Min loL = 12mA MIL 03 05 v
loL = 24 mA COM
Vo High Level Output Voltage Vee = Min loH= —2mA MIL o4 a4 v
loH = —3.2mA | COM
lozL Low Level Off-State Qutput Vee = Max | Vo = 0.4V —100 A
Current (Note 7) b
lozH High Level Off-State Output Voc = Max | Vo =24V 100 A
Current (Note 7) b
los Output Short-Circuit Current Vcg = 5V, Vg = 0V _30 _70 —130 mA
(Note 8)
lcc Supply Current Ve = Max, Outputs Open 160 210 mA
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Series B (PaL20L8B, PAL20R4B, PAL20R6B, PAL20RSB) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.
Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable specification.

Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 13 (DIP) are connected
directly to the security fuses, and although the input circuitry can withstand the specified ESD conditions, the security fuses may be damaged preventing
subsequent programming and verification operations.

Note 4: fo  with feedback is derived as (tc k + tsu)~1.
foLk without teedback is derived as (2tw)~ 1.

Note 5: All typical values are for Vo = 5.0V and Tp = 25°C.

Note 6: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 7: Leakage current for bidirectional 170 pins is the worst case between I)_ and Igz. or between ! and lozH.

Note 8: To avoid invalid readings in other parameter tests it is preferable to conduct the lpg test last. To minimize internal heating, only one output should be
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent
damage may result.

Switching Characteristics over Recommended Operating Conditions

N .l.t c .
Symbol Parameter Test Conditions Military ommerical | s
Min | Typ | Max | Min | Typ | Max
trD Input (.Jr Fee'dback to CL = 50 pF, S1 Closed 1 20 11 15 ns
Combinatorial Output
toLk Clock to Registered CL = 50 pF, S1 Closed
Output or Feedback 8 15 8 12 ns
tpzxa G Pin to Registered CL = 50 pF, Active High: S1 Open,
Output Enabled Active Low: S1 Closed 10 20 10 15 ns
texzGg G Pin to Registered Cp = 5pF, FromVgy: S10Open, 8 20 8 12 ns
Output Disabled From Vg : S1 Closed
tpzx Input to Combinatorial Output | C = 50 pF, Active High: S1 Open, 11 20 11 15 ns
Enabled via Product Term Active Low: S1 Closed
tpxz Input to Combinatorial Output | C = 5pF, From Von: S1 Open, 11 20 11 15 ns
Disabled via Product Term From Vgo_: S1 Closed
tseT Power-Up to Registered 600 | 1000 600 | 1000 ns
Output Low
Test Load Schematic of Inputs and Outputs
v — EQUIVALENT INPUT TYPICAL OUTPUT
st Vee © o Veo
] L
3 5ka NOM. 3; 400 NOM.
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- TL/L/9394-2
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24-Pin Medium PAL Family

Series D (PAL20L8D, PAL20R4D, PAL20RED, PAL20RSD)

PRELIMINARY

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Storage Temperature
Ambient Temperature with

