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Introduction

This Databook and Design Guide is your complete reference
to all product and support information relating to National
Semiconductor’s programmable logic devices (PLDs) and
development tools.

In our new 1992 issue, you will notice that we have expanded
our EECMOS product line with the addition of many new
GAL® devices, including the new GAL Quiet Series™ family.
We have also introduced a brand new family of high-
er-density EECMOS MAPL™ (Multiple Array Programmable
Logic) devices which specifically address the needs of com-
plex state machine and bus interface applications.

To support all of our GAL, ECLPAL and MAPL devices, we
have released OPAL™—a low cost, menu driven, open-ar-
chitecture development package that is available for MS-
DOS®, Windows® 3.0 and Sun® workstation platforms.

If you are in need of further information or assistance, please

contact your local National Semiconductor sales representa-

- tive. A detailed list of National Semiconductor sales offices
and representatives is given at the back of this book.
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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
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Not In Production

This data sheet contains specifications on a product that has been
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is printed for reference information only.
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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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Product Line Overview

1.0 Selection Tables

The product selection tables which follow are organized by technology group (EECMOS and ECL), then

by “family”, and finally

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 I. Programmable Logic Product Selection Guide

) D -
Family and Part Icc Outputs
Series ‘Numbers r(‘mf x)1 (max) Page
(Note 1) Combinatorial Registered
EECMOS )
20-Pin Quiet Series GAL16v8QS-15L 15 90 — 8 2-40
Generic GAL16V8QS-15Q 15 55 — 8 2-40
Array GAL16V8QS-20L 20 90 — 8 2-40
Logic GAL16V8QS-25L 25 90 — 8 2-40
GAL16V8QS-25Q 25 55 — 8 2-40
24-Pin Quiet Series - GAL20V8QS-15L 15 90 — 8 2-59
Generic GAL20V8QS-15Q 15 55 — 8 2-59
Array GAL20V8QS-20L 20 90 —_ 8 2-59
Logic GAL20V8QS-25L 25 90 — 8 2-59
' GAL20V8QS-25Q 25 55 —_ 8 2-59
20-Pin GAL16V8-7 7.5 115 —_ 8 2-3
Generic GAL16V8-10 10 115 — 8 2-3
Array GAL16V8A-12 12 90 —_ 8 2-3
Logic GAL16V8A-15 15 90 — 8 2-3
GAL16V8-20L 20 90 — 8 2-3
GAL16V8-25L 25 90 —_ 8 2-3
GAL16V8-25Q 25 55 — 8 2-3
24-Pin GAL20V8-7 7.5 115 — 8 2-22
Generic GAL20V8-10 10 115 — 8 2-22
Array GAL20V8A-12 12 90 — 8 2-22
Logic GAL20V8A-15 15 90 — 8 2-22
GAL20V8-20L 20 90 - 8 2-22
GAL20V8-25L 25 g0 —_ 8 2-22
GAL20V8-25Q 25 55 — 8 2-22
GAL22V10-15 15 130 — 10 2-78
GAL22Vv10-20 20 150 — 10 2-78
GAL22V10-25 25 130 —_ 10 2-78
GAL22V10-30 30 150 —_ 10 2-78
GAL20RA10-15 15 100 — 10 2-91
GAL20RA10-20 20 120 — 10 2-91
GAL20RA10-25 25 100 — 10 2-91
GAL6001-30L 30 150 — 10 2-102

Note 1: N

tpp for c

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

0 aur 1onpoud
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Product Line Overview

TABLE |. Programmable Logic Product Selection Guide (Continued)

tpp

Family and Part Ice Outputs

Serles Numbers S“taxl (max) Page
(Note 1) Combinatorial | Registered
ECL PAL

Combinatorial PAL1016P8 6 - —240 8 — 2-118
PAL10016P8 6 —240 8 — 2-113
PAL1016P8-3 3 —230 8 — 2-122
PAL10016P8-3 3 —230 8 — 2-122
PAL1016PE8-3 3 —230 8 — 2-127
PAL10016PE8-3 3 —230 8 — 2-127
PAL1016P4A 4 —220 4 — 2-132
PAL10016P4A 4 —220 4 - — 2-132°
- PAL1016P4-2 25 —220 4 — . 2-136
PAL10016P4-2 25 - —220 4 — 2-136
PAL1016C4-2 . 2 . —220. 4 — 2-141
PAL10016C4-2 2 —220 . 4 — 2-141

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

Family and Part : lcc Outputs
Series Numbers VF("",") ] {max) : Page
Combinatorial Registered
HIGH DENSITY EECMOS
Muitiple Array MAPL128-40 40 110 —_ 16 3.3 -
Programmable MAPL128-33 33 110 — 16 3-3
Logic MAPL144-45 45 125 - ‘24 3-3
MAPL144-40 " 40 125 — 24 33"
MAPL144-33 33 125 — 24 33
MAPL244-50 50 180 8 24 3-15
MAPL244-40 40 180 8 ' 24 3-16
MAPL244-33 33 180 - -8 24 - 3-15




2.0 Ordering Information

The ordering information diagram below defines the product-number nomenclature used throughout National’'s programmable
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: '

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

PAL100 = 100k ECL PAL

MAPL = Multiple Array Programmable Logic

Number of Array Inputs
(For MAPL Devices: 128 = Series 1, 28 pins
144 = Series 1, 44 pins
244 = Series 2, 44 pins)

Output Type:
C = Complementary
RA = Registered Asynchronous
V = Variable (GAL only)
P = Programmable Polarity

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

— GAL Quiet Series Only

Speed/Power Series:
-7=7ns
—10 = 10ns
—15L = 15 ns, Half-power
—15Q = 15 ns, Quarter-power
—20L = 20 ns, Half-power
—25L = 25 ns, Half-power
-25Q = 25 ns, Quarter-power
A—12 = 12 ns, Half-power
A—15 = 15 ns, Half-power
—33 = 33 MHz (MAPL)
—40 = 40 MHz
—45 = 45 MHz
—50 = 50 MHz

Package Type:
N = Plastic DIP
J = Ceramic DIP
V = Plastic Leaded Chip Carrier
W = Quad Cerpak (ECL only)

Temperature Range:
C = Commercial
| = Industrial

GAL 16 V 8 QS 15L N ¢
FIGURE 1-1. PLD Part-Number Nomenclature and Ordering Information

Xi
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Semiconductor

Designing with Programmable Logic

Programmable logic has evolved over the last decade into a
design tool permitting digital logic designs with a minimal
number of packages and a maximum of flexibility. The key
to PLDs is the use of embedded programmable cells which
allow logic components to be configured into specific de-
signs in the field. This permits logic consolidation with quick
implementation and equally quick design revision often with-
out board layout changes.

While Programmable Logic Devices (PLDs) do not offer the
density of standard VLSI or custom circuits, they are far
more flexible than the former and more cost-efficient than
the latter. They have found extensive use in varied applica-
tions. They are both inexpensive and space-saving in re-
placing less efficient “glue logic”, which was one of the
more popular original uses of PLDs. But they are also capa-
ble of efficiently implementing complex functions and state
machines.

1.0 Background to PLDs

The use of programmable logic in digital design began with
the diode matrix with aluminum fuses at the crosspoints in
the early 1960’s. This evolved into the PROM through the
addition of a decoder at the inputs. The result was an ad-
dressable memory which could also be seen as a universal
logic device with a fixed AND matrix (the decoder) feeding a
programmable OR matrix (the diode array). A representative
PROM circuit is shown in Figure 1(b) as implementing, for
example, a simple set of equations given in Figure 7(a). The
disadvantage of a PROM used as a logic device derives
from its universality. The number of product terms available
is 2n, where n is the number of input variables. Each addi-
tional variable (input pin) doubles the size of the matrix. As a
result, commercial PROMs offer limited input (i.e. address
pins). This approach rapidly degrades performance due to
the decode logic and the array dimensions required, and
increases cost through inefficient use of silicon. Many logic
applications require more inputs, but not the flexibility of a
full decoder.

This dilemma was solved by introducing a second fuse ma-
trix in place of the fixed decoder, allowing selection only of
those product terms required by the design. This made
much more efficient use of the programmable matrix. Like
the PROM, it was made using fuses which could be config-
ured in the field and was therefore called the Field Program-
mable Logic Array (FPLA or just PLA). The basic PLA archi-
tecture is shown in Figure 1(c). Unlike the PROM, the PLA
can handle logic functions requiring more input variables
with much less than 2n product terms.

However, the additional fuses of the second matrix imposes
a longer delay than a hardwired decoder and introduces
more circuit complexity. One solution was to hardwire the
OR array and allow the user to program only the AND array.
This arrangement is known as the Programmable Array Log-
ic (PAL®) architecture shown in Figure 1(d). The introduc-
tion of the PAL device was the key which unlocked the po-
tential of efficient programmable logic for designers. The
PAL device could be made more cost-effectively than the
PLA and could substitute flexibility in the OR array by being
offered in a variety of basic configurations. Also, since the
number of programmable arrays through which a logic sig-
nal needed to pass was reduced from two to one, device
performance improved considerably.

Development of the initial PAL concept has led to families of
products in several technologies, offering a range of design
building blocks, power requirements and performance.

The advantages of the one-time programmable (OTP) de-
vices described above hinge on the ability to configure inte-
grated circuits in the field. Once blown, the cells cannot be
reconfigured. More cost savings would be available if PLDs
could be reconfigured. This would permit device reuse and
exhaustive factory testing for yet higher programming yield
and improved reliability. Recent developments in semicon-
ductor technology have made electrically erasable cells
available for memory and logic products. Such reconfigura-
ble cells have been used to make “Generic Array Logic”
(GAL®) devices. Basic GAL devices offer not only all the
logic configurations likely to be required but also allow modi-
fication of prototypes for development debug and also of
systems in the field for reconfiguration or upgrade.

As systems become more complex, so too have PLDs.
However, as the size of a GAL grows, its performance drops
substantially. In order to achieve higher densities, while
maintaining the performance of PALs, IC vendors have put
multiple GAL matrices into one device to realize the density
of one large GAL, while retaining the performance of a sin-
gle GAL. National Semiconductor’s MAPL devices take this
concept one stage further. MAPL devices incorporate multi-
ple PLA blocks that take advantage of the characteristics of
the state machine applications they are designed for. State
machines use only a portion of the total logic at any given
time, so instead of making all of the PLA blocks active at
one time, only the block with the current logic is made ac-
tive. Thus, the multiple elements are not merely blocks, but
pages that allow not only higher densities and high perform-
ance, but low power consumption as well.
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2.0 Design Advantages

Digital logic designers have always worked under con-
straints. Reduction of system size and cost demand effi-
cient, compact designs. System reliability forces designers
to compromise between evolving solutions and existing
proven methods. Future revisions demand a degree of flexi-
bility which must be anticipated. Yet the systems them-
selves increase in complexity, components sophistication
requires ever more sophisticated tools and conceiving the
optimal design for so many parameters requires a range of
skills which must constantly be developed.

PLDs do not solve all of these problems. But they do pro-
vide a method of dealing with some of the major issues in
an effective way by providing a uniform methodology. This
section discusses some of the major advantages available
to designers through the use of PLDs.

SIMPLIFIED SYSTEM DESIGN

The semi-custom approach of PLDs allows the user to
specify exactly the functions which will be implemented in
the logic. This avoids the problem of interconnecting various
88| components to achieve the same result. At the same
time, PLDs offer speed advantages through reduction of in-
terconnects. The methodology becomes one of writing the
equations for the desired function with the help of the soft-
ware tools and using such equations to configure the appro-
priate devices. This methodology accelerates both the con-
ception and implementation of the design. Since the soft-
ware tools available handle all the details regarding device
configuration, the designer is left free to focus on the design
of the application itself. An additional benefit is that many of
the changes which usually need to be incorporated in a de-
sign after implementation can often be accommodated by
altering the PLD's internal configuration, thus avoiding rewir-
ing of prototype and printed circuit boards.

INCREASED FUNCTIONAL DENSITY

Despite the development of LS| and VLSI devices which
package an amazing amount of logic on a single chip, sys-
tem designers have still had to contend with the power,
space and drive problems associated with a myriad of
SSI/MSI packages used either for “glue” or for specific de-
sign requirements not available in off-the-shelf parts. Ordi-
narily, this will decrease the functional density.

PLDs, however, offer a compact solution with high function-
ality and less waste in 1/0 and interconnect lines, so that
functional density can approach that of custom logic without
the associated engineering charges. On the other hand, the
combination of several functions on a single chip reduces
power as well as space and has the added benefit of boost-
ing system performance through a reduction of intercon-
nects.

3.0 Manufacturing Advantages

While PLDs offer a number of advantages over SSI/MSi for
the designer, there are a number of considerations which
only become apparent when system volume production is
examined. These include:

e Cost of Inventory

® Cost of Ownership

e Cost of Upgrades/Modifications
o Reliability

COST OF INVENTORY

A hidden cost associated with many designs is the inventory
of parts required in order to sustain it in production. PLDs
are able to reduce this cost by offering a substantial reduc-
tion in the number of different part types which are other-
wise required to build a given system using standard logic
parts. This is particularly true for GAL devices. Users may
find that the inventory cost advantages of GAL devices tend
to offset the slight difference in price of GAL over standard
PAL devices.

COST OF OWNERSHIP

The cost of ownership of a particular part is more subtle
than the simple price at which it is available on the market.
In fact, the cost of ownership includes the cost of those
devices which fail and which must be replaced. This cost
increases dramatically as the discovery of failures occurs
later in the production process. )

The additional cost of a failed part at incoming inspection is
relatively minor. However, PLDs must be programmed to
the user’s pattern before any meaningful functional testing
can be done by the user. Therefore, the first detectable de-
vice failure for a PLD will be a programming failure detected
during device verification on the programming equipment.
This is the most frequent of all failure modes for PLDs. Elec-
trically-erasable GAL and MAPL devices have a much high-
er factory testability and an inherently more reliable pro-
gramming technology. This gives these advanced technolo-
gy products a strong advantage at this early stage of pro-
duction.

Once devices have been verified, functional testing can be
performed while still loaded in the programming unit or.on
production IC testers. Otherwise, the device functionality is
tested in-circuit. Both involve further production costs which
contribute to cost of ownership, particularly if the device is
already soldered in place.

Failures beyond this may occur at the board or system level.
This.sometimes occurs despite testing at previous stages
and happens to standard non-programmable products as
much as to PLDs. Most are detected in producnon but are
increasingly costly to correct.

The final location at which device failure over product life-
time can occur is in the field. Field failures are attributed
primarily to device reliability. Since field failures have the
highest associated cost, National Semiconductor performs
extensive reliability testing on all PLD products, processes
and packages.

COST OF UPGRADES AND MODIFICATIONS

Unlike standard SSI/MSI, PLDs offer some degree of flexi-
bility in permitting alterations to a circuit which is already in
production. At its simplest level, all PLDs permit some de-
gree of reconfiguration within the existing printed circuit
board and device pinout. Even if the original one-time-pro-
grammable (OTP) PLD cannot be reconfigured, subsequent
production can alter the circuit by altering the fuse map with-
out any other changes. Where the change is more dramatic,
the use of a pin-compatible GAL device may still offer a
change which requires no circuit board alterations. Field al-
terations are then limited to replacing a device and do not
require the standard time-consuming cut-and-jumper ap-
proach.
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HIGHER RELIABILITY

The higher-levels of integration associated with contempo-
rary digital design have brought reliability and testability to
the fore as issues in system design. Increased system and
integrated circuit complexity have made it crucial that an
acceptable design debug and system test methodology be
included as part of the development process. PLDs help in
this by being both flexible and versatile in design debug,
particularly reconfigurable EECMOS devices.

It has also been shown that system reliability is a function of
the number of components used and the pins and wiring
necessary to interconnect them. The decreased package
count over standard SSI/MSI devices through the use of
PLDs therefore helps maximize system reliability.

Recent advances in PLD circuit design and processing tech-
nology have greatly improved the long-term reliability of
both OTP and reprogrammable EECMOS products. Sophis-
ticated test circuitry built into these products allows in-
creased testability of on-chip circuit elements and program-
ming cells to ensure long-term reliability.

4.0 Alternative Methodologies

Since the introduction of LSI, there has been a growing

“complexity gap” between high-density, high-functionality
devices and the low-density device available to interconnect
them or provide non-standard design alternatives. PLDs are
emerging to bridge that gap.

STANDARD LSI

Advances in this area have been made at the cost of device
flexibility and support software complexity. A hidden disad-
vantage has been the need to interface such devices into a
given system, often resulting in a disproportionately high
package count and power supply problems. PLDs can be
used for package reduction of the inevitable “glue logic”
around LS| applications. But also, frequently design require-
ments may be for a controller which doesn’t require micro-
processor complexity or cannot accept the slower micro-
processor speeds. While standard LS| attempts to be a uni-
versal solution, the system under design may require a
much simpler solution and/or special functions not provided
in available LSI. PLDs can often provide a more appropriate,
higher-performance, cost-effective and compact design in
such cases.

STANDARD SSI/MSI

While having mounting competition from other design meth-
odologies, SSI/MSI logic continues to be used in many de-
signs where specialized functions are required in lower pro-
duction volumes. PLDs offer a more effective means of im-
plementing these functions in all but the most trivial exam-
ples because of their ability to reduce package count, in-
crease performance, offer design support tools and simplify
revisions and upgrades. Where systems require absolute
minimum delays through short logic paths or standard logic
functions, standard SSI/MSI devices are often an indis-
pensable solution. However, in most other “glue logic” ap-
plications, the long-term efficiency and flexibility of PLDs
tend to outweigh any initial parts cost savings derived from
using SSI/MSI, especially when design revision is consid-
ered.

FULL CUSTOM

These provide an excellent solution to well-defined, low-to-
medium complexity logic which is expected to be produced
in very high volume. The risks involved in committing both
the time and money mean it is seldom used in practice un-
less extreme performance/density is requured or extreme
high volume is expected.

SEMI-CUSTOM ASIC’s

The success of this semi-custom approach depends on the
efficiency of use of the gates available. This requires skillful
partitioning of the logic and careful selection of the gate
array. It has far less development time and cost associated
with it than full custom, but fixed costs must still be consid-
ered, along with the difficulty of correcting any problem in
the logic once committed to silicon.

Even though prototype development time for gate arrays
has been significantly reduced over the past few years, alo-
most any redesign requirements can imply mask . revision
and have a devastating effect on system introduction.

COMPLEX PLSs/FPGAs

These devices incorporate multiple arrays or logic blocks
into one device. Both complex PLDs and Field Programma-
ble Gate Arrays (FPGASs) are described here together since
the distinction between the two is diminishing and since
they address the same market. These devices provide the
programmability of PAL and GAL devices with the densities
of custom and semi-custom ASICs. While the part cost of
these devices is greater than that of ASICs, they are much
less expensive and much quicker to design with. Thus, as
time to market continues to increase in importance, com-
plex PLDs and FPGAs become more and more attractive.
See the datasheet section of this databook for information
about National Semiconductor’'s MAPL cgmplex PLDs.

5.0 PLD Architecture Overview

This section describes some of the basic architectural fea-
tures found in the various PAL-like devices (including the
GAL devices). For more detailed descriptions of the ‘archi-
tectures of specific devices, refer to the appropriate data-
sheet.

LOGIC ARRAY STRUCTURE

The PAL architecture is based on a single programmable
AND-gate array with fixed OR-gate connections. The AND
array consists of a number of “input lines” running in one
dimension across a number of “product-term lines” running
in the orthogonal dimension with programmable intercon-
nection cells at all intersections. For every input signal (logi-
cal input variable) applied to the array, a true’ and comple-
ment pair of input lines are provided.

A product term is satisfied (logically true) while all input lines
connected to it (via programmable cells) are high. If neither
the true nor complement of an array input is connected to a
product line, then that array input represents a “don’t care”
value with respect to that product term.

In all PAL-based devices covered in this book, all product
terms are dedicated to specific device outputs. The number
of product terms allocated to each output logic function var-
ies from device to device.




ADVANCED MACROCELL

GAL devices use additional programming cells to redirect
their output logic paths to emulate a wide variety of TTL PAL
architectures, plus other original configurations. These “ar-
chitecture cells” select registered vs. combinatorial outputs,
TRI-STATE® control signals, I/0 feedback paths, and out-
put polarity. The term “Output Logic Macrocell” (OLMC) is
commonly used to describe such sophisticated peripheral
logic which is user-configurable by means of programmable
architecture switches. Figure 2 shows the complete logic
schematic of a GAL OLMC, Fortunately, the logic paths and
architecture switches are automatically configured by de-
sign development software according to the designer's fa-
miliar logic equations.

MAPL macrocells are even more advanced than GAL mac-
rocells. The MAPL |I/O macrocells incorporate both JK and
DE flip-flops in hardware (Figure 3). This allows designs,

especially state machines, to be implemented most effi-

ciently. JK flip-flops can be used to effectively implement IF-
THEN-ELSE statements in state machine language, and the
ENABLE signal of the DE flip-flop can be used to “freeze”
an output using a minimum number of product terms. GAL
devices, having only a D flip-flop in hardware, must imple-
ment JK and DE flip-flops in software, substantially impact-
ing performance.

MAPL2 devices also have input logic macrocells (ILMCs)
(Figure 4). The ILMCs allow combinatorial, latched, regis-
tered, and double-registered inputs. Registered and latched
inputs can be used to accommodate fast setup times and
provide a synchronous interface to the rest of the system.
The double-registered option performs these functions and
greatly improves metastability.

From Adjacent OLMC/PIN
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6.0 Programmable Logic
from National

National Semiconductor offers a broad range of products in
the PLD field.

ECL PAL PRODUCTS

A large range of the traditional PAL architectures are avail-
able in ECL for those system designers taking advantage of
this technology. In very high speed applications where ECL
is typically used, logic optimization becomes crucial and the
delays involved in off-chip wiring become more pronounced
as a fraction of the total delay. The SSI/MSI logic families
available in ECL are not as robust as those in TTL and tend
to consume larger system board areas in implementation.
Both problems can be more effectively reduced through the
use of ECL PLDs. Consolidating logic into PLDs moves focal
logic interconnections on-chip eliminating the associated
wire delays. Also, by reducing board area consumed by the
logic implemented in the PLD, remaining on-board logic be-
comes more compact thereby reducing the trace lengths of
interconnections among surrounding logic. This adds to the
speed advantage. Reducing required board area also allows
the system designer to increase the amount of on-board
logic. .

EECMOS GAL PRODUCTS

The CMOS technology offers advantages over standard
TTL in some applications. Modern CMOS technologies re-
quire considerably less power with little speed penalty. The
recent developments in electrically erasable CMOS devices
(EECMOS) offer additional advantages in flexibility and test-
ability. Using a cell which can be reprogrammed multiple
times, a GAL device offers increased ease in system proto-
typing.

A GAL device also has a powerful feature in its reconfigura-
ble output macrocells. This permits it to replace a variety of
more conventional PAL devices, thus reducing inventory re-
quirements. The intrinsic higher device reliability and ability
to be fully tested in the factory with guaranteed yields of
100% can replace customer incoming device inspection.

EECMOS MAPL PRODUCTS

National Semiconductor's new family of high density Multi-
ple Array Programmable Logic (MAPL) devices solve the
density limitations of standard PAL, GAL and PLA devices,
without the development cost, effort and performance prob-
lems associated with FPGAs. The MAPL family is ideally
suited to state machine designs and offers considerable
performance advantages over other programmable logic so-
lutions. MAPL devices can be configured to implement a
superset of many current PLD architectures including:

— Field Programmable Logic Sequences (FPLS)

— Registered PAL/GAL devices

— Low density gate arrays/FPGAs

— Programmable microsequences/microcontrollers

— Registered PROMs

The MAPL family consists of two series, MAPL1 and
MAPL2. Both incorporate multiple Field Programmable Log-
ic Arrays (FPLA) which are fully interconnected to resemble
one large continuous FPLA. By internally partitioning the ar-
rays in this manner, MAPL is able to achieve up to 45 MHz
true system performance with the power consumption equal
to that of just a single EECMOS GAL device.

PRE-PROGRAMMED PRODUCTS

As the volume of system production increases and the con-
fidence in the design solidifies, it may make economic
sense to consider using one of the pre-programmed device
programs from National. For production flows which require
quantities of PLDs which cannot be programmed cost-effec-
tively at the customer site, National Semiconductor offers a
program which ships GAL devices already programmed to
customers for immediate inclusion in the system.

This program avoids the manufacturing costs associated
with device programming and related programming failures.
It also considerably enhances device reliability due to the
thorough factory test performed on functional devices be-
fore shipment using the customer’s test patterns. Because
of the resulting increase in product quality levels, further
manufacturing costs may be saved by eliminating incoming
component inspection.

7.0 Design Development Tools

Design development with PLDs involves the use of a few
tools which assist both in the design conception and imple-
mentation stages. Information is widely available describing
in detail the usage, features, and issues involved in select-
ing and using these tools. Competition in the PLD support
tools market has considerably reduced the investment nec-
essary to acquire the appropriate hardware and software
tools.

PROGRAMMING HARDWARE

PLDs are typically configured on a piece of hardware known
as a programmer. Most of today’s programmers consist of a
stand-alone box housing universal pin-driver electronics and
control circuitry, connected to a computer software platform
via a serial or parallel link. Device selection and program-
ming control is executed from the computer. Most PLDs can
be programmed in a single DIP socket mounted directly on
the box. Adapters are often used for SMD devices.

The selection of programmers has widened in recent years,
and now includes an extensive variety of both “universal”,
and device-specific programmers. Many manufacturers
worldwide offer programmers, either as a stand-alone sys-
tem, or as an add-in to an existing PC. Programmers are
available in a wide variety of complexity, capabilty, and cost.

Most universal programmers are capable of programming a
wide variety of PLD products when equipped with the nec-
essary adapter or software cartridge/diskette. Often the
very latest PLD devices can be supported with an update
available from the programmer manufacturer. Device-spe-
cific programmers are often available for new-technology, or
high complexity devices (such as some FPGAs) which re-
quire unique, or complex support features not readily avail-
able on standard programmers.
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The bulk of PLDs today are programmed by downloading a
JEDEC file (generated from a PLD development software
tool) into the programmer, then programming the device.
The JEDEC file represents the fuse map for a specific PLD,
and conforms to an industry-wide standard which ensures
that files generated by virtually any software tool can be
used to program PLDs an virtually any programmer. .-

National maintains a program of evaluation and certification
for programmers supporting NSC devices. All. “approved”
programmers must meet stringent criteria designed to en-
sure the highest quality programming results. National
strongly recommends using only “approved” programmers
for both engmeenng and production.

For more detailed information see Section 4.

DEVELOPMENT SOFTWARE

Software tools allow the PLD designer to use commonly
available computers to enter PLD designs, compile and test
the design, select appropriate PLD device types, and create
the JEDEC file for downloading to a programmer. The soft-
ware allows designs to be entered in a variety of ways, in-
cluding Boolean equations and high-level language, and
may include advanced features such as automatic logic re-
duction and device independence. Virtually all software
tools support most common PLDs, and some will also sup-
port less common types.

Development software packages are available from a vari-
ety of manufacturers worldwide, and offer a range of fea-
tures, complexity, and cost.

NATIONAL SEMICONDUCTOR OPALTM SOFl'WARE

The OPAL software package is a comprehensrve PLD (Pro;
grammable Loglc Device) development design tool offered

by National Semiconductor. It supports state machine, truth
table and Boolean equation entry, as well as optimization,
verification and implementation in a wide variety of PLDs.

The OPAL software package consists of: a graphical shell
environment, executable modules, a graphical simulation
package, a device library file, examples and an overall dem-
onstration of the software package.

OPAL is an open architecture language.. This means ‘the
software is modularized so that there is a standard interface
format between modulés. Thése standard interface formats
allow the modules to communicate with 3rd party software,
thereby letting the user use existing, familiar software tools
in conjunctlon with OPAL. While OPAL is a powerful stand-
alone PLD development tool, it complements the user's ex-
isting tools (rather than superceding them) to form an even
more powerful and flexible toolbox.

OTHER ASSEMBLERS/COMPILERS

High-level assemblers provide many automatic features that
are not found in other assemblers. They are usually device
and manufacturer-independent and some tools may be us-
able with other software packages. While they are still capa-
ble of accepting Boolean equation data entry, they offer oth-
er input alternatives, such as gate-level graphics and higher-
level state machine descriptive language, and allow fea-
tures such as set-definition and automated logic reduction.
Several higher-level packages designed for use with alf
PLDs are generally available. Two of the most popular are
CUPL® software from Loglcal Devices and ABEL® software
from Data I/0.

For more detailed information see Sectlon 4,
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Programmable Logic Design Methodology

PLDs offer a number of design advantages to the designer.
But in order to make use of these, the designer must apply a
specific design methodology in order to maximize the effec-
tiveness of the PLD tools available. This chapter outlines
the steps by which this is done and illustrates their use by
specific examples. Details of the use of the most important
tools are given in Section 4. For more diverse examples
without as much emphasis on methodology, refer to Appli-
cations examples Sections 2 and 3.

Design Development Process

The design development process for PLDs proceeds in
three main phases:

¢ Logic design
¢ Design implementation
* Design/Logic verification

Within each phase, an experienced designer will pass
through a number of steps. While the process may appear
involved at first, it is mostly a stylization of good design
practices and efficient use of the PLD tools available to the
designer.

Within the Logic Design phase, the steps involved are com-
mon procedure for any digital design engineer and can be
tailored to suit the individual taste and design requirements.
The main steps are:

® Define the system problem

® Generate a block diagram

® Implement the function logically L

¢ Derive the Boolean equations describing the design

These are largely self-explanatory. For readers requiring
some background information on logic design principles, re-
fer to Appendix A.

Design Implementation consists largely of selecting and us-
ing the tools to translate the results of the first phase into a
configure d PLD. It consists of steps:

* PLD family and device selection

* Partitioning the logic to fit the devices selected

o Equation entry '

* Running development software and JEDEC file creation
® Platform and programmer configuration

¢ JEDEC file transfer

® Device programming

The preparation of software, platform and programmer need

be done ony for the initial use of PLDs. Following that, the
other functions are all straightforward operations often han-

dled automatically by the PLD tools selected and not requir-
ing involvement on the part of the designer.

Design verification is the final phase during which the cor-
rect programming of the device is checked, along with the
generation of test procedures which verify that the device
itself implements what was originally required. The steps in
this phase are:

* Device programming verification

* Design test vector generation

e Device simulation

® Device functional test

* Design documentation

The effort involved in each depends both on the design
complexity and the tools available. As with any other design,
the verification phase can be too easily overlooked in the
entire design process, but effort spent in judicious testing
and adequate documentation is normally well spent.

Each of these steps is described in detail later in this sec-
tion.

Logic Design
This section gives a detailed account of the steps involved
in generating the initial theoretical design, illustrated by ref-

_ erence to an example of a 6-bit bidirectional shift register.

DEFINING THE PROBLEM

As with any other design methodology, the first step in-
volved is a clear definition of the problem to be solved. In
the case of the shift device, what is required is a device with
the following characteristics:

® 6-bit wide right/left shift register

¢ Parallel input and output ports

e Clock input

® Control lines for mode selection

* Ability to be cascaded via two bidirectional serial ports

Additional criteria which might play a role in selection of the
final solution are the need for low parts count, power and
speed considerations, and the need to interface with or mop
up other logic in the area. For the purpose of this example,
assume these criteria impose no special constraints.

DESIGNING THE LOGIC

Based on the above criteria, the block diagram of the logic
can be generated directly, as shown in Figure 1. The signal
names are given to permit unambiguous reference to their
function and any considerations of logic context within the
system should be incorporated here.
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Programmable Logic Design Methodology

From the block diagram, the designer derives the detailed
functional description of the intended behavioral concept.
This may take a number of forms, depending on the applica-
tion and the preference of the designer. One common meth-
od of expressing the detailed operation of a registered appli-
cation such as this is a function table, which is shown in

Figure 2 for reference. Another common method is the use
of timing waveforms which are omitted for this example due
to its simplicity. The target function is further defined by de-
riving a detailed logic schematic (as shown in Figure 3),
combinatorial truth table, or direct expression in Boolean
equations.

SERIAL
DATA
LEFT=IN
RIGHT = OUT
| sr l , .
o LIRO : .‘
v st :
Ds-g 05_0# :
—> RILO : ’ :
<E3 l , '
LIRO -
st %T S
PARALLEL [ - 6 6 PARALLEL |
DATA D5  Qgeofwessmpismly 1DATA Co
INPUT OUTPUT : ;
: RILO Hl o
»sr ‘
LIRO
SHIFT RIGHT
SHIFT LEFT
CLOCK SERIAL
DATA
RIGHT = IN
LEFT = OUT

TL/L/9988-1

FIGURE 1. Block Diagram Showing 3 Cascaded Shift Reglstefs

Function SL SR RILO QG Q Q; Q Q Qo LIRO
Hold 0 0 "z Qs Qs Q3 Q @ Q . Z
Shift Right 0 1 Rl Ri Qs Q4 Q3 Q2 Qq Qo
Shift Left 1 0 Qs Q4 Q3 Qz Q4 Qo Ll Li
Parallel Load 1 1 z Ds Dy D3 D Dy Do - Z.

FIGURE 2. Functional Operation Table for Shifter Example
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DERIVING BOOLEAN EQUATIONS

In order to provide a definition of the circuit which the design
tools can handle, it is usually necessary to express the de-
sign in terms of Boolean equations. The fundamental trans-
fer function of a PAL® device is the sum-of-products or,
through DeMorgan inversion, product-of-sums form. Logic
equations can be derived directly from the function table

shown in Figure 2, the logic schematic in Figure 3, or from
the method of logic implementation preferred.

For any TRI-STATE output, including bidirectional 1/0 lines,
additional equations may need to be specified to define the
control functions of these lines. This is illustrated in the ex-
ample of the 6-bit shift register. '

$¢ LIRO

o

Q

o
o) O

L

V o
ol o
2

Dz—Dc |

=l
N

o O

>0

o
ES

LT

o
v

[
T Y ¥

O O

RILO

7

SL SR

4

CLK
TL/L/9988-2

FIGURE 3. Gate-Level Logic Schematic of Shifter
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For the 6-bit shift register example, the equations are:

Qy < Qp*SReSL+ Qi*SR*SL + LIRO*SR e SL
+ Do ® SR e SL : ‘

Qi < Q;*SReSL+ Q41 *SReSL+ Q1 *SReSL
+Dj*SReSLi=1...4

Qs < Qs*SReSC + RILO*SR*SL + Q¢ SR e SL
+ D5 ® SR e SL

LIROouTPUT = Qo; LIROENABLE = SR®SL
RILOouTPUT = Qs; RILOgNABLE = SR® SL

The device logic requirements are now unambiguously de-
fined in a form acceptable to PLD design tools.

LOGIC MINIMIZATION

It is generally good practice to minimize the logic equations
to eliminate any extraneous variables or unnecessary re-
dundant min-terms. Non-minimized logic does not interfere
with proper device functionality. However, it may result in a
design requiring more resources than available in a particu-
lar device which could otherwise accommodate the reduced
equations. Also, logic redundancy could render some gates
or nodes within the programmed device untestable.

On the other hand, intentional use of redundant terms may
be a convenient method of avoiding logic hazards in combi-
natorial (unsynchronized) logic functions. For a more thor-
ough discussion of logic minimization and avoiding hazards,
refer to Appendix A. .

Design Implementation

Now that the basic theoretical design has been completed,
the next stage is to transfer this design into a physical de-
vice. This requires the selection of the device to be used
and a number of tools with which the transfer is accom-
plished. Refer to Section 4 for a more detailed discussion of
PLD tools and their use. The example of the 6-bit shift regis-
ter is again used for the purpose of illustration of the princi-
ples.

SELECTING A DEVICE

Once the logic design is defined, a PLD needs to be found
which can most efficiently accommodate the logic required.

The first criterion to consider is the family type required.
PLDs come in a variety of technologies and speeds and
offer a spectrum of possible categories from which the de-
vice is selected. If the design requires ECL compatibility,
CMOS low-power or very high speed, this narrows the
choice down to a device available in that category.

If the target logic is too complex to fit into any single PLD,
then the design must be partitioned or select MAPL device.
A decision which must be made at this point is between
using more complex, expensive and slower parts, and the

more traditional GAL devices. Partitioning criteria are heavi-

ly dependent on the goals of a specific design.

Once the family has been selected, the initial selection with-
in the family is determined by examining the application’s

block diagram, function table and logic equations. Based on
these, the following parameters are established: . .

¢ Number of registered outputs required

® Number of combinatorial outputs required

o Number of inputs required

® Clocking requirements

® Complexity of each logic equation (number of min-terms
required)

For our 6-bit shift register, it can be seen that the require-

ments are:

* Six registered outputs (for the parallel-out lines)

* Two combinatorial bidirectional 1/0 lines (for the serial
ports)

® Six parallel data inputs plus two mode control inputs
® Single master clock
® No more than four product terms per output function

Select the family which complies with the overall system
requirements. Then select a device which furnishes all the
requirements. For this example, the GAL16V8 fulfills the re-
quirement. Note that others like the GAL20V8 would also be
capable of implementing the design, but would involve a
24-pin rather than a 20-pin part and higher power dissipa-
tion.

At this stage, the appropriateness of the device is also
checked by examining its detailed block diagram. While
most initial device selections, particularly for simpler de-
signs, will be correct, difficulty can arise with a design, such
as a priority encoder, which requires a large number of prod-
uct terms. In such a case, while 1/0 requirements might
suggest a particular PLD, it may not offer enough product
terms to accommodate the design. For this design, the
GAL16V8 is selected.

DESIGN/EQUATION ENTRY

Before proceeding further, the software tools will need to be
run on the computing platform selected. This normally in-
volves installing an assembler such as National Semicon-
ductor's OPAL software onto a PC in preparation for the
entry of the programming information in the form described
below. Refer to the individual software documentation for
details.

The equations derived earlier must now be entered into the
software tool selected. Higher-level packages provide a so-
phisticated user interface to do this. The OPAL assembler
will accept a text file created with a common editor utility as
an input file. Other packages have varying degrees of flexi-
bility. The syntax requirements of the software package
must be adhered to, although virtually all provide a parsing
and evaluation feature with associated error messages to
correct errors in the input file.

Using the example of the 6-bit Shift Register, the method of
entering the data to the OPAL package involves first con-
verting the equations derived earlier into OPAL syntax. This
follows the original very closely and is shown in Figure 4.




Log file for 6éshft.eqn
Device: 16V8

Pin Label
1 CLK
2 SR

3 Do

4 Dl

5 D2

6 D3

7 D4

8 D5

9 SL
10 GND
11 /G
12 RILO
13 Q5
14 Q4
15 Q3
16 Q2
17 Q1
18 Q0
19 LIRO
20 vee

Device Utilization:

No of dedicated inputs
No of feedbacks used

title 6-bit cascadable shift register
pattern 6shft

revision C

author  Tarif Arabi

company National Semiconductor Corporation
Date 8/30/92

chig GShift GAL16V8
3 6 7 89 10
LK SR Do Dl D2 D3 D4 D5 SL GND

; pin 11 12 13 14 15 16 17 18 19
/G RILO Q5 Q4 Q3 Q2 Q1 QO LIRO VCC

equations

/Q0 i= /QO * /SR * /SL
+ /Ql * SR * /SL
+ /LIRO * /SR * SL
+ /D0 * * SL

/Q1 = /Q1 * /SR * /SL
+ /Q2 * SR * /SL
+ /Q0 * /SR * SL
+ /D1 * SR * SL

/Q2 = /Q2 * /SR * /SL
+ /Q3 * 'SR * /SL
+ /Q1 * /SR * SL
+ /D2 * SR * SL

/Q3 = /Q3 * /SR * /SL
+ /Q4 * SR * /SL
+ /Q2 * /SR * SL
+ /D3 * SR * SL

/Q4 = /Q4 * /SR * /SL
+ /Q5 * SR * /SL
+ /Q3 * /SR * SL
+ /D4 * SR * SL

/Q5 = /Q5 * /SR * /SL
+ /RILO * SR * /SL
+ /Q4 * /SR * SL
+ /D5 * SR * SL

/LIRO = /Q0

LIRO.OE = SR * /SL

/RILO = /Q5

/
RILO.OE = /SR * SL
TL/L/9988-4

FIGURE 4. OPAL™ Equation File for Shifter Example

Type

clock pin
pos,con input
pos,com input

os,com input . . "

Pos.com input S Chip Diagram (DIP)

pos,com input

pos,com input : : o/

pos,com input : CLK—1 20— Ve

’ t

g‘,’iu:g“‘pigp“ . sR—{ 2 19}=wiro

enable pin . - -

neg,trst,com feedback(bidir) Do 3 18}—a0

neg,reg feedback . 01— 4 17—Q1

neg,reg feedback .

neg,reqg feedback . © D2=—5 16—Q2

neg,reqg feedback :

neg,reg feedback D3—~6 1503

neg,reg feedback _ -

neg:trsll:,com feedback(bidir) . 04—17 14—a4

power pin i ps—{8 13f-0s
TL/L/9988-8 SL—9 12—RILO

" eno—{to 11}-5
used 8/8 (100.0%) TL/L/9988~9

8/8 (100.0%)

Pin Label Terms Usage

19 LIRO.o0e 1/1 (100.0%)
18 Qo 4/8 (50.0%)
17 Q1 4/8 (50.0%)
16 Q2 4/8 (50.0%)
15 Q3 4/8 (50.0%)
14 Q4 4/8 (50.0%)
13 Q5 4/8 (50.0%)
12 RILO.ce 1/1 (100.0%)
Total Terms 28/64 (43.8%)

TL/L/9988-10
FIGURE 6
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Programmable Logic Design Methodology

title 6-bit cascadable shift register
pattern 6shft

revision C

author  Tarif Arabi

company National Semiconductor Corporation
pate 8/30/92

*
NOTE PINS CLK:1 SR:2 DO:3 D1:4 D2:5 D3:6 D4:7 D5:8 SL:9 GND:10*
NOTE PINS /G:11 RILO:12 Q5:13 Q4:14 Q3:15 Q2:16 Q1:17 Q0:18 LIRO:19%
NOTE PINS VCC:20%*
QF2194#QP20*F0*
L0000
011111111112113111111121111111011
11111110111211111111111111111111

000000 000000000

000000 00

[ 000000000
00000
0000

00000000000000000000000000000000*

L0256

10111110111111111211111111121011
01111111111011111111111111111011
101011121211111231111111111110111
O1111011111111111111111111110111

00000000

300000000000
00000000000000000000000000000000
000000 ox*

L0512

10111111111011111111111111111011

01111111111121101111111111111011

10111110111111111111111111110111

01111111101111111111111111110111

00000000000000000000000000000000
0

0000¢

0000 0! }C
00000000000000000000000000000000*
L0768

10111111211111101111111111111011
011111113211113111110111111111011
101111211111011111112111111110111
01111111111110111111111111110131
0 0000000
000000000
00000000000000000000000000000000
00000000000000000000000000000000*
L1024
101111111111121111110221112111011
01111111111111111111111011111011
10111211111111101111111111110111
01111112111111112011111111110111
00000000000000000000000000000000
00000¢ 00000000000000
00000000000000000000000000000000
00000000000000000000000000000000*
L1280
10111111111111111111111011111011
01111111111111111111111111101011
10111111111111111110111111120111
01111111111111111111101111110111 . TL/L/9988-5

'00000000000000000000000000000000

0000000

'"' 00000000
)000¢ 0000+*

L1536

101111131111111111211111111201011
011121112111111111111111111111010
101121111111111111111111011110111
01111111211111111111111110110111

00

000 0000 000000000
00 )0000000000¢

00 00000000

L1792

101111111111211111111111111110111

11111111111112111111111111101111

OO000000000000000000000000000088
)¢ 0!

00 00

3000
00000000000000000000000000000000*
L2048

00000000%
L2056
OOuuuu- o 00000 [o]o] J00000000*

2120
10000001'
128
1100000011110000111100001111000011110000111100001111000011000000'

01*
C6826%

V0000
0111100002111000011000000%
L2192

o1*

C6826%
v0000 TL/L/9988-6

FIGURE 5. JEDEC File for Shifter Example Produced by OPAL Software




COMPILATION—CREATING THE JEDEC FILE

At this stage, pin assignment is normally made, either manu-
ally or automatically by the software. OPAL offers an auto-
matic assignment, which can then be edited manually, if
desired.

Once the equation file has been entered and pin assign-
ments resolved, the assembly is performed on the platform,
the results of which are a JEDEC fuse map for down-loading
to the programmer.

In order for the equations to be converted into a bit pattern
from which the cells of a PLD can be systematically pro-
grammed, the initial equations must be converted into a
form, known as the JEDEC file. The JEDEC file is an indus-
try-wide standard accepted by all programming hardware. It
consists of a formatted table indicating all of the cells (fus-
es) in the PLD to be programmed to implement the specified
logic functions. This is done by a module within the software
tool known as the assembler. Details of operation of the
assembler varies from one package to another, but each
provides syntax checking and an evaluation of whether the
design can be implemented in the device chosen, as well as
the JEDEC file itself, which is normally stored on disk ready
for down-loading to a programmer.

The actual form of the JEDEC file is usually of little interest
to the system designer. Its only purpose is to provide a uni-
form interface between commercial PLD software and hard-
ware tools and no real information for the designer is provid-
ed by its details. It may occasionally be useful as a debug-
ging aid to isolate any problems occurring between equation
entry and functional test.

PROGRAMMING HARDWARE PREPARATION

Before the cell data can be transferred, the programmer
needs to be connected to the software platform and fitted
with any socket adapters required to accommodate the
blank sample device.

For the purpose of this example, a GAL16V8 is being pro-
grammed with a Data 1/0 Mode! 29 programmer equipped

with Logic-Pack. In order to do this, connect the System 29
to the platform via an RS232C cable, according to the sys-
tem documentation. Look up the GAL16V8 on the device
chart to determine and enter the family and pinout code.

DEVICE PROGRAMMING

This step involves transferring the prepared JEDEC file
across a communication link from the platform to the hard-
ware programmer. Each programmer differs slightly, but
generally each requires that a number of prompts be an-
swered with such information as file name, device type and
manufacturer. Usually, a test is run at this time on the device
by the programmer which ensures that the device is correct-
ly oriented in the socket and is in fact blank and able to be
programmed. The correctness of data transfer is verified by
means of a checksum transmitted with the file.

For the purposes of our example, the System 29 provides all
the prompts required to do this.

Now that all relevant information has been entered into the
programmer, it is a matter of simply invoking the Program
function.

This translates the JEDEC file into addresses, data patterns
and programming pulses, which, when applied to the pins of
the device in the socket, will configure the cells of the de-
vice in a pattern which will cause the device to operate in
accordance with the original design. The implementation of
the design in the PLD has now been completed.

Again, for the purposes of our example, the System 29 pro-
vides all the prompts required to do this.

Logic Verification

Verification is required to ensure not only that the device
has been configure d exactly as intended, but also that the
programmer has functioned correctly and that the design
performs as originally intended. Again, this takes the form of
several steps.
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PATTERN VERIFICATION

This may be performed automatically by the programmer. If
not, it is recommended that a manual verification run is per-
formed while the device is still in the programmer to ensure
that the pattern set in the device corresponds to that speci-
fied by the fuse map in the JEDEC file. This is a simple step
which is done by the programmer itself. The programmer
reads the pattern directly from the PLD, similar to reading a
PROM, and compares this directly wnth the original JEDEC
file still resident in the programmer.

TEST VECTOR GENERATION

Particularly with more complex designs, it is recommended
that some consideration for a set of device exercises, gen-
erally known as test vectors, be given as early as the equa-
tion entry stage above. Some advanced software tools may
provide automatic generation of test vectors from the equa-
tions as they are entered. Otherwise, vectors must be gen-
erated by hand. Even in the case of automatic test vector
generation, some designers prefer to add. their-own addi-
tional vectors to verify application-specific operations.

For a design of the complexity of our 6-bit shift register, test
vectors are easily generated by hand, as shown in Figure
7. In this case, a test such as walking ones and zeroes is
probably sufficient to prove functionality of the device be-
yond reasonable doubt. For more complex designs, it may
be helpful to employ fault-grading software to ensure ade-
quate coverage of all design paths and gates by the test
vectors.

DESIGN SIMULATION

This optional step generates the device output vectors
which allow verification of -correct design operation. This
can be done manually, or with the help of the simulator
module of the software tool like OPAL software to predict
the output configuration for.the device based on the original
software model entered as Boolean equations.

The output vectors from the simulation must be examined to
confirm that the model operates correctly. They also pro-
vide the output states, which must accompany the test vec-
tors for functional testing of the device.

Beyond device-level simulation, additional software is be-
coming available to generate models of the programmed
PLDs for use in system-level simulations. Such simulations
are typically performed on CAD workstations and, more re-
cently, personal computers. .

DEVICE FUNCTIONAL TESTING

The device is evaluated fully for correct performance of the
function desired. In the case of the 6-bit shift register, this
would involve checking all the functions outlined in the func-
tion table in Figure 2. o ‘
Varying from one software tool to another, the test vectors
are entered (if not generated automatically) into the soft
ware, which appends them in the proper format to the
JEDEC fils, as shown in Figure 8. The test vector entry/gen-
eration typically follows the equation entry step, so that the
combined JEDEC file is down-loaded to .the programmer.
Later, following device programming and pattern verification
steps, the programmer performs the functional test on the
PLD while still in the socket. The input vector waveforms are
applied to the device pins while in the normal operational
mode, and the device output signals are compared with the
expected output vectors.

As a final step, most PLDs include a “security cell/fuse”
which, when programmed, disables further programming
and verifying. This prevents direct copying of the Ioglc pat-
terns resulting in proprietary custom circuits that are d|ff|cult
to copy or reverse engineer.

Inputs 170

Bidirectional

Comments
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o

C OO0 O OO OO = = b ok h kO -
—_ ad At A d a4 02 00000000 =
QOO OO0 QOO = =4 = d 4 4 4 O
OO 000000 - = = bbbk 2O
COO0OOOO OO = = ob bkt k2 O
QOO OO0 OO0 = = b b d bbb =2 O

ObOOOOOﬂAAAAAAAAQ
CO0OO0OO0OO0OO0OO0O = = = 4 b 42 a0
IrIITIIIIOCO0OO0O0O0O0OO0O0O =2

o

-y

Sd“ a2 awaa00OrICFrRrrE S

Load all zeroes.
Hold zeroes.

Shift left single one,
followed by zeroes.

One shifts out of RILO,
and vanishes.

Load all ones.

Hold ones.

Shift right single zero,
followed by ones.

Zero shifts out of LIRO,
and vanishes.

IITXITIITIrIICrIrCrCrCorCer
IIIIIrIIIrCcIrrceeer
I rrrrIIIIrrrrIrr-recree
IIIrIIIITITIrrr-rCcCICCCCrr
ITIIrITITIIIFFCrcrrICCe
IrI T IIIIIrCcrrrCCcIcCre

Key: 0 = Apply Low Input,
L = Expect Low Output,

1 = Apply High Input
H = Expect High Output

Note: The device is clocked after applyling each input vector. Outputs on the same line are strobed and compared after the clock.
FIGURE 7. Functional Test Pattern for 6-Bit Shift Register Example
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GALl6vs
QF2194*QP20*FO*
L0000
011113112111111111111111111111011
11111210111211112111111111111111+*
L0256
10111110111111112211111111111011
011111111110211121111111111111011
10101111111111111111121111110211
011110111111111311111122111110111%
L0512
10113111111101112111111113111111011
01111111121111101111111111111011
101111101211112111112111111110111
01111111101111112112111111110111%*
L0768
101111111111111011211121111111011
01111111111111111110111111111011
10112111111011111111112111110111
01111111111110121111111121110111%*
L1024
10111111111211111110111111111011
0111111121111111111121111011111011
1011111111111110111211211111110111
01111111111112111011122111110111%
L1280
101111112111211111111211011111011
01111111111111111111111111101011
10111211211311111311120111111110111
0111111111111121112111101111110111%
- L1536
10111111111111111111111111101011
01111211113111111111111111111010
10111111112111111111211011110111
01111111113111111111111110110111%
L1792
10111111111111111111111111110111
11111111111111111111111111201111%
L2048 00000000%*
L2056
0000000000000000000000000000000000000000000000000000000000000000*
L2120 10000001%*
L2128
1100000011110000111100001111000011110000111200001111000011000000%*
L2192 01%*
C6826*
V0001l OXXXXXXXXNOXXXXXXXXN*
V0002 C1l0000001NO1LLLLLLIN*
V0003 CO1111110NO1LLLLLL1N*
V0004 CO1111111NOLLLLLLHIN#*
V0005 CO1111111NOLLLLLHLON%*
V0006 CO1111111NOLLLLHLLON#*
V0007 . CO111111INOLLLHLLLON*
V0008 CO1111111NOLLHLLLLON*
V0009 CO01111111NOHHLLLLLON*
V00010 C01111111NOLLLLLLLON*
V00011 C1l1111111NOOHHHHHHON*
V00012 CO0000000NOOHHHHHHON*
V00013 C10000000NOOLHHHHHHN*
V00014 C10000000NO1HLHHHHHN*
V00015 C10000000NO1HHLHHHHN*
V00016 C10000000NOLHHHLHHHN*
V00017 C10000000NO1HHHHLHHN*
V00018 -.C10000000N01HHHHHLLN *
V00019 C10000000NO1HHHHHHHN*
v0000 :

FIGURE 8. JEDEC File Combining Logic Array and Test Vectors for 6-Bit Shifter Example

TL/L/9988-7
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FIGURE 9. GAL16V8 Logic Diagram Showing Fuse Pattern of Shifter Example
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@National

Semiconductor

Fabrication of Programmable Logic

PLD Technologies

National Semiconductor is a broad-based supplier of pro-
grammable logic products. PLD’s are offered in a wide
range of circuit and programming technologies to address
the diverse needs of most customer applications. PLD’s can
be seen as a stage of sophistication in the continuum from
standard TTL logic to full-custom circuits. To provide the
flexibility of configurable logic, PLD’s make use of a number
of circuit and programming technologies. These vary, de-
pending on the type of PLD.

ECL PAL DEVICES

For ECL systems, high-speed PAL devices have been im-
plemented with ECL 1/Os using an oxide-isolated process
known as OXISS. OXISS is a fully ion-implanted Schottky
bipolar process with a 2 micron minimum feature size and
two-layer metal interconnect. The ECL PAL products use
the same Titanium-Tungsten lateral fuses as used in the
original standard, Series-A and Series-B TTL PAL devices.
The ECL PAL products are also available with both 10 KH
and 100K compatibility.

S

More recent developments are based on National's
ASPECT (Advanced Single-Poly Emitter-Coupled Technolo-
gy) process. This is an oxide-isolated, self-aligned, contact-
less poly-emitter process which uses a single poly and two
metal interconnect layers. The smaller geometries result in
both lower gate power requirements and a higher device
speed. .

EECMOS TECHNOLOGY

Electrically-Erasable CMOS offers many advantages as a
technology for PLDs. Most importantly, it offers the ability to
erase and reprogram devices. This allows lower part usage,
particularly at the development and prototype stages, by al-
lowing the same device to be re-used or revised. This ex-
tends into manufacturing because the technology allows
100% factory testability without encountering the cycling
difficulties or windowed packages associated with UV-
based devices. 100% programming and functional  yields
are possible. Under this technology GAL and MAPL devices
are manufactured.

—

Unprogrammed

N,

TL/L/9990~1
Programmed

FIGURE 1. Lateral Fuse Circuit
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Fabrication of Programmable Logic

The power requirements of such a technology are very low
when compared to standard bipolar. The technology has
developed to a point where performance is comparable to
standard PLDs, if not to the higher-speed parts. The low-
power characteristics permit higher circuit density and high-
er reliability, which are particularly important in remote or
power-conscious environments, such as in telecommunica-
tions. :

The EECMOS technology is under further development to
allow such devices to be programmed while in circuit, which
will add even more to their flexibility and usefulness in man-
ufacturing since they can be assembled in-circuit with all
other components before being configured.

Quality and Factory Testing

PRODUCT RELIABILITY

National Semiconductor implements a reliability program for

all of its integrated circuits. Reliability data is available for

individual parts from the local sales office. It consists of:

* New product, package and process qualifications

e Existing product, package and process change qualifica-
tions . '

e Existing product, package and process monitoring

Product qualification testing performed by National meets or

exceeds MIL standard 883. For a more thorough discussion

of product quality and reliability, refer to the National Semi-

conductor Reliability Handbook.v

TEST CIRCUITRY

All ECL PAL devices from National Semiconductor are fabri-
cated with a number of test fuses and dedicated test circuit-
ry as a part of the device. During final testing of each device,
the functional paths, electrical integrity, cell programmability
and the programming circuitry are all verified. The special
test circuitry is accessed under non-operational modes dur-
ing functional testing.

PRE-PROGRAMMED PLD FACTORY TEST

As discussed earlier, National provides the service of pro-
viding devices already configured with fuse map configura-
tion to customers in a fully-tested state. The procedure for
doing this is shown in Figure 2.
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FIGURE 2. Pre-Programmed PLD Final Test Flow

CUSTOMER HANDLING AND TEST

Care must be taken to prevent static buildup when handling
devices, particularly CMOS devices. Handling is the primary
cause of device failures, and to minimize problems during
production, the number of steps requiring device handling
should be kept to a minimum.

The number of approaches to reliable handling and device
test are limited for the end user of PLDs. For smaller pro-
duction quantities, the programming hardware may be used
or hand insertion and a simple functional test, though pro-
grammers have severe test limitations for high-speed or
complex devices. As production quantities become larger,
automatic handlers are available which can handle devices
in volume, but these setups also are subject to the program-
mer test limitations as well as other protentia! problems. For
more extensive manufacturing flows, programs are available
for most of the common IC tester systems. These more
complex systems offer reliable test capabilities, as well as
device programming capabilities.
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National

Semiconductor

GAL16V8/A 20-Pin Generic Array Logic Family

General Description

The EECMOS GAL® 16V8/A devices are fabricated using
electrically erasable floating gate technology. This program-
mable memory technology applied to array logic provides
designers with reconfigurable logic and bipolar performance
at significantly reduced power levels.

The 20-pin GAL16V8 features 8 programmable Output Log-
ic Macrocells (OLMCs) allowing each TRI-STATE® output

to be configured by the user. Additionally, the GAL16V8 is

capable of emulating, in a functional/fuse map/parametric
compatible device, all common 20-pin PAL® device archi-
tectures.

Programming is accomplished using readily available hard-
ware and software tools. NSC guarantees a minimum 100
erase/write cycles.

Unique test circuitry and reprogrammable cells allow com-
plete AC, DC, cell and functionality testing during manufac-
ture. Therefore, NSC guarantees 100% field programmabili-
ty and functionality of the GAL devices. In addition, electron-
ic signature is available to provide positive device ID. A se-
curity circuit is built-in, providing proprietary designs with
copy protection.

Features
m High performance EECMOS technology
— 7.5 ns maximum propagation delay
— focLk = 100 MHz
— 5§ ns maximum from clock input to data output
— TTL compatible 24 mA outputs
m Reduced power
— Low power = 115 mA Icc max, 75 mA Typ
m Electrically erasable cell technology
— Reconfigurable logic
— Reprogrammable cells
— 100% tested/guaranteed 100% yields
— High speed electrical erasure (<50 ms)
— 20 year data retention
m Eight output logic macrocells
— Maximum flexibility for complex logic designs
— Programmable output polarity
— Also emulates 20-pin PAL devices with full
function/fuse map/parametric compatibility
B Preload and power-up reset of all registers
— 100% functional testability

~m Fully supported by National OPAL™ and OPALjr

development software
W Security cell prevents copying logic
| Electronic signature for identification

PAL Replacement by Device Type

“Small
PAL’” Mode

“Medium
PAL” Mode|

“Registered
PAL” Mode
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GAL16V8/A

GAL16V8-7/-10

Absolute Maximum Ratings (Note 1)

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

Ambient Temperature
with Power Applied

Junction Temperature

—65°Cto +125°C
—65°Cto +150°C

Supply Voltage Vcc —0.5Vto +7.0V Lead Temperature
Input Voltage (Note 2) —2.5VtoVee +1.0V (Soldering, 10 seconds) 260°C
Off-State Output Voltage (Note 2) —25VtoVee +1.0V ESD Tolerance > 2000V
Output Current . '+£100 mA - Czap = 100 pF .
Storage Temperature ~65°Cto +150°C '?é:tPM;tggg?I{(}uman Body Model
: R ., Test Specification: NSC SOP-5-026 Rev. C
Recommended Operating Conditions
SUPPLY VOLTAGE AND TEMPERATURE ’
Symbol Parameter Min * Nom - - Max Units
Vee ~ Supply Voltage . 4.75 5 ' 5.25 eV
TaA Operating Free-Air Temperature 0 25 75 °C
Tc Operating Case Temperature °C
AC TIMING REQUIREMENTS
GAL16V8-7L GAL16V8-10L
Symbol Parameter COM ‘ ‘COM - " Units
Min Max Min . Max
o ﬁ:;z%::zdback before Clock) 7 10 ns
tH Hold Time (Input after Clock)- ns
tw Clock Pulse Width (High/Low) 5 ns
toycLE Clock Cycle Period (with Feedback) 12 17 ns
(Note 3)
fcu{ . Clock Frequency With Feedback 833 Co 58.8
(Note 4) Without Feedback 100 - .| 625 " MHz
fi . " Input Frequency (Note 5) 133.33 N T
teR - Clock Valid after Power-Up 100 . : ol 100 ns

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:tcycLe = tsu + toik
Note 4: fc k (with feedback) = (tcycLe) ™!
_ fok (without feedback) = (2 ty)~1

Note 5:f) = (tpp)—1

2.4
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GAL16V8-7/-10 (Continued) (o
D
Electrical Characteristics over Recommended Operating Conditions §
~
Symbol Parameter Conditions Min Typ Max Units | &
ViH High Level Input Voltage 2.0 Vee+1 \
ViL Low Level Input Voltage -0.5 0.8 \
VoH High Level Qutput Voltage Vee = Min loH = 3.2mA 24 v
VoL Low Level Output Voltage Vecc = Min loL =24 mA 0.5 \"
lozH High Level Off State Ve = Max, Vo = Veg(Max)
10 pA
Output Current
lozL Low Level Off State Vce = Max, Vo = GND —10 A
Output Current w
] Maximum Input Current Veec = Max, V) = Vge(Max) 10 MA
hH High Level Input Current Vce = Max, V| = Vog(Max) 10 RA
IR Low Level Input Current Vece = Max, V= GND - -10 RA
los* ' Output Short Circuit Current Vee = 5.0V,Vpo = GND -30 -150 mA
Icc Supply Current f = 256 MHz,Vcc = Max 75 115 mA
C Input Capacitance Vee = 5.0V, V| = 2.0V 8 . pF
Ciyo 170 Capacitance Vce = 5.0V, V|;0 = 2.0V 8 pF
*One output at a time for a maximum duration of one second.
Switching Characteristics over Recommended Operating Conditions
GAL16V8-7 GAL16V8-10
Symbol Parameter Conditions COM COM Units
Min Max Min Max
trD Input or Feedback to S1 Closed, 75 10 ns
Combinatorial Output CL = 50pF '
oLk Clock to Registered S1 Closed, 5 7 ns
Output or Feedback CL = 50pF
tpzxG G | toRegistered Active High: S1 Open,
Output Enabled C_ = 50 pF
Active Low: S1 Closed, 6 10 ns
Cp = 50 pF
texzG G T toRegistered From Vop: S1 Open,
Output Disabled CL=5pF
From VoL: S1 Closed, 6 10 ns
CL =5pF
tpzxi Input to Combinatorial Active High: S1 Open,
Qutput Enabled via CL = 50pF 9 10 ns
Product Term Active Low: S1 Closed,
CL = 50pF
tpxzl Input to Combinatorial From Von: S1 Open,
Output Disabled via CL=5pF 9 10 ns
Product Term From Vg: S1 Closed,
CL=5pF
tRESET Power-Up to Registered S1 Closed,
Output High CL = 50 pF 45 45 ps




GAL16V8/A

GAL16V8A-12/-15

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,

. please contact the National Semiconductor Sales

Ambient Temperature
with Power Applied

—65°Cto +125°C

Office/Distributors for availability and specifications. Junction Temperature —65°C to +150°C
Supply Voltage Voo —0.5Vto +7.0V Lead Temperature
Input Voltage (Note 2) —25VtoVge + 1.0V (Soldering, 10 seconds) 260°C
Off-State Output Voltage (Note 2) —25VtoVge + 1.0V ESD Tolerance 1000V
Output Current +100 mA gZAP = :(s)gop(’): .
_65° o ZAP =
Storage Temperature ‘ 65°Cto +150°C Test Method: Human Body Model
Test Specification: NSC SOP-5 026 Rev. C
Recommended Operating Condltlons
SUPPLY VOLTAGE AND TEMPERATURE »
Commercial " Industrial
Symbol Parameter “Units
Min Nom Max Min Nom Max
Vee Supply Voltage " 475 5 5.25 45 5 55 \"
Ta Operating Free-Air Temperature 0 25 75 —40 25 85 °C
Tc Operating Case Temperature ) °C
AC TIMING REQUIREMENTS
GAL16V8A-12L GAL16V8A-15L
Symbol Parameter com COM/IND Units
Min Max Min Max
tsu Set-Up Time
. (Input or Feedback before Clock) 10 12 ns
tH Hold Time (Input after Clock) ns
tw Clock Pulse Width (High/Low) 8 - ' ns
tcYCLE. Clock Cycle Period (with Feedback) 20 29 ns
(Note 3)
foik Clock Frequency With Feedback 50 455
(Note 4) Without Feedback 625 62.5 MHz
fi Input Frequency (Note 5) 83.3 66.6
ter Clock Valid after Power-Up 100 100 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanemly 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 operaﬂons according to the applicable specification.

Note 3: tcycLe = tsu + tork
Note 4: fcy i (with feedback) = (tgycLe) ™1
foLk (without feedback) = (2 t)~?

Note 5: f; = (tpp)—?
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GAL16V8A-1 2/-15 (Continued) :
o
Electrical Characteristics over Recommended Operating Conditions §
~
C >
Symbol Parameter Conditions Temperature Min Typ Max Units
Range
Vi High Level Input Voltage . 2.0 Vecot1 \
VIL™ Low Level Input Voltage -0.5 0.8 \Y
VoH High Level Output Voltage | Vcg = Min, Ioy = —8.2mA 24 v
VoL Low Level Output Voltage Vee = Min, lo = 24mA . 0.5 v
lozH HighLevel Off State . | Vg = Max, Vo = Vg(Max) 10 LA
Output Current
lozL Low Level Off State Vee = Max, Vo = GND 10 pA
Output Current
Iy Maximum Input Current Ve = Max, V| = Vgo(Max) 10 pA
[ High Level Input Current Vee = Max, V) = Vgg(Max) 10 pA
IiL Low Level Input Current Ve = Max, V) = GND ’ -10 nA
los™ Output Short Gircuit Current | Vgg = 5.0V, Vo = GND -30 | —~150 mA’
Icc Supply Current 1 f=25MHz, Vgc = Max COM ) 920 mA
' IND * - 130 mA
C Input Capacitance Vec = 5.0V, V) = 2.0V 8 pF
Cuo 1/0 Capacitance Voo = 5.0V, Vyjo = 20V 10 pF
*One output at a time for a maximum duration of one second.
Switching Characteristics over Recommended Operating Conditions
GAL16V8A-12L GAL16V8A-15L
Symbol’ Parameter Conditions COM ' COM/IND Units
Min Max Min Max
tpp Input or Feedback to S1 Closed, 12 15 ns
Combinatorial Output CL = 50pF: T .
toLk . Clock to Registered S1Closed, 10 . 10 ' hs
" Output or Feedback CL = 50pF.
tpzxG G | to Registered Active High: S1 Open,
Output Enabled : CL = 50pF
Active Low: S1 Closed, 10 15 ns
C_L = 50pF
tpxzg G T to Registered From Vpu: S1 Open,
Output Disabled CL=5pF
From Vp: S1 Closed, 10 15 ns
CL=5pF
tpzxi Input to Combinatorial Active High: S1 Open,
Output Enabled via CL = 50pF 12 15 ns
Product Term Active Low: S1 Closed,
CL = 50pF
texzl Input to Combinatorial From Vou: S1 Open,
Output Disabled via CL =5pF 12 15 ns
Product Term From Vo S1 Closed,
CL=5pF
tRESET Power-Up to Registered S1 Closed,
Output High CL = 50 pF 4 48 ks

27



GAL16V8/A

GAL16V8-20/-25

Absolute Maximum Ratings note 1)

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

Ambient Temperature
with Power Applied

Junction Temperature

—65°Cto +125°C
—65°Cto +150°C

Supply Voltage Vee —0.5Vto +7.0V Lead Temperature
Input Voltage (Note 2) —25VtoVge + 1.0V (Soldering, 10 seconds). 260°C
Off-State Output Voltage (Note 2) —2.5VtoVge + 1.0V ESD Tolerance 1000V
Output Current +100 mA ' SZAP = 1230%:
—BE° o Rzap =
Storage Temperature 65°Cto +150°C Test Method: Human Body Model
" Test Specification: NSC SOP-5-026 Rev. C
Recommended Operating Conditions
SUPPLY VOLTAGE AND TEMPERATURE
: Commercial Industrial T
Symbol Parameter - - Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.75 5 5.25 4.5 5 5.5 Vv
Ta Operating Free-Air Temperature 0 25 75 —40 25 - 85 °C
- Tc Operating Case Temperature °C
AC TIMING REQUIREMENTS
GAL16V8-20L  GAL16V8-25L GAL16V8-25Q )
Symbol Parameter COM COM COM Units
Min Max ., Min Max Min Max
tsy Set-Up Time o
(Input or Feedback before Clock) 15 15 15 ns
ty | Hold Time (Input after Clock) [ 0 0 ns
tw Clock Pulse Width (High/Low) 12 -12 12 ns
tovcLe | Clock Cycle Period (with Feedback) 27 27 27 ns
(Note 3)
foLk Clock Frequency | With Feedback 37 37 37
(Note 4) Without Feedback 41.66 41.66 4166 | MHz
f| Input Frequency (Note 5) 50 50 50
tpR Clock Valid after Power-Up 100 100 100 ns
Note 1: Absolute maximum ratings are those values beyond which the device may be permanently ds d. Proper operation is not g d outside the
specified recommended operating conditions.
Note 2: Some device pins may be raised above these fimits during prog ing and preload operati according to the applicable specification.

Note 3: tcvcLe = tsu + tok

Note 4: fc k (with feedback) = (toycLe) ™!
foLk (without feedback) = (2 ty)~1

Note 5: f; = {tpp)~1




GAL1 6V8-20/-25 (Continued)
Electrical Characteristics over Recommended Operating Conditions

Symbol Parameter Conditions Te";':":;ure Min Typ Max Units
ViH High Level Input Voltage 2.0 Vee+1 \'
ViL Low Level Input Voltage -0.5 0.8 \
VoH High Level Output Voltage Vec = Min, loy = —3.2mA 2.4 \
VoL Low Level Output Voltage Vee = Min, loL = 24 mA 0.5 V'
lozH High Level Off State Vee = Max, Vo = Vec(Max) 10 A
Output Current
lozL Low Level Off State VCC‘ = Max, Vo = GND 10 | pA
Output Current
Iy Maximum Input Current Ve = Max, V| = Vgg(Max) 10 pA
IiH High Level Input Current Vce = Max, V| = Vggo(Max) 10 MA
m Low Level Input Current Vog = Max, V; = GND ~10 A
los* Output Short Circuit Current | Voo = 5.0V, Vg = GND —30 —150 mA
Icc Supply Current f = 25 MHz, Vg = Max -20L, -25L 90 mA
T -25Q 55 mA
C Input Capacitance Vee = 5.0V, V, = 2.0V pF
Cio /0 Capacitance Vee = 5.0V, Vig = 2.0V pF
*One output at a time for a maximum duration of one second.
Switching Characteristics over Recommended Operating Conditions
o GAL16V8-20L GAL16V8-25L GAL16V8-25Q
Symbol Parameter Conditions COM COM COM Units
Min Max Min Max Min Max
R Pl o = s |
Rl Eree il B ° °
tezxg | G | to Registered Active High: S1 Open,
Cutput Enabled /cittivesLoopw'::m Closed, 8 20 20 ns
o Cp = 50pF
tpxzg | G T to Registered From Vop: S1 Open,
Output Dlsable? g:om 3(:: S1 Closed, 1.8 20 20 ns
Cp =5pF
tpzx . Input to Combinatorial . | Active High: S1 Open,
ProuetTerm | Aetve Lows$1 losed 20 2 5 | ne
CL = 50pF
tpxzt | Inputto Combinatorial | From Vop: S1 Open,
gruc:gll:rt:tD 'Il'sear:ed " (F::-om 3gf S1 Closed, 20 2 2 ns
CL =5pF
tRESET gt‘::;zrt Ll-Ji’i)g:’ Registered gl (;Ios's:(;,F 45 45 45 us
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GAL16V8/A

AC Test Load
sV —o/
OUWlh
TL/L/11255-2
Test Waveforms
Setup and Hold
TIMING yr———'-’*v
INPUT Y, ov

tser-up YoLp sv
DATA
INPUT WL ov

TL/L/11255-3

Propagation Delay
. \ 3v
INPUT k
. ov
IN-PHASE Vou
OUTPUT k
(S1 CLOSED) VoL
OUT OF PHASE Vo
OUTPUT /
(st CLOSED) VoL :

TL/L/11255-5

Notes:

C_ includes probe and jig capacitance.

Vr = 1.5V. :

Test inputs have rise and fall times of 3 ns between 0.3V and 2.7V.

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

Switching Waveforms

COM/IND
R1 = 200
R2 = 390

Pulse Width

HIGH=LEVEL
PULSE INPUT iwr

tw

LOW-LEVEL
PULSE INPUT W)

TL/L/11255-4

Enable and Disable

3v
ENABLE :XVT ENABLED Vr 3 DISABLED

INPUT gy
i Lo
NORMALLY HIGH Voy — 1o il | 0.5V
OUTPUT J'Lv ] .
(S1 OPEN)  Z == T CE
NoRMALLY Lo 7z < iz (=
oUTPUT Vi ~ 1 0
(s1 cLosep) Vou - T .5V

TL/L/11256-6

INPUTS (1, 1/0) XZZ)( VALID INPUT WXXVALID INPUTYOXOCOXOOOKVALID INPUTYOXOXOOOOOOOOOKXX
tsu

ik

| N

s .
Yok I

_/ N
Lrae
| Yzxe

X

texzel
REGISTERED
OUTPUTS

ANY INPUT
PROGRAMMED FOR VALID DISABLE { VALID ENABLE
TRI-STATE CONTROL
tp xzi |

T

D
oo urpurs KXXKXXXXXXXXK_

TL/L/11255-7
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Power-Up Reset Waveforms
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XXXXXXXXXXXX

INTERNAL REGISTERS

\ RESET T0 LOGIC 0

XXXX

INTERNAL N/
REG. 0 DN

REGISTERED

outputs 20000000CCOOOOOOOOOOCOOO0)

TL/L/11255-8

Input Schematic

Input Translator/Buffer

[

l-Ol Q24 Qsa
INPUT . N TO INTERNAL
LI Q2

l CIRCUITRY
pmmtkmny
1

' oesp 8
1 PROTECTION ¢

Qs

TL/L/11255-9

Ordering Information

- Generic Array Logic Family

Number of Array Inputs

Type: V = Variable Architecture

Number of Outputs
-12/-15 Only
Speed:
7:tpp=75ns
-10: tpp = 10 ns
-12: tpp = 12ns
-15: tpp = 15ns
-20: tpp = 20 ns
. =25 tpp=256ns

L = Low Power
Q = Quarter Power

Package Type:
N = 20-Pin Plastic DIP
V = 20-Lead Plastic Chip Carrier

Temperature Range:
J/ C = Commercial (0°C to +75°C)

I = Industrial (—40°C to +85°C)

L L 1 4 L

GAL 6 V8 A 7 L N C

THE GAL16VBA-10L HAS BEEN RENAMED GAL16V8-10L. THERE WERE NO SPECIFICATION CHANGES ASSOCIATED
WITH THIS NAME CHANGE.
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GAL16VB/A

GAL16V8 Block Diagram—DIP Connections
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Functional Description

The GAL logic array consists of a programmable AND array
with fixed OR-gate connections, similar to the bipolar PAL
architecture. The logic array is organized as 16 complemen-
tary input lines crossing 64 “product term” lines with a pro-
grammable E2PROM cell at each intersection (2048 cells).
Each programmable cell may establish a connection be-
tween an input line (true or complement phase of an array
input signal) and a product term. A product term is satisfied
(logically true) while all of the input lines “connected” to it
are in the high logic state.

The 64 product terms are organized into eight output groups’

with eight terms each. Seven or eight of the product terms in
each output group feed into an OR-gate to produce each
output logic function; one of the product terms may instead
be used to control the associated TRI-STATE device output.
The fundamental transfer function of each GAL output is the
familiar Boolean sum-of-products. Design development soft-
ware is available which accepts Boolean equations and
converts them automatically into GAL programming pat-
terns.

As shown in the GAL16V8 Block Diagram (Figure 1), a total
of eight output logic functions are available. Each of the
AND/OR logic functions feeds into an “output logic macro-
cell” (OLMC). The eight OLMCs control the flow of input
and output signals between the logic array and the device's
1/0 pins.

Under control of an OLMC, each output may be designated

either registered or combinatorial (non-registered). In the
registered output configuration, the logic function output

20-Lead PLCC Connection Diagram

20 - LEAD PLCC
(TOP VIEW)

passes through a D-type flip-flop triggered by the rising
edge of the clock input. Additionally, the logic function’s out-
put polarity may be designated active-low or active-high (ad-
justed before the register, if present). OLMC options such
as these are selected using a set of programmable architec-
ture control cells. These architecture cells are normally con-
figured automatically by the development software or pro-
gramming hardware.

All of the possible 1/0 configurations of the GAL16V8 are
classified into three basic modes: ‘‘Small-PAL" mode,
“Registered-PAL” mode and “Medium-PAL"” mode. These
modes correspond to the architectures of the PAL families
which the GAL16V8 can emulate. The modes determine the
mixture of OLMC configurations which can be selected for
the device.. The OLMC Selection table (Table |) lists which
functions can be selected on the device pin* 1 and pins* 11
through 19 for each of the three modes. The logic diagrams
in Figure 3 illustrate these OLMC functions.

“OUTPUT” represents the always-active combinatorial out-
put configuration available in the “Small-PAL"” mode. “REG-
ISTER” is the registered output with register feedback avail-
able in the “Registered-PAL” ‘mode. “I/0" is the combina-
torial bidirectional 1/0 available in “Registered-PAL” and
“Medium-PAL"” modes. “TRI-STATE” is the TRI-STATE
combinatorial output function appearing on pins* 12 and 19
in the “Medium-PAL" mode. “INPUT” in Table | denotes an
OLMC used as a dedicated input only. _

*Applies to both 20-pin DIP and 20-lead PLCC packages for GAL16V8.
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GAL16V8/A

OLMC Selection Table
: L TABLE| ‘
“Small-PAL” Mode “Registered-PAL” Mode “Medium-PAL” Mode
f : > " INPUT CLOCK INPUT
NS .
i T vee . o
! 78] ——> INPUT or OUTPUT* REGISTER or I/0 TRI-STATE**
ey 18] ~——> ~INPUT or OUTPUT* REGISTER or I/0, 170 -
! = GAL16V8 17} ~——> INPUT or OUTPUT* REGISTER or /0 170
1 [5] %—> OUTPUT* REGISTER or 170 e)
1 [F] 15| ——> OUTPUT* REGISTER or I/0 170
1 [ ({4 —> INPUT or OUTPUT* REGISTER or 170 RY/e]
1 [E] [(5]—> | INPUT or OUTPUT* REGISTER or I/0 170
3 EA— INPUT or OUTPUT* REGISTERorl/0 ' * TRI-STATE** -
i 1 —> INPUT 'OUPUT ENABLE (G) INPUT
TL/L/11255-12 *Active combfnatorial output
**TRI-STATE combinatorial output
PAL Replacement Configurations . ‘
o : e - TABLEN
. . ' “Medium-PAL”
“Small PAL” Mode “Registered-PAL” Mode Mode
; — INPUT -| INPUT | INPUT | INPUT | crock: | cLock | -cLock INPUT
|-E ~7 20] Voo
I [Z] 19]——> [outPuT*| INPUT | INPUT | INPUT [REGISTER| IO /0 | TRI-STATE**
' ] [8]l—> |output+|outPuT*| INPUT | INPUT |REGISTER|REGISTER| 11O 170
IZ]  cautevs %—' OUTPUT*|OUTPUT*|OUTPUT*| - INPUT |REGISTER|REGISTER|REGISTER| = 1/O
1 5] 16]——> | OUTPUT*| OUTPUT*| OUTPUT*| OUTPUT*| REGISTER | REGISTER | REGISTER 1o
1 [ g—* OUTPUT*| OUTPUT*| GUTPUT* | OUTPUT* | REGISTER | REGISTER | REGISTER 170
1 [ L= |ouTPUT*|OUTPUT*|OUTPUT"| INPUT |REGISTER|REGISTER|REGISTER 170
! % []—>  |outpur*|{oOUTRUT* INPUT | INPUT |REGISTER|REGISTER| 110 10
! 12— |ourpur+| neur | NPuT | INPUT [REGISTER| 1O /0 | TRI-STATE**
ono [0} T—> | put | iNeuT | INBUT | INPUT G [ G INPUT
TLL/1285-13 D toe | 126 | 144 | 16L2 | 1eRs 16R6 16R4 16L8
EMULATED | 1toM8 | 12He | 14M4 | 16H2 | 16RP8 | 16RP6 | 16RPa 16H8
PALPRODUCTS| 10P8 12P6 14P4 16P2 16P8

*Active combinatorial outpth.
**TRI-STATE combinatorial output.
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OLMC Configurations
OUTPUT (Active Combinatorial Output)
8, ‘—\ Polarity .
O
AND = o— >0—{ 7]
Array D i
_ TUL/11255-14
REGISTER (Registered Output)
8 Polarity
> 2,
AND
Array |> o I 1
c Dc

TL/L/11255-15

1/0 (Combinatérial Input/Output)

17
4 Polarit
TN ety
" AND ' l._/
Array ’ E i

TL/L/11255-16

TRI-STATE (TRI-STATE Combinatorial Output)

1y

-; Polarity
AND 7 o
Array - T © } O—1 Pin |
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GAL16V8/A

Functional Description (continued)

In the “Small-PAL” and “Medium-PAL" modes (Table I),
pins* 1 and 11 are always dedicated inputs. In the “Regis-
tered-PAL” mode, however, pin* 1 becomes the clock input
controlling all OLMC registers, and pin* 11 becomes the
output enable (G) input controlling the TRI-STATE outputs
of all registered OLMCs. Within the “Small-PAL" and “Reg-
istered-PAL” modes in Table |, the functions of pins* 12
through 19 can be selected individually from either of the
two functions listed. For example, in “Registered-PAL”
mode, pins* 12 through 19 can each be designated as ei-
ther a registered output or a combinatorial I1/0. The “Medi-
um-PAL” mode represents a single fixed configuration used
to emulate combinatorial medium PAL devices (16L8, 16H8,
16P8).

Table Il lists the bipolar PAL products which the GAL16V8
can emulate, and the specific input/output configurations
used. This is just a subset, however, of all the configurations
provided in Table I.

All registers in a GAL device are reset to the low state upon
power-up. The active-low outputs, in turn, assume high logic
levels (if enabled) regardless of the selected output polarity.
This may simplify sequential circuit design and test. To en-
sure successful power-up reset, Voc must rise monotonical-
ly until the specified operating voltage is attained. During
power-up, the clock input should assume a valid, stable log-
ic state as early as possible (within the specified time, tpg)
to avoid interfering with the reset operation. The clock input
should also remain stable until after the power-up reset op-
eration is completed to allow the registers to capture the
proper next state on the first high-going clock transition.

It should be noted that the switching of any input not logical-
ly connected to a product term or logic function has no ef-
fect on the associated output logic state. To minimize power
consumption, however, unused inputs should be connected
to a stable logic level such as ground or Vg (CMOS GAL
inputs may be tied directly to the supply voltage without
causing excessive loading conditions).

*Applies to both 20-pin DIP and 20-lead PLCC packages for GAL16V8.

Clock/Input Frequency
Specifications

The clock frequency (fc k) parameter listed in the Recom-
mended Operating Conditions table specifies the maximum
speed at which the GAL registers are guaranteed to oper-
ate. Clock frequency is defined differently for the two cases
in which register feedback is used versus when itis not. In a
data-path type application, when the logic functions fed into
the registers are not dependent on register feedback from
the previous cycle (i.e. based only on external inputs), the
minimum required cycle period (fopk — 1 without feedback) is
defined as the greater of the minimum clock period (t,, high
+ ty low) and the minimum “data window” period (tgy +
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 (tcycLe
= fok—1 with feedback) is defined as tg x + tsy. This
provides sufficient time for outputs from the registers to

‘feed back through the logic array and set up on the inputs to

the registers before the end of each cycle.

The input frequency (f)) parameter specifies the maximum
rate at which each GAL input can be toggled and still pro-
duce valid logic transitions on each combinatorial output.
The f) specification is derived as the inverse of the combina-
torial propagation delay (tpp).

Design Development Support

A variety of software tools and programming equipment is
available to support the development of designs using GAL
products. Typical software packages accept Boolean logic
equations to define desired functions. Most are available to
run on personal computers and generate a JEDEC-compati-
ble “cell-map” (analogous to a PAL “fuse-map”). The in-
dustry-standard JEDEC format ensures that the resulting
cell-map file can be down-loaded into a variety of program-
ming equipment. Many software packages and program-
ming units support a large variety of programmable logic
products as well. The OPAL software package from Nation-
al Semiconductor supports all programmable logic products
available from National and is fully JEDEC-compatible.

National strongly recommends using only approved pro-
gramming hardware and software for developing GAL de-
signs. Programming using unapproved equipment generally
voids all guarantees. Approved programmers incorporate
specialized programming algorithms that program the array
and automatically configure the architecture cells. To en-
sure data retention and reliability, the programming algo-
rithm also tracks the number of programming cycles to
which each GAL device has been subjected since shipment,
and stores this information automatically in the device.

The special GAL programming algorithm can also program
a GAL device using a standard fuse-map developed for any
of the emulated PAL products. PAL fuse-maps can be creat-
ed by any JEDEC-compatible PAL development software or
by loading the fuse pattern from an existing programmed
PAL device into the programming unit (provided the PAL
device has not been secured). However, to utilize the full
flexibility of the GAL architecture, true GAL development
software (such as OPAL software) is recommended.

Detailed logic diagrams showing all JEDEC cell-map ad-
dresses in the GAL logic array and OLMC are provided for
direct map editing and diagnostic purposes (see “‘Program-
ming Details™). For a list of current software and program-
ming support tools available for these devices, please con-
tact your local National sales representative or distributor. If
detailed specifications of the GAL programming algorithm
are needed, please contact the National Semiconductor
Programmable Device Support department.
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Security Cell

A security cell is provided on all GAL16V8 devices as a
deterrent to unauthorized copying of the array configuration
patterns. Once programmed, the circuitry enabling array ac-
cess is disabled, preventing further programming or verifica-
tion of the array. The security cell can be erased only in
conjunction with the array during a bulk erase cycle, so the
original configuration can never be examined once this cell
is programmed.

Electronic Signature

Each GAL device contains an electronic signature word
consisting of 64 bits of reprogrammable memory. The elec-
tronic signature word can be programmed to contain any
identification information desired by the user. Some uses
include pattern identification labels, revision numbers,
dates, inventory control information, etc. The data stored in
the electronic signature word has no effect on the function-
ality of the device. The information is read out of the device
using the normal program verification procedure provided by
the programming equipment. The information may be ac-
cessed at any time independent of the state of the security
cell. National’s OPAL development software allows elec-
tronic signature data to be entered by the user and down-
loaded to the programming equipment.

Bulk Erase

The programming equipment automatically performs a bulk
erase operation prior to each programming operation. No
special erase operation need be performed by the user.
Bulk erase clears the logic array, architecture cells, security
cell, and electronic signature information. The GAL device is
thereby reverted back to its virgin state.

Latch-Up Protection

GAL devices are designed with an on-chip charge pump to
negatively bias the substrate. The negative bias is of suffi-
cient magnitude to prevent input undershoots from causing
the circuitry to latch. Additionally, outputs are designed with
n-channel pullups instead of the traditional p-channel pull-
ups to eliminate any possibility of SCR induced latching.

To insure that no undesired bias conditions occur with P+
diffusions, a Latch-Lock™ power-up circuitry has been de-
veloped. The drain of all P channel devices normally con-
nected to the device supply are now connected to an alter-
nate supply that powers up after the device N-wells have
been biased and the substrate has reached its negative
clamp value. This prevents any hazardous bias conditions
from developing in the power-up sequence. After power-up
is complete, the Latch-Lock circuitry becomes dormant until
a full power-down has occurred; this eliminates the chance
of an unwanted P channel power-down during device opera-
tion.

Manufacturer Testing

Because of EECMOS technology, GAL devices can be re-
programmed in milliseconds. This allows each device to be
completely tested by the manufacturer using numerous log-
ic array and architecture patterns prior to shipping. Every
programmable cell and every logic path through every de-
vice is fully tested for programmability, functionality and per-
formance to all AC and DC parameters. The customer can
therefore expect 100% . programming and functional yield
and 100% compliance of all GAL products to datasheet
specifications.

The testing procedure performed on all GAL devices by the
manufacturer tests all aspects of device operation. Exten-
sive testing of all programmable cells in the device include
margin testing, internal verify, and program retention during
high-temperature bake. All DC and AC parameters are test-
ed at hot and cold temperatures using a variety of worst
case logic and signal patterns. Functional tests include re-
programming each OLMC to all valid architectural configura-
tions.

Register Preload

The register preload feature allows OLMC registers to be
directly loaded with any desired data pattern. it also allows
the present state of OLMC registers to be examined regard-
less of TRI-STATE control conditions. This simplifies testing
of devices after programming. A device may be put into any
desired register state at any point during the functional test
sequence. The test sequence may then be resumed to veri-
fy proper next-state transitions. This allows complete verifi-
cation of sequential logic circuits, including states that are

normally impossible or difficult to reach. It may also shorten

the overall test time significantly.

Register preload is not an operational mode and is not in-
tended for board-level testing because elevated voltage lev-
els must be applied to the device. The programming equip-
ment normally provides the register preload capability as
part of its functional test facility, Note that the testing of GAL

~ devices after programming by the user may be considered

unnecessary because all EECMOS GAL products are com-
pletely tested by the manufacturer, guaranteemg 100%
post-programming functional yield.

The register preload algorithm is described for those users
who wish to test programmed GAL devices using test equip-
ment other than approved GAL programming equipment. As
shown in the Register Preload Waveform in Figure 5, the
preload sequence must not begin until the normal power-up
reset operation has completed (after time tgesgT). The de-
vice is placed into preload mode by raising the “PRLD” in-
put (pin* 11) to voltage V|gs, as specified in the Register
Preload Specifications (Table ll).

*Applies to both 20-pin DIP and 20-lead PLCC Packages for GAL16V8.
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GAL16V8/A

Register Preload (continued)

To preload the OLMC registers, a series of data bits are
shifted into the device on the “SpN” input (pin* 9), one bit
for each OLMC in which registered output has been select-
ed. (Non-registered OLMCs are bypassed.) The shift se-
quence is clocked by the rising edge of the “DgLk” input
(pin* 1). The data stream is shifted in through the registered
OLMC with the lowest corresponding pin number, and then
“upward”. through all remaining registered OLMCs in pin-
number ascending order. Therefore, the first data bit in the
series is ultimately loaded into the registered OLMC with the
highest corresponding pin number, as shown in Figure 4.

As the data series is shifted into the Spyy input, the contents
of all registers (in registered OLMCs) are shifted “upward”
and out onto the “Spoyt™ output (pin* 12). Complete pres-
ent-state information can be examined in this manner. Test
fixtures can be devised to test several GAL devices in which
the SpouyT pin of each chip is connected to the Sp)N pin of
the next, and all preload and present-state data can be
shifted around a single serial loop.

Note that when shifting register data into Spyy or out of
SpouT: ViL/VoL = register reset (0), and V)y/VoH = regis-
ter set (1). These 0 and 1 register states are always inverted
(active-low) on the normal output pins regardless of the se-
lected output polarity (polarity affects logic function values
before register inputs).

*Applies to both 20-pin DIP and 20-lead PLCC Packages for GAL16V8.

Register Preload Specifications

L

TL/LI11255-18
**The Spour output buffer is an open dram output during preload. This pin
should be terminated to Ve with a 10 kS resistor.
FIGURE 4. Output Register Preload Pinout

TABLE Il
Symbol Parameter Conditions Min Typ Max Units
ViH Input Voltage (High) 2.40 ‘ Vee Y
Vi . - Input Voltage (Low) 0.00 . 0.50 \
Vies- " Registered Preload Input Voltage 115 12 125 \
VoH Output Volitage (High) (Note 1) Vee v
VoL .. .| OutputVoltage (Low) (Note 1) loL < 12 mA 0.00 ‘ 0.50 v
179 [T Input Current (Programming) ) +1 *10 pA
loH High Level Output Current (Note 1) Vou < Voo : 10 pA
trwy Verify Pulse Width 1 10 s
to ‘ Pulse Sequence Delay . 1 10 us
tRESET Register Reset Time from Valid Vcg - 45 s

Note 1: The Spout output buffer is an open drain output. This pin should be terminated to Vcc with a 10k resistor.
- FIGURE 5




Register Preload Waveforms

Ve 7 90%
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VALID  DATA X

TL/L/11255~19

**The SpoyT output buffer is an open drain output during preload. This pin should be terminated to V¢ with a 10 kQ resistor.

Programming Details

Understanding the information in this section is not essen-
tial when using approved programming equipment and soft-
ware for developing GAL designs. This is a more thorough
disclosure of the GAL architecture provided for direct
JEDEC cell-map editing and diagnostic purposes. This sec-
tion alone, however, does not contain sufficient information
to implement the GAL programming algorithm. If detailed
specifications of the GAL programming algorithm are need-
ed, please contact the National Semiconductor Programma-
ble Device Support department.

As mentioned in the Functional Description, the OLMC is
responsible for selecting input and/or output paths, regis-
tered vs. combinatorial outputs, active-high or low polarity,
and common vs. locally-controlled TRI-STATE control. Ad-
ditionally, the OLMCs select between alternate logic array
input paths to maintain JEDEC cell-map compatibility with
either “small-PAL” or “medium-PAL" logic arrays.

The various configurations of the OLMCs are controlled by a
set of programmable “architecture” cells, separate from the
logic-defining array cells. Each GAL device contains two
*‘global” architecture cells, “SYN" and “AC0”, which affect
all OLMCs. Each of the device’s eight OLMCs also contains
two “local” cells, “AC1” and “XOR". The OLMC Logic Dia-
gram in Figure 6 shows how the architecture cells select the
different paths through the OLMC.

The SYN bit controls whether a device will have any regis-
tered outputs (SYN = 0) or will be purely combinatorial
(SYN=1). The SYN bit determines whether device pins* 1
and 11 are used as the clock and global TRI-STATE control
inputs (SYN=0) or whether they are ordinary inputs
(SYN=1). The ACO bit selects between the “Small-PAL"
mode and the “Medium/Registered-PAL" modes. The func-
tion of the AC1 bits depend on the state of the ACO bit. In
“Small-PAL” mode (ACO=0), the AC1 bit in each OLMC
determines whether the associated device pin is an output
(AC1=0) or an input (AC1=1). In “Registered-PAL" mode
(ACO0=1), the AC1 bit determines whether each OLMC is
registered (AC1=0) or combinatorial (AC1=1). In “Medi-
um-PAL"” mode (ACO=1), the AC1 bits in all OLMCs must
be set to 1 (combinatorial). All of the valid architecture bit
configurations are shown in the OLMC Architecture table

(Table V), which has the same familiar format used in the .

OLMC Selection table (Table 1).

Independent of SYN, ACO and the AC1 bits, the XOR bit in
each OLMC selects between active-low (XOR=0) or active-
high (XOR= 1) output polarity.

*Applies to both 20-pin DIP and 20-lead PLCC packages for GAL16V8.
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GAL16V8/A

OLMC Logic Diagram
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FIGURE 6
OLMC Architecture Programming
o R - TABLE IV .
“Small-PAL” Mode “Registered-PAL” Mode “Medium-PAL"” Mode*
JEDEC - JEDEC ' ' JEDEC
. Input: Input | | i Input
Function Line #s Function Line #s Function Lines #s
i (Note 1) ) (Note 1) (Note 1)
Pin 1 INPUT INPUT 2,3 CLOCK CLOCK - INPUT 2,3
*** Pin 19 110 INPUT 6,7 REGISTER 1/0 23 TRI-STATE**
*** Pin 18 1/0 INPUT 10,11 REGISTER 170 6,7 170 6,7
***Pin17 1/0 INPUT 14,15 REGISTER 1/0 10,11 170 10,11
***Pin16 | OUTPUT* NC REGISTER 1/0 14,15 170 14,15
***Pin15 | OUTPUT* NC REGISTER 1/0 18,19 170 18,19
*** Pin 14 1/0 INPUT 18,19 REGISTER 1/0 22,23 170 22,23
*** Pin 13 1/0 INPUT 22,23 REGISTER 110 26,27 1710 26,27
*** Pin 12 1/0 INPUT 26,27 REGISTER 1/0 30,13 TRI-STATE**
Pin 11 INPUT INPUT 30,31 G G INPUT 30,31
ACl, =0 | ACI =1 AC1, =0 AC1, =1 AC1p =1
SYN=1,AC0=0 SYN = 0,AC0 = 1 SYN = 1,ACO = 1
All outputs are combinatorial At least one output is Al 1/0 pins are
and always active. registered. combinatorial.

Note: Pin numbers above apply to both 20-pin DIP and 20-lead PLCG packages for GAL16V8.
Note 1: All even and odd numbered JEDEC input line numbers correspond to true and complement array inputs, respectively.
*Active combinatorial output.
**TRI-STATE combinatorial output.

*** AC1, applies to these 170 pins only.
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GAL16V8 Logic Diagram

;—DIP PIN NUMBERS INPUT LINE  DIP PIN
“D —— PRODUCT LINE FIRST CELL NUMBERS NUMBERS  NUMBERS
02 46 810 1214 1618 2022 2426 2830 I ¢
1131507 19|11 [13)15117]19 ]2 123 |25(27 [2931
y y
00—5 oLMC
64—35 XOR=2048
128—¢5 AC1=2120
192—o% o pro=2128
T -2135
23 K1
2567 oMe 1]
320-3¢ XOR=2049
384 AC1=2121 [
448750 o Pro=2136 [¢
T -2143
L% Z
512- OLMC |
5764 XOR=2050
6405 AC1=2122 [
70453 ] PTD=2144 »»
T -2151 [
s 3 o o o S
768755 oMe |
832554 XOR=2051
9633 AC1=2123 [
960393 H pro=2152 ¢}
P -2159
L3 &
102475 OLMC |
:?gf ; XOR=2052
2978 AC1=2124 [
121693 H Pro=2160 ¢
T -2167
sT3 o o o S
12807z oLMC |
1344-2¢ XO0R=2053
1408770 AC1=2125 [
14729504 o] pro=2168 [«
-2175
I3 =
153655 oLMe |
1600453 XOR=2054
1664753 AC1=2126 [
1728555 =] Pro=2176 [¢
P -2183
13 K
1792 oLMe |
1856 XOR=2055
1920 AC1=2127 [
198402 N B
2 H Pro=2184 [¢]
-2191
T3 L
ol2] 4 10l 12114] 1618l 2022 2426l 28130
10— 173 5.7 911 1315 1719 2123 2527 2931

USER ELECTRONIC SIGNATURE WORD:

2056 2064 2072 2080 2088
1

2096

2104 21
1

12 2119

1 1
|IBYTE 0 ||BYTE 1] BYTE 2 |'avrz BB ER T EE

MSB

SYN=2192
AC0=2193

LsB

JEDEC Logic Array Cell Number = Product Line First Cell Number + Input Line Number
FIGURE 7
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GAL20V8/A

@National

Semiconductor

GAL20V8/A 24-Pin Generlc Array Loglc Famlly

General Description

The EECMOS GAL® 20V8/A devices are fabricated using “

electrically erasable floating gate technology. This program-
mable memory technology applied to array logic provides
designers with reconfigurable logic and bipolar performance
at significantly reduced power levels.

The 24-pin GAL20V8 features 8 programmable Output Log-
ic Macrocells (OLMCs) allowing each TRI-STATE® output
to be configured by the user. Additionally, the GAL20V8 is
capable of emulating, in a functional/fuse map/parametric
compatible device, the most popular 24-pin PAL® device
architectures.

Programming is accomphshed using readily available hard-
ware and software tools. NSC guarantees a minimum 100
erase/write cycles.

Unique test circuitry and ;eprogrammable cells allow com-
plete AC, DC, cell and functionality testing during manufac-
ture. Therefore, NSC guarantees 100% field programmabili-
ty of the GAL devices. In addition, electronic signature is
available to provide positive device ID. A security circuit is
built-in, providing proprietary designs with copy protection.

- Features. S
| High performance EECMOS technology
— 7.5 ns maximum propagaﬂon delay
—foLk = 100 MHz
— 5 ns maximum from clock input to data output
— TTL compatible 24 mA outpuits
® Reduced power - .
— Low power = 115 mA lgc max, 75 mA typ
W Electrically erasable cell technology )
— Reconfigurable logic
— Reprogrammable cells :
— 100% tested/guaranteed 100% yields
— High speed electrical erasure (<50 ms)
— 20 year data retention :
| Eight output logic macrocells
— Maximum flexibility for complex logic_ desngns
— Programmable output polarity
— Also emulates 24-pin PAL devices with full functi-
" on/fuse map/parametric compatibility
m Preload and power-up reset of all registers
— 100% functional testability

m Fully supported by National OPAL™™ and OPALjr devel-

opment software }
m Security cell prevents copylng logic

PAL Replacement by Device Type

“Small PAL” “Registered n:‘:’::‘:m
Mode PAL” Mode
Mode
14L8(16L6(18L4|20L2| 20R8 [ 20R6 | 20R4 | 20L8
14H8(16H6| 18H4| 20H2| 20RP8| 20RP6|20RP4| 20H8
14P8|16P6| 18P4|20P2 : 20P8

Block Diagram—GAL20V8
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GAL20V8-7/-10 E
o
Absolute Maximum Ratings (ote 1) S
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 avalilability and specifications. Junction Temperature —65°C to +150°C
Supply Voltage (Vcc) —0.5Vto +7.0V Lead Temperature
Input Voltage (Note 2) —~2.5VtoVge + 1.0V (Soldering, 10 seconds) 260°C
Off-State Output Voltage (Note 2) —2.5VtoVge + 1.0V ESD Tolerance ' >2000V
Output Current £100 mA Czap = 100 pF
.Storage Temperature —65°Cto +150°C Rzap = 15000

Test Method: Human Body Mode!
Test Specification: NSC SOP-5-028 Rev. C

Recommended Operating Conditions
SUPPLY VOLTAGE AND TEMPERATURE

Symbol Parameter Min Typ Max Units
- Veo Supply Voltage 4.75 5 5.25 \

Ta Operating Free-Air Temperature 0 : 25 75 °C

Te Operating Case Temperature . °C

AC TIMING REQUIREMENTS

Symbol Parameter GAL20V8-7L GAL20V8-10L Units
Min Max Min Max
s (Slr?;lﬂzrgzdback before Clock) 7 10 : ns
tH Hold Time (Input after Clock) 0 0 ns
tw Clock Pulse Width (High/Low) 5 8 ns
YOS | it Febaback Noto ) 12 17 ns
foLk Clock Frequency With Feedback 83.3 58.8
(Note 4) Without Feedback 100 62.5 MHz
fi Input Frequency (Note 5) 133.3 100
tPR Clock Valid after Power-Up 100 100 ns

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: toycLe = tsy + towk

Note 4: fc k (with feedback) = (tgycLe)—1
foLk (without feedback) = (2ty)—1

Note 5: f) = (tpp)=1
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GAL20V8-7/-10
Electrical Characteristics over Recommended Operating Conditions
Symbol Parameter Conditions Min Typ Max Units
VIH  High Level Input Voltage 2.0 Ve + 1 \"
ViL Low Level Input Voltage -0.5 0.8 v
VoH High Level Output Voltage Veoe = Min loH = —3.2mA 2.4 \'
VoL Low Level Output Voltage Voc = Min loL = 24 mA 0.5 V.
lozH High Level Off State Vge.= Max, Vo = Vg (Max) 10 A
Output Current EE ®
lozL Low Level Off State Vcc = Max, Vg = GND 10 A
Output Current p
I Maximum Input Current Vce = Max, V) = Vee (Max) 10 pA
IiH High Level Input Current Vee = Max, V) = Ve (Max) 10 pA
he Low Level input Current Vce = Max, V| = GND -10 pA
los* Output Short Circuit Current Vce = 5.0V, Vo = GND —-30 —150 mA
lcc Supply Current f = 25 MHz, Vgc = Max 75 115 mA
C Input Capacitance Ve = 5.0V, V| = 2.0V 8 pF
Ci/o 170 Capacitance Vée = 5.0V, V0 = 2.0V 8 pF
*One output at a time for a mgximum duration of one second. )
Switching Characteristics over Recommended Operating Conditions
Symbol Parameter Conditions GAL20v8-7 GAL20V8-10 Units
) Min Max - Min Max
tpD Input 9r Fee.dback to S1 Closed, C| = 50 pF 75 10 ns
Combinatorial Output .
tok Clock to Registered S1 Closed, C = 50 pF 5 7 ns
Output or Feedback
tpzxG G | toRegistered Active High; S1 Open,
Output Enabled CL = 50 pF .
: Active Low; S1 Closed, 6 10 ns
CL = 50pF
tpxzG G T toRegistered From Voy; S1 Open,
Output Disabled C_=5pF 6 10 ns
FromVoy;
S1 Closed, C = 5 pF
trzxi Input to Combinatorial Active High; S1 Open,
Output Enabled via CL = 50 pF 9 10 ns
Product Term Active Low; S1 Closed,
C_ = 50 pF
tpxzi Input to Combinatorial From Vpy; S1 Open,
Output Disabled via C_=5pF 9 10 ns
Product Term From Vg; S1 Closed,
CL=5pF
tRESET Power-Up to Registered S1 Closed, C_ = 50 pF
Output High 45 45 ks
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GAL20V8A-12/-15 E
o
Absolute Maximum Ratings (ote 1) S
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 (Vce) —0.5Vto +7.0V Lead Temperature
Input Voltage (Note 2) —2.5Vto Vg + 1.0V (Soldering, 10 seconds) 260°C
Off-State Output Voltage (Note 2) —2.5VtoVge + 1.0V ESD Tolerance : ' 1000V
Output Current 4100 mA Czap = 100 pF
Storage Temperature —65°Cto +150°C Rzap = 15000

Test Method: Human Body Model
Test Specification: NSC SOP-5-028 Rev. C

Recommended Operating Conditions
SUPPLY VOLTAGE AND TEMPERATURE

Commercial " Industrial

Symbol Parameter - Units
Min Typ Max : Min Typ Max
Vec . | Supply Voltage 475 | 5. | 525 45 5 |. 55 v
Ta . Operating Free-Air Temperature 0 25 75 —40 25 85 °C
AC TIMING REQUIREMENTS ‘
. ‘ GAL20V8A-12L GAL20V8A-15L
Symbol o " Parameter ’ COM COM/IND Units ~
) Min Max -~ Min Max »
s (Slﬁgzijg;back before Clock) 10 oo ns
ty Hold Time (Input after Clock) 0 0 ns
ty - | - Clock Pulse Width {High/Low) - 8 8 ns
fovoL (Cwl/(i)t;kF?g:a'::ir)K(,SOte 3) 20 22 ns
foLk Clock Frequency With Feedback - 50 | 455 -
(Note 4) Without Feedback . 62.5 v 625 - MHz
fy " Input Frequency (Note 5) ' 83.3 66.6
tPR Clock Valid after Power-Up ) 100 100 ns

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 operauons according to the applicable specification.
Note 3: toycle = tsu + toik

Note 4: fo i (with feedback) = (tcycLe) !
foLk (without feedback) = (2 t,)~1

Note 5: f; = (tpp)~1
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GAL20V8A-12/-15
Electrical Characteristics over Recommended Operating Conditions
Symbol Parameter Conditions Temperature Min | Typ Max Units
. Range
VIH High Level Input Voltage 2.0 Vee + 1 \
viL Low Level Input Voltage -0.5 0.8 Vv
VoH High Level Qutput Voltage Vcc = Min | loy = —3.2mA 2.4 v
VoL Low Level Output Voltage Vce = Min | loL = 24 mA 0.5 v
lozH High Level Off State Ve = Max, Vo = Ve (Max) 10 A
Output Current b
lozL Low Level Off State Vee = Max, Vo = GND 10 pA
Output Current .
K Maximum Input Current Vce = Max, V) = Vg (Max) 10 pA
iy High Level Input Current Vge = Max, V) = Vg (Max) 10 pA
I Low Level Input Current Vge = Max, V; = GND —-10 pA
los* Output Short Circuit Current | Voo = 5.0V,Vo = GND —-30 —150 mA
Icc Supply Current f = 25 MHz, Voo = Max COM 90 mA
IND 130 mA
C Input Capacitance Vee = 5.0V, V)= 2.0V 8 pF
Co 1/0 Capacitance Veoe = 5.0V, Vo = 2.0V 10 pF
*One output at a time for a maximum duration of one second. »
Switching Characteristics over Recommended Operating Conditions
. GAL20V8A-12L GAL20V8A-15L
Symbol Parameter Conditions COM COM/IND Units
’ Min Max Min Max
trD Input or Feedback to S1 Closed, C|_ = 50 pF 12 15 ns
Combinatorial Output
toLk Clock to Registered S1 Closed, C| = 50 pF 10 10 ns
Output or Feedback o
tpzxg G | toRegistered Active High; S1 Open,
Output Enabled CL = 50pF
Active Low; S1 Closed, 10 15 ns
C_ = 50 pF
tpxzg G T to Registered From Voy; S1 Open,
Output Disabled CL=5pF 10 15 ns
From Voy;
S1Closed,C| = 5pF
tezxi Input to Combinatorial Active High; S1 Open,
Output Enabled via CL = 50pF 12 15 ns
Product Term Active Low; S1 Closed,
CL = 50pF
texzi Input to Combinatorial From Voy; S1 Open,
Output Disabled via CL=5pF 12 15 ns
Product Term From Vg; S1 Closed,
C_ = 5pF
tRESET Power-Up to Registered S1 Closed, C| = 50 pF
Output High 4 48 ps

2-26




o
GAL20V8-20/-25 = |
o
Absolute Maximum Ratings ote 1) S
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°Cto +150°C
Supply Voltage (Vco) —0.5Vto +7.0vV Lead Temperature -
Input Voltage (Note 2) . —2.5VtoVge + 1.0V (Soldering, 10 seconds) 260°C
Off-State Output Voltage (Note 2) —2.5VtoVee + 1.0V ESD Tolerance 1000V
Output Current +100 mA Czap = 100 pF
Storage Temperature —65°Cto +150°C’ Rzap = 150041

Test Method: Human Body Model
Test Specification: NSC SOP-5-028 Rev. C

Recommended Operating Conditions
SUPPLY VOLTAGE AND TEMPERATURE

Symbol Parameter Commercial Industrial Units
Min Typ Max Min Typ Max
Vee Supply Voltage 4.75 5 5.25 4.5 5 55 \
Ta Operating Free-Air Temperature 0 25 75 —40 25 85 °C
AC TIMING REQUIREMENTS :
GAL20V8-20L GAL20V8-25L GAL20V8-25Q
Symbol Parameter COM COM COM Units
Min Max Min Max Min Min '
e (SI::JlljJtF;;rgzdback before Clock) 15 15 5 ) ns
tH Hold Time (Input after Clock) . = 0 0 0 ns
tw Clock Pulse Width (High/Low) 12 12 12 ns
'OYOLE | i Fasdbane) (Noto ) il ar 7| ns
fok Clock Frequency | With Feedback 37 37 37
(Note 4) Without Feedback 41.66 41.66 4166 | MHz
fi Input Frequency (Note 5) 50 50 50 -
tpR Clock Valid after Power-Up : 100 ’ 100 100 ns

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Propef 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: tcycLe = tsu + towk :

Note 4: fcyk (with feedback) = (tgycLe) !
foLk (without feedback) = (2 ty)—1

Note 5: f; = {tpp) =1
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GAL20V8-20/-25
Electrical Characteristics over Recommended Operating Conditions -
Symbol o Parameter Conditions Té";';i':;ure Min | Typ| Max | Units
ViH High Level Input Voltage 2.0 Vee + 1 v
V|L Low Level Input Voltage ~0.5 0.8 \
VoH High Level Output Voltage | Voc = Min loH = —3.2mA 24 ‘ \"
VoL Low Level Output Voltage | Voc = Min loL=24mA 05 |.V
lozH High Level Off Stéte Vee = Max, Vg = Vg (Max) 10 BA
Output Current
lozL Low Level Off State Ve = Max, Vo = GND —10 BA
Output Current R )
I Maximum Input Current Vee = Max, V) = Ve (Max) 10 " pA
Iy High Level Input Current ' | Voo = Max, V; = Vge (Max) 10 “pA
liL Low Leve! Input Current Ve = Max, V) = GND -10 A
los*. Output Short Circuit Current | Voo = 5.0V, Vo = GND —30 —150 mA "~
“Icc | Supply Current f = 25 MHz, Vg = Max | -20L, -25L ‘90 | mA
. . , -25Q 55 mA
C input Capacitance Voo = 5.0V, V) = 2.0V 8 pF
Cyo | 170 capacitance Ve = 5.0V, Viso = 2.0V 10 pF
.. 'One output at a time for a maximum duratidr'n»of one second. ) ‘
SWitChing Characteristics over Recommended Operating Conditions ]
) ’ ‘ , GAL20V8-20L GAL20V8-25L- GAL20V8-25Q ‘ »
Symbpl Parameter Conditions ) com COoM COM Units
; . Min Max Min Max - Min, Max
tpp Input or Fee.dback to |S1Closed, C_ = 50 pF 20 25 ol ‘ 25 | ns
Combinatorial Output : i ]
R e Rl e HE
tpzxa |G | toRegistered | Active High; S1 Open, -
QUtPU‘ E""ab‘l'ed /(icl;tivesl?o’:v';:m Closed, 18 ' 29 ,20 n§
. ) Cp = 50 pF
tpxzg | G T to Registered From Vou; S1 Open,
Output Disabled CL = 5pF 18 20 20 ns
FromVoL; ' )
S1 Closed, C = 5pF
tpzxi Input to Combinatorial | Active High; S1 Open,
gggz::tE ’Ir'l:lied " ilc-:tivesl?oal’;:m Closed, 20 2 2 ns
C = 50 pF
tpxzi Input to Combinatorial | From Vgp; S1 Open,
ProgsotTem | FromVagst Closed 2 2 25 | ne
CL=5pF
tRESET Power—U;? to Registered | S1 Closed, C| = 50 pF 45 45 45 s
Output High
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0.5V

AC Test Load
o COM'L/IND
R1 = 200
ouTPUT R2 = 390
ICL R2
TL/L/11256-2
Test Waveforms
Setup and Hold Pulse Width
TIMING o —¥ HIGH=LEVEL
INPUT y, il ov PULSE INPUT v
tser-up Yoo ty
DATA Vi Vi 3 LOW=-LEVEL
INPUT v -
ov PULSE INPUT i v
' o TUL256-3 TL/L/11256-4
Propagation Delay Enable and Disable
3v 3v
INPUT (PR ENADLE D(W enaBLED | VY DISABLED
| E—" ov
oL L | Vi - L>1] tonz -
N OTPOF (R A o NORMALLY HIGH Vo —1 [ b sy
(S1 CLOSED) T T <_VOL OUTPUT }—V«r .‘ Z )
le (s1 OPEN)  Z==
ouT O oot ———Vou NORMALLY LOW z:.J;‘_m Pz
(s1 CLOSED) A ouTPUT vr | )
) )

VoL
TL/L/11256-5 (s1 ctoseo)

Notes:
Cy. includes probe and jig capacitance.

V1 = 1.5V
Test inputs have rise and fall times of 3 ns between 0.3V and 2.7V.
In the example above, the phase relationships between inputs and outputs have been chosen arbitrarily.

Switching Waveforms

TL/L/11256-6

iNpuTs (1,1/0) XXX VALID INPUT *)O(XXXXVALID INPUT vALID INPUTX OO
tso 14 e ty ——te— ty ——»]
cLock / \ ) 4 \ / \
feveLe
toik ‘——1 Ypxzl I bxe
REGISTERED X
QUTPUTS
ANY INPUT
PROGRAMMED FOR |*-VALID DISABLEX VALID ENABLE
TRI=STATE CONTROL ™ o g
coureurs 20000000 .\l‘
TL/L/11256-7
Power-Up Reset Waveforms
90%
Vee ov-_/ ,
4
.
crock " XOXOXOOOOOODOXNK  crock Bwa

Vi

| - tReser

REGISTERED V‘
QUTPUTS A

CXXXXXXXXXXXXXXXD

YO INTERNAL REGISTERS
XXAXXX RESET TO LOGIC 0

TL/L/11256-8
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GAL20V8/A

Input Schematic

Input Translator/Buffer

INPUT

- - g
| EsD :
s PROTECTION 4

Functional Description

The GAL logic array consists of a programmable AND array
with fixed OR-gate connections, similar to the bipolar PAL
architecture. The logic array is organized as 20 complemen-
tary input lines crossing 64 “product term” lines with a pro-
grammable E2PROM cell at each intersection (2560 cells).
Each programmable cell may establish a connection be-
tween an input line (true or complement phase of an array
input signal) and a product term. A product term is satisfied
(logically true) while all of the input lines “connected” to it
are in the high logic state.

The 64 product terms are organized into eight output groups
with eight terms each. Seven or eight of the product terms in
each output group feed into an OR-gate to produce each
output logic function; one of the product terms may instead
be used to control the associated TRI-STATE device output.
The fundamental transfer function of each GAL output is the
famitiar Boolean sum-of-products. Design development soft-
ware is available which accepts Boolean equations and
converts them automatically into GAL programming pat-
terns.

As shown in the GAL20V8 Block Diagram (Figure 1), a total
of eight output.logic functions are available..Each of the
AND/OR logic functions feeds into an *‘output logic macro-
cell” (OLMC). The eight OLMCs control the flow of input
and output signals between the logic array and the device’s
170 pins.

Under control of an OLMC, each output may be designated
either registered or combinatorial (non-registered). In the
registered output configuration, the logic function output
passes through a D-type flip-flop triggered by the rising
edge of the clock input. Additionally, the logic function’s out-
put polarity may be designated active-low or active-high (ad-
justed before the register, if present). OLMC options such
as these are selected using a set of programmable architec-
ture control cells. These architecture cells are normally con-
figured automatically by the development software or pro-
gramming hardware.

All of the possible 1/0 configurations of the GAL20V8 are
classified into three basic modes: “Small-PAL” mode,
“Registered-PAL"” mode and “Medium-PAL” mode. These
modes correspond to the architectures of the PAL families
which the GAL20V8 can emulate. The modes determine the
mixture of OLMC configurations which can be selected for
the device. The OLMC Selection table (Table I) lists which
functions can be selected on device pins* 1, 13 and 15
through 22 for each of the three modes. The logic dlagrams
in Figure 3 illustrate these OLMC functions.

i
aarys

i

QA

TO INTERNAL
CIRCUITRY

Qs

© TL/L/11256-9

“OUTPUT” represents the always-active combinatorial out-
put configuration available in the “Small-PAL” mode. “REG-
ISTER” is the registered output with register feedback avail-
able in the “Registered-PAL"” mode. “'I/O" is the combina-
torial bidirectional 1/0 available in “Registered-PAL” and
“Medium-PAL” modes. “TRI-STATE” is the TRI-STATE
combinatorial output function appearing on pins* 15 and 22
in the “Medium-PAL” mode. “INPUT" in Table | denotes an
OLMC used as a dedicated input only.

In the “Small-PAL"” and *“Medium-PAL"” modes (Table ),
pins* 1 and 13 are always dedicated inputs. In the “‘Regis-
tered-PAL" mode, however, pin* 1 becomes the clock input
controlling all OLMC registers, and pin* 13 becomes the
output enable (G) input controlling the TRI-STATE outputs
of all registered OLMCs. Within the “Small-PAL" and *“Reg-
istered-PAL” modes in Table |, the functions of pins* .15
through 22 can be selected individually from either of the
two functions listed. For example, in *“Registered-PAL”
mode, pins* 15 through 22 can each be designated as ei-
ther a registered output or a combinatorial 1/0. The “Medi-
um-PAL" mode represents a single fixed configuration used

© to emulate combinatorial medium PAL devices (20L8, 20H8,

20P8).

Table Il lists the bipolar PAL products which the GAL20V8
can emulate, and the specific input/output configurations
used. This is just a subset, however, of all the configurations
provided in Table I.

All registers in a GAL device are reset to the low state upon

power-up. The active-low outputs, in turn, assume high logic
levels (if enabled) regardless of the selected output polarity.

~ This may simplify sequential circuit design and test. To en-

sure successful power-up reset, Voc must rise monotonical-
ly until the specified operating voltage is attained. During
power-up, the clock input should assume a valid, stable log-
ic state as early as possible (within the specified time, tpg)
to avoid interfering with the reset operation. The clock input
should also remain stable until after the power-up reset op-
eration is completed to-allow the registers to capture the
proper next state on the first high-going clock transition.

It should be noted that the switching of any input not logical-
ly connected to a product term or logic function has no ef-
fect on the associated output logic state. To minimize power
consumption, however, unused inputs should be connected
to a stable logic level such as ground or Vgc (CMOS GAL
inputs may be tied directly to the supply voltage without

. causing excessive loading conditions).

' *Applies to 24-pin DIP packages for GAL20V8; refer to the 28-lead PLCC

Connection Diagram for conversion.
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GAL20V8 Block Diagram—DIP Connections
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GAL20V8/A

28-Lead PLCC Connection Diagram
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TL/L/11256-11
FIGURE 2 i
Clock/Input Frequency Design Development Support
Specifications A variety of software tools and programming equipment is

The clock frequency (fc k) parameter listed in the Recom-
mended Operating Conditions table specifies the maximum
speed at which the GAL registers are guaranteed to oper-
ate. Clock frequencyis defined differently for the two cases
in which register feedback is used versus whenitis not. In a
data-path type application, when the logic functions fed into
the registers are not dependent on register feedback from

the previous cycle (i.e., based only on external inputs), the .

minimum required cycle period (fo k1 without feedback) is
defined as the greater of the minimum clock period (t,, high

+ ty low) and the minimum ‘“‘data window” period (tgy + .

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 (tcycLE
= foik~1 with feedback) is defined as tc k + tsy. This
provides sufficient time for outputs from the registers to

feed back through the logic array and set up on the mputs to

the registers before the end of each cycle.

The input frequency (f)) parameter specifies the maximum
rate at which each GAL input can be toggled and still pro-
duce valid logic transitions on each combinatorial output.
The f} specification is derived as the inverse of the combina-
torial propagation delay (tpp).

available to support the development of designs using GAL
products. Typical software packages accept Boolean logic
equations to define desired functions. Most are available to
run on personal computers and generate a JEDEC-compati-
ble “cell-map” (analogous to a PAL “fuse-map”). The in-
dustry-standard JEDEC format ensures that the resulting
cell-map file can be down-loaded into a variety of program-
ming equipment. Many software packages and program-
ming units support a large variety of programmable logic
products as well. The OPAL software package from Nation-
al Semiconductor supports all programmable logic products
available from National and is fully JEDEC-compatible.

National strongly recommends using only approved pro-
gramming hardware and software for developing GAL de-
signs. Programming using unapproved equipment generally
voids all guarantees. Approved programmers incorporate
specialized programming algorithms that program the array

""and automatically configure the architecture cells. To en-

sure data retention and reliability, the programming algo-
rithm also tracks the number of programming cycles to
which each GAL device has been subjected since shipment,
and stores this information automatically in the device.
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Design Development Support (continued)

The special GAL programming algorithm can also program
a GAL device using a standard fuse-map developed for any
of the emulated PAL products. PAL fuse-maps can be creat-
ed by any JEDEC-compatible PAL development software or
by loading the fuse pattern from an existing programmed
PAL device into the programming unit (provided the PAL
device has not been secured). However, to utilize the full

Detailed logic diagrams showing all JEDEC cell-map ad-
dresses in the GAL logic array and OLMC are provided for
direct map editing and dlagnostlc purposes (see ‘‘Program-
ming Details”). For a list of current software and program-
ming support tools available for these devices, please con-
tact your local National sales representative or distributor. If
detailed specifications of the GAL programming algorithm

V/8A0CTVD

are needed, please contact the National Semiconductor
Programmable Device Support department.

flexibility of the GAL architecture, true GAL development
software (such as OPAL software) is recommended.

OLMC Selection Table
TABLE |
“Small-PAL” Mode “Registered-PAL” Mode Medium-PAL
. . ) Mode
|— > INPUT CLOCK INPUT
-/
0 2‘ Vcc
| % .
e %_’ INPUT or OUTPUT* REGISTER or I/0 TRI-STATE**
I [ INPUT or OUTPUT* REGISTER or 1/0 . 170
v [5] INPUT or OUTPUT* REGISTER or I/0 170
I & - caL2ove a—» OUTPUT* REGISTER or I/0 170
w2 OUTPUT* REGISTER or I/0 170
1 [E] 17] —> INPUT or OUTPUT* REGISTER or I/0 170
| 3] 18] ——> INPUT or OUTPUT* REGISTERorl/O = 170
I [ 15| ——> INPUT or OUTPUT* REGISTER or.1/0. TRI-STATE**
(KK 4] | K
GND [12 ’T—?l—’ INPUT OUTPUT ENABLE (G) INPUT
TL/L/11256-12 *Active combinatorial output

**TRI- STATE combinatoria! output
Note: Pin numbevs above apply to 24-pin DIP packages; refer to the 28 Iead PCC Connection Diagram for
conversion.

PAL Replacement Configurations

TABLE Il
“Medium-PAL"
“Small-PAL"” Mode “Registered-PAL” Mode
‘ Mode
L > INPUT | INPUT | INPUT | INPUT | CLOCK | cLock | ctock INPUT
/ ‘
0 24] veo
1 = 73 |
1 E 2] ——> OUTPUT*| INPUT | INPUT | INPUT |REGISTER| 110 170 TRI-STATE**
& 2] ——> OUTPUT*[OUTPUT*| INPUT | INPUT |REGISTER|REGISTER| 110 170
] 2] ——> OUTPUT* | OUTPUT* | OUTPUT*| INPUT |REGISTER | REGISTER | REGISTER 170
I [E] GAL20v8 (3] ——> OUTPUT* | OUTPUT* | OUTPUT* | OUTPUT* | REGISTER | REGISTER | REGISTER 170
g 18] — OUTPUT* | OUTPUT* | OUTPUT® | OUTPUT* | REGISTER | REGISTER | REGISTER 170
' ] (7] ——> OUTPUT* | OQUTPUT* | OUTPUT*| INPUT | REGISTER|REGISTER| REGISTER 1710
1 _’ OUTPUT*| OUTPUT*| INPUT | INPUT |REGISTER|REGISTER| 110 170
i 13] = OUTPUT*| INPUT | INPUT | INPUT |REGISTER 170 170 TRI-STATE**
| [ 14 1
anp [Z [15] ——> INPUT | INPUT | INPUT | INPUT [ ] G INPUT
TL/L/11256-13 1418 16L6 18L4 20L2 20R8 20R6 20R4 20L8
Emulated 14H8 16H6 18H4 20H2 20RP8 20RP6 20RP4 20H8
PAL Products|  14P8 16P6 18P4 20P2 20P8

* Active combinatorial output.

**TRI-STATE combinatorial output.

Note: Pin numbers above apply to 24-pin DIP packages; refer to the 28-pin PCC Connection Diagram for
conversion.
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OLMC COnfigurations
OUTPUT (Actlve Combinatorial Output)

© AND
Array

é

Polarity

TL/L/11256-14

REGISTER (Registered Output) -

AND
Array

@l O

170 (Comblnatorlal Inputhutput)

R

AND
Array

TRI-STATE (T Rl-STATE Comblnatorlal Output)

=
m—

TL/L/11256-16

AND
Array

oar y I -

O TL/1256-17

FIGURE 3

Polarity i :
o . L
,

TLL/1256-15
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Security Cell

A security cell is provided on all GAL20V8 devices as a
deterrent to unauthorized copying of the array configuration
patterns. Once programmed, the circuitry enabling array ac-
cess is disabled, preventing further programming or verifica-
tion of the array. The security cell can be erased only in
conjunction with the array during a bulk erase cycle, so the
original configuration can never be examined once this cell
is programmed.

Electronic Signature

Each GAL device contains an electronic signature word
consisting of 64 bits of reprogrammable memory. The elec-
tronic signature word can be programmed to contain any
identification information desired by the user. Some uses
include pattern identification labels, revision numbers,
dates, inventory control information, etc. The data stored in
the electronic signature word has no effect on the function-
ality of the device. The information is read out of the device
using the normal program verification procedure provided by
the programming equipment. The information may be ac-
cessed at any time independent of the state of the security
cell. National's OPAL development software ailows elec-
tronic signature data to be entered by the user and down-
loaded to the programming equipment.

Bulk Erase

The programming equipment automatically performs a bulk
erase operation prior to each programming operation. No
special erase operation need be performed by the user.
Bulk erase clears the logic array, architecture cells, security
cell, and electronic signature information. The GAL device is
-thereby reverted back to its virgin state.

‘Latch-Up Protection

GAL devices are designed with an on-chip charge pump to
negatively bias the substrate. The negative bias is of suffi-
cient magnitude to prevent input undershoots from causing
the circuitry to latch. Additionally, outputs are designed with
n-channel pullups instead of the traditional p-channel pull-
ups to eliminate any possibility of SCR induced latching.

To insure that no undesired bias conditions occur with P+
diffusions, a Latch-Lock™ power-up circuitry has been de-
veloped. The drain of all P channel devices normally con-
" nected to the device supply are now connected to an alter-
nate supply that powers up after the device N-wells have
been biased and the substrate has reached its negative
clamp value. This prevents any hazardous bias conditions
from developing in the power-up sequence. After power-up
is complete, the Latch-Lock circuitry becomes dormant until
a full power-down has occurred; this eliminates the chance
of an unwanted P channel power-down during device opera-
-tion.

Manufacturer Testing

Because of EECMOS technology, GAL devices can be re-
programmed in milliseconds. This allows each device to be
completely tested by the manufacturer using numerous log-
ic array and architecture patterns prior to shipping. Every
programmable cell and every logic path through every de-

vice is fully tested for programmability, functionality and per-
formance to all AC and DC parameters. The customer can
therefore expect 100% programming and functional yield
and 100% compliance of all GAL products to datasheet
specifications.

The testing procedure performed on all GAL devices by the
manufacturer tests all aspects of device operation. Exten-
sive testing of all programmable cells in the device include
margin testing, internal verify, and program retention during
high-temperature bake. All DC and AC parameters are test-
ed at hot and cold temperatures using a variety of worst-
case logic and signal patterns. Functional tests include re-
programming each OLMC to all valid architectural conflgura-
tions.

Register Preload

The register preload feature allows OLMC registers to be
directly loaded with any desired data pattern. It also allows
the present state of OLMC registers to be examined regard-
less of TRI-STATE control conditions. This simplifies testing
of devices after programming. A device may be put into any
desired register state at any point during the functional test
sequence. The test sequence may then be resumed to veri-
fy proper next-state transitions. This allows complete verifi-
cation of sequential logic circuits, including states that are
normally impossible or difficult to reach. It may also shorten
the overall test time significantly.

Register preload is not an operational mode and is not in-

‘tended for board-level testing because elevated voltage lev-

els must be applied to the device. The programming equip-
ment normally provides the register preload capability as
part of its functional test facility. Note that the testing of GAL

devices after programming by the user may be considered

unnecessary because all EECMOS GAL products are com-
pletely tested by the manufacturer, guaranteeing 100%
post-programming functional yield.

The register preload algorithm is described for those users
who wish to test programmed GAL devices using test equip-
ment other than approved GAL programming equipment. As
shown in the Register Preload Waveform in Figure 5, the
preload sequence must not begin until the normal power-up
reset operation has completed (after time tgeseT). The de-
vice is placed into preload mode by raising the “PRLD” in-
put (pin* 13) to voltage V|gs, as specified in the Register
Preload Specifications (Table II).

To preload the OLMC registers, a series of data bits are
shifted into the device on the “Spy” input (pin* 11), one bit
for each OLMC in which registered output has been select-
ed. (Non-registered OLMCs are bypassed.) The shift se-
quence is clocked by the rising edge of the “DgLk” input
(pin* 1). The data stream is shifted in through the registered
OLMC with the lowest corresponding pin number, and then
“upward” through all remaining registered OLMCs in pin-
number ascending order. Therefore, the first data bit in the
series is ultimately loaded into the registered OLMC with the
highest corresponding pin number, as shown in Figure 4.

*Applies to 24-pin DIP packages for GAL20VS; refer to the 28-lead PLCC
Connection Diagram for conversion.
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GAL20v8/A

Register Preload (continued)

As the data series is shifted into the Spy input, the contents
of all registers (in registered OLMCs) are shifted “upward”
and out onto the “‘Spoyt” output (pin* 15). Complete pres-
ent-state information can be examined in this manner. Test
flxtures can be devised to test several GAL devices in which
the Spour pin of each chlp is connected to the Spyy pin of
the next, and all preload and present-state data can be
shifted around a single serial loop. '

Note that when shifting reg|ster data into SDIN or out of
Spout ViL/VoL = register reset (0), and V|y/Von = regis-
ter set (1). These 0 and 1 register states are always inverted
(active-low) on the normal output pins regardless of the se-
lected output polarity (polarity affects Ioglc function values
before register inputs).

*Applies to 24-pin DIP packages for GAL20V8 refer to the 28-lead PLCC
Connecuon Diagram for conversion.

Register Preload Specv_ificat’ions‘

Soin . o

N 12 13}—PRLD

TL/L/11256-18
**The SDOUT output buffer is an open drain output during preload. This pin

. should be terminated to Vg with a 10 kﬂ resistor.

FIGURE 4. Output Register Preload Pmout

" TABLEIll

Symbol ‘Parameter Conditions Min Typ Max - Units
Vi ) Input Voltage (High) 2.40 Voo oV
ViL Input Voltage (Low) 0.00 . 0.50 \
Vigs' Register Preload Input Voltage 11.5 12 12.5 v
Vou Output Voltage (High) (Note 1) Voo \'A
VoL Output Voltage (Low) (Note 1) loL < 12mA 0.00 0.50 Vv
"R Input Current (Programming) +1 +10 C pA
IoH. . High Level Output Current (Note 1) Vou < Veo 1 - .10 rA
trwv Verify Pulse Width ) 1 5 10 us
g Pulse Sequence Delay 1 5 10 ps
tRESET Register Reset Time from Valid Voo - 45 . us

Note 1: The Spoyr output buffer is an open drain output. This pin should be terminated to Vg with a 10k resistor.

Register Preload Waveforms

G

\

Vee . 90%

tRESET
([}

)

VALID DATA X

FIGURE 5

VALID _ DATA - X
43

“TL/L/11256-19

**The Spourt output buffer is an open drain output during preload. This pin should be terminated to Vg with a 10 kQ2 resistor.
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OLMC Logic Diagram
From Adjacent
c OLMC/PIN
OLMC L
AC1,
ACO
vce

PTDgn+0 D

00
1"
10
! EAco-Amn ﬁml
PT0gn4 -
PTDgne2 | ACO ®ACT,
AND | PTDgpe3 [PIN] 1/0,
ARRAY PTDg044 bP —- "
PTDgn45 XOR,,
PT0gn+6
PTDgn+7 J
q
——= 0 ¢
__ACO if pin® 16-21 ,
SYN if pin* 15 or 22 A
ACt,,
v —o—58
To Adjacent .
oLMC
*Applies to 24-pin DIP packages for GAL20VS; refer to the 28-lead PLCC Connection Diagram for conversion. TL/L/11256-20
: FIGURE 6
OLMC Architecture Programming
TABLE IV
“Small-PAL” Mode “Registered-PAL” Mode “Medium-PAL” Mode
JEDEC JEDEC JEDEC
: Input 3 Input L Input
Function Line #s Function Line #s Function Line #s
(Note 1) : (Note 1) (Note 1)
Pin1 INPUT INPUT 2,3 CLOCK CLOCK ’ INPUT 2,3
Pin 23 INPUT INPUT 6,7 INPUT INPUT - 2,3 INPUT 6,7
***Pin 22 110 INPUT 10, 11 REGISTER 1/0 6,7 TRI-STATE**
***Pin 21 110 INPUT 14,15 REGISTER 1/0 10, 11 110 10, 11
***Pin 20 1/0 INPUT 18,19 REGISTER 1/0 14,15 110 14,15
***Pin 19 OUTPUT* NC REGISTER 1/0 18,19 110 18,19
***Pin 18 OUTPUT* NC REGISTER 1/0 22,23 1/0 22,23
***Pin 17 1/0 INPUT 22,23 REGISTER 1/0 26,27 110 26,27
***Pin 16 1710 INPUT 26,27 REGISTER 1/0 30, 31 1/0 30, 31
***Pin 15 1/0 INPUT 30, 31 REGISTER 170 34,35 TRI-STATE**
Pin 14 INPUT INPUT 34,35 INPUT INPUT 38, 39 INPUT 34,35
Pin 13 INPUT INPUT 38, 39 G G INPUT 38, 39
ACip =0 AClp =1 AC1,=0 AC1, =1 AC1, =1
SYN =1,AC0 =10 SYN = 0,ACO = 1 SYN = 1,ACO = 1
All outputs are combinatorial At least one output is All1/0 pins are
and always active. registered. combinatorial.

Note: Pin numbers above apply to 24-pin DIP packages; refer to the 28-lead PLCC Connection Diagram for conversion.

Note 1: All even and odd numbered JEDEC input line numbers correspond to true and complement array inputs, respectively.

*Active combinatorial output.
**TRI-STATE combinatorial output.
***AC1, applies to these 1/0 pins only.
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GAL20V8/A

GAL20V8 Logic Diagram
+—an PIN NUMBERS . INPUT LINE DIP PIN
' —— PRODUCT LINE FIRST CELL NUMBERS NUMBERS Vee 1
—[> 24
02 4 6 810 1214 1618 2022 2426 2830 3234 3638 <~ | syx
113 15]7 911 13]15[17]19 2123 (25027 |29 3 1[33(3537]39 ,
2P3 &K & 23
0035 OLNC
80—7 XOR=2560
;5; 20 AC1=2632 22
“T28 | PTD=2640 [+
I'T  -2647
L% K
320 OLMC
:gE Yy XOR=2561
48057 AC1=2633 [ 21
>°760 o PTD=2648 [¢]
P -2655
T3 K1
640—57 OLMC - ||
720 XOR=2562
84 AC1=2634 M 20
880—o7 PTD=2656 [+
T -2663
513 K
96055 oMc ||
104000 XOR=2563
1120-=% AC1=2635] 19
120047 PTD=2664 [¢
6= 1 3P -2671|
T3 K-
1280:55= oLMC |
1360320 X0R=2564 | |
14404755 AC1=2636 [ 18
15204550 PTD=2672 &7
1T -2679
3 K=
1600225 oM |
1680722 XOR=2565
17607350 AC1=2637[ =17
1840 .
880 | PTD=2680 f¢
T -2687
o3 _ K |
L 19205 ~-OLMC |
2000557 XOR=2566 .
2080‘ 12 AC1=2638 [ 16
2160575 ¢
‘= 2200 | PTD=2688 [+ :
P -2695
T3 K
| 224057 ove__ ||
| 232085 XOR=2567
2400577 AC1=2639 | 15
24803520 PTD=2695 |«
m
103 = Y1 O
, 14
1-P3 13

12—/ 0 4 101 121141 161181 201221 24126] 281301 32134/ 3638l
— 1.3 57911 1315 1719 2123 2527 2931 3335 3739 SYN

USER ELECTRONIC SIGNATURE WORDI: .
2568 ' '2576 2584 2592 2600, 2608 ° 2616 2624 2631

||BYTE 0 I'BYTE 1 |'BYTE 2 IIBYTE 3 I‘IBYTE 4 IIBYTE 5 IIBYTE 6 |Irmc_7I |

"MSB  LSB - , ' MSB. LSB

SYN=2704
AC0=2705
JEDEC Logic Array Gell Number = Product Line First Cell Number + Input Line Number

FIGURE 7

TL/L/:1 1256-21
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Programming Details

Understanding the information in this section is not essen-
tial when using approved programming equipment and soft-
ware for developing GAL designs. This is a more thorough
disclosure of the GAL architecture provided for direct
JEDEC cell-map editing and diagnostic purposes. This sec-
tion alone, however, does not contain sufficient information
to implement the GAL programming algorithm. If detailed
specifications of the GAL programming algorithm are need-
ed, please contact the National Semiconductor Programma-
ble Device Support department. .

As mentioned in the Functional Description, the OLMC is
responsible for selecting input and/or cutput paths, regis-
tered vs. combinatorial outputs, active-high or low polarity,

and common vs. locally-controlled TRI-STATE control. Ad-.

ditionally, the OLMCs select between alternate logic array
input paths to maintain JEDEC celi-map compatibility with
either “small-PAL” or “medium-PAL" logic arrays.

The various configurations of the OLMCs are controlled by a
set of programmable “architecture” cells, separate from the
logic-defining array cells. Each GAL device contains two
“global” architecture cells, “SYN" and “ACO0”, which affect
all OLMCs. Each of the devices's eight OLMCs also con-
tains two “local” cells, ““AC1" and “XOR”. The OLMC Logic
Diagram in Figure 6 shows how the architecture cells select
the different paths through the OLMC.

Ordering Information

|1 1]

GAL 20 V 8 A -5 L N

THE GAL20V8A-10L. HAS BEEN RENAMED GAL20V8-10L.

The SYN bit controls whether a device will have any regis-
tered outputs (SYN = 0) or will be purely combinatorial
(SYN = 1). The SYN bit determines whether device pins* 1
and 13 are used as the clock and global TRI-STATE control
inputs (SYN = 0) or whether they are ordinary inputs (SYN
= 1). The ACO bit selects between the ‘“Small-PAL” mode
and the “Medium/Registered-PAL" modes. The function of
the AC1 bits depend on the state of the ACO bit. In “Small-
PAL” mode (ACO = 0), the AC1 bit in each OLMC deter-
mines whether the associated device pin is an output (AC1
= 0) or an'input (AC1 = 1). In “Registered-PAL” mode
(ACO = 1), the AC1 bit determines whether each OLMC is
registered (AC1 = 0) or combinatorial (AC1 = 1). In “Medi-

um-PAL” mode (ACO = 1), the AC1 bits in all OLMCs must

be set to 1 (combinatorial). All of the valid architecture bit
configurations are shown in the OLMC Architecture table
(Table 1V), which has the same familiar format used in the
OLMC Selection table (Table I).

lndependent‘of SYN, ACO and the AC1 bits, the XOR bit in
each OLMC selects between active-low (XOR = 0) or ac-
tive-high (XOR =.1) output polarity.. .

*Applies to 24-pin DIP packages for GAL20V8; refer to the 28-lead PLCC
Connection Diagram for conversion.

Generic Array Logic Family

Number of Array Inputs

Output Type:
V = Variable Architecture
— Number of Outputs
-12/-15 Only
Speed: .
7 tpp=7.5n
-10: tpp = 10 ns
-12: tpp = 12 ns
-15: tpp = 16 ns
-20: tpp = 20 ns

-25: tpp = 25ns

L = Low Power
Q = Quarter Power

Package Type:
N = 24-Pin Plastic DIP
V = 28-Lead Plastic Chip Carrier

Temperature Range:
C = Commercial (0°C to +75°C)
| = Industrial (—40°C to +85°C)

THERE WERE NO SPECIFICATION CHANGES ASSOCIATED WITH THIS NAME CHANGE.

Y/8A0CTVD




GAL16V8QS

MNationaI

Semiconductor

GAL16V8QS 20-Pin Generic Array Logic Family

General Description
The EECMOS GAL® QS™ devices combine a high per-

formance CMOS process with electrically erasable floating -

gate technology. This programmable memory technology
applied to array logic provides designers with reconfigurable

logic and bipolar performance at significantly reduced pow-

erlevels. The GALQS family utilizes NSC Quiet Series tech-
nology to guarantee quiet output switching and improve dy-
namic threshold performance. GAL Quiet Series™ features
GTO™™ output control in addition to a split ground bus for
superior performance.

The 20-pin GAL16V8QS features 8 programmable Output
Logic Macrocells (OLMCs) allowing each TRI-STATE® out-
put to be configured by the user. Additionally, the
GAL16V8QS is capable of emulating, in a functional/fuse
map/parametric compatible device, all common 20-p|n
PAL® device architectures.

Programming is accomplished using readily available hard-
ware and software tools. NSC guarantees a minimum 100
erase/write cycles.

Unique test circuitry and reprogrammable cells allow com-
plete AC, DG, cell and functionality testing during manufac-
ture. Therefore, NSC guarantees 100% field programmabili-
ty and functionality of the GAL devices. In addition, electron-
ic signature is available to provide positive device ID. A se-
curity circuit is built-in, providing proprietary designs with
copy protection.

Features

m High performance EECMOS technology
— 15 ns maximum propagation delay
— foLk = 62.5 MHz

— 10 ns maximum from clock input to data output

— TTL compatible 24 mA outputs

— UltraMOS® Il advanced CMOS technology
W Guaranteed simultaneous switching noise level and

dynamic threshold performance
® Reduced groundbounce and undershoot
B Reduced power
— Low power = 90 mA Icc max
— Quarter power = 55 mA max g max
W Electrically erasable cell technology
— Reconfigurable logic
— Reprogrammable cells
— 100% tested/guaranteed 100% vyields
— High speed electrical erasure (<50 ms)
— 20 year data retention
m Eight output logic macrocells

— Maximum flexibility for complex logic designs

— Programmable output polarity

— Also emuiates 20-pin PAL devices with full
function/fuse map/parametric compatibility

B Preload and power-up reset of all registers
— 100% functional testability

| Fully supported by National OPAL™ and OPALjr

development software
m Security cell prevents copying logic
m Electronic signature for identification
m Same JEDEC map as GAL16V8

PAL Replacement by Device Type

“Small “Registered “Medium
PAL” Mode PAL” Mode PAL” Mode|

10L8|12L6[14L4(16L2| 16R8 | 16R6 | 16R4 | = 16L8
10H8|12H6|14H4[16H2|16RP8|16RP6|16RP4|  16H8
10P8| 12P6|14P4]|16P2 . 16P8

Block Diagram—GAL16V8QS
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GAL16V8QsS (-15L, -15Q, -20L, -25L, -25Q) Commercial
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°Cto +150°C

Supply Voltage Ve —0.5Vto +7.0V Lead Temperature :

Input Voltage (Note 2) —25Vto Vg +1.0V (Soldering, 10 seconds) - : 260°C

Off-State Output Voltage (Note 2) —-2.5VtoVge +1.0V ESD Tolerance I 1000V

Output Current’ o +100 mA Czap = 100 pF ’ '
Rzap = 15000

Storgge Température —65°Cto +150°C Test Method: Human Body Model

Test Specification: NSC SOP-5-026 Rev. C
Recommended Operating Conditions

SUPPLY VOLTAGE AND TEMPERATURE

Symbol Parameter Commercal Units
Min Nom Max

Vee Supply Voltage 4.75 5 5.25 \

Ta Operating Free-Air Temperature . 0 25 75 °C

Tc . . Operating Case Temperature ) . ) °C

~ AC TIMING REQUIREMENTS

i . GAL16V8QS-15L. | GAL16V8QS-15Q | GAL16V8QS-20L |GAL16V8QS-25L/25Q)
Symbol . Parameter : COM . © 7 coM ) COM . COM Units
. Min Max Min Max "Min Max Min Max
. ﬁﬁ;ﬂi:?fedback before Clock) 12 12 5 1 ns
- Hold Time (Input after Clock) 0 0 " 0 (¢} ns
tw Clock Pulse Width (High/Low) 8 8 12 12 ns’
tcycLe |Clock Cycle Period (with Feedback) 20 20 ‘ 27‘ o7 ) ns
(Note 3) . ' . . ;
fcLk - [Clock Frequency |With Feedback : 455 | .. . 45.5 37 . : 37
(Note 4) |Without Feedback 625 | e25 4166 | | 4166 |MHz
fi Input Frequency (Note 5) - 66.6 66.6 50 50
tpr . [Clock Valid after Power-Up ‘ . 100 100 100 100 ns

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: teycLe = tsu + tolk ' '

Note 4: fcy k (with feedback) = (toycLe)~!
foLk (without feedback) = (2 t,) =1

Note 5: fj = (tpp)—1
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GAL.16V8QS (-15L, -15Q, -20L, -25L, -25Q) Commercial (continued)
Quiet Electrical Characteristics (vcc = 5.0v, Temp = 25°0)

GAL16V8QS

Symbol Parameter Conditions Typ Max Units
VoLp Quiet Output (Note 6) 11 15 v
Maximum Dynamic VoL ) ’
Vorv Qfm.st Output ) (Note 6) —06 —12 v
Minimum Dynamic Vo :
ViHD Maximum High Level (Note 7)
Dynamic Input Voltage 19 22 v
ViLp  Maximum Low Level (Note 7)
Dynamic Input Voltage 12 08 v
Note 6: 7 outputs switching from high to low, one output at low. The width of the bounce at 50% amplitude Is <3 ns.
Note 7: 7 outputs switching. Input-under-test swntch-ng
3V to threshold (Vi p)
OV to threshold (ViHp)
f=1MHz
Electrical Characteristics over Recommended Operating Conditions
Symboi Parameter Conditions Temperature Min | Typ| Max | Units
Range
ViH High Level Input Voitage 2.0 Veg+1| .V -
ViL Low Level Input Voltage -0.5 0.8 v
VoH High Level Output Voltage | Vec = Min | lon = 3.2mA COM 24 v
VoL Low Level Output Voltage | Vcc = Min | IoL. = 24 mA COM 0.5 \
lozH High Level Off State Vce = Max, Vo = Vgg(Max) 10 A
Output Current B
lozL | Low Level Off State Voc = Max, Vo = GND —10 | pA
Output Current : ’
I Maximum Input Current Vee = Max, V) = Vgg(Max) 10 | pA
I High Level Input Current | Ve = Max, V) = Vg(Max) 10 | pA°
I Low Level Input Current | Voo = Max, V; = GND -10 | pA
log* .| Output Short Circuit Current | Voo = 5.0V, Vo = GND —30 —150 | mA
lec Supply Current f = 25 MHz,Vgg = Max | -15L, -20L, -25L COM 90 mA
' -15Q, -25Q COM 55 | mA
G Input Capacitance Vce = 5.0V, V| = 2.0V 8. pF.
Cio 1/0 Capacitance Vee = 5.0V, Vyyo = 2.0V 10 pF

*One output at a time for a maximum duration of one second.
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GAL16V8QS (-15L, -15Q, -20L,, -25L,, -25Q) Commercial (continued)
SWItchIng Characteristics over Recommended Operating Conditions

GAL16v8QS-15L/-15Q GAL16V8QS-20L. | GAL16V8QS-25L/25Q
Symbol Parameter Conditions COM COM COM Units
Min Max Min Max Min Max
tpp Input or Feedback | S1 Closed,
to Combinatorial | C_ = 50 pF 15 20 25 ns
Output
tork Clock to S1 Closed,
Registered Output | Cp = 50 pF 10 12 122 ns
or Feedback
tozxa |G L to Active High: S1 Open,
Registered Output | C; = 50 pF .
Enabled Active Low: S1 Closed, 15 18 20 ns
CL = 50 pF
toxze |G Tto From Vop: S1 Open,
Registered Output | C = 5pF :
Disabled From Vo,: 81 Closed, b 8 20 ns
CL = 5pF ]
tezxi Input to Combina- | Active High: S1 Open, }
| torial Output . - | C_ = 50 pF
Enabledvia = [ Active Low: S1 Closed,. s 20 2 ns
Product Term C_ = 50pF
texzi Input to Combina- | From Voy: S1 Open, L
- | torial Output CL = 5pF -
Disabled via From VoL: §1 Closed,- 18 2 % ns
.| Product Term Cp = 5pF
taeser | Power-Up S1 Closed, :
toRegistered = | C_ = 50pF 45 45 45 us
Output High "
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GAL16vV8QS

- Output Current .

. GAL16V8QS (-20L, -25L, -25Q) Industrial -

Absolute Maximum Ratings (Note 1) -

"It Military/Aerospace. specified devices are required, . .
please contact ' the National - Semiconductor -Sales -

" Office/Distributors for. availability and specifications.

. —0.5Vto +7.0V
—2.5VtoVgg +1.0V
—2.5VtoVgg +1.0V
: ‘£100 mA
. —65°Cto +150°C

Supply Voltage Vcc
Input Voltage (Note 2)
Off-State’ Output Vo|tage (Note 2)

Storage Temperature

Ambient Temperature
- with Power Applied

" Junction Temperature ™

Récomménded Operatihg Conditions

SUPPLY VOLTAGE AND TEMPERATURE

Lead Temperature
(Soldering, 10 seconds)

ESD Tolerance
Czap.= 100 pF.
Rzap = 15000

Test Method: Human Body Model

—65°Cto +125°C

" —65°Cto +150°C

260°C
1000V

_ Test Specification: NSC SOP-5-026 Rev. C

Symbol . Parameter Industrial - Units
. ) Min Nom . = Max
Veo Supply Voltage 4.5 .5 5.5 Vo
TA Opefating Free-Air Temperature —40 S 25 85 . °C
Tc Operating Case Temperature . °C
AC TIMING HEQU!REMENTS
B GAL16V8QS-20L GAL16V8QS-25L | . GAL16V8QS-25Q,
Symbol - : Pariameter IND. ‘ IND...° IND Units
; Min Max Min ‘Max |" Min Max
s (Slr?;LllJtF:):-::‘eZdBéck before Clock) 18 20 20 ns
tH Hold Time (input after Clock) 0 0 0 ns
tw Clock Pulse Width (High/Low) 12 15 15 ns
tcYCLE Clock Cycle Period (with Feedback) 30 35 a5 ns
(Note 3)
fok Clock Frequency | With Feedback 33.3 28.5 28.5
(Note 4) Without Feedback 41.66 33.3 333 | MHz
fi Input Frequency (Note 5) 50 40 40
tPr Clock Valid after Power-Up 100 100 100 ns

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 p
Note 3: tcvoLe = tsu + toik
Note 4: fc « (with feedback) = (toycLe)~!
foLk (without feedback) = (2 t,)~1
Note 5: fj = (tpp)—1

ing and preload op

according to the applicable specification.
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GAL16V8QS (-20L, -25L, -25Q) Industrial (continued)
Quiet Electrical Characteristics (vcc = 5.0v, Temp = 25°0)

SD8AILTVO

Symbol ' Parameter Conditions Typ Max Units
Votp Quiet Output (Note 6) '
. . 1.1 1.5 \'
Maximum Dynamic Vo,
VoLv lefat Output . (Note 6) 06 —12 Vv
Minimum Dynamic Vo .
ViHD Maximum High Level (Note 7) 1.9 22 v

Dynamic Input Voltage

ViLo Maximum Low Level (Note 7)
. 1.2 0.8 \"
Dynamic Input Voltage

Note 6: 7 outputs switching from high to low, one output at low. The width of the bounce at 50% amplitude is <3 ns.

Note 7: 7 outputs switching. Input-under-test switching:
3V to threshold (Vi _p)
0V to threshold (Vip)
f=1MHz

Electrical Characteristics over Recommended Operating Conditions

Symbol Parameter ' " Conditions Tenl;;;r::ure Min | Typ Max Units
ViH High Level Input Voltage 2.0 Voe+1 \
ViL Low Level Input Voltage -0.5 0.8 \
VoH High Level Output Voltage | Voo = Min | lIoy = —3.2mA IND 2.4 \
VoL Low Level Cutput Voltage | Ve = Min | loL = 24 mA IND 05 v
lozH | High Level Off State Vee = Max, Vo = Veg(Max) 10 pA
Output Current
lozL. Low Level Off State Vce = Max, Vo = GND 10 pA
Output Current
I Maximum Input Current Vec = Max, V| = Vegg(Max) * 10 RA
hH High Level Input Current Vee = Max, V| = Vgco(Max) 10 RA
I Low Level Input Current Vce = Max, V) = GND -10 nA
los* Output Short Circuit Current | Vo = 5.0V, Vo = GND -30 —150 mA
Icc Supply Current f = 25 MHz, -20L/-25L IND 90 mA
Voo = Max -25Q IND 55 | mA
C Input Capacitance Vce = 5.0V,V, = 2.0V 8 pF
Cio 1/0 Capacitance Vee = 5.0V, Vo = 2.0V 10 pF

*One output at a time for a maximum duration of one second.
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GAL16V8QS (-20L, -25L, -25Q) Industrial (continued)
Switching Characteristics over Recommended Operating Conditions

GAL16V8QS-20L | GAL16V8QS-25L | GAL16V8QS-25Q
Symbol Parameter Conditions IND : " IND 'IND Units
Min Max Min |. Max Min Max
tpp Input or Feedback | S1 Closed, ) "
to Combinatorial | C| = 50 pF - 20 25 . 25 ns
.| Output ) ) :
tok Clock to S1 Closed,
Registered Output | C; = 50 pF 15 15 115 ns
or Feedback ' ’
tpzxg [G J to [ Active High: S1 Open,
. Registered Output | C|_ = 50 pF . -
Enabled Active Low: S1 Closed, 18, . 20 20 ns
CL = 50 pF
tpxzc |G Tto From Voy: S1 Open,
Registered Output | C = 5 pF
Disabled From Vo: S1 Closed, 18 20 20 ns
C_ = 5pF
tpzxi Input to Combina- | Active High: S1 Open,
torial Output CL = 50 pF
Enabled via Active Low: S1 Closed, 20 25 25 ns
Product Term. CL = 50 pF
tpxzi Input to Combina- | From Vou: S1 Open,
torial Output CL=5pF .
Disabled via From Vg: S1 Closed, 20 25 25 ns
Product Term CL = 5pF
treset. | Power-Up S1 Closed, . ) :
- | to Registered CL = 50 pF 45 45 45 s
Output High . ,
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AC Test Load

TL/L/11145-2

Test Waveforms

Quiet Output Noise Voltage Waveforms

ACTIVE
OUTPUTS

QUIET
OUTPUT
UNDER TEST

Note A. Vony and Vop are measured with respect to ground reference.

Note B. Input pulses have the following characteristics: f = 1 MHz, t, = 3 ns, t; = 3 ns, skew < 150 ps.

Note C. Test load for Quiet output: C = 50 pF, R = 5009.

Setup and Hold
TIMING Ve
INPUT AT ov
tser-up thowp "
DATA
INPUT ViV ov
TL/L/11145-3
Propagation Delay
3v
INPUT R
NV
~ )
IN-PHASE - Vou
OUTPUT N :
(S1 CLOSED) \ Yo
o
OUT OF PHASE — Vou
OUTPUT /
(S1 CLOSED) ————— VoL

TL/L/11145-5

Notes:

Cy includes probe and jig capacitance.

Vi = 1.5V.

Test inputs have rise and fall times of 5 ns between 0.3V and 2.7V.

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

HIGH-LEVEL

TL/L/11145-24

Pulse Width

PULSE INPUT

LOW-LEVEL
PULSE INPUT

ENABLE 3V
INPUT gy

NORMALLY HIGH Vg,
OUTPUT
(S1 OPEN)  Z

NORMALLY LOW 7
QUTPUT

(st cLosep) VoL

TL/L/11145-4

— [tpzL
V1

0.5V

0.5V

Enable and Disable
:)( Vi ENABLED  Vy K DISABLED
- |<-‘qu oz (-
L L
torz ] e
¥

TL/L/11145-6
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GAL16V8QS

Switching Waveforms

INPUTS (1,1/0) XXZ)( VALID INPUT vaLip INPUT XOXKOXXOXOXOX VALID NPUT XXX OO
tsy 1t ty tw
cLocK / Y '
| - tevere >
- m
tew ‘—1 texzol f tozxs
REGISTERED
ouTPUTS X
ANY INPUT
PROGRAMMED FOR VALID DISABLE)X  VALID ENABLE
TRI=STATE CONTROL : : T
PD PXZI |

o rrurs OOOQOCQOOOK
OUTPUTS

ey

Power-Up Reset Waveforms

TL/L/11145-7

’ j le— ¢, Vee
90%
\/
cc ov 10%

[t
\/
o R R RRXTO—Es TRX XXX
IL

treser

INTERNAL REGISTERS

"o 5 2O0CRRKIOCXRKXCRRICCKRRXKKY Feser o Losc o
\/ \/ \/ \/
A AVAYA

\
A
\/
A

\/\/ \/ \/
AVAVA AVA AVAVA
REGISTERED
ourpurs ZOOCXXXXXXXXXOOXXXXOOOXXY

Input Schematic

Input Translator/Buffer

TL/L/11145-8

lec : .
JL

e

1

! esp !
» PROTECTION 4

tooeand

INPUT

I'°|°2A
L

A

Gy
T0 INTERNAL
CIRCUITRY
Q33

TL/L/11145~9
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Ordering Information

Generic Arfay Logic Famity

SO8ASLIVD

Number of Array Inputs

‘Type: V = Variable Architecture . -

Number of Outputs -
Quiet Series

Speed: 15:tpp = 15ns
20:tpp = 20 ns
25:tpp = 25ns

L = Low Power
Q = Quarter Power

Package Type: N = 20-Pin Plastic DIP .
V = 20-Lead Plastic Chip Carrier

Temperafure hénge: C= Commeréial (0°Cto +75°C)
| = Industrial {(—40°C to +85°C)

GAL 6 V 8 @5 15 L N C.

GAL16V8QsS Block Diagram—DIP Connections

¢l (1] II ~ /‘-/-—_Z_O_I [20]"VV;<‘:‘
vtz [z — ;owc‘_%—zl (19l /o
L [3] E » ; Y :;:c :—l‘%—r—zl (18] 1/0
v [a— ; ‘:;L:c— 7] tn o
N 4§
I (5] E > " 112" ‘;;L:c: ‘ EI (18] 1/0
|16 II o A :f' o [ ‘ T_s—| 5] 1/0
v [T :;L:c —-Bo-f—zl (14 1/0
I (8] [_T_ > :? i;L:c: ‘ EI (131 1/0
:
I (9] E » : o H:B"-f—zl 121 1/0
ono (10 [10}5 é ] s

[——— [PLcc PN NUMBERS | ————I

FIGURE 1

TL/L/M11145-12
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Functional Description

The GAL logic array consists of a programmable AND array
with fixed OR-gate connections, similar to the bipolar PAL
architecture. The logic array is organized as 16 complemen-
tary input lines crossing 64 “product term” lines with a pro-
grammable E2PROM cell at each intersection (2048 cells).
Each programmable cell may establish a connection be-
tween an input line (true or complement phase of an array -
input signal) and a product term. A product term is satisfied
(logically true) while all of the input lines “connected" to it
are in the high logic state.

' The 64 product terms are organized into eight output groups

with eight terms each. Seven or eight of the product terms in
each output group feed into an OR‘-gate‘t‘o produce each
output logic function; one of the product terms may instéad
be used to control the associated TRI-STATE device output.
The fundamental transfer function of each GAL output is the
familiar Boolean sum-of-products. Design development soft-
ware is available which accepts Boolean equations and
converts them automatically into GAL programming pat-
terns.

As shown in the GAL16V8QS Block Diagram (Figure 1), a
total of eight output logic functions are available. Each of
the AND/OR logic functions feeds into an ‘“‘output logic
macrocell” (OLMC). The eight OLMCs control the flow of
input and output signals between the logic array and the
device's 1/0 pins.

Under control of an OLMC, each output may be designated
either registered or combinatorial (non-registered). in the
registered output configuration, the logic function output

20-Lead PLCC Connection Diagram

20- PIN——EIE“II

DIP PIN

5 [@ [

(TOP VIEW)

passes through a D-type flip-flop triggered by the rising
edge of the clock input. Additionally, the logic function’s out-
put polarity may be designated active-low or active-high (ad-
justed before the register, if present). OLMC options such

" as these are selected using a set of programmable architec-
ture control cells. These architecture cells are normally con-
figured automatically by the development software or pro-
gramming hardware.

All of the possible 1/0 configurations of the GAL16V8QS
are classified into three basic modes: ‘‘Small-PAL"” mods,
“Registered-PAL” mode and “Medium-PAL” mode. These
modes correspond to the architectures of the PAL families
which the GAL16V8QS can emulate. The modes determine
the mixture of OLMC configurations which can be selected
for the device. The OLMC Selection table (Table 1) lists
which functions can be selected on the device pin* 1 and
pins* 11 through 19 for each of the three modes. The logic
diagrams in Figure 3 illustrate these OLMG functions.

“OUTPUT" represents the always-active combinatorial out-
put configuration available in the “Small-PAL” mode. “REG-
ISTER" is the registered output with register feedback avail-
able in the “Registered-PAL” mode. “I/0" is the combina-
torial bidirectional I/0 available in “Registered-PAL" and’
“Medium-PAL” modes.. “TRI-STATE” is the TRI-STATE
. combinatorial output function appearing on pins* 12 and 19
in the “Medium-PAL" mode. “INPUT” in Table | denotes an
OLMC used as a dedicated input only.
*Applies to both 20-pin DIP and 20-lead PLCC packages for GAL16V8QS.

8 o
FUSIISS

20 - LEAD PLCC

EEEEE

[2] [i5]

o o

[=] -
Zw S =

TL/L/11145-13
FIGURE 2
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[
>
OLMC Selection Table "
TABLE | 2
o
“Small-PAL” Mode “Registered-PAL’ Mode “Medium-PAL” Mode 8
L > INPUT CLOCK INPUT
HIRP
| T3] ——> INPUT or OUTPUT* REGISTER or I/0 TRI-STATE**
| 73] ——> INPUT or OUTPUT* REGISTER or1/0 110
| cALIGVEQS L —b INPUT or OUTPUT* REGISTER or I/0 110
1 78] —> OUTPUT* REGISTER or 170 170
| 73] ——> OUTPUT* REGISTER or 170 1/0
1 ]—> INPUT or OUTPUT* REGISTER or /0O 1/0
| 73] ——p INPUT or OUTPUT* REGISTER or I/0 170
| T3] ——p INPUT or OUTPUT* REGISTER or 170 TRI-STATE**
oND 1) —b INPUT . OUPUT ENABLE (G) INPUT
» *Active combinatorial output
TULATI5-14 oy STATE combinatorial output
PAL Replacement Configurations
TABLE It
C “Medium-PAL”
“Small PAL" Mode “Registered-PAL” Mode Mode
) R INPUT | INPUT | INPUT | INPUT | CLOCK | CLOCK | cLocK INPUT
LE Vee : :
1 ] ——p |OUTPUT*| INPUT | INPUT | INPUT [REGISTER| 1/0 170 TRI-STATE**
1 3 ——p |OUTPUT*|OUTPUT*| INPUT | INPUT |REGISTER|REGISTER| I/0 170
1 [@]  caLteveas e——p |[OUTPUT*|OUTPUT*}OUTPUT*| INPUT |REGISTER|REGISTER|REGISTER 7]
1 3 —) |OUTPUT*|OUTPUT*{OUTPUT*|OUTPUT*|REGISTER| REGISTER|REGISTER [1/e]
1 &) —»  |OUTPUT*|OUTPUT*|OUTPUT*| OUTPUT* | REGISTER| REGISTER| REGISTER 170
(Wra =P  |OUTPUT*|OUTPUT*|OUTPUT*| INPUT |REGISTER|REGISTER|REGISTER [7e]
1 [E] ) |OUTPUT*|OUTPUT*| INPUT | INPUT |REGISTER|REGISTER| 110 110
N k) = |OUTPUT*| INPUT [ INPUT | INPUT |REGISTER| 1O 1710 TRI-STATE**
GND (1T} — INPUT | INPUT | INPUT | INPUT [} e} G INPUT
TL/L/11145-15 10L8 12L6 14L4 16L2 16R8 16R6 16R4 16L8
EMULATED 10H8 | 12H6 14H4 16H2 16RP8 16RP6 16RP4 16H8
PALPRODUCTS| 10P8 12P6 14P4 16P2 -16P8
*Active combinatorial output. )
**TRI-STATE combinatorial output.
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OLMC Configurations

OUTPUT (Active Combinatorial Output)

AND
Array

:

l.’olariiy

s

REGISTER (Registered Output)

AND
Array

Polarity

Sot [

ol o

V e

-

R

1/0 (Combinatorial Input/Output)

17

.AND
Array

TRI-STATE (TRI-STATE Combinatorial Output)

IE

17

Polarity

AND
Array

y

FIGURE 3

Polarity B
2 >0

TL/L/11145-16

TL/L/11145-17

TL/L/11145-18

TL/L/11145-18
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Functional Description (continued).

In the “Small-PAL” and “Medium-PAL” modes (Table ),
pins* 1 and 11 are always dedicated inputs. In the “Regis-
tered-PAL" mode, however, pin* 1 becomes the clock input
controlling all OLMC registers, and pin* 11 becomes the
output enable (G) input controlling the TRI-STATE outputs
of all registered OLMCs. Within the “Small-PAL” and “Reg-
istered-PAL” modes in Table |, the functions of pins* 12
through 19 can be selected individually from either of the
two functions listed. For example,. in “Registered-PAL”
mode, pins* 12 through 19 can each be designated as ei-
ther a registered output or a combinatorial 1/0. The “Medi-
um-PAL" mode represents a single fixed configuration used
to emulate combinatorial medium PAL devices (16L8, 16H8,
16P8).

Table [l lists the bipolar PAL products which the
GAL16V8QS can emulate, and the specific input/output
configurations used. This is just a subset, however, of all the
configurations provided in Table I.

All registers in a GAL device are reset to the low state upon
power-up. The active-low outputs, in turn, assume high logic
levels (if enabled) regardless of the selected output polarity.
This may simplify sequential circuit design and test. To en-
sure successful power-up reset, Vgc must rise monotonical-
ly until the specified operating voltage is attained. During
power-up, the clock input should assume a valid, stable log-
ic state as early as possible (within the specified time, tpg)
to avoid interfering with the reset operation. The clock input
should also remain stable until after the power-up reset op-
eration is completed to allow the registers to capture the
proper next state on the first high-going clock transition.

It should be noted that the switching of any input not logical-
ly connected to a product term or logic function has no ef-
fect on the associated output logic state. To minimize power
consumption, however, unused inputs should be connected
to a stable logic level such as ground or Vgc (CMOS GAL
inputs may be tied directly to the supply voltage without
causing excessive loading conditions).

*Applies to both 20-pin DIP and 20-lead PLCC packages for GAL16V8QS.

Clock/Input Frequency
Specifications

The clock frequency (fcLk) parameter listed in the Recom-
mended Operating Conditions table specifies the maximum
speed at which the GAL registers are guaranteed to oper-
ate. Clock frequency is defined differently for the two cases
in which register feedback is used versus whenitis not. Ina
data-path type application, when the logic functions fed into
the registers are not dependent on register feedback from
the previous cycle (i.e. based only on external inputs), the
minimum required cycle period (fg k— 1 without feedback) is
defined as the greater of the minimum clock period (t,, high
+ ty low) and the minimum “data window” period (tgy +
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 (tcycLe
= fok~1 with feedback) is defined as tg x + tsy. This
provides sufficient time for outputs from the registers to
feed back through the logic array and set up on the inputs to
the registers before the end of each cycle.

The input frequency (f)) parameter specifies the maximum
rate at which each GAL input can be toggled and still pro-
duce valid logic transitions on each combinatorial output.
The f| specification is derived as the inverse of the combina-
torial propagation delay (tpp).

Design Development Support

A variety of software tools and programming equipment is
available to support the development of designs using GAL
products. Typical software packages accept Boolean logic
equations to define desired functions. Most are available to
run on personal computers and generate a JEDEC-compati-
ble “cell-map” (analogous to a PAL “fuse-map”). The in-
dustry-standard JEDEC format ensures that the resulting
cell-map file can be down-loaded into a variety of program-
ming equipment. Many software packages and program-
ming units support a large variety of programmable logic
products as well. The OPAL software package from Nation-
al Semiconductor supports all programmable logic products
available from National and is fully JEDEC-compatible.
OPAL software also provides automatic device selection
based on the designer's Boolean logic equations.

National strongly recommends using only approved pro-
gramming hardware and software for developing GAL de-
signs. Programming using unapproved equipment generally
voids all guarantees. Approved programmers incorporate
specialized programming algorithms that program the array
and automatically configure the architecture cells. To en-
sure data retention and reliability, the programming algo-
rithm also tracks the number of programming cycles to
which each GAL device has been subjected since shipment,
and stores this information automatically in the device.

The special GAL programming algorithm can also program
a GAL device using a standard fuse-map developed for any
of the emulated PAL products. PAL fuse-maps can be creat-
ed by any JEDEC-compatible PAL development software or
by loading the fuse pattern from an existing programmed
PAL device into the programming unit (provided the PAL
device has not been secured). However, to utilize the full
flexibility of the GAL architecture, true GAL development
software (such as OPAL software) is recommended.
Detailed ‘logic diagrams showing all JEDEC cell-map ad-
dresses in the GAL logic array and OLMC are provided for
direct map editing and diagnostic purposes (see “‘Program-
ming Details™). For a list of current software and program-
ming support tools available for these devices, please con-
tact your local National sales representative or distributor. If
detailed specifications of the GAL programming algorithm
are needed, please contact the National Semiconductor
Programmable Device Support department.
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Security Cell ,

A security cell is provided on all GAL16V8QS devices as a
deterrent to unauthorized copying of the array configuration
patterns. Once programmed, the circuitry enabling array ac-
cess is disabled, preventing further programming or verifica-
tion of the array. The security cell can be erased only in
conjunction with the array during a bulk erase cycle, so the
original configuration can never be examined once this cell
is programmed. )

Electronic Signature

Each GAL device contains an electronic signature word
consisting of 64 bits of reprogrammable memory. The elec-
tronic signature word can be programmed to contain any
identification information desired by the user. Some uses
include pattern identification labels, revision numbers,
dates, inventory control information, etc. The data stored in
the electronic signature word has no effect on the function-
ality of the device. The information is read out of the device
using the normal program verification procedure provided by
the programming equipment. The information may be ac-
cessed at any time independent of the state of the security
cell. National’'s OPAL development software allows elec-
tronic signature data to be-entered by the user and down-
loaded to the programming equipment.

Bulk Erase

The programming equipment automatically performs a bulk
erase operation prior to each programming operation. No
special erase operation need be performed by the user.
Bulk erase clears the logic array, architecture cells, security
cell, and electronic signature information. The GAL device is
thereby reverted back to its virgin state.

Latch-Up Protection

GAL devices are designed with an on-chip charge pump to
negatively bias the substrate. The negative bias is of suffi-
cient magnitude to prevent input undershoots from causing
the circuitry to latch. Additionally, outputs are designed with
n-channel pullups instead of the traditional p-channel pull-
ups to eliminate any possibility of SCR induced latching.

To insure that no undesired bias conditions occur with P+
diffusions, a Latch-Lock™ power-up circuitry has been de-
veloped. The drain of all P channel devices normally con-
nected to the device supply are now connected to an alter-
nate supply that powers up after the device N-wells have
been biased and.the substrate has reached its negative
clamp value. This prevents any hazardous bias conditions
from developing in the power-up sequence. After power-up
is complete, the Latch-Lock circuitry becomes dormant until
a full power-down has occurred; this eliminates the chance
of an unwanted P channel power-down during device opera-
tion.

Manufacturer Testing

Because of EECMOS technology, GAL devices can be re-
programmed in milliseconds. This allows each device to be
completely tested by the manufacturer using numerous log-
ic array and architecture patterns prior to shipping. Every
programmable cell and every logic path through every de-
vice is fully tested for programmability, functionality and per-
formance to all AC and-DC parameters. The customer can
therefore expect 100% programming and functional yield
and 100% compliance of all GAL products to datasheet
specifications. '

The testing procedure performed on all GAL devices by the
manufacturer tests all aspects of device operation. Exten-
sive testing of all programmable cells in the device include
margin testing, internal verify, and program retention during
high-temperature bake. All DC and AC parameters are test-
ed at hot and cold temperatures using a variety of worst
case logic and signal patterns. Functional tests include re-
programming each OLMC to all valid architectural configura-
tions.

Register Preload

The register preload feature allows OLMC registers to be
directly loaded with any desired data pattern. It aiso allows
the present state of OLMC registers to be examined regard-
less of TRI-STATE control conditions. This simplifies tésting
of devices after programming. A device may be put into any
desired register state at any point during the functional test
sequence. The test sequence may then be resumed to veri-
fy proper next-state transitions. This allows complete verifi-
cation of sequential logic circuits, including states that are
normally impossible or difficult to reach. It may also shorten
the overall test time significantly.

Register preload is not an operational mode and is not in-
tended for board-level testing because elevated voltage lev-
els must be applied to the device. The programming equip-
ment normally provides the register preload capability as
part of its functional test facility. Note that the testing of GAL
devices after programming by the user may be considered
unnecessary because all EECMOS GAL products are com-
pletely tested by the manufacturer, guaranteeing 100%
post-programming functional yield.

The register preload algorithm is described for those users
who wish to test programmed GAL devices using test equip-
ment other than approved GAL programming equipment. As
shown in the Register Preload Waveform in Figure 5, the
preload sequence must not begin until the normal power-up
reset operation has completed (after time tgesgT). The de-
vice is placed into preload mode by raising the “PRLD” in-
put (pin* 11) to voltage V|gs, as specified in the Register
Preload Specifications (Table IH). '
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Register Preload (continued)

To preload the OLMC registers, a series of data bits are Vee
shifted into the device on the "“SpN” input (pin* 9), one bit J-
for each OLMC in which registered output has been select- Dok =11 20
ed. (Non-registered OLMCs are bypassed.) The shift se- - -
quence is clocked by the rising edge of the “DgL k" input
(pin* 1). The data stream is shifted in through the registered
OLMC with the lowest corresponding pin number, and then = [~
“upward” through all remaining registered OLMCs in pin- — —
number ascending order. Therefore, the first data bit in the
series is ultimately loaded into the registered OLMC with the
highest corresponding pin number, as shown in Figure 4.

As the data series is shifted into the Spy input, the contents
of all registers (in registered OLMCs) are shifted “upward" -1 —
and out onto the “Spoyt” output (pin* 12). Complete pres- - -
ent-state information can be examined in this manner. Test s 9 12
fixtures can be devised to test several GAL devices in which OIN
the Spoyrt pin of each chip is connected to the Spyy pin of I
the next, and all preload and present-state data can be =
shifted around a single serial loop. TL/L/11145-20
Note that when shifting register data into Spyy or out of **The Spoyr output buffer is an open drain output during preload. This pin
SD ouT» VIL /VOL = register reset (0), and VIH /VOH = regis- should be terminated to Vg with a 10 k(L resistor.

ter set (1). These 0 and 1 register states are always inverted FIGURE 4. Output Register Preload Pinout
(active-low) on the normal output pins regardless of the se-

lected output polarity (polarity affects logic function values

before register inputs).

*Applies to both 20-pin DIP and 20-lead PLCC Packages for GAL16V8QS.

SO8A9LTVO

Spour**
— PRLD

—
o

Regiéter Preload Specifications
TABLE 11l

Symbol Parameter Conditions Min Typ Max Units’

ViH Input Voltage (High) 2.40 Vee \

ViL Input Voltage (Low) 0.00 . 0.50

VoH Output Voltage (High) (Note 1) Vee

Y
Vies Registered Preload Input Voltage 14.5 15 15.5 \
\"
\"

VoL QOutput Voltage (Low) (Note 1) loL £ 12mA 0.00 0.50

I, WL Input Current (Programming) +1 +10 A

loH High Level Output Current (Note 1) VoH = Vco 10 RA

tpwv Verify Pulse Width 1 5 10 ps

to Pulse Sequence Delay 1 5 10 us

tRESET Register Reset Time from Valid Vcg 45 BT

Note 1: The Spoyr output buffer is an open drain output. This pin should be terminated to Ve with a 10k resistor.
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Register Preload Waveforms

L6

Vee o 77 90%

treser
1

27

Spour** M vaL DaTA X

VALID, DATA X

ek

TL/L/11145-21

**The SpouyT output buffer is an open drain output during preload. This pin should be terminated to Vg with a 10 kQ resistor. .
FIGURE 5

Programming Details

Understanding the information in this section is not essen-
tial when using approved programming equipment and soft-
ware for developing GAL designs. This is a more thorough
disclosure of the GAL architecture provided for direct
JEDEC cell-map editing and diagnostic purposes. This sec-
tion alone, however, does not contain sufficient information
to implement the GAL programming algorithm. If detailed
specifications of the GAL programming algorithm are need-
ed, please contact the National Semiconductor Programma-
ble Device Support department.

As mentioned in the Functional Description, the OLMC is
responsible for selecting input and/or output paths, regis-
tered vs. combinatorial outputs, active-high or low polarity,
and common vs. locally-controlled TRI-STATE control. Ad-
ditionally, the OLMCs select between alternate logic array
input paths to maintain JEDEC cell-map compatibility with
either “small-PAL" or “medium-PAL" logic arrays. -

The various configurations of the OLMCs are controlled by a
set of programmable “architecture” cells, separate from the
logic-defining array cells. Each GAL device contains two
“global” architecture cells, “SYN” and “AC0", which affect
all OLMCs. Each of the device's eight OLMCs also contains
two “local” celis, “AC1” and “XOR”. The OLMC Logic Dia-
gram in Figure 6 shows how the architecture cells select the
different paths through the OLMC.

The SYN bit controls whether a device will have any regis-
tered outputs (SYN = 0) or will be purely combinatorial
(SYN=1). The SYN bit determines whether device pins* 1
and 11 are used as the clock and global TRI-STATE control
inputs (SYN=0) or whether they are ordinary inputs
(SYN=1). The ACO bit selects between the “‘Small-PAL"
mode and the “Medium/Registered-PAL” modes. The func-
tion of the AC1 bits depend on the state of the ACO bit. In
“Small-PAL” mode (AC0=0), the AC1 bit in each OLMC
determines whether the associated device pin is an output
(AC1=0) or an input (AC1=1). In “Registered-PAL"” mode
(ACO=1), the AC1 bit determines whether each OLMC is
registered (AC1=0) or combinatorial (AC1=1). In “Medi-
um-PAL” mode (ACO=1), the AC1 bits in all OLMCs must
be set to 1 (combinatorial). All of the valid architecture bit
configurations are shown in the OLMC Architecture table
(Table 1V), which has the same familiar format used in the
OLMC Selection table (Table I). '

Independent of SYN, ACO and the AC1 bits., the XOR bit in
each OLMC selects between active-low (XOR =0) or active-
high (XOR=1) output polarity. .

*Applies to both 20-pin DIP and 20-lead PLCC packages for GAL16V8QS.
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OLMC Logic Diagram : E
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To Adjacent OLMC
. . TL/L/11145-22
*Applies to both 20-pin DIP and 20-lead PLCC packages for GAL16V8QS.

FIGURE 6
OLMC Architecture Programming
= ' " TABLE IV
“Small-PAL” Mode . “Registered-PAL” Mode “Medium-PAL” Mode
L JEDEC A ' JEDEC |, JEDEC
Input - Input Input
Function Line #s ] Function Line #s Function Lines #s
(Note 1) . . . (Note 1) ' (Note 1)
Pin 1 INPUT ~INPUT 2,3 CLOCK - 'CLOCK ' 1 INPUT 23
***Pin 19 110 - INPUT 6,7 REGISTER . 110 23 .| TRI-STATE**
***Pin18 170 INPUT 10,11 REGISTER 170 6,7 : 170 6,7
***Pin17 170 INPUT 14,15 REGISTER 170 ) 10,11 - 170 10,11
***Pin 16 OUTPUT* NC REGISTER | - I/O 1415 110 14,15
***Pin15 OUTPUT* NC REGISTER 170~ 18,19 110 18,19
*** Pin 14 170 INPUT 18,19 REGISTER 170 22,23 110 22,23
***Pin 13 1/0 INPUT 22,23 REGISTER 170 26,27 B V/o) 26,27
***Pin 12 170 INPUT 26,27 REGISTER 170 30,13 TRI-STATE**
Pin 11 INPUT INPUT 30,31 G G INPUT 30,31
ACl,=0 | ACip=1 - ACl, =0 ACln =1 v AC1, =1
SYN = 1,AC0 = 0 SYN = 0,ACO = 1 SYN = 1,ACO = 1
All outputs are combinatorial At least one output is Alll/O pins are
and always active. registered. combinatorial.

Note: Pin numbers above apply to both 20-pin DIP and 20-lead PLCC packages for GAL16V8QS.

Note 1: All even and odd numbered JEDEC input line numbers correspond to true and complement array inputs, respectively.
*Active combinatorial output. ‘
**TRI-STATE combinatorial output.

*** AC1, applies to these 1/0 pins only.
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GAL16V8QS Logic Diagram

DIP PIN NUMBERS INPUT LINE  DIP PIN "
—— PRODUCT LINE FIRST CELL NUMBERS NUMBERS  NUMBERS cc ‘
1-I> - f T 2
02 46 810 1214 1618 2022 24 26 2830 IC
315]7 |91 113)15 [17]19 |2123 [25[27 |29131 ]
00— OLMC
64—32 XOR=2048
1286 AC1=2120 -19
192327 | PTD=2128 [o-
{ 1 P -2135
23 — & +
256 %7 ovme
32052 XOR=2049
38473 AC1=2121. | 18
448755 PTD=2136 :
N —21 TP -2143 [
1% K12
512 oMe |-
575—2—‘(‘,3 XOR=2050 :
840672 AC1=2122 17
7045 —] PiD=2144 &}
P -2151
L3 KL= ;
76855 oMe | R
832 XOR=2051
896527 AC1=2123 [ 16
960
p —H] Pio=2152 [¢]
N - .
513 F o gy A
1024 —= O OLMC
10881952 2 vorcss2 |1 »
11524722 £ AC1=2124 [ 15
1216 8 :
57248 8——+] P1D=2160 [¢
L3 KL |
128073775 oMC |- :
1344 3553 X0R=2053 | |
14085 AC1=2125 14
440
14721554 o P1=2168 [ei= .
N 1 -2175
18— &N =
1536 568 owMe - Ld : )
160023 XOR=2054
16647555 AC1=2126 | 13
17281322 ——H] PD=2176 [¢]
T -2183 |© :
oI5 T —— |
1792 olMe |
18561 §§§ XOR=2055 :
19207555 AC1=2127 | 12
19843016 —H] Pro=2184 [T
T et le
0l2]4 10l 12114l 16118l 20l22] 24126 28130 é
10— 35 11 1315 1719 2123 2527 29 31 1

USER ELECTRONIC SIGNATURE WORD:
2056 2064 2072 2080 2088 2096 21|04 2!I12 21l19

1 1 ] 1 1 1
[ Bieo | evietr | evie2 [ evies [ eyiea | vies | evies | ovE 7 |

MSB LSB ) ) MSB LS8

SYN=2192
AC0=2193
TUL/11145-23

JEDEC Logic Array Cell Number = Product Line First Cell Number + Input Line Number
FIGURE 7
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@National

Semiconductor

GAL20V8QS 24-Pin Generic Array Logic Family

General Description

The EECMOS GAL® QS™ devices combine a high per-
formance CMOS process with electrically erasable floating
gate technology. This programmable memory technology
applied to array logic provides designers with reconfigurable
logic and bipolar performance at significantly reduced pow-
er levels.

The GALQS family utilizes NSC Quiet Series technology to
guarantee quiet output switching and improve dynamic
threshold performance. GAL Quiet Series™ features
GTOT™ output control in addition to a split ground bus for
superior performance.

The 24-pin GAL20V8QS features 8 programmable Output -

Logic Macrocells (OLMCs) allowing each TRI-STATE® out-
put to be configured by the user. Additionally, the

GAL20V8QS is capable of emulating, in a functional/fuse-

- map/parametric compatible device, the most popular 24-pin
PAL® device architectures.
Programming is accomplished using readily available hard-
- ware and software tools. NSC guarantees a minimum 100
erase/write cycles.

Unique test circuitry and reprogrammable cells allow com-
plete AC, DC, cell and functionality testing during manufac-
ture. Therefore, NSC guarantees 100% field programmabili-
ty of the GAL devices. In addition, electronic signature is
available to provide positive device ID. A security circuit is
built-in, providing proprietary designs with copy protection.

Features
| High performance EECMOS technology .
, == 15 ns maximum propagation delay
— folk = 62.5 MHz .
— 10 ns maximum from clock input to data outpu
~— TTL compatible 24 mA outputs
— UltraMOS® |1l advanced CMOS technology
B Guaranteed simultaneous switching noise level and
dynamic threshold performance
m Reduced Groundbounce and Undershoot
m Reduced power
~— Low power = 90 mA Igc max
— Quarter power = 55 mA Igg max
m Electrically erasable cell technology
— Reconfigurable logic
— Reprogrammable cells )
— 100% tested/guaranteed 100% yields
— High speed electrical erasure (<50 ms)
— 20 year data retention
m Eight output logic macrocells
— Maximum flexibility for complex logic designs
— Programmable output polarity
— Also emulates 24-pin PAL devices with full functi-
on/fuse map/parametric compatibility
B Preload and power-up reset of all registers
— 100% functional testability .
m Fully supported by National OPAL™ and OPALjr devel-
opment software ’ '
m Security cell prevents copying logic
| Electronic signature for identification

PAL Replacement by Device Type

“Small PAL” “Registered ":,ﬂff'“
Mode PAL” Mode
Mode
1418|16L6| 18L4| 20L2| 20Rs | 20R6 | 20R4 | 20L8
14H8| 16H6| 18H4 | 20H2| 20RP8| 20RP6| 20RP4| 20H8
14P8| 16P6| 18P4| 20P2 20P8

Block Diagram—GAL20V8QS
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GAL20V8QS

GAL20V8QsS (-15L, -15Q, -20L, -25L, -25Q) Commercml
Absolute Maximum Ratings (ote 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.© - . Junition Temperature i " _65°C to +150°C
Supply Voltage (Vcc) —0.5Vto +7.0V Lead Temperature

Input Voltage (Note 2) —-2.5Vto Vg + 1.0V (Soldering, 10 seconds) o : ' 260°C
Off-State Output Voltage (Note 2) . —25VtoVgg + 1.0V ~ ESDTolerance . . o .-~ 1000V
Output Current S ¢ 100 mMA . Czap = 100 pF -

Storage Temperature | —65°Cto'+150°C Rzap = 15000

Test Method: Human Body Model.
Test Specification: NSC SOP-5-028 Rev. C .

Recommended Operatlng Condltlons
SUPPLY VOLTAGE AND TEMPERATURE

Symbol o P/arametelit ‘ - Commercial '  . Units
L . . Min Typ Max
Vece " Supply Voltage .. T 475, -5 5.25 Vv
Ta Operating'Free:»'AirTempéraiure .0 - 25 ¢ | 75 ) °C
Tc ¥ Operating Case Temperature . . . C
AC TIMING REQUIREMENTS - » ’ o S
- . ‘ GAL20V8OS-15L GAL20V8QS-15Q GAL20V8QS;20L GAL20V8QS-25L/25Q
Symbol Parameter il com com CcoM coM Units
' ' ' | wmin Max | Min Max. | Min Max “Min Max |
S|P catienkbetors Gacky 12 1 | B R
t4  |Hold Time (Input after Clock) o 0 : 0 ' 0 | ns
tw Clock Pulse Width (High/Low)- 8 8 12 12 ns
fore gﬁf\k;g:aii%:ote 3) 2 22 | LF a7 o ns
fok Clock Frequency[With Feedback 455 455 37 37
(Note 4) Without Feedback 62.5 625 | 41.66 4166 |MHz
f) Input Frequency (Note 5) o 66.6 | 666 | | 50 40
tpR Clock Valid after Power-Up  © 100 L 100 100 . 100 ns

Note 1: Absolute maximum ratmgs 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 fimits during programmlng and preload operatlons according to the applicable specmcatlon

Note 3: toycre = tsy + towk.

Note 4: fc « (with feedback) = (toycre) ! : '
foLk (without feedback) = (2 ty) =1 - '

Note 5: fj = (tpp)—!
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GAL20V8QS (-15L, -15Q, -20L, -25L., -25Q) Commercial (continued)
Quiet Electrical Characteristics (vcc = 5.0v, Temp = 25°C)

SD8A0ZTVD

Symbol Parameter Conditions Typ Max Units
VoLp Quiet Output (Note 6)
. ) 1.1 1.5 v
Maximum Dynamic Vo
VoLv Quiet Output (Note 6) _ _
‘ Minimum Dynamic Vo 06 12 v
Y;HD Maxnmt.xm High Level (Note 7) 1.9 22 v
Dynamic Input Voltage
ViLp v Maximum Low Level (Note 7) 1.2 08 v

Dynamic Input Voltage

Note 6: 7 output switching from high to low, one output at low. The width of the bounce at 50% amplitude is <3 ns.

Note 7: 7 output switching. Input_under_test switching:
3V to threshold (Vitp), OV to threshold (Vi1p)
t=1MHz

Electrical Characteristics over Recommended Operating Conditions

Symbol Parameter Conditions Ten;;;irga;ure Min | Typ Max Units
VIH High Level Input Voltage 2.0 Vee + 1 v
ViL Low Level Input Voltage -05 0.8 v
VoH High Level Output Voltage Vce = Min lon = —3.2mA COM 24 \
VoL Low Level Output Voltage Vce = Min loL = 24 mA COM 0.5 \
lozH High Level Off State ‘ Vec = Max, Vo = Vgc (Max) 10 pA
Output Current
lozL Low Level Off State Vg = Max, Vo = GND 10 pA
Qutput Current
h Maximum Input Current Vec = Max, V| = Vge (Max) 10 MA
1 High Level Input Current Vee = Max, V| = Vgc (Max) 10 pA
e Low Level Input Current Vcc = Max, V| = GND -10 pA
los® Output Short Gircuit Current | Vg = 5.0V, Vo = GND —30 —-150 mA
Icc Supply Current f = 25MHz, | -15L,-20L, -25L COM 90 mA
Vee = Max | 450 250 COM 55
G Input Capacitance Ve = 5.0V, V| = 2.0V 5 8 pF
Cio 170 Capacitance Vce = 5.0V, V|0 = 2.0V 10 10 pF

*One output at a time for a maximum duration of one second.
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GAL20V8QS

GAL20V8QS (-15L, -15Q, -20L, -25L, -25Q) Commercial (continued)
Switching Characteristics over Recommended Operating Conditions

) GAL20V8QS-15L/-15Q | GAL20V8QS-20L | GAL20V8QS-25L/-25Q
Symbol Parameter Conditions COM COM COM Units
‘ ‘ Min Max Min Max Min - Max
tpD Input or Feedback to $1 Closed, C|_ = 50 pF .
Combinatorial Qutput 15 20 25 ne
toLk Clock to Registered S1 Closed, C| = 50 pF [
Output or Feedback 10 12 12 ns
tpzxg |G | to Registered Active High; S1 Open,
Output Enabled Cp = 50 pF )
} Active Low; S1 Closed, 15 8 20 | ns
CL = 50pF .
tpxzg |G T toRegistered From Voy; S1 Open, '
Output Disabled = 5pF 15 18 20 ns
From Vou;
S1 Closed, C = 5pF
tpzxi - | Input to Combinatorial Output| Active High; S1 Open,
Enabled via Product Term  |C| = 50 pF ' . .
’ Active Low; S1 Closed, 15 20 2 - ns
‘ CL = 50 pF
tpxz1 | Input to Combinatorial Output( From Voy; S1 Open,
Disabled via Product Term |G = 5pF . '
From Vo; S1 Closed, 15 20 2 ns
CL=5pF
treseT |Power-Up to Registered S1 Closed, G| = 50 pF , :
| Output High . 45 45 45 e

2-62




GAL20V8QS (-20L, -25L, -25Q) Industrial
Absolute Maximum Ratings (Note 1)

SD8A0ZTVD

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 (Vce) —~0.5Vto +7.0V Lead Temperature

Input Voltage (Note 2) —2.5Vto Vg + 1.0V (Soldering, 10 seconds) 260°C
Off-State Output Voltage (Note 2) —2.5Vto Ve + 1.0V ESD Tolerance 1000V
Output Current +100 mA Czap = 100 pF

Storage Temperature ~65°Cto +150°C Rzap = 15000

Test Method: Human Body Model
Test Specification: NSC SOP-5-028 Rev. C

Recommended Operating Conditions
SUPPLY VOLTAGE AND TEMPERATURE

Symbol Parameter Industrial Units
Min Typ Max
Vee Supply Voltage ' . 45 5 5.5 %
TA Operating Free-Air Temperature - —40 25 85 . °C
Tc Operating Case Temperature °C
AC TIMING REQUIREMENTS
, GAL20V8QS-20L ‘GAL20V8QS-25L GAL20V8QS-25Q
Symbol Parameter IND IND IND Units
Min Max ‘Min Max Min Max
' | Peeabeck betore Clocy 15 o 20 ne
tH Hold Time (Input after Clock) 0 0 0 ns
tw Clock Pulse Width (High/Low) 12 15 . .15 ns
foveLe (C\Iiisz(;i(::aF::i;I((’l?lote 3) . 30 35 v 35 ns
foLk Clock Frequency | With Feedback '33.3 28.5 28.5
(Note 4) Without Feedback 41.66 ‘ 333 333 | MHz
fi Input Frequency (Note 5) 50 ' 40 40
tPR Clock Valid after Power-Up 100 100 100 ns

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. o :

Note 2: Some device pins may be raised above these limits during programming and preload operations according to the applicable épecification.
Note 3: teycLe = tsu + towk

Note 4: fo k (with feedback) = (tcycie) 1
fork (without feedback) = (2 )1

Note 5: f) = {tpp)—1
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GAL20V8QS (-20L, -25L, -25Q) Industrial continued)
Quiet Electrical Characteristics (vcc = 5.0v, Temp=25°c)> .~ ‘

Symbol Parameter " Conditions Typ Max Units
Voup Quiet Output (Note 6) o : R
R ] 1.1 1.5 \"
Maximum Dynamic Vo
VoLv Qyn.at Output . , (Note 6) —-06 4 _'2- ’ v
' Minimum Dynamic Vo
ViHD Maximum High Level (Note 7)
. 1.9 22 v
Dynamic Input Voltage
ViLo Maxnmlfm Low Level - (Note 7) 12 08 Y
Dynamic Input Voltage )
Note 6: 7 output switching from high to low, one output at low. The width of the bounce at 50% arﬁplitude is <3 ns.
Note 7: 7 output switching. Input__under__test switching:
3V to threshold (Vyp), OV to threshold (V)p)
f=1MHz o
Electrical Characteristics over Recommended Operating Conditions -
Symbo! Parameter Conditions Temperature | Min | Typ Max Units
I - Range
VIH High Level Input Voltage 2.0 Vee +1 \"
ViL Low Level Input Voltage -0.5 0.8 SV
VoH High Level Output Voltage Veo = Min loH = —3.2mA IND 2.4 \
VoL Low Level Output Voltage Vee = Min loL = 24 mA IND 0.5 )
lozH High Level Off State Vee = Max, Vo = Vg (Max) 10 pA
‘ Output Current : .
lozL Low Level Off State Vcc = Max, Vo = GND ~10 A
Output Current L
Iy Maximum Input Current Ve = Max, V) = Vgg(Max) 10 pA
1 "High Level Input Current Vee = Max, V) = Vgco(Max) 10 pA
T Low Level Input Gurrent Vee = Max, V| = GND © =10 pA
los* Output Short Circuit Current | Vgg = 5.0V, Vo = GND -30 - —150 mA
lee Supply Current f=25MHz, | -20L/-25L IND 90 mA
Vg = Max | p5q IND 55
C Input Capacitance Vee = 5.0V, V| = 2.0V 8 pF
Ciio 170 Capacitance Vee = 5.0V, Vjyo-= 2.0V 10 pF

*One output at a time for a maximum duration of one second.
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GAL20V8QS (-20L, -25'., -250) Industrial (continued)

Switching Characteristics over Recommended Operating Conditions

GAL20VBQS-20L | GAL20V8QS-25L | GAL20V8QS-25Q
Symbol Parameter Conditions IND IND IND Units
Min Max Min Max Min Max
tpp Input c.Jr Fee‘dback to S1 Closed, C = 50 pF 20 25 25 ns
Combinatorial Output
toLk Clock to Registered S1 Closed, Ci = 50 pF
Output or Feedback 15 15 15 ns
tpzxg |G { to Registered Active High; S1 Open, ‘
Output Enabled CL = 50 pF
Active Low; S1 Closed, 18 20 20 ns
C_ = 50 pF
texzg |G T to Registered From Vop; S1 Open,
Output Disabled CL=5pF
From VgL; S1 Closed, 18 20 20 ns
CL =5pF
tpzxi Input to Combinatorial Output | Active High; S1 Open,
Enabled via Product Term CL = 50pF
Active Low; S1 Closed, 20 25 25 ns
Ci = 50 pF
tpxzi Input to Combinatorial Output | From Vgop; S1 Open,
Disabled via Product Term CL = 5pF
From VoL; S1 Closed, 20 25 2 ns
CL=5pF
tReseT |Power-Up to S1 Closed, C|_ = 50 pF
Registered Output High 45, 45 45 ns
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GAL20V8QS

AC Test Load
5v —'°s/‘
R1 = 200
A Ra2 =300
ouTPUT
I_ Cu R2
T U2
Test Waveforms
Quiet Output Nolse Voltage Waveforms
VYou
ACTIVE ><
OUTPUTS X
VoL
QUIET
OUTPUT
UNDER TEST

Note A. Vony and Vo p are rﬁeasuved with respect to ground reference. )
Note B. Input pulses have the following characteristics: f = 1 MHz, t, = 3 ns, t; = 3 ns, skew < 150 ps.
Note C. Test load for Quiet output: C|_ = 50 pF, R = 500Q

Setup and Hold
TIMING zv————sv HIGH-LEVEL
INPUT y, s ov PULSE INPUT
tsEr-up thoLp s
NPT Vi Vp N LOW-LEVEL
v PULSE INPUT
TL/L/11144-3
Propagation Delay
3v ENABLE 3V
INPUT
ov INPUT oy
i v
N-PHASE oH NORMALLY HIGH v
( OUWU; Ny ourpur M
S1 CLOSED oL
S1OPEN)  Z
n (St OPEN)

OUT OF PHASE
OUTPUT
(S CLOSED)

Notes:
C_ includes probe and jig capacitance.

Vr = 1.5V.

NORMALLY LOW

t—-VOH
— Vo,
TL/L/11144-5

oUTPUT
(51 CLOSED)

Test inputs have rise and fall times of 5 ns between 0.3V and 2.7V.
In the example above, the phase relationships between inputs and outputs have been chosen arbitrarily.

z
VoL

TL/L/11144-24

Pulse Width

TLL1144-4
Enable and Disable
:)Qr ENABLED V7 ) DISABLED
—-{ re-tpzu Yoz
- 0.5V

_J|L‘VT
- -tz
Vr

i
-

0.5v

pal
N—L
% f

TL/L/11144-8
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Switching Waveforms
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TL/L/11144-7
Power-Up Reset Waveforms
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GAL20vV8QS

Functional Description

The GAL logic array consists of a programmable AND array
with fixed OR-gate connections, similar to the bipolar PAL

architecture. The logic array is organized as 20 complemen-

tary input lines crossing 64 “‘product term” lines with a pro-
grammable E2PROM cell at each intersection (2560 cells).
Each programmable cell may establish a connection be-
tween an input line (true or complement phase of an array
input signal) and a product term. A product term is satisfied
(logically true) while all of the input lines “connected” to it
are in the high logic state.

The 64 product terms are organized into eight output groups
with eight terms each. Seven or eight of the product terms in
each output group feed into an OR-gate to produce each
output logic function; one of the product terms may instead
be used to control the associated TRI-STATE device output.
The fundamental transfer function of each GAL output is the
familiar Boolean sum-of-products. Design development soft-
ware is available which accepts Boolean equations and
converts them automatically into GAL programming pat-
terns.

As shown in the GAL20V8QS Block Diagram (Figure 1), a
total of eight output logic functions are available. Each of
the AND/OR logic functions feeds into an “output logic
macrocell” (OLMC). The eight OLMCs control the flow of
input and output signals between the logic array and the
device’s 1/0 pins.

Under control of an OLMC, each output may be designated
either registered or combinatorial (non-registered). In the
registered output configuration, the logic function output
passes through a D-type flip-flop triggered by the rising
edge of the clock input. Additionally, the logic function’s out-
put polarity may be designated active-low or active-high (ad-
justed before the register, if present). OLMC options such
as these are selected using a set of programmable architec-
ture control cells. These architecture cells are normally con-
figured automatically by the development software or pro-
gramming hardware.

All of the possible 1/0 configurations of the GAL20V8QS
are classified into three basic modes: “Small-PAL"” mode,
“Registered-PAL"” mode and “Medium-PAL” mode. These
modes correspond to the architectures of the PAL families
which the GAL20V8QS can emulate. The modes determine
the mixture of OLMC configurations which can be selected
for the device. The OLMC Selection table (Table 1) lists
which functions can be selected on device pins*® 1, 13 and
15 through 22 for each of the three modes. The logic dia-
grams in Figure 3 illustrate these OLMC functions.

“OUTPUT” represents the always-active combinatorial out-
put configuration available in the “Small-PAL” mode. “REG-
ISTER" is the registered output with register feedback avail-
able in the “Registered-PAL” mode. “I/0” is the combina-
torial bidirectional 1/0 available in “Registered-PAL” and
“Medium-PAL” modes. “TRI-STATE” is the TRI-STATE
combinatorial output function appearing on pins* 15 and 22
in the “Medium-PAL” mode. “INPUT” in Table | denotes an
OLMC used as a dedicated input only.

In the “Small-PAL” and “Medium-PAL” modes (Table I),
pins* 1 and .13 are always dedicated inputs. In the “Regis-
tered-PAL"” mode, however, pin* 1 becomes the clock input
controlling all OLMC registers, and pin* 13 becomes the
output enable (G) input controlling the TRI-STATE outputs
of all registered OLMCs. Within the “Small-PAL"” and “Reg-
istered-PAL” modes in Table 1, the functions of pins* 15
through 22 can be selected individually from either of the
two functions listed. For example, in “Registered-PAL”
mode, pins* 15 through 22 can each be designated as ei-
ther a registered output or a combinatorial I/0. The “Medi-
um-PAL” mode represents a single fixed configuration used
to emulate combinatorial medium PAL devices (2018, 20H8,
20P8).

Table Il lists - the bipolar PAL products which the
GAL20V8QS can emulate, and the specific input/output
configurations used. This is just a subset, however, of all the
configurations provided in Table I.

All registers in a GAL device are reset to the low state upon
power-up. The active-low outputs, in turn, assume high logic
levels (if enabled) regardless of the selected output polarity.
This may simplify sequential circuit design and test. To en-
sure successful power-up reset, Vo must rise monotonical-
ly until the specified operating voltage is attained. During
power-up, the clock input should assume a valid, stable log-
ic state as early as possible (within the specified time, tpg)
to avoid interfering with the reset operation. The clock input
should also remain stable until after the power-up reset op-
eration is completed to allow the registers to capture the
proper next state on the first high-going clock transition.

It should be noted that the switching of any input not logical-
ly connected to a product term or logic function has no ef-
fect on the associated output logic state. To minimize power
consumption, however, unused inputs should be connected
to a stable logic level such as ground or Vgc (CMOS GAL
inputs may be tied directly to the supply voltage without
causing excessive loading conditions).

*Applies to 24-pin DIP packages for GAL20V8QS; refer to the 28-lead PLCC
Connection Diagram for conversion.
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GAL20V8QS Block Diagram—DIP Connections
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28-Lead PLCC Connection Diagram
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Clock/Input Frequency | Design Development Support
Specifications A variety of software tools and programming equipment is

The clock frequency (fcLk) parameter listed in the Recom-
mended Operating Conditions table specifies the maximum
speed at which the GAL registers are guaranteed to oper-
ate. Clock frequency is defined differently for the two cases

in which register feedback is used versus whenitis not. Ina |

data-path type application, when the logic functions fed into
the registers are not dependent on register feedback from

the previous cycle (i.e., based only on external inputs), the

minimum required cycle period (foLk — 1 without feedback) is
defined as the greater of the minimum clock period (ty, high
+ tw low) and the minimum “data window” period (tsy +
tyy). This assumes optimal alignment between data inputs
and the clock input. In sequential logic applications such as
state machines, the minimum required cycle period (tcycLe
= fok~1 with feedback) is defined as tg k + tgy. This
provides sufficient time for outputs from the registers to
feed back through the logic array and set up on the inputs to
the registers before the end of each cycle.

The input frequency (f) parameter specifies the maximum
rate at which each GAL input can be toggled and still pro-
duce valid logic transitions on each combinatorial output.
The f) specification is derived as the inverse of the combina-
torial propagation delay (tpp).

available to support the development of designs using GAL
products. Typical software packages accept Boolean logic
equations to define desired functions. Most are available to
run on personal computers and generate a JEDEC-compati-
ble “cell-map” (analogous to a PAL “fuse-map”). The in-

. .dustry-standard JEDEC format ensures that the resulting

cell-map file can be down-loaded into a variety of program-
ming equipment. Many software packages and program-
ming units support a large variety of programmable logic
products as well. The OPAL™ software package from Na-
tional Semiconductor supports all programmable logic prod-
ucts available from National and is fully JEDEC-compatible.
OPAL software also provides automatic device selection
based on the designer’s Boolean logic equations.

National strongly recommends using only approved pro-
gramming hardware and software for developing GAL de-
signs. Programming using unapproved equipment generally
voids all guarantees. Approved programmers incorporate
specialized programming algorithms that program the array
and ‘automatically configure the architecture cells. To en-
sure data retention and.reliability, the programming algo-
rithm also tracks the number of programming cycles to
which each GAL device has been subjected since shipment,
and stores this information automatically in the device.
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Design Development Support (continued)

The special GAL programming algorithm can also program
a GAL device using a standard fuse-map developed for any
of the emulated PAL products. PAL fuse-maps can be creat-
ed by any JEDEC-compatible PAL development software or
by loading the fuse pattern from an existing programmed
PAL device into the programming unit (provided the PAL
device has not been secured). However, to utilize the full

Detailed logic diagrams showing all JEDEC cell-map ad-
dresses in the GAL logic array and OLMC are provided for
direct map editing and diagnostic purposes (see “Program-
ming Details”). For a list of current software and program-
ming support tools available for these devices, please con-
tact your local National sales representative or distributor. If
detailed specifications of the GAL programming algorithm

SO8A02ZTVHO

are needed, please contact the National Semiconductor
Programmable Device Support department.

flexibility of the GAL architecture, true GAL development
software (such as OPAL software) is recommended.

OLMC Selection Table
TABLEI
“Small-PAL” Mode “Registered-PAL” Mode Medium-PAL
Mode
> INPUT CLOCK INPUT
| o
! 24] e
| Z] 23] |1
| 3] 77] ——> INPUT or OUTPUT* REGISTER or /0 TRI-STATE**
I @ 70 ——> INPUT or OUTPUT* REGISTER or /0 110
| 3] 78] ——> INPUT or OUTPUT* REGISTER or /0 170
Il cazovees  [El—> OUTPUT* REGISTER or I/0 170
| 7] 5] —> OUTPUT* REGISTER or I/0 I/0
| E] 7] — INPUT or OUTPUT* REGISTER or I/0 110
| & 5| —> INPUT or OUTPUT* REGISTER or /0 170
| [@ 5 —» INPUT or OUTPUT* REGISTER or /0 TRI-STATE**
| [} [14] |
ond [iZ] [ — INPUT OUTPUT ENABLE (G) INPUT

*Active combinatorial output
**TRI-STATE combinatorial output
Note: Pin numbers above apply to 24-pin DIP packages; refer to the 28-lead PCC Connection Diagram for
conversion.

TL/L/11144-14

PAL Replacement Configurations

TABLE Il
“Medium-PAL"”
“Small-PAL" Mode “Registered-PAL” Mode
Mode
; > INPUT | INPUT | INPUT | INPUT | cCLOCK CLOCK | cLock INPUT
-/
I—E 2] v,
1 23] |
[ [22] ———> OUTPUT*| INPUT | INPUT | INPUT |REGISTER 170 170 TRI-STATE**
| % 7] —> OUTPUT* | OUTPUT*| INPUT | INPUT |REGISTER|REGISTER 170 110
| 5 [20] ——> OUTPUT* | OUTPUT* | OUTPUT*| INPUT |REGISTER | REGISTER [ REGISTER 170
I &  cazovses [B]—> OUTPUT* { OUTPUT* | OUTPUT* | OUTPUT* | REGISTER | REGISTER | REGISTER 170
' [ 18] ——> OUTPUT* | OUTPUT* | OUTPUT* [ OUTPUT* | REGISTER | REGISTER | REGISTER 110
| [F] [17] ——> OUTPUT* | OUTPUT* | OUTPUT*| INPUT | REGISTER | REGISTER | REGISTER 170
1 (@] [T6] ———p OUTPUT*| OUTPUT*| INPUT } INPUT |REGISTER|REGISTER 170 170
| [i0] [15]) ——> OUTPUT*| INPUT | INPUT | INPUT |REGISTER 110 170 TRI-STATE**
| [ 14] |
GND [iZ] T3] ——> INPUT INPUT INPUT INPUT G G G INPUT
TL/L/11144-15 14L8 16L6 18L4 20L2 20R8 20R6 20R4 20L8
Emulated 14H8 16H6 18H4 20H2 20RP8 20RP6 20RP4 20H8
PAL Products|  14P8 16P6 18P4 20P2 20P8

* Active combinatorial output.

**TRI-STATE combinatorial output.

Note: Pin numbers above apply to 24-pin DIP packages; refer to the 28-pin PCC Connection Diagram for
conversion.
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OLMC Configurations
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Security Cell

A security cell is provided on all GAL20V8QS devices as a
deterrent to unauthorized copying of the array configuration
patterns. Once programmed, the circuitry enabling array ac-
cess is disabled, preventing further programming or verifica-
tion of the array. The security cell can be erased only in
conjunction with the array during a bulk erase cycle, so the
original configuration can never be examined once this cell
is programmed.

Electronic Signature

Each GAL device contains an electronic signature word
consisting of 64 bits of reprogrammable memory. The elec-
tronic signature word can be programmed to contain any
identification information desired by the user. Some uses
include pattern identification labels, revision numbers,
dates, inventory control information, etc. The data stored in
the electronic signature word has no effect on the function-
ality of the device. The information is read out of the device
using the normal program verification procedure provided by
the programming equipment. The information may be ac-
cessed at any time independent of the state of the security
cell. National’'s OPAL development software allows elec-
tronic signature data to be entered by the user and down-
loaded to the programming equipment.

Bulk Erase

The programming equipment automatically performs a bulk
" erase operation prior to each programming operation. No

special erase operation need be performed by the user..

Bulk erase clears the logic array, architecture cells, security
cell, and electronic signature information. The GAL device is
thereby reverted back to its virgin state.

Latch-Up Protection

GAL devices are designed with an on-chip charge pump to
negatively bias the substrate. The negative bias is of suffi-
cient magnitude to prevent input undershoots from causing
the circuitry to latch. Additionally, outputs are designed with
n-channel pullups instead of the traditional p-channel pull-
ups to eliminate any possibility of SCR induced latching.
To insure that no undesired bias conditions occur with P+
diffusions, a Latch-Lock™ power-up circuitry has been de-
veloped. The drain of all P channel devices normally con-
nected to the device supply are now connected to an alter-
nate supply that powers up after the device N-wells have
been biased and the substrate has reached its negative
clamp value. This prevents any hazardous bias conditions
from developing in the power-up sequence. After power-up
is complete, the Latch-Lock circuitry becomes dormant until
a full power-down has occurred; this eliminates the chance
of an unwanted P channel power-down during device opera-
tion.

Manufacturer Testing

Because of EECMOS technology, GAL devices can be re-
programmed in milliseconds. This ailows each device to be
completely tested by the manufacturer using numerous log-
ic array and architecture patterns prior to shipping. Every
programmable cell and every logic path through every de-

vice is fully tested for programmability, functionality and per-
formance to all AC and DC parameters. The customer can
therefore expect 100% programming and functional yield
and 100% compliance of all GAL products to datasheet
specifications.

The testing procedure performed on all GAL devices by the
manufacturer tests all aspects of device operation. Exten-
sive testing of all programmable cells in the device include
margin testing, internal verify, and program retention during
high-temperature bake. All DC and AC parameters are test-
ed at hot and cold temperatures using a variety of worst-
case logic and signal patterns. Functional tests include re-
programming each OLMC to all valid architectural conhgura-
tions.

Register Preload

The register preload feature allows OLMC registers to be
directly loaded with any desired data pattern. It also allows
the present state of OLMC registers to be examined regard-
less of TRI-STATE control conditions. This simplifies testing
of devices after programming. A device may be put into any
desired register state at any point during the functional test
sequence. The test sequence may then be resumed to veri-
fy proper next-state transitions. This allows complete verifi-
cation of sequential logic circuits, including states that are
normally impossible or difficult to reach. It may also shorten
the overall test time significantly.

Register preload is not an operational mode and is not in-
tended for board-level testing because elevated voltage lev-
els must be applied to the device. The programming equip-
ment normally provides the register preload capability as
part of its functional test facility. Note that the testing of GAL
devices after programming by the user may be considered
unnecessary because all EECMOS GAL products are com-
pletely tested by the manufacturer, guaranteeing 100%
post-programming functional yield.

The register preload algorithm is described for those users
who wish to test programmed GAL devices using test equip-
ment other than approved GAL programming equipment. As
shown in the Register Preload Waveform in Figure 5, the
preload sequence must not begin until the normal power-up
reset operation has completed (after time tgeseT). The de-
vice is placed into preload mode by raising the “PRLD” in-
put (pin* 13) to voltage V|es, as specified in the Register
Preload Specifications (Table IlI).

" To preload the OLMC registers, a series of data bits are

shifted into the device on the “Sp)N” input (pin* 11), one bit
for each OLMC in which registered output has been select-
ed. (Non-registered OLMCs are bypassed.) The shift se-
quence is clocked by the rising edge of the “Dgk” input
(pin* 1). The data stream is shifted in through the registered
OLMC with the lowest corresponding pin number, and then
“‘upward” through all remaining registered OLMCs in pin-
number ascending order. Therefore, the first data bit in the
series is ultimately loaded into the registered OLMC with the
highest corresponding pin number, as shown in Figure 4.

*Applies to 24-pin DIP packages for GAL20V8QS; refer to the 28-lead PLCC
Connection Diagram for conversion.
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Register Preload (continued)

As the data series is shifted into the Sp input, the contents
of all registers (in registered OLMCs) are shifted ‘“‘upward”
and out onto the “Spoyt” output (pin* 15). Complete pres-
ent-state information can be examined in this manner. Test
fixtures can be devised to test several GAL devices in which
the SpoyT pin of each chip is connected to the Spn pin of
the next, and all preload and present-state data can be
shifted around a single serial loop.

Note that when shifting register data into SDlN or out of
SpouTs V||_/V0|_ = register reset (0), and V|4/VoH = regis-
ter set (1). These 0 and 1 register states are always inverted
(active-low) on the normal output pins regardless of the se-
lected output polarity (polarity affects Ioglc function values
before register inputs).

*Applies to 24-pin DIP packages for GAL20V8QS; reler to the 28-lead PLCC
Connection Diagram for conversion.

Vee

Dok =1 ! 24 —-l
15
— —SDOUT“
1 |
Soin=T1
12 13 }~PrLD

TL/L/11144-20

**The SDOUT output buffer is an open drain output during preload. This pin

Preload Specifications

should be terminated to Vg with a 10 kQQ resistor.
FIGURE 4. Output Register Preload Pinout

Register
: “TABLE Ill
Syn"lbol Parameter Conditions Min Typ Max Units
ViH Input Voltage (High) 2.40 ‘ ) Voo \
ViL Input Voltage (Low) 0.00 . 0.50 \'
VIES . Register Preload Input Voltage 14.5 15 15.5 v
VoH Output Voltage (High) (Note 1) Vee Vv
VoL Output Voltage (Low) (Note 1) loL £12mA 0.00 0.50 \
I L Input Current (Programming) ) +10 A
loH High Level Output Current (Note 1) Von £ Voo 10 pA
tPwv Verify Pulse Width 1 5 10 us
15 Pulse Sequence Delay 1 5 10 ns
tRESET Register Reset Time from Valid Voo 45 s

Note 1: The SpoyT output buffer is an open drain output. This pin should be terminated to Vg with a 10k resistor.

Register

Preload Waveforms

ov /) 90%

treser
L

vaLp DATA X

ol o
VALID DATA
ot €,

TU/L/11144-21

FIGURE 5

**The SpoyT output buffer is an open drain output during preload. This pin should be terminated to Vg with a 10 k2 resistor.
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*Applies to 24-pin DIP packages for GAL20VBQS; refer to the 28-lead PLCC Connaection Diagram for conversion. TUL/AN44-22
FIGURE 6
OLMC Architecture Programming
TABLE IV
“Small-PAL” Mode “Registered-PAL” Mode “Medium-PAL” Mode
JEDEC JEDEC JEDEC
Input Input’ Input
Function Line #s _ Function Line #s . Function Line #s
(Note 1) (Note 1) (Note 1)
Pin1 INPUT INPUT 2,3 CLOCK CLOCK ‘ INPUT 2,3
Pin 23 INPUT INPUT 6,7 INPUT INPUT 2,3 INPUT 6,7
***Pin 22 1710 INPUT 10, 11 REGISTER 110 6,7 TRI-STATE**
***Pin 21 170 INPUT 14,15 REGISTER 170 : 10, 11 170 10, 11
***Pin 20 170 " INPUT 18,19 REGISTER 1/0 14,15 170 14,15
***Pin 19 OUTPUT* NC REGISTER 170 18,19 170 18,19
***Pin18 OUTPUT*. NC .| REGISTER 170 22,23 170 22,23
***Pin17 170 INPUT 22,23 REGISTER 170 26,27 170 26,27
***Pin 16 110 INPUT 26,27 REGISTER 170 30, 31 170 30, 31
***Pin 15 170 INPUT 30, 31 REGISTER 170 34,35 TRI-STATE**
Pin 14 INPUT INPUT 34,35 INPUT INPUT 38,39 INPUT 34,35
Pin 13 INPUT INPUT 38, 39 G G INPUT 38, 39
AC1, =0 AClp =1 AC1, =0 ACtp =1 AClp=1
SYN = 1,AC0 = 0 SYN = 0,ACO = 1 SYN=1,ACO0 =1
All outputs are combinatorial Atleast one output is All1/0 pins are
and always active. registered. combinatorial.
Note: Pin numbers above apply to 24-pin DIP packages; refer to the 28-lead PLCC Connection Diagram for conversion.
Note 1: All even and odd numbered JEDEC input line numbers correspond to true and complement array inputs, respectively.
*Active combinatorial output.
**TRI-STATE combinatorial output.
***AC1,, applies to these I/0 pins only.
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GAL20V8QS Logic Diagram
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— PRODUCT LINE FIRST CELL NUMBERS

INPUT LINE

NUMIBERS

DIP PIN
- Vee 1
1

-
(&

1> — 24
02 46 810 1214 1618 2022 2426 2830 3234 36 38 ¢l sw
31517 911 [13)15 [17]19 |21i23 |25[27 128|131 33135 |37]39
A
03 wunf 23
00
0 BLIC
80—25 XOR=2560
133 00 AC1=2632 22
240259 = PTD=2640 [+
33 o 4 L
3205 oMe |
400—7% XOR=2561
480575 AC1=2633 [ 21
560500 PTD=2648 ¢
4 111 -;2655 B
640 oMe |
720-£882 XOR=2562
800575 AC1=2634 20
880320 PTD=2656
5 1P -2663 [
F <
9607555 oLvC
10401003 XOR=2563
11201927 AC1=2635 | 19
12001158 | PTD=2664 [¢
a
T3 &H
1280757 oMe
13601320 XOR=2564
14404725 AC1=2636 | 18
15201223 PTD=2672 f&
N P 2679
7 (o & S
1600 OLMC
1680448 XOR=2565
17601£29 AC1=2637 [ 17
18401800 “eo e ‘
407850 —| Pi=2680
P 2687
81% &N -
192075 oMe 14
20005575 XOR=2566 \
20805525 AC1=2638 [ 16
21604120 | PTD=2688 |¢7 :
-2695
s r g o
2240572 ove -
23202280 XOR=2567
24002320 AC1=2639 |-
24805575 ] P1o=26% o
b
10§ 7:]_ -2703 [1¢
> < °£”
n 1 13
12— ol2} 4ls) 8lrol 12lral sslral 20022 24126l 28150 32134) 361381
L 17375 7 9 11 1315 1719 2123 2527 29 31 3335 3739 SYN
USER ELECTRONIC SIGNATURE WORD:
2568 2576 2584 2592 2600 2608 2616 2624 2631
| BYTE 0 | BYTE 1 | BYTE 2 | BYTE 3 | BYTE 4 | BYTE 5 | BYTE 6 | Bmﬂ
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JEDEC Logic Array Cell Number = Product Line First Cell Number + Input Line Number
FIGURE 7

TL/L/11144-23
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Programming Details

Understanding the information in this section is not essen-
tial when using approved programming equipment and soft-
ware for developing GAL designs. This is a more thorough
disclosure of the GAL architecture provided for -direct
JEDEC cell-map editing and diagnostic purposes. This sec-
tion alone, however, does not contain sufficient information
to implement the GAL programming algorithm. If detailed
specifications of the GAL programming algorithm are need-
ed, please contact the National Semiconductor Programma-
ble Device Support department. '

As mentioned in the Functional Description, the OLMC is
responsible for selecting input and/or output paths, regis-
tered vs. combinatorial outputs, active-high or low polarity,
and common vs. locally-controlled TRI-STATE control. Ad-
ditionally, the OLMCs select between alternate logic array
input paths to maintain JEDEC cell-map compatibility with
either “small-PAL” or “medium-PAL" logic arrays.

The various configurations of the OLMCs are controlled by a
set of programmable “architecture” cells, separate from the
logic-defining array cells. Each GAL device contains two
“global” architecture cells, “SYN" and “AC0”, which affect
all OLMCs. Each of the devices’s eight OLMCs also con-
tains two “local” cells, “*AC1" and *'XOR". The OLMC Logic
Diagram in Figure 6 shows how the architecture cells select
the different paths through the OLMC.

The SYN bit controls whether a device will have any regis-
tered outputs (SYN = 0) or will be purely combinatorial
(SYN = 1). The SYN bit determines whether device pins* 1
and 13 are used as the clock and global TRI-STATE control
inputs (SYN = 0) or whether they are ordinary inputs (SYN
= 1). The ACO bit selects between the ‘“Small-PAL" mode
and the “Medium/Registered-PAL” modes. The function of
the AC1 bits depend on the state of the ACO bit. In “Small-
PAL" mode (ACO = 0), the AC1 bit in each OLMC deter-
mines whether the associated device pin is an output (AC1
= 0) or an input (AC1 = 1). In “Registered-PAL"” mode
(ACO = 1), the AC1 bit determines whether each OLMC is

registered (AC1 = 0) or combinatorial (AC1 = 1). In “Medi- -

um-PAL"” mode (ACO = 1), the AC1 bits in all OLMCs must
be set to 1 (combinatorial). All of the valid architecture bit
configurations are shown in the OLMC Architecture table
(Table 1V), which has the same familiar format used in the
OLMC Selection table (Table ).

Independent of SYN, ACO and the AC1 bits; the XOR bit in
each OLMC selects between active-low (XOR = 0) or ac-
tive-high (XOR = 1) output polarity.

*Applies to 24-pin DIP packages for GAL20VBQS; refer to the 28-lead PLCC

Connection Diagram for conversion.
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GAL22v10

MNationaI

Semiconductor

GAL22V10, -15, -20, -25, -30 Generic Array Logic

General Description

The NSC E2CMOS™ GAL® devices combine a high per-

formance CMOS process with electrically erasable floating
gate technology. This programmable memory technology
applied to array logic provides designers with reconfigurabie
logic and bipolar performance at significantly reduced pow-
er levels.

The 24-pin GAL22V10 features 22 inputs, and 10 program-
mable Output Logic Macro Cells (OLMCs) allowing each
TRI-STATE® output to be configured by the user. The archi-
tecture of each output is user-programmable for registered
or combinatorial operation, active high or low polarity, and
as an input, output or bidirectional 1/0. This architecture
features variable product term distribution, from 8 to 16 logi-
cal product terms to each output, as shown in the logic dia-
gram. CMOS circuitry allows the GAL22V10 to consume just
90 mA typical Igc which represents a 50% saving in power
when compared to its bipolar counterparts. Synchronous
preset and asynchronous reset product terms have been
added which are common to all output registers to enhance
system operation. The GAL22V10 is directly compatible
with the bipolar PAL22V10 in terms of functionality, fuse
map, pinout, and electrical characteristics.

Programming is accomplished using industry standard avail-
able hardware and software tools. NSC guarantees a mini-
mum 100 erase/write cycles.

Unique test circuitry and reprogrammable cells allow com-
plete AC, DG, cell and functionality testing during manufac-
ture. Therefore, NSC guarantees 100% field programmabili-
ty of all GAL devices. In addition, electronic signature is
available to provide positive device ID. A security circuit is
built-in, providing proprietary designs with copy protection.

Features
m High performance E2CMOS tét:hnology
— 15 ns maximum propagation delay
— fmax = 45 MHz with feedback
— TTL compatible 16 mA outputs
— UltraMOS® IlI advanced CMOS technology
— Internal pull-up resistor on ali pins
m Electrically erasable cell technology
— Reconfigurable logic
— Reprogrammable cells
— 100% tested/guaranteed 100% yields °
— High speed electrical erasure (<50 ms)
— 20 year data retention
m Ten output logic macrocells
— Maximum Flexibility
— Programmable output polarity
— Maximum flexibility for complex logic designs
— Full function/fuse map/parametric compatlblhty wnth
PAL22V10 devices
m Variable product term distribution
— From 8 to 16 product terms per output data function
m Global synchronous preset and asynchronous reset
W Preload and power-up reset of all registers
— 100% functional testability
m Fully supported by National OPAL™ and OPALjr
development software
m Security cell prevents copying logic

Ordering Information

Generic Array Logic Family
Number of Array Inputs
Output Type:
V = Variable Architecture
Number of Outputs
Speed:
15: tpp = 15ns  (Com)
20: tpp = 20ns  (ind}
25: tpp = 25ns  (Com)
30: tpp = 30ns  (Ind)
L = Low Power
Package Type:
N = 24-Pin Plastic DIP
V = 28-Lead Plastic Chip Carrier

Temperature Range:
C = Commercial (0°C to +75°C)
| = Industrial (—40°C to +85°C)

GAL22V10-15LNGC
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Absolute Maximum Ratings (vote 1)
Supply Voltage (Vcc) (Note 2) —-0.5Vto +7.0V

Junction Temperature

—65°Cto +150°C

Input Voltage (Note 2) —2.5VtoVeg +1.0V Lead Temperature
Off-State Output Voltage (Note 2) ~ —2.5Vto Vg +1.0V (Soldering, 10 seconds) 260°C
Output Current +100 mA ESD Tolerance
Storage Temperature —65°Cto +150°C gsﬁg - 11%%85 700V
Ambient Temperature ’ .
with Power Applied —65°Cto +125°C Test Methgd. ﬂuman Body Model
. Test Specification: NSC SOP-5-028
Recommended Operating Conditions
SUPPLY VOLTAGE AND TEMPERATURE
Symbol Parameter Commercial Industrial Units
Min Typ Max Min Typ Max
Vce Supply Voltage 4.75 5 5.25 4.5 5 5.5 v
Ta Operating Free-Air Temperature 0 25 | 75 —40 25 85 °C
AC TIMING REQUIREMENTS
GAL22V10-15L GAL22V10-20L GAL22V10-25L GAL22V10-30L
Symbol Parameter COoM IND coM IND Units
Min Max Min Max Min Max Min Max
tsu Set-Up Time
(Input or Feedback before Clock) 12 15 8 2 ns
tH Hold Time (Input after Clock) 0 0 0 0 ns
tw Clock Pulse Width (High/Low) 8 10 15 20 ns
taw Asynchronous Reset Inpgt
*Pulse Width 15 20 25 30 ns
taAR ¢ Asynchronous Reset Recovery Time 15 20 25 30 ns
toycLe | Clock Cycle Period (with Feedback) - 22 27 30 45 ns
(Note 3)
fork Clock Frequency | With Feedback 45.5 34.5 33.3 222
{Note 4) Without Feedback 625 50 333 25 | MHz
fy Inpht Frequency (Note 5) 66.6 50.0 40.0 333
trR Clock Valid after Power-Up 100 100 100 100 ns

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: teycle = tsy + toik
Note 4: fo  (with feedback) = (tgycLe)~ !
fork (without feedback) = (2 t,)~ 1

Note 5: f| = (tpp)— 1
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Electrical Characteristics over Recommended Operating Conditions

Symbol Parameter Conditions Ten;:irga:ure Min Typ Max - Units
ViH High Level Input Voltage ’ 20 Veg+1 v
Vi Low Level Input Voltage Vss—0.5 0.8 v
VoH High Level Output Voltage Voo = Min loH = —3.2mA COM/IND 24 v
VoL Low Level Output Voltage Vee = Min loL = 16 mA COM/IND 05 - Vv
lozn High Leve! Off State Vec = Max, Vg = Vg (Max) 10 pA
Output Current . s
lozL ;Z‘:’ptf‘éﬂrg:tstme Vcc = Max, Vg = GND _ 1‘ 50 HA
] Maximum lnp[ut Current Ve = Max, V) = V¢ (Max) —150 10 BA
IH High Level Input Current Vee = Max, V) = Vg (Max) 10 pA
I Low Level Input Current Vce = Max, V) = GND —150 pA
los* Qutput Short Circuit Current Vee = 5.0V, Vo = GND -30 —150 mA
lec Supply Current f = 26 MHz, Vgc = Max COM 90 130 mA
IND 150 mA
G Input Capacitahce Vee = 5.0V, V| = 2.0V 8 pF
Ci/o 170 Capacitance Vee = 5.0V, Vj0 = 2.0V 10 pF
*One output at a time for a maximum duration of one second.
Switching Characteristics over Recommended Operating Conditions
' GAL22V10-15L | GAL22V10-20L | GAL22V10-25L | GAL22V10-30L
Symbol| Parameter Conditions - com " IND coMm IND Units
Min | Max | Min | Max | Min | Max | Min | Max |
el ks s o] =] |wo|m
tok Clock to Registered Output  |S1 Closed, C = 50 pF 10 12 15 20 ns
or Feedback . .
tpzxi  [Input to Combinatorial Ompug Active High; S1 Open, C| = 50 pF 15 20 25 25 ns
Enabled via Product Term Active Low; S1 Closed, C = 50 pF '
tpxzi - In'put to Co.mbinatorial Output| From Vop; S1 Open, C = 5 pF 15 20 25 25 ns
Disabled via Product Term  |From Vo ; S1 Closed, G| = 5 pF -
tap Asynchronous Reset .
Input to Register 20 25 25 30 ns
Output
tRESET Power-U[.) to Registered S1 Closed, C|_ = 50 pF 5 45 5 45 ps
Output High
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AC Test Load .
N
N
v —os/| 5
(=]
L COM'L/IND
outPyT g; j ggg
I_CL R2
. = TL/L/10406-3
Test Waveforms
Setup and Hold Pulse Width
TIMING l—' v " HIGH=LEVEL
INPUT £ o PULSE INPUT iV
tSH-UHHOLD v tw
DATA
V- Y, LOW=LEVEL
INPUT e — OV PULSE INPUT iV
TL/L/10406-4 TL/L/0406-5
Enable and Disable
Propagation Delay ENABLE 3V
v, ENABLED V; DISABLED
Ut - INPUT gy :X I A
N\ ] t, t
= ov NORMALLY HIGH V¢, —1 22 PHz LI
IN-PHASE You . OUTPUT — %_VT N E
OUTPUT v (S1 OPEN) Z
(S1 CLOSED) — oL NORMALLY LOW 7 = {ipzp_ oz te
e —
Y, ‘ I
OUT OF PHASE v, OUTPUT N 4 05V
OUTPUT o (st cLosep) VoL 7
(S1 CLOSED) — Voo TL/L/10406-7
TL/L/10406-6
Notes:
Cy. includes probe and jig capacitance.
Vr = 1.5V.
Test inputs have rise and fall times of 3 ns 10%-90%.
In the examples above, the phase relationships between inputs and outputs
have been chosen arbitrarily.
Switching Waveforms
INPUT X VALID INPUT W
—1su —-I-— t ——|
[ i I w }
CLOCK / : \ /
| tovete |
p—_
INPUT USED FOR
ASYNCHRONOUS/RESET wacrve X aeve X
o ——]
INPUT USED FOR
TRI-STATE CONTROL X VALID DISABLE X VALID ENABLE
l_t texzi tozxi
Pb——|
COMBINATORIAL X \ Y
ouTPUT / | W
lo——*cm——l b tap ——I I |
REGISTERED *—X X -\ ;
OUTPUT / —
TL/L/10406-8
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Power-Up Reset Waveforms
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Functional Description

The GAL22V10 logic array consists of a programmable
AND array with fixed OR-gate connections, similar to the
traditional bipolar PAL architecture. The logic array is orga-
nized as 22 complementary input lines crossing 132 “prod-
uct term” lines with a programmable E2PROM cell at each
intersection (5808 cells). Each programmable cell may es-
tablish a connection between an input line (true or comple-
ment phase of an array input signal) and a product term. A
product term is satisfied (logically true) while all of the input
lines *‘connected” to it are in the high logic state.

Of the 132 product terms, 130 are distributed among ten
“output logic macrocells” (OLMCs) with a varying number of
terms allocated to each OLMC (as shown in Figure 7). The
ten OLMCs control the flow of input and output signals be-
tween the logic array and the device's I/0 pins. For a given
OLMC, 8, 10, 12, 14 or 16 product terms feed into an OR-
gate to produce each output value. This varied distribution
of product terms among outputs allows more optimum use
of device resources. One additional product term in each of
the ten OLMCs is used to control the associated TRI-
STATE device output. One global product term is used to
control an asynchronous preset, and another global product
term is used for a synchronous reset, and both are connect-
ed to all ten of the output registers.

The fundamental transfer function of each GAL22V10 out-
put is the familiar Boolean sum-of-products. Design devel-
opment software is available which accepts Boolean equa-
tions and converts them automatically into GAL22V10 pro-
gramming patterns.

Under control of an OLMC, each output may be designated
either registered or combinatorial (non-registered). In the
registered output configuration, the logic function output
passes through a D-type flip-flop triggered by the rising
edge of the clock input. Additionally, the logic function’s out-
put polarity may be designated active-low or active-high (ad-
justed after the register, if present). OLMC options such as
these are selected using a set of programmable architec-
ture control cells. These architecture cells are normally con-
figured automatically by the development software or pro-
gramming hardware. ’

The four possible 1/0 configurations of each GAL22V10
OLMC are: registered-active low, registered-active high,

combinatorial-active low, and combinatorial-active high.
These combinations are shown in Figure 3. The feedback
paths are redirected with the register selection. The regis-
tered configurations include an internal feedback path taken
directly from the register output. The combinatorial configu-
rations include feedback from the 170 pin, thus allowing for
bidirectional 1/0 or additional input channels.

All registers in a GAL22V10 device are reset to the low state
upon power-up. Outputs, in turn, assume either low or high
logic levels (if enabled) depending on the selected output
polarity. Power-up reset may simplify sequential circuit de-
sign and test. To ensure successful power-up reset, Vcc
must rise monotonically until the specified operating voltage
is attained. During power-up, the clock input should be low
as early as possible (within the specified time, tpg) 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.

It should be noted that the switching of any input not logical-
ly connected to a product term or logic function has no ef-
fect on the associated output logic state.

Programmable Preset and Reset

The ten macrocell flip-flops share common programmable
preset and reset control for easy system initialization. The Q
outputs of the register will go to the logic high state follow-
ing a low-to-high transition of the clock input when the syn-
chronous preset (SP) product term is asserted. The register
will be forced to the logic low state independent of the clock
when the asynchronous reset (AR) product term is asserted.
Product term control allows preset and reset to be functions
of any combination of device inputs and output feedback.
The outputs will be high or low depending upon the polarity
option chosen.

Note that preset and reset control the flip-flop, not the out-
put. Thus, if active low polarity is selected, a synchronous
preset would produce low-level outputs, and an asynchro-
nous reset would produce high-level outputs (if enabled).
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GAL22V10 Block Diagram—DIP Connections
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28-Lead PLCC Connection Diagram
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| 1/0
! GND Lo o TL/L/10406-13
FIGURE 2
CI OCk /In pUt Frequency file can be down-loaded into industry standard programming
e N equipment. Many software packages and programming
Specmcatlons units support a multitude of programmable logic products as

The clock frequency (fc k) parameter listed in the Recom-
mended Operating Conditions table specifies the maximum
speed at which the GAL22V10 registers are 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, when the logic functions
fed into the registers are not dependent on register feed-
back from the previous cycle (i.e. based only on external
inputs), the minimum required cycle period (foLk —1 without
feedback) is defined as the greater of the minimum clock
period (ty, high + t,, low) and the minimum *‘data window"
period (tsy + tH). This assumes optimal alignment between
data inputs and the clock input. In sequential logic applica-
tions such as state machines, the minimum required cycle
period (toycLe = foLk 1 with feedback) is defined as tc
+ tgy. This provides sufficient time for outputs-from the
registers to feed back through the logic array and set up on
the inputs to the registers before the end of each cycle.

The input frequency (fj) parameter specifies the maximum
rate at which each GAL22V10 input can be toggled and still
produce valid logic transitions on each combinatorial output.
The f) specification is derived as the inverse of the combma—
torial propagation delay (tpp).

Design Development Support

A variety of software tools and programming equipment are
available to support the development of. designs using
GAL22V10 products. Typical software packages, including
National's OPAL software, accept Boolean logic equations
to define desired functions. Most are available to run on
personal computers and generate a JEDEC-compatible
“cell-map” (analogous to a PAL “fuse-map”). The industry-
standard JEDEC format ensures that the resulting cell-map

well. The OPAL software package from National Semicon-
ductor supports all programmable logic products available
from National ‘and is fully JEDEC-compatible. OPAL soft-
ware also provides automatic device selection based on the
designer’s Boolean logic equations.

National strongly recommends using only approved pro-
gramming hardware and software for developing GAL de-
signs. Programming using unapproved equipment generally
voids all guarantees. Approved programmers incorporate
specialized programming algorithms that program the array
and automatically configure the architecture cells. To en-
sure data retention and reliability, the programming algo-
rithm also tracks the number of programming cycles to
which each GAL device has been subjected since shipment,
and stores this information automatically in the device.

The GAL22V10 can accept fuse-maps prepared for other
PAL22V10 devices. PAL22V10 fuse-maps can be created

- by any JEDEC-compatible PAL development software or by

loading the fuse pattern from an existing programmed
PAL22V10 device into the programming unit {provided the
PAL device has not been secured).

Detailed logic diagrams showing all JEDEC cell-map ad-
dresses in the GAL22V10 logic array and OLMC are provid-
ed for direct map editing and diagnostic purposes. Figure 6
and Table Il show details of the OLMC and the programma-
ble architecture .cell combinations. Figure 7 shows the
JEDEC logic diagram and details of all programmable cell
locations. For a list of current software and programming
support tools available for these devices, please contact
your local National sales representative or distributor. If de-
tailed specifications of the GAL22V10 programming algo-
rithm are needed, please contact the National Semiconduc-
tor Programmable Device Support department.
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OLMC Selection Table
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Security Cell

A security cell is provided on all GAL22V10 devices as a
deterrent to unauthorized copying of the array configuration
patterns. Once programmed, the circuitry enabling array ac-
cess is disabled, preventing further programming or verifica-
tion of the array. The security cell can be erased only in
conjunction with the array during a bulk erase cycle, so the
original configuration can never be examined once this cell
is programmed.

Electronic Signature

Each GAL device contains an electronic signature word
consisting of 64 bits of reprogrammable memory. The elec-
tronic signature word can be programmed to contain any
identification information desired by the user. Some uses
include pattern identification labels, revision numbers,
dates, inventory control information, etc. The data stored in
the electronic signature word has no effect on the function-
ality of the device. The information is read out of the device
using the normal program verification procedure provided by
the programming equipment. The information may be ac-
cessed at any time independent of the state of the security
cell. National's OPAL development software allows elec-
tronic signature data to be entered by the user and down-
loaded to the programming equipment.

Bulk Erase

The programming equipment automatically performs a bulk
erase operation prior to each programming operation. No
special erase operation need be performed by the user.
Bulk erase clears the logic array, architecture cells, security
cell, and electronic signature information. The GAL device is
thereby reverted back to its virgin state.

Latch-Up Protection

GAL devices are designed with an on-chip charge pump to
negatively bias the substrate. The negative bias is of suffi-
cient magnitude to prevent input undershoots from causing
the circuitry to latch. Additionally, outputs are designed with
n-channel pullups instead of the traditional p-channel pull-
ups to eliminate any possibility of SCR induced latching.

Manufacturer Testing

Because of E2CMOS technology, GAL devices can be re-
programmed in milliseconds. This allows each device to be
completely tested by the manufacturer using numerous log-
ic array and architecture patterns prior to shipping. Every
programmable cell and every logic path through every de-
vice is fully tested for programmability, functionality and per-
formance to all AC and DC parameters. The customer can
therefore expect 100% programming and functional yield
and 100% compliance of all GAL products to datasheet
specifications.

The testing procedure performed on all GAL devices by the
manufacturer tests all aspects of device operation. Exten-
sive testing of all programmable cells in the device include
margin testing, internal verify, and program retention during

high-temperature bake. All DC and AC parameters are test-
ed at hot and cold temperatures using a variety of worst-
case logic and signal patterns. Functional tests include re-
programming each OLMC to all valid architectural configura-
tions.

Register Preload

The register preload feature allows OLMC registers to be
directly loaded with any desired data pattern. It also allows
the present state of OLMC registers to be examined regard-
less of TRI-STATE control conditions. This simplifies testing
of devices after programming. A device may be put into any
desired register state at any point during the functional test
sequence. The test sequence may then be resumed to veri-
fy proper next-state transitions. This allows complete verifi-
cation of sequential logic circuits, including states that are
normally impossible or difficult to reach. It may also shorten
the overall test time significantly.

A typical functional test sequence would be to verify all pos-
sible state transitions for the device being tested. To verify
these transitions requires the ability to set the state registers
into an arbitrary ‘‘present state” value, and to set the device
inputs to any arbitrary “present input” value. Once this is
done, the state machine is then clocked into a new state, or
“next state.” The next state is then checked to validate the
transition from the present state. In this way any state tran-
sition can be checked. '

Register preload is not an operational mode and is not in-
tended for board-level testing because elevated voltage lev-
els must be applied to the device. The programming equip-
ment normally provides the register preload capability as
part of its functional test facility. Note that the testing of GAL
devices after programming by the user may be considered
unnecessary because all E2CMOS GAL products are com-
pletely tested by the manufacturer, guaranteeing 100%
post-programming functional yield.

The register preload algorithm is described for those users
who wish to test programmed GAL devices using test equip-
ment other than approved GAL programming equipment. As
shown in the register preload waveform in Figure 5, the pre-
load sequence must not begin until the normal power-up
reset operation has completed (after time treseT). The de-
vice is placed into preload mode by raising the “PRLD” in-
put (pin 13*) to voltage V|gs, as specified in the register
preload specifications (Table I).

To preload the OLMC registers, a series of data bits are
shifted into the device on the “SpN” input (pin 11*), one bit
for each OLMC in which registered output has been select-
ed. (Non-registered OLMCs are bypassed.) The shift se-
quence is clocked by the rising edge of the “Dg " input

" (pin 1*). The data stream is shifted in through the registered

OLMC with the lowest corresponding pin number, and then
“‘upward” through all remaining registered OLMCs in pin-
number ascending order. Therefore, the first data bit in the
series is ultimately loaded into the registered OLMC with the
highest corresponding pin number, as shown in Figure 4.

*Applies to 24-pin DIP packages for GAL22V10; refer to the 28-lead PCC
Connection Diagram for conversion. .
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Register Preload (continued)

As the data series is shifted into the SpiN inbut, the cont'ent‘s
of all registers (in registered OLMCs} are shifted *‘upward”

" and out onto the “Spoyt” output (pin 14*). Complete pres-

ent-state information can be examined in this manner. Test
fixtures can be devised to test several GAL devices in which
the SpouT pin of each chip is connected to the Spy pin of
the next, and all preload and present-state data can be
shifted around a single seri;-ﬂ loop. ’

Note that when shifting register data into Spyy or out of
SpouT: ViIL/VoL = register reset (0), and Vi/Von = regis-
ter set (1). These 0 and 1 register states are always inverted
(active-low) on the normal output pins regardless of the se-
lected output polarity (polarity affects logic function values
before register inputs). } '

*Applies to 24-pin DIP packages for GAL22V10; refer to the 28-lead PCC
Connection Diagram for conversion.

Register Preload Specifications

mij

TL/L/10406-18

**The Spoyt output butfer is an open drain output during preload. This pin
should be terminated to Vg with a 10 kS resistor.

FIGURE 4. Output Hegister Preload Pinout

TABLE|

Symboi Parameter Conditions Min Typ Max Units
ViH Input Voltage (High) 2.40 Vee \
ViL Input Voltage (Low) 0.00 . 0.50 \';
Vigs Register Preload Input Voltage 145 15 15.5 Vv
VOH - Output Voltage (High) (Note 1) * Vee \
VoL Output Voltage (Low) (Note 1) loL <12mA 0.00 . 0.50 . \'/

s Input Current (Programming) *1 +10 pA

loH High Level Output Current (Note 1) Vo < Voo S 10 - pA

tpwv *+ Verify Pulse Width 1 5 10 1S

tp " | Pulse Sequence Delay’ 1 5 10 us

tRESET Register Reset Time from Valid Voo 45 us
Noge 1: ‘vl’he, SDOUT output buffer is an open drain output. This piri ;hould pe terminated io Veg witha 10k résiétor. .
Register Preload Waveforms

Veg= = = - S - {5
v, 90%
cc . ov B vl
RESET - .
V L ¢
ES *7 » » \
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X X o XX
§ fomnmned >

VALID DATA
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TL/L/10406-19

FIGURE 5
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OLMC Logic Diagram
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TABLE Il
S1 SO0 Output Configuration
0 0 Registered/Active Low
0 1 Registered/Active High
1 0 Combinatorial/Active Low
1 1 Combinatorial/Active High
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GAL22V10 Logic Diagram
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JEDEC Logic Array Cell Numbers = Product Line First Cell Number + Input Line Numbers
FIGURE 7
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%National

01vHO0Z1VD

Semiconductor
GAL20RA10-15, -20, -25 Generic Array Logic
General Description Features
The NSC E2CMOS™ GAL® device combines a high per- B High performance E2CMOS technology
formance CMOS process with electrically erasable floating — 15 ns maximum propagation delay
gate technology. This programmable memory technology —fclk = 45 MHz
applied to array logic provides designers with reconfigurable — 15 ns maximum from clock input to data output
logic and bipolar performance at significantly reduced pow- — TTL compatible 16 mA outputs
er levels. — UltraMOS® Il advanced CMOS technology
The GAL20RA10 is made up of ten Output Logic Macro B Electrically erasable cell technology
Cells (OLMC). Four programmable AND array outputs feed — Reconfigurable logic
into the fixed OR-gate for each OLMC to generate the de- ~ — Reprogrammable cells )
vice’s output functions. Four other AND array outputs are — 100% tested/guaranteed 100% yields
used for control functions in the OLMC. With a robust mix- — High speed electrical erasure (<50 ms)
ture of logic derived controlled functions and selectable out- — 20 year data retention
put data paths, the GAL20RA10 provides an ideal solution ™ 10 output logic macrocells
for registered random logic applications. — Maximum flexibility for com_plex logic designs
This device is housed in a 24-pin 300 mil DIP. A 28-pin PCC — Programmable output polarity

ackage is also available. It can be programmed by most — Programmable asynchronous set and reset
P J ' prog y — Individually programmable clocks

PAL programmers. . ]
L . L . — Programmable and dedicated pin control of output
Programming is accomplished using industry standard avail- TRI.STATE®

able hardware and software tools. NSC guarantees a mini- — Programmable Register bypass

mum 100 erase/write cycles. — TTL level Register preload

Ul"itq“f\éegg"cu:l"y 3’}" retr.:»rogﬁ;ntmatple r;e"_s allow c?m- m Power-up reset for registered outputs

plete AC, DC, cell and functionality testing during manufac- . . ;

ture. Therefore, NSC guarantees 100% field programmabili- . iﬁgﬁg{i%r;ﬁit::lzvﬁ;ﬂzmmmg equipment and devel-
ty of the GAL devices. In addition, electronic signature is B Preload and power-up reset of all registers

avgilgble to .pfovide pqsitive device ID..A security circgit is — 100% functional testability

built-in, providing proprietary designs with copy protection.

| Full supported development software
| Electronic signature for identification
m Security fuse prevents direct copying of logic patterns -
m JEDEC map identicle to Bipolar PAL versions
m Fully supported by National OPAL™ and OPALjr devel-
) opment software
Block Diagram—GAL20R10
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GAL20RA10

Absolute Maximum Ratings

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

Ambient Temperature with

Power Applied 65°C to +125°C

Office/Distributors for availability and specifications. Junction Temperature —65°Cto +150°C
Supply Voltage (Vcc) —0.5Vto +7.0V Lead Temperature (Soldering, 10 seconds) 260°C
Input Voltage (Note 2) —25VtoVee + 1.0V ESD Tolerance . 550V
Off-State Output Voltage (Note 2) —2.5Vto Vg + 1.0V Czap = 100 pF ’
Output Current £100 mA Rzap = 15000
Storage Temperature —65°C to +150°C Test Method: Human Body Model
. Test Specification: NSC SOP-5-028
Recommended Operating Conditions
SUPPLY VOLTAGE AND TEMPERATURE
Symbol Parameter Commercial Industrial Units
' Min Typ Max Min Typ Max '
Vee Supply Voltage . 4,75 5 . 525 45 5 5.5 \"
TA Operating Free-Air Temperature 0 25 75 —-40 [ 25 85 °C
AC TIMING REQUIREMENTS
GAL20RA10-15 GAL20RA10-20 GAL20RA10-25
Symbdl Parameter COM IND . COM Units
Min | Max Min Max . | Min Max
s (Sls;z’:)-rrgz;back before Clock 7 10 15 ns
tH Hold Time (Input after Clock) : 0 0 B 0 1" ns
tw Clock Pulse Width (High/Low) 10 12 15 ns
tovoLe Clock Cycle Period (with Feedback) 22 30 40 ns
(Note 3)
foLk Clock Frequency | With Feedback 45 33 25.0 MHz
(Note 4) Without Feedback | 50.0 417 333 MHz
fi Input Frequency (Note 5) 66.7 50.0 40.0 MHz
tpR Clock Valid after Power-Up 100 100 . 100 ns
tRESET Power-Up to Register Output 45 45 45 us
taRw Asynchronous Reset Pulse Width 15 20 25 ns
tapw Asynchronous Preset Pulse Width 10 12 15 ns
trec Asynchronou§ Reset/Preset 10 12 15 ns
Recovery Time
twp Preload Pulse Width 15 20 25 ns
tsup Preload Setup Time 10 15 20 ns
thp Preload Hold Time 10 15 20 ns

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

recommended operating conditions.

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

Note 3: toycLe = tsu + tork

Note 4: tc)  (with feedback) = (toycLe) 1
oLk (without feedback) = (2 tw) 1

Note 5: t; = (tpp) 1
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Electrical Characteristics over Recommended Operating Conditions

0lvdoz1vd

Symbol Parameter Conditions Te';‘:":e'“'e Min | Typ | Max | units
VIH High Level Input Voltage |1 20 Ve + 1 \
ViL Low Level Input Voltage -1.0 . 0.8 \"
VoH High Level Output Voltage Vcec = Min | Igy = —3.2mA COM/IND 24 \
VoL Low Leve! Output Voltage Vecc = Min | lo. = 8mA COM/IND 0.5 \
lozH High Level Off State Vge = Max, Vo = Vgc Max 10 pA
Output Current
" lozL Low Level Off State Vcc = Max, Vo = GND _10 BA
Output Current
I Maximum Input Current Vce = Max, V| = Vg Max 10 pA
1%} High Level Input Current Vcec = Max, V) = Voo Max 1 10 pA
h Low Level Input Current Vcc = Max, V| = GND . -10 ‘p,A
los* Output Short Circuit Current | Voo = 5.0V, Voﬂ= GND —30 —150 mA
Icc: Supply Current ' f = 15 MHz, Vgg = Max COM 100 mA
IND 120 mA
C Input Capacitance Vce = 5.0V, V| = 2.0V . 8 pF
. Cio 1/0 Capacitance Vce = 5.0V, V)0 = 2.0V 10 | pF

*One output at a time for a maximum duration of one second

Switching Characteristics over Recommended Operating Conditions

GAL20RA10-15 | GAL20RA10-20 | GAL20RA10-25
Test
. Symbol Parameter Conditions COoM IND COM Units
Min | Max | Min Max Min Max
tpD Input or Feedback to CL = 50 pF, ’
Combinatorial Output St Closed 15 20 25 ns
toLk Clock Input to Registered C_ = 50pF,
Output or Feedback S1 Closed 15 20 2 ns
ts Asynchronous Set Input to
Registered Output Low 15 20 25 ns
ta Asynchronous Reset Input to
Registered Output High 5 20 2 ns
tpzxa G Pin Output Enabled CL = 50pF,
Active High: S1 Open, 12 15 20 ns
Active Low: S1 Closed
“tpxzg | G Pin Output Disabled CL = 5pF,
From Von: S1 Open, 12 15 20 ns
From Voy: 81 Closed
tpzxi Input to Output C = 50 pF,
Enabled via Product Term Active High: S1 Open, 15 20 25 ns
Active Low: S1 Closed
tpxzi Input to Output CL = 5pF,
Disabled via Product Term From Von: S1 Open, 15 20 25 ns
From Vgi: S1 Closed
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GAL20RA10

Test Waveforms
Set-Up and Hold

CLOCK ‘ /v —
y, Sal ov

: tser-up Yoo
DATA TR 3v
INPUT T ov

TL/L/10775-18

_ Propagation Delay
3v
INPUT vr o v

v

IN~PHASE Vou:
- OUTPUT

(S1 CLOSED) VoL

" OUT OF PHASE Vo
.~ OUTPUT

(S1 CLOSED) VoL

TL/L/1p775-19
Notes:
Vi = 1.5V )
Cy includes probe and jig capacitance.

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

Power-Up Reset Waveforms
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LOW-LEVEL
PULSE INPUT
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TL/L/10775-20
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Switching Waveforms ‘
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AC Test Load
v _05/1
A1 COM/IND
R1 = 3000
QuTPUT R2 = 3909

T 1

TL/L/10775-5

Ordering Information

Generic Array Logic

Number of Array Inputs

Output Type
- RA = Register Asynchronous

Number of Outputs

Speed
—15=15ns
—20 =20ns
—25 =25ns

Packaging Type
N = 24-Pin Plastic DIP
V = 28-Lead Plastic Chip Carrier

Temperature Range
de C = Commercial (0°C to +75°C)

| = Industriat (—40°C to + 85°C)

>
=
ol

GAL 20 R
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I

GAL20RA10 Block Diagram—DIP Connections
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Functional Description

The GAL20RA10 logic array consists of 20 complementary
input lines and 80 product-term lines with an EE program-
mable cell at each intersection (3200 cell). The product
terms are organized into ten groups of eight each. Four of
the eight product terms in each group connect into an OR-
gate to produce the sum-of-products logic function. The re-
maining four product terms in each group are used for con-
trol functions in the *“Output Logic Macro Cell” (OLMC).

As shown in the GAL20RA10 Block Diagram a total of ten
output logic functions are available. Under control of an
OLMC each output may be designated either as a regis-
tered output configuration or combinatorial.

The logic function output passes through a D-type Flip-Flop
triggered by the rising edge of the clock which is defined by
one product-term line.

Two product-terms are designated to set or reset the output
register and to define the output configuration (register or
combinatorial).

Set Reset Output Mode
0 0 Register Mode
0 1 Reset
1 0 Set ‘
1 1 Combinatorial Mode

All architecture cells are normally configured automatically
by the development software.

Connection Diagram
28-Lead PLCC

28-LEAD PLCC

“(TOP VIEW)

TL/L/10775-4

PROGRAMMABLE SET AND RESET

In each OLMG cell, two product lines are dedicated to asyn-
chronous set and reset. If the set product line is high, the
register output becomes a logic “1”, the output pin be-
comes a “0". If the reset product line is high, the register
output becomes a logic “0”, the output pin becomes a “1”.
The operation of the programmable set and reset overrides
the clock.

INDIVIDUALLY PROGRAMMABLE REGISTER BYPASS

If both the set and reset product lines are high, the sum-of-
products bypasses the register and appears immediately at
the output, thus making the output combinatorial. This al-
lows each output to be configured in the reglstered or com-
binatorial mode.

- PROGRAMMABLE CLOCK

One of the product lines in each group is connected to the
clock. This provides the user with the additional flexibility of
a programmable clock, so each output can be clocked inde-
pendently of all the others.

PROGRAMMABLE AND HARD-WIRED TRI-STATE OUT-
PUTS

The GAL20RA10 provides a product term dedicated to out-
put control. There is also an output control pin (Pin 13). The
output is enabled if both the output control pin is low and the
output control product term is HIGH. If the output control pin
is high all outputs will be disabled or if an output control
product term is low, then that output will be disabled.

PROGRAMMABLE OUTPUT POLARITY

The outputs can be programmed either active-low or active-
high. This is represented by the exclusive-OR gates shown
in the GAL20RA10 Logic Diagram. When the output polarity
is unprogrammed the lower input to the exclusive-OR gate
is high, so the output is active-high. Similarily, when the out-
put polarity cell is 0,-or a low impedance connection to
GND, the output is active-low. The programmable output
polarity features allows the user a high degree of flexibility
when writing equations.

Output Register\PreIoad’

Register preload allows any arbitrary state to be loaded into
the PAL output registers. This allows complete logic verifi-
cation, including states that are impossible or impractical to
reach. To use the preload feature, first disable the outputs
by bringing OE high, and present the data at the output pins.

A low-level on the preload pin (PL) wnll then load the data

into the registers.
& [ _ . |
Q m—f >——< '

T
‘sup
POWER-UP RESET

The GAL20RA10 device resets 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. During power-up, the clock input should assume a val-
id, stable logic state as early as possible to avoid interfering
with the reset operation. The clock input should remain sta-
ble until after the power-up reset operation is completed to
allow the registers to capture the proper next state on the
first high-going transition.

TL/L/10775-24
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GAL20RA10

Clock/Input Frequency
Specifications

The clock frequency (fcLk) parameter listed in the Recom-“

mended Operating Conditions table specifies the maximum
speed at which the GAL registers are guaranteed to oper-
ate. 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, when the logic functions feed
into the registers are not dependent on register feedback
from the previous cycle (i.e., based only on external inputs),
the minimum required cycle period (fork~1 without feed-
back) is defined as the greater of the minimum “data win-

dow” period (tw high + tw low) and the minimum “data

window” period (tsy + tu). This assumes optimal alignment
between data inputs and the clock input. In sequential logic
applications such as state machines, the minimum required
cycle period (tcycLe = fcrk—1 with feedback) is defined as
tocLk + tsy. This provides sufficient time for outputs from
the registers to feed back through the logic array and set up
on the inputs to the registers before the end of each cycle.

The input frequency (f)) parameter specifies the maximum
rate at which each GAL input can be toggled and still pro-

duce valid logic transitions on each combinatorial output.:
The f| specification is derived as the inverse of the combina- .

torial propagatlon delay (tpp)-

Desngn Development Support

A variety of software tools and programming equipment is
available to support the development of designs using GAL
products. Typical software packages accept Boolean logic
equations to define desired functions. Most are available to
run on personal computers and generate a JEDEC-compati-
ble “cell-map” (analogous to a PAL “fuse-map”). The in-
dustry-standard JEDEC format.ensures that the resulting
cell-map file can be down-loaded into a variety of program-
ming equipment. Many software packages and program-

ming units support a large variety of programmable logic -

products as well. The OPAL™ software package from Na-
tional Semiconductor supports all programmable logic prod-
ucts available from National and is fully JEDEC-compatible.
OPAL software ‘also provides automatic device selection
based on the designer’s Boolean logic equations.

National strongly recommends using only approved pro-
gramming hardware and software for developing GAL de-
signs. Programming using unapproved equipment generally
voids all guarantees. Approved programmers incorporate
specialized programming algorithms that program the array
and automatically configure the architecture cells. To en-
sure data retention and reliability, the programming algo-
rithm also tracks the number.of programming cycles to
which each GAL device has been subjected since shipment,
and stores this information automatically in the device.

The special GAL programming algorithm can also program
a GAL device using a standard fuse-map developed for any

of the emulated PAL products. PAL fuse-maps can be creat- -

ed by any JEDEC-compatible PAL development software or
by loading the fuse pattern from an existing programmed
PAL device into the programming unit (provided the PAL
device has not been secured). However, to utilize the full
flexibility of the GAL architecture, true GAL development
software (such as OPAL software) is recommended.

Detailed logic diagrams showing all JEDEC éell-fnap ad-
dresses in the GAL logic array and OLMC are provided for

direct map editing and diagnostic purposes (see ‘Program-
ming Details™). For a list of current software and program-
ming support tools available for these devices, please con-
tact your local National sales representative or distributor. If
detailed specifications of the GAL programming algorithm
are needed, please contact the National Semiconductor
Programmable Device Support department. -

Security Cell

A security cell is provided on all GAL20RA10 devices as a
deterrent to unauthorized copying of the array configuration
patterns. Once programmed, the circuitry enabling array ac-
cess is disabled, preventing further programming or verifica-
tion of the array. The security cell can be erased only in
conjunction with the array during a bulk erase cycle, so the
original configuration can never be examined once this cell
is programmed.

Electronic Signature

Each GAL device contains an electronic signature word
consisting of 64 bits of reprogrammable memory. The elec-
tronic signature word can be programmed to contain any
identification information desired by the user. Some uses
include pattern identification labels, revision numbers,
dates, inventory control information, etc. The data stored in
the electronic signature word has no effect on the function-
ality of the device. The information is read out of the device
using the normal program verification procedure provided by
the programming equipment. The information may be ac-
cessed at anytime independent of the state of the security
cell. National's OPAL development software allows elec-
tronic signature data to be entered by the user and down-
loaded to the programming equipment.

Bulk Erase

The programming equipment automatically performs a bulk
erase operation prior to each programming operation. No
special erase operation need be performed by the user.
Bulk erase clears the logic array, architecture cells, security
cell, and electronic signature information. The GAL device is
thereby reverted back to its virgin state. :

Latch-Up Protection

GAL devices are designed with an on-chip charge pump to
negatively bias the substrate. The negative bias is of suffi-
cient magnitude to prevent input undershoots from causing
the circuitry to latch. Additionally, outputs are designed with
n-channel pullups instead of the traditional p-channel pull-
ups to eliminate any possibility of SCR induced latching.

To insure that no undesired bias conditions occur with P+
diffusions, a Latch-Lock™ power-up circuitry has been de-
veloped. The drain of all P channel devices normally con-
nected to the device supply are now connected to an alter-
nate supply that powers up after the device N-wells have
been biased and the substrate has reached its negative
clamp value. This prevents any hazardous bias conditions
from developing in the power-up sequence. After power-up
is complete, the Latch-Lock circuitry becomes dormant until
a full power-down has occurred; this eliminates the chance
of an unwanted P channel power-down during device opera-
tion.
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Manufacturer Testing

Because of E2CMOS technology, GAL devices can be re-
programmed in milliseconds. This allows each device to be
completely tested by the manufacturer using numerous log-
ic array and architecture patterns prior to shipping. Every
programmable cell and every logic path through every de-
vice is fully tested for programmability, functionality and per-
formance to all AC and DC parameters. The customer can
therefore expect 100% programming and functional yield
and 100% compliance of all GAL products to data sheet
specifications. :

OLMC Configurations |

Registered/Active Low

~ Low

TL/L/10775-6

Registered/Active High
High

TL/L/10775-12

Combinatorial/Active

Combinatorial/Active

TL/L/10775-13

The testing procedure performed on all GAL devices by the
manufacturer tests all aspects of device operation. Exten-
sive testing of all programmable cells in the device include
margin testing, internal verify, and program retention during
high-temperature bake. All DC and AC parameters are test-
ed at hot and cold temperatures using a variety of worst-
case logic and signal patterns. Functional test include repro-
gramming each OLMC to all valid architectural configura-
tions.

Output Always Enabled

[>o

TL/L/10775-8

Programmable

TL/L/10775-9

TULMO0TIS-T

Combination of

Programmable and
Hard-Wired Hard-Wired
OE ’ ) OF

TLL/10775-10°

TL/L/10775-11
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GAL20RA10

Functional Description
) Typlcal Registered Logic Function Without Feedback -

Typical Registered Logic Function With Feedback

TL/L/10775-15
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FIGURE 1. “RA” Output Logic Macrocell Logic Diagram
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Logic Diagram—GAL20RA10
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JEDEC Logic Array Cell Number = Product Line First Cell Number + Input Line Number.

2-101



GAL6001

MNationaI

Semiconductor

GAL6001® Generic Array Logic

General Description

Using a high performance E2CMOS™ technology, National
Semiconductor has produced a next-generation program-
mable logic device, the GAL6001. Having an FPLA architec-
ture, known for its superior flexibility in state-machine de-
sign, the GALB001 offers the highest degree of functional

integration, flexibility, and speed currently available’in a 24 . *

pin, 300-mil package.

The GAL6001 has ten programmable Output Logic Macro-
Cells (OLMC) and eight programmable “‘buried” State Logic
MacroCells (SLMC). In addition, there are ten input Logic
MacroCells (ILMC) and ten I/0 Logic MacroCells (IOLMC).
Two clock inputs are provided for independent control of
the input and output macrocells.

Advanced features that simplify programming and reduce
test time, coupled with E2CMOS reprogrammable cells, en-
able 100% AC, DC, programmability, and functionality test-
ing of each GAL6001 during manufacture. This allows Na-
tional to guarantee 100% performance to specifications. In
addition, data retention of 20 years and a mnmmum of 100
erase/write cycles are guaranteed.

Programming is accomplished using standard hardware and -
software tools. In addition, an Electronic Signature word is
available for storage of user specified data, and a security
cell is provided to protect proprietary designs.

Features
® Electrically erasable cell technology
— Instantly reconfigurable logic
— Instantly reprogrammable cells
— Guaranteed 100% yields
m High performance E2CMOS technology
— Low power: 150 mA maximum
— High speed:
15 ns max. clock to output delay
25 ns max. setup time
30 ns max. propagation delay
m TTL compatible inputs and outputs
m Unprecedented functional density
— 10 output logic macrocells
— 8 state logic macrocells
— 20 input and 170 logic macrocells
m High-level design flexibility
— 78 x 64 x 36 FPLA architecture
— Separate state register and input clock pins
— Functionally supersets existing 24-pin PAL® and
IFL™ devices
— Asynchronous clocking
24-pin, 300-mil DIP or 28-lead PLCC
High speed programming algorithm
20-year data retention
:Fully supported by National OPAL™ and OPALjr devel-
opment software

Block Diagram - GAL6001
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TL/L/10561-1
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Absolute Maximum Ratings
Supply Voltage Ve

Input Voltage Applied

Off-state Output Voltage Applied
Storage Temperature

—0.5t0 +7V
—0.5to Vgg +1.0V
—0.5t0 Vg +1.0V

0°Cto +125°C

Recommended Operating Conditions

SUPPLY VOLTAGE AND TEMPERATURE

Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device.
These are stress only ratings and functional operation of the
device at these or at any other conditions above those indi-
cated in the operational sections of this specification is not
implied (while programming, follow the programming specifi-
cations).

Temperature Range
Symbol Parameter Commercial Units
Min Typ Max
Vee - "Supply Voltage 4.75 5 5256 . \
Ta. - Ambient Temperture 0 75 . °C
Tc Case Temperature 0 75 °C
Capacitance (Note 1) (Ta = 25°C, f = 1.0 MHz)

Symbol Parameter Test Conditions Maximum* Units
G Input Capacitance Vee = 5.0V, V) = 2.0V 8 pF
Co Output Capacitance Vee = 5.0V, Vo = 2.0V 10 pF
CcB Bidirectional Pin Cap Vece = 5.0V, Vg = 2,0V 10 pF

*Guaranteed but not 100% tested.

Switching Test Conditions

Input Pulse Levels GND to 3.0V 51‘

Input Rise and Fall Times 5ns (0.3Vto 2.7V) +5V —o/ o—l

Input Timing Reference Levels 1.5V s: R1

Output Timing Reference Levels 1.5V Output —t Test Point

Output Load See Figure R2 :E I G*
3-state levels are measured 0.5V from steady-state active )
level. R1 = 300Q __'L_‘r

R2 = 3900 = )
TL/L/10561-2

GAL6001 Reset Timing Specifications

Symbol Parameter Min | Typ | Max | Units

tPR Reset Circuit Power-Up 100 ns

tRESET | Register Reset Time from Valid Vg 45 s
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GAL6001

Electrical Characteristics over recommended operating conditions

Symbdl - Parameter : N Test COr;ditions ;::1“9': Min Max Units
i1 i " Input Leakage Current GND < V|y < VCC Max +10 | pA
IBzH, IBZL Bidirectional Pin Leakage Current | - GND < V)y < Vgg Max +10 nA
lcc Operating Power Supply Current “F=156MHz COM'L 150 mA

Vee = Vec Max
los Output Short Circuit (Note 1) Vce = 5.0V, Vout = GND —-30 —150 mA
VoL Output Low Voltage | Vo= | toL="16mA coM ‘ B 05 v
. Vce Min
VoH Ogtput High Voltage ) Vee = JoH = —32mA COM 24 I v
: Ve Min
VIH Input High Voltage 2.0 Vect+1 v
ViL Input Low Voltage 0.8 v

Note 1: One Output at a time for a maximum duration of one second.

Switching Characteristics over recommended operating conditions
Symbol .. Description . Co::ifiton“ i 30 P Units .
t,,.ﬁ Combinatorial Input to Combinatorial Output Note 1 ‘ 30 ns
tpd2 Feedback or I/0 to Combinational Output Note 1 30 ns
teoc Output D/E Reg. OCLK T to Output Delay " Note 1 15 ns
toot Output D Reg. Sum Term CLK T to Output Delay Note 1 35 ns
tsu1 Setup Time, Input before Input Latch ICLK | 25 ns
tsu2 Setup Time, Input before Input Reg. ICLK T 25 ns’
tsu3 Setup Time, Input or Feedback before D/E Reg. OCLK T - 25 ns
tsua Setup Time, input or Feedback before D Reg. Sum Term CLK T 7.5 ns
tsus Setup Time, Input Reg. ICLK T before D/E Reg. OCLK T 30" ns
th1 Hold Time, Input after Input Latch ICLK J, 5 ns
tho Hold Time, Input after Input Reg. ICLK T 5 -ns
tha Hold Time, Input or Feedback after D/E Reg. OCLK T -5 ns.
tha Hold Time, Input or Feedback after D Reg. Sum Term CLK T 125 ns
fmax - Maximum Clock Frequency, OCLK 25 MHz
ten Input or 170 to Output Enabled Note 2 25 ns .
tdis Input or I/0 to Output Disabled Note 3 25 ns
tar Input or I/0 to Asynchronous Reg. Reset Note 1 40 'ns

Note 1: C| = 50 pF, S1 closed
Note 2: Active High: S1 open, C = 50 pF
Active Low: S1 closed, C|_ = 50 pF

Note 3: Active High: S1 open, C| = 5 pF
Active Low: S1 closed, C| = 5 pF

Differential Product Term (DPT)
Switching Characteristics
The number of DPT that may switch in the same direction at the same time is limited to a maximum of 15.

The number of DPT for a given design is calculated by subtracting the total number of Product-Terms that are switching from a
Logical HI to a Logical LO from those switching from a Logical LO to a Logical HI within a 5 ns period.

DPT = (P-Terms) y-(P-Terms)qL
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Switching Waveforms
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GAL6001

28-Lead PLCC Connection Diagram

2 1 cK/o Ve B9

24-PIN
WHEEEml@
NUMBERS

28=LEAD PLCC
(TOP VIEW)

TL/L/10561-3
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Input Logic MacroCell (ILMC) and
1/0 Logic MacroCell (IOLMC)

The GAL6001 features two configurable input sections. The
ILMC section corresponds to the dedicated input pins (2~
11) and the IOLMC to the I/0 pins (14-23). Each input
section is configurable as a block for asynchronous,
latched, or registered inputs. Pin 1 (ICLK) is used as an
enable input for latched macrocells (transparent when high)
and as a clock for registered macrocells (positive edge trig-
gered).

Configurable input blocks can be used to advantage by sys-
tem designers. Registered inputs are popular for synchroni-
zation and data merging. Transparent latches are useful
when the input data is invalid outside a known time window.
Direct inputs are used in systems where the input data is
well ordered in time. With the GAL6001, external registers
and latches are not necessary.

The various configurations of the input and 1/0 macrocells
are controlled by programming four architecture control bits
(INLATCH, INSYN, IOLATCH, and IOSYN) within the 68-bit
architecture control word. The SYN bits determine whether
the macrocells will have register/latch capability or will be
strictly asynchronous. The LATCH bits select between
latched and registered inputs.

The three valid macrocell configurations are shown in the
macrocell equivalent diagrams on the following pages. The
truth table associated with each diagram shows the values
of the LATCH and SYN bits required to set the macrocell to
the configuration shown.

Output Logic MacroCell (OLMC)
and State Logic MacroCell (SLMC)

The outputs of the OR array feed two groups of macrocells.
One group of eight macrocells is buried; its outputs feed
back directly into the AND array rather than to device pins.
These cells are called the State Logic MacroCells (SLMC),
as they are useful for building state machines. The second
group of macrocells consists of 10 cells whose outputs, in
addition to feeding back into the AND array, are available at
the device pins. Cells in this group are known as Output
Logic MacroCells (OLMC).

Like the ILMC and IOLMC discussed above, output and
state logic macrocells are configured by programming spe-
cific bits in the architecture control word (CKS(j), OUT-
SYN(i), XORD(i), XORE(j), but unlike the input macrocells
which must be configured in blocks, these macrocells are
configurable on a macrocell-by-macrocell basis. Throughout
this datasheet, i = [14...23] for OLMCs andi = [0...7]
for SLMCs.

State and Output Logic MacroCells may be set to one of
three valid configurations: combinational, D-type registered
with sum term (asynchronous) clock, or D/E-type regis-
tered. Output macrocells always have 1/0 capability, with
directional control provided by the 10 output enable (OE)
product terms. Additionally, the polarity of each OLMC out-
put is selectable through the XORD(j) architecture bits. Po-
larity selection is not necessary for SLMCs, since both the
true and complemented forms of their outputs are available
in the AND array. Polarity of all “E” sum terms is selectable
through the XORE(j) architecture control bits.

When CKS(i) = 1 and OUTSYN() = 0, macrocell “i” is set
as “D/E-type registered”. In this configuration, the register
is clocked from the common OCLK and the register clock
enable input is controlled by the associated “E” sum term.
This configuration is useful for building counters and state-
machines with state hold functions.

When CKS(i) = 0 and OUTSYN(i) = 0, macrocell *'i” is set
as “D-type registered with sum term clock™. In this configu-
ration, the register is enabled and its “E”’ sum term is routed
directly to the clock input. This allows for the popular “‘asyn-
chronous programmable clock” feature, selectable on a
register-by-register basis.

When CKS(i) = 0 and OUTSYN(i) = 1, macrocell “i” is set
as ‘‘combinatorial”. Configuring a SLMC in this manner
turns it into a complement array. Complement arrays are
used to construct multi-level logic.

Registers in both the Output and State Logic MacroCells
feature a RESET input. This active high input allows the
registers to be simultaneously and asynchronously reset
from a common signal. The source of this signal is the RE-
SET product term. Registers reset to a logic zero, but since
the output buffers invert, a logic one will be present at the
device pins. )
There are two possible feedback paths from each OLMC:
one from before the output buffer (this is the normal path)
and one from after the output buffer, through the IOLMCs.
The second path is usable as a feedback only when the
associated bi-directional pin is being used as an output; dur-
ing input operations it becomes the input data path, turning
the associated OLMC into an additional buried state macro-
cell. '

The D/E registers used in this device offer the designer the
ultimate in flexibility and utility. The D/E register construct
can emulate RS-, JK-, and T-type registers with the same
efficiency as a dedicated RS-, JK- or T-register.

The three valid macrocell configurations are shown in the
macrocell equivalent diagrams on the following pages. The
truth table associated with each diagram shows the bit val-
ue of CKS(i) and OUTSYN(i) required to set the macrocell to
the configuration shown.
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GAL6001

ILMC/IOLMC Configurations

ILMC/IOLMC Generic Block Diagram " Asynchronous input
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OLMC/SLMC Configurations o
o
OLMC/SLMC Block Diagram 2
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OLMC/SLMC Configurations (continued)
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Array Description

The GAL6001 E2 reprogrammable array is subdivided into
three smaller arrays: AND, OR and Architecture. These ar-
rays are described in detail below.

AND ARRAY

The AND array is organized as 78 input terms by 75 product
term outputs. The 20 input and I/0 logic macrocells, 8
SLMC feedbacks, 10 OLMC feedbacks, and ICLK comprise
a total of 39 inputs to this array (each available in true and
complemented forms). Product terms 0-63 serve as inputs
to the OR array. Product term 64 is the RESET PT; it gener-
ates the RESET signal described in the earlier discussion of
output and state logic macrocells. Product terms 65-74 are
the output enable product terms; they control the output
buffers, thus enabling device pins 14-23 to be bi-direction
or TRI-STATE®.

OR ARRAY .

The OR array is organized as 64 inputs by 36 sum term
outputs. Product terms 0-63 of the AND array serve as the
inputs to this array. Of the 36 sum term outputs, 18 are data
(“D”) terms and 18 are enable/clock (“E”) terms. These
terms feed into the 10 OLMCs and 8 SLMCs, one “D” term
and one “E” term to each.

ARCHITECTURE ARRAY

The various configurations of the GAL6001 are enabled by
programming cells within the architecture control word. This
68-bit word contains all of the chip configuration data. This
data includes: XORD(i), XORE(), CKS(i), OUTSYN(),
INLATCH, INSYN, IOLATCH, and IOSYN. The function of
each of these bits has been previously explained.

Electronic Signature Word

Every GAL6001 device contains an electronic signature
word. The Electronic Signature word is a 72-bit user defin-
able storage area, which can be used to store inventory
control data, pattern revision numbers, manufacture date,
etc. Signature data is always available to the user, regard-
less of the state of the security cell. .

Security Cell
A security cell is provided with every GAL6001 device as a
deterrent to unauthorized copying of the array patterns.

TL/L/10561-12

Once programmed, this cell prevents further read access to
the AND, OR and architecture arrays. This cell can be
erased only during a bulk erase cycle, so the original config-
uration can never be examined once this cell is pro-
grammed. Electronic Signature data is always available to
the user, regardless of the state of this control cell.

Bulk Erase

Before writing a new pattern into a previously programmed

' part, the old pattern must first be erased. This erasure is

done automatically by the programming hardware as part of
the programming cycle and takes only 50 ms.

Register Preload

When testing state machine designs, all possible states and
state transitions must be verified, not just those required
during normal machine operations. This is because in sys-
tem operation, certain events may occur that cause the log-
ic to assume an illegal state: power-up, brown out, line volt-
age glitches, etc. To test a design for proper treatment of
these conditions, a method must be provided to break the
feedback paths and force any desired state (i.e., illegal) into
the registers. Then the machine can be sequenced and the
outputs tested for correct next state generation.

All of the registers in the GAL6001 can be preloaded, in-
cluding the input, 170, and state registers. In addition, the
contents of the state and output registers can be examined
in a special diagnostics mode. Programming hardware takes
care of all preload timing and voitage requirements.

~ Input Buffers

GAL devices are designed with TTL level compatible input
buffers. These buffers, with their characteristically high im-
pedance, load driving logic much less than “traditional bipo-
lar devices”. This allows for a greater fan out from the driv-
ing logic. .

GAL devices do not possess active pull-ups within their in-
put structures. As a result, National recommends that all
unused inputs and TRI-STATE 1/0 pins be connected to
another active input, Vg, or GND. Doing this will tend to
improve noise immunity and reduce Igc for the device.
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Power-Up Reset

Circuitry within the GAL6001 provides a reset signal to all
registers during power-up. All internal registers will have

their Q outputs set low after a specified time ({RESET). Asa -

result, the state on the registered output pins (if they are
enabled) will always be high on power-up, regardless of the
programmed polarity of the output pins. This feature can
greatly simplify state machine design by providing a known
state on power-up. ’

The timing diagram for power-up is shown above. Because
of the asynchronous nature of system power-up, the follow-
ing conditions must be met to guarantee a valid power-up
reset of the GAL6001. First, the V¢ rise must be monoton-
ic. Second, the clock inputs must become a proper TTL
level within the specified time (tPR). The registers will reset
within a maximum of tRESET time. As in normal system
operation, avoid clocking the device until all input and feed-
back path setup times have been met.
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90% 7
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5 XXXRX

e— R

VALID CLOCK SIGNAL

INTERNAL

tReser
INTERNAL REGISTER

ctomn's OO0 e Lo
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Ordering Information

TL/L/10561-13

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

defined as follows:

Speed

Package Type:

i I I
GAL 6001 —30 L N C

Device Number

—30 = 30 ns tpy

L = Half Power
(150 mA for GAL6001)

f— Temperature Range:

Generic Array Logic Family

N = 24-Pin Plastic DIP
V = 28-Lead Plastic Chip Carrier (PLCC)

C = Commercial (0°C to +75°)
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@National

Semiconductor

PAL10/10016P8

ECL Programmable Array Logic

General Description

The PAL1016P8/10016P8 is the first member of an ECL
programmable logic device family possessing common
electrical characteristics, utilizing an easily accommodated
programming procedure, and produced with National Semi-
conductor's advanced oxide-isolated process. This family
includes combinatorial, and registered output devices.

These devices are fabricated using National’s proven Ti-W
(Titanium-Tungsten) fuse technology to allow fast, efficient,
and reliable programming.

This family allows the designer to quickly implement the de-
fined logic function by removing the fuses required to prop-
erly configure the internal gates and/or registers. Product
terms with all fuses removed assume a logical high state. All
devices in this series are provided with an output polarity
fuse that, if removed, will permit any output to independently
provide a logic low when the equation is satisfied. When
these fuses are intact the outputs provide a logic true (most
positive voltage level) in response to the input conditions
defined by the applicable equation. All input and 1/0 pins
have on-chip 50 k) pull-down resistors.

Fuse symbols have been omitted from the logic diagrams to
allow the designer use of the diagrams to create fuse maps
representing the programmed device.

All devices in this family can be programmed using conven-
tional programmers. After the device has been programmed
and verified, an additional fuse may be removed to inhibit
further verification or programming. This “security” feature
can provide a proprietary circuit which cannot easily be du-
plicated.

Features

| tpp = 6 ns max

B Eight combinatorial outputs with programmable polarity-
W Programmable replacement for conventional ECL logic
m Both 10KH and 100K 170 compatible versions

m Simplifies prototyping and board layout

® 24-pin thin DIP packages. ‘ )

m Programmed on conventional TTL PLD programmers
m Security fuse to prevent direct copying

= Reliable titanium-tungsten fuses

Ordering Information

Programmable Array Logic
Family

PAL

o
of
=
ol
o+
©
[
o]

ECL 1/0 Compatibility
10 = 10KH
100 = 100K

Number of Array Inputs

Output Type
P = Programmable Polarity

Number of Outpdts

Package
J = 24-Pin Ceramic DIP

Temperature Range

C = Commercial:
0°C to +75°C for 10KH
0°C to +85°C for 100K

2-113
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ECL PAL10/10016P8

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 seconds) 300°C
please contact the National Semiconductor Sales ESD Tolerance 1000V
Office/Distributors for avallability and specifications. Czap = 100 pF
Temperature Under Bias (Ambient) ~55°Cto +125°C Rzap = 1500 O .
Storage Temperature Range ~65°Cto +150°C Test Method: Human Body Model
Vee Relative to Ve —7Vto +0.5V Test Specification: NSC SOP-5-02B
Any Input Relative to Voo Veeto +0.5V
Recommended Operating Conditions
Symbol Parameter Min Typ Max Units
VEe Supply Voltage . 10 kH —5.46 —5.2 —4.94 Y
' R 100k —4.73 —4.5 —4.27
RL Standard 10 kH/100k Load 50 1
Cp Standard 10 kH/100k Load 5 pF
Ta Operating Ambient Temperajure : 10 kH 0 +75 oc
. ' 100k . 0 +85
i isti er Recommended Operating Con itions. Output Load = to —2.0V.
Electrical Characteristics overr ded Operating Conditions. Output Load = 5092 to —2.0V.
Symbol Parameter Conditions Ta Min Max Units
ViH . High Level Input Voltage Guaranteed input voltage 0°C —-1170
: . high for all inputs “10kH +25°C -1130 mv
. +75°C —-1070
; . 100k | 0°Cto85°C | —1165 ~880
ViL Low Level Input Voltage Guaranteed input voltage 0°C —1480
: low for all inputs 10kH +25°C —-1480 mv
+75°C —1450
100k { 0°Cto85°C | —1810 | —1475
Vou High Level Output Voitage { V|y = V4 Max. or Vi Min. 0°C —1020 | —840
10 kH +25°C —980 —-810 mv
+75°C —920 —735
100k | 0°Ct0o85°C | —1025 —880
VoL Low Leve! Output Voltage | Viy = Vg Max. or Vi Min. 0°C —1950 | —1630
10 kH +25°C —1950 | —1630 mv
+75°C —1950 | —1600
100k | 0°Cto85°C | —1810 | —1620
"] High Level Input Current VIN = Vjq Max. 10KH 0°C
+75°C 220 kA
100k | 0°Cto85°C
L Low Level Input Current ViN = ViLMin. Except /0 Pins 10KH 0°C
+75°C 0.5 HA
. 100k | 0°Cto85°C
lee Supply Current Vgg = Max. Allinputs and 10kH | 0°Cto 75°C _
- 240 mA
outputs open 100k_| 0°Cto85°C

Note: This product family has been designed to meet the specification in the test table after thermal equilibrium has been established. The circuit is in a test socket
or mounted on a printed circuit board and transverse air f[gyv greater than 500 linear fpm is maintained.

R, =500
€, < 5pF

(INCLUDING JIG AND

STRAY CAPACITANCE)

TL/L/6161-4

2-114




Switching Characteristics

Over Recommended Operating Conditions; Output load: R = 509 to —2.0V, C| = 5 pF to GND.

Symbol Parameter Test Conditions Min Typ Max Units
tPD Input to Output* 4 6 ns
t . Output Rise Time 0.5 25 ns
t QOutput Fall Time 0.5 1 2.5 ns
*Measure tpp at threshold points
Connection Diagram
Dual-In-Line Package
| =11 24 — Vo
1= 2 23—t
| — 3 22—
170 —f 4 21— 170
0—5 0M—0
veeo —| 6 19 veeo
0 -y 7 18 0
o —f 8 17— 1o
1 g - 16 p—1
1 j 10 15 1
1 1" " : |
VEg — 12 13 1

TL/L/6161-2

Top View

PAL Design

The first step in designing a PAL device is the selection of -

the appropriate device to accommodate the logic equations.

This is accomplished by partitioning the system into logic

blocks with a defined number of inputs and outputs. Next, a

Logic diagrams can be translated to PAL logic diagrams if
desired. Fuses left intact are indicated on the logic diagram
by an “X" at the intersection of the input line and the AND
gate product line. A blown fuse is not marked. The PAL logic
diagrams are provided with no fuse locations marked, allow-

-ing the designer to use the diagram to manually create a

device with an equal or greater I/0 capability is selected to - -

implement each logic block. The assignment of inputs and
outputs to specific pins follows the device selection.

This device selection procedure is most easily accom-
plished with the use of computer software such as the
OPAL™ package of programs by National Semiconductor
Corporation, but can be done manually using the logic dia-
gram and logic symbols provided in this document.

Specifying the Fuse Pattern

Once a device with pinout is selected, the fuse pattern may
be specified. The best procedure is the use of the PLAN, or
a similar software package which will create the fuse pattern
from the defined logic for the device and download the pat-
tern to a programmer. Most common device programmers
are provided with an RS-232 port which accesses the data
provided in JEDEC or a selected HEX format.

fuse map. Actually, the unprogrammed device is shipped
with all Xs (fuses) intact. Each fuse node is identified by a
product line number and an input line number.

Each device in the ECL PAL family has the capability for its
output polarity to be user-determined. The selection of out-
put polarity is logically determined by the equations and im-
plemented, if an active low output is required, by removing
the fuse representing the appropriate output.

National Masked Logic

-If a large number of devices with the same pattern are re-

quired, it may be more economical to consider mask pro-
gramming. These mask-programmed devices will meet or
exceed all of the performance specifications of the fuse-
programmed devices they replace.

To generate a mask-programmed device, National Semi-

" conductor requires a set of logic equations, written in a for-
. mat such as OPAL, plus test vectors which the user gener-

ates as acceptance criteria for the finished product.
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ECL PAL10/10016P8

Logic Diagram PAL1016P8/PAL10016P8
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113 15]7 |91 [13)15 |17 [19 21|23 |25)27 |29(31 - - -
1 ! 4 23
b — —&
2 ; ~ 22
18 FY, ‘ -
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128 :
192120
4
5 N -
v =
2049 Veo 256
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1 o 52
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10 ; ) 14
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11 N 1 13
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TL/L/6161-3
JEDEC logic array cell number = product line first cell number + input line number.
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Programming Specification

This specification defines the programming and verification
procedure for the first programmable logic devices in Na-
tionals generic ECL family. The internal fuse arrays consists
of 64 product lines (8 for each output), each containing 32
fuse locations (1 for each of 16 inputs and its complement)
for a total of 2048 array fuses. Eight additional fuses exist to
allow changing the active output polarity.

ECL LOGIC
J

11 24f-ve

12 2311

13 2}~
1/0—{4 21}—1/0

o—s 20}=0
vcco— 6 19 f=vecco

o7 18f=0
iyo—{s 17}-1/0

i 16}—1

=10 . 15}-1

=11 141
Vee—{12 . 131

TL/L/6161-5

Each ECL device is programmed and verified as a 2048x1
TTL PROM. The connection diagrams in Figure 1 illustrate
the difference between the logical ECL device and the PRO-
GRAMMABLE TTL device.

For a list of current software and programming support tools
available for these devices, please contact your local Na-
tional Semiconductor sales representative or distributor.

TTL PROGRAMMING
\/
A= 24}-Vee
A2 23f-A
a3 2l
01 4 PY]
o—s 20}-o
Vee! =6 19 f-vee2
0—7 18p—0
o—s 17}-o0
A—s 16} Ve
A10 15}-a
A—11 14}-a
vee—{ 12 13}-4

TL/L/6161-6

FIGURE 1. Connection Diagrams
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ECL PAL10/10016P8

Array Fuse Addressing Table Iil. Input Line Selection vs. Programming Address
When programming or verifying a fuse location, the output Inputs.
equation) is addressed by the 3 address pins 13, 14, and
gs? The ei)ght product lines),Iwithin the equat'ioon, are selected Input Address Pin
by the 3 address pins 9, 10, and 11. The fuse pair locations Line 23 22 3 2 1
representing the logical inputs are selected by the 4 ad-
dress pins 2, 3, 22, and 23, with the complementing fuse 0 0 0 0 0 ) 0
within the pair by the address pin 1. The programming ad- 1 0 0 0 0 1
dress data is detailed in Tables I-ll. 2 0 0 0 1 Y
Table I. Logic Output (Equation) Selection vs. 3 0 0 0 1 1
Programming Address Inputs. 4 Y 0 1 Y Y
5 0 0 1 0 1
O:ti;:‘ut Address Pin 6 0 0 1 1 0
15 14 13 7 0 0 1 1 1
21 0 0 0 8 0 1 0 0 0
4 0 0 1 9 0 1 0 0 1
20 0 1 0 10 0 1 0 1 0
5 0 1 1 11 0 1 0 1 1
18 1 0 ) 12 0 1 1 0 0
7 1 0 1 13 0 1 1 0 1
17 ’ 1 1 0 14 0 1 1 1 0
8 1 1 1 15 0 1 1 1 1
Note that the sequence of outputs represent the physical, not numeric, order 16 ! 0 0 . 0 °
of logical outputs. ' ' 17 1 0 0 0 1
18 1 0 0 1 0
Table Il. Product Line (within Equation, or Output) vs. 19 1 0 0 1 1
Programming Address Inputs. 20 1 0 1 0 0
21 1 0 1 0 1
Product Address Pin 22 1 0 1 1 0
24 1 1 0 0 0
0 0 0 0 25 1 1 0 0 1
1 0 0 1 26 1 1 0 1 0
2 0 1 0 27 1 1 0 1 1
3 0 1 1 28 1 1 1 0 0
4 1 0 0 29 1 1 1 0 1
5 1 0 1 30 1 1 1 1 0
6 1 1 0 31 1 1 1 1 1
7 1 1 1

Note pin 1 affects complementing fuse only.
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Fuse Programming and Verification

The array and output polarity fuse programming waveform
‘diagram is shown in Figure 2. The 8 output pins Oy are used
only to change the polarity of the selected device output
and for removing the “security” fuse. Tables 4 and 5 define
the voltage and timing requirements.

Programming Procedure

1. Power is applied to the device. VCC, VCC1, and VCC2
(pins 24, 6, and 19) go to VCC. (The voltage applied to
pin 24 cannot precede the voltage applied to pin 6) The
output pins (4, 5, 7, 8, 17, 18, 20, and 21), are open cir-
cuited, or held at a logic low level, while programming the
array.

2. After TO, VCC1 (pin 6) can be raised from 5.0 to 10.75V at
a slew rate not to exceed 10V/uS, or not less
than 1V/us.

3. The 11 address inputs (pins 1-3, 9-11, 13-15, 22, and
23) will define the location of the array fuse to be opened
or the applicable output pin will define the polarity fuse to
be opened.

Vee

[e———5mS MAXIMUM 20% DUTY CYCLE

4. After VCC1 has been stable at 10.75V for period T1 and

the address has been stable defining the applicable fuse

location for period T2, VCC2 (pin 19) may slew from 5.0

to 10.75V at a slew rate of 1 to 10V/puS.

VCC2 must remain stable at 10.75V for the duration of

the programming pulse (TP) before returning to 5.0V.

6. With VCC1 at 10.75V and after VCC2 has been stable at
5.0V for the period T3, VER pin (16) may be sampled. If
the fuse was properly opened, a logic low level will be
observed. If the fuse did not open, steps 4 through 6 may
be repeated up to 15 times.

. If additional locations are to be addressed, steps 3
through 6 must be repeated for each fuse to be opened
while observing the maximum power up time and duty
cycle.

Fuse Verification

Fuse verification may be performed independent of pro-

gramming. As seen in Figure 2, with VCC1 at VCCP and

VCC2 at VCC verification may occur within the defined tim-

ing constraints. (See Table V)

o

~

—/)

Veep

Y

Vee! ——
o—/

<—t'—>

VeoP

4—(‘

Vee /

Crrroror

4—(5—>
0
Q2 <—t7——>
\
N POLARITY FUSE
N ViL ADDRESSING
Vi
A
A ARRAY FUSE
o LV ADDRESSING
L
la—teb—a et et
Vou 5 g 3 | &
Ver / \| vaup VALID
VoL } ¢

TL/L/6161-7

FIGURE 2. Array/Polarity Programming Diagram
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ECL PAL10/10016P8

TABLE IV. DC Requirements

Symbol , Description Min Nom Max Units
Vee Pin 24 Voltage While Programming or Verifying (Pin ' ‘

19 Verifying) (Note 1) . 4.78 5.00 5:28 V
lcc Pin 24 Current While Programming (Note 2) 200 300 * mA
Veep Veei/Veez (Pins 6 and 19) Voltage While 10.50 10.75 11.00 v

) Programming (Note 3)
lect Vce1 (Pin 6) Current White Programming (Note 2) 300 450 - mA
lcc2 VCC2 (Pin 19) Current While Programming (Note 2) 10 - 25 mA
VIL . Input LOW Level - If Left Open, Pins 4,5, 7,8, 17, 0 ‘ 0.8 \'

18, 20, and 21 are Held Low by Internal 50K

Resistor
i Input LOW Current - Pins; -1.0 -1.5 mA

. 1-3,9-11,13-15,22,and 23 '

Vee/Veet1/Vege = Max, Viy = 0.4V .

' 4,5,7,8,17,18, 20, and 21 (Note 4) '—0.25 -1.5 ‘ mA

Vee/Veet/Vece = Max, Viy = 0.8V
ViH Input HIGH Level 2.20 Vee v
IH Input HIGH Current 90 300 pA

Vee/Veei1/Vece = Max, Vi = Voo Max

Pins 1-3,9-11,13-15,22,and 23. ..

4,5,7,8,17,18,20,and 21 3 5 mA
VoL Output (Pin 16) LOW Level 0.8 \"

Vee/Veet1/Vecz = Min, loL = 4 mA o
VoH Output (Pin 16) HIGH Level 2.20 \

Vee/Veet/Veez = Max, lop = —0.6 mA

Note 1: While programming/verifying, power can be applied to the device for 5 mS maximum with a duty cycle of 20% maximum.

Note 2: Current measurements are taken with Vco/Vect1/Veez at maxnmum and with all device |nputs and outputs open.
Note 3: The difference between V¢ and Vgcp must not exceed 6V,
Note 4: If Vyy (V) is less than 0.8 volts at pins 4, 5, 7, 8, 17, 18, 20, or 21, means must be provided to limit the current sourced by the device pins to 10 mA.
Note 5: All programming and verification to be performed at 25°C +5°C ’

TABLE V. Timing

Symbol Description Min Nom Max Units
TO Power-Up Before Raising Vcg1 (Note 1) 0 500 ns
T1 Veei at Voep Before Raising Voca 400 500 ns
T2 Address Set-Up Time to Vcca> Vece 400 500 ns
T3 VER Valid After Vg at Vg (Note 2) 200 500 ns
T4 Veez at Ve Before Lowering Voo 400 500 ns
T5 VER Valid After Raising Vcc1 (Note 2) 200 500 ns
T5b Address Set-Up Time to VER Valid (Note 2) 200 500 ns
T6 VER Valid Hold Time From Address 0 ns
T7 V2 at Vo Before Address Change 400 500 ns
T8 VER Valid Hold Time From Vg2 > Voep (Note 2) 0 100 ns
T9 Ve at Vo Before Power Down 0 ns
TP Programming Pulse 10 10 30 us

Note 1: Observe the maximum power-up time or 5 ms and duty cycle of 20% for Vcc/Vgg1/Vecz during programming.
Note 2: VER is valid when V¢cp = Vg and Voot = Veep.
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Security Fuse Programming

The security fuse is opened using the same procedure as used for changing the output polarity, except all 8 outputs (pins 4, 5, 7,
8, 17, 18, 20, and 21) must be selected with the application of V). Verification is determined by the inability to further verify the
array.

8d9100L/017vd 103

fe——————5mS MAXIMUM 20% DUTY CYCLE ——————»
Vee
0 —-/ \__
et t
07 Vecp , 9
v
Vool —— &
= | Vecp Y
v
Vo2 —— ==
0 —/ L—
t [_t7
Vin 2

0 ALL QUTPUTS HIGH
VN TO SELECT SECURITY FUSE
L

FIGURE 3. Security Fuse Programming Diagram

TL/L/6161-8
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ECL PAL10/10016P8-3

@National

Semiconductor
PAL10/10016P8-3

3 ns ECL ASPECT™ Programmable Array Logic

General Description

The PAL10/10016P8-3 is a member of the National Semi-
conductor 28-pin high speed ECL PAL® family. This device
utilizes National Semiconductor's ASPECT (Advanced Sin-
gle Poly Emitter Coupled Technology) process with a newly
developed tungsten fuse technology to provide the highest-
speed user-programmable replacements for conventional
ECL SSI-MS! logic with significant chip-count reduction. The
JEDEC fuse-map format and programming algorithm of this
device is compatible with those of all prior ECL PAL prod-
ucts from National.

Programmable logic devices provide convenient solutions
for a wide variety of applications—specific functions, includ-
ing random logic, custom decoders, state machines, etc. By
programming fuse links to configure AND/OR gate connec-
tions, the system designer can implement custom logic as
convenient sum-of-products Boolean functions. System pro-
totyping and design iterations can be performed quickly us-
ing these off-the shelf products.

The PAL10/10016P8-3 logic array has a total of 16 comple-
mentary input pairs, 64 product terms and 8 programmable
polarity output functions. Each output function is the OR-
sum of 8 product terms. Each product term is satisfied when
all array inputs which are connected to it (via intact fuses)
are in the correct state as defined by the equation for that

product term. Each output function is provided with output
polarity fuses. These fuses permit the designer to configure
each output independently to produce either a logic high (by
leaving the fuse intact) or a logic low (by programming the
fuse) when the equation defining that output is satisfied.
Programming equipment and software make PAL design de-
velopment quick and easy. Programming is accomplished
using TTL voltage levels and is therefore supported by in-
dustry standard TTL PLD programmers. After programming
and verifying the logic array, an additional security fuse may
be programmed to prevent direct copying of proprietary log-
ic designs.

Features

High speed: tpp = 3 ns max

Programmable replacement for ECL logic

Both 100K and 10 KH I/0 compatible versions

Eight output functions with programmable polarity
Improved programmability tungsten fuses

Security fuse to prevent direct copying

Programmed on conventional TTL PLD programmers
Fully supported by OPAL™ and OPALjr development
software

Commercial and Military ranges

Connection Diagram

PLCC Pin Out
11 E NGV 1
170 5] (5] o
o[s] 4] o