Power Applied

—65°Cto +150°C

—-65°Cto +125°C

Supply Voltage {Vcc) (Note 2) —0.5Vto +7.0v Junction Temperature —65°Cto +150°C
Input Voltage (Note 2) —1.5Vto +7.0V ESD Tolerance 2000V
Off-State Output Voltage (Vo) Czap = 100 pF
(Notes 2 & 3) —1.5Vto +5.5V Rzap = 15000
Input Current (Note 2) —30mAto +5.0mA Test Method: Human Body Model
Output Current (loL) +100 mA Test Specification: NSC SOP-5-028
Recommended Operating Conditions
Symbol Parameter Commercial Units
Min Nom Max
Vee Supply Voltage 4.75 5 5.25 \
TA Operating Free-Air Temperature 0 25 75 °C
tw Clock Pulse Width Low 7 ns
High 7 ns
tsu Setup Time from Input 10 ns
or Feedback to Clock
tH Hold Time of Input after Clock 0 ns
fork Clock Frequency With Feedback 55.5 MHz
(Note 4) Without Feedback 71.4 MHz
Vz Register Preload Control Voltage 9.5 9.75 10.0 Vv
Electrical Characteristics over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) ' 0.8 Vv
ViH High Level Input Voltage (Note 6) 2 \
Vic Input Clamp Voltage Vecc = Min, | = =18 mA -1.2 Vv
L Low Level Input Current (Note 7) Vce = Max, V) = 0.4V —250 pA
hH High Level Input Current (Note 7) Voo = Max, V) = 2.4V 25 pA
I Maximum Input Current Vce = Max, V| = 5.5V 100 pA
VoL Low Level Output Voltage Vee = Min 05 v
loL = 24 mA
Vou High Level Output Voltage Vee = Min 27 Vv
loH = —3.2mA
lozL Low Level Off-State Output Vee = Max, Vo = 0.4V —50 A
Current (Note 7)
lozH High Level Off-State Output Vee = Max, Vo = 2.4V 50 A
Current (Note 7)
los &u;g:te )Short-Clrcun Current Vec = 5V, Vo = 0V —50 130 mA
Ilcc Supply Current Ve = Max, Outputs Open 125 210 mA
Cy Input Capacitance Vee = 5.0V, V) = 2.0V 8 pF
Co Output Capacitance Vee = 6.0V, Vg = 2.0V 8 pF
Ci/o 1/0 Capacitance Ve = 5.0V, Viy0 = 2.0V 8 pF
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Series D (PAL20L8D, PAL20R4D, PAL20R6D, PAL20R8D) (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Some dovice pins may be raised above these limits during programming and preload operations according to the applicable specification.

Note 3: Vo must not exceed Vg + 1V

Note 4: fc k with feedback is derived as (tcyk + tsy)~1.
fcLk without feedback is derived as (2tw)—1.

Note 5: All typical values are for Voo = 5.0V and Tp = 25°C.

Note 6: These are absolute voltages with respect to the ground pin on the device and include all overshoots dus to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 7: Leakage current for bidirectional I/0 pins is the worst case between I and gz, or between )y and lozy.

Note 8: To avoid invalid readings in other p tests it is preferable to conduct the Igg test last. To minimize internal heating, cnly one output should be
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent
damage may result.

Switching Characteristics over Recommended Operating Conditions

Symbol ' Parameter Test Conditions Commerical Units
Min Typ Max
tPD Input or Feedback to CL = 50 pF, S1 Closed 10 ns
Combinatorial Output
toLk Clock to Registered C_ = 50 pF, S1 Closed 8 ns
Output or Feedback
tpzxG G Pin to Registered CL = 50 pF, Active High: S1 Open, 10 ns
Output Enabled Active Low: S1 Closed
tpxzg G Pin to Registered CL = 5pF, From Vop: S1 Open, 10 ns
Output Disabled From Vo_: S1 Closed
tpzx Input to Combinatorial Output CL = 50 pF, Active High: S1 Open, 10 ns
Enabled via Product Term Active Low: S1 Closed
tpxz Input to Combinatorial Output CL = 5 pF, From Vpp: S1 Open, 10 ns
Disabled via Product Term From Vor: S1 Closed
tRESET Power-Up to Registered
Output High 1000 ns
Test Load Schematic of Inputs and Outputs
EQUIVALENT INPUT TYPICAL OUTPUT
sv ——o{)— Vee o o Voo
SR
< 3 12k8 NOM. 3 400 NOM.
< <
OUTPUT —1—
¢ Sr
I j INPUT O~
- TL/L/9394-23
R1 = 200
R2 = 390 —o outPuT
£ r'g

TL/L/9394-24
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24-Pin Medium PAL Family

Test Waveforms

Set-Up and Hold

CLOCK /v ¥
AT ov
{ser-up tuoLp
3v
DATA (R
INPUT LI oV
TL/L/9394-3
Propagation Delay
k%
INPUT
ov
IN-PHASE Vou
OUTPUT
(S1 CLOSED) [ ——"
OUT OF PHASE v,
QUTPUT / OH
(S1 CLOSED) Vo

TL/L/9394-4
Notes:
V1 =15V
C_ includes probe and jig capacitance.

In the examples above, the phase relationships between inputs and outputs
have been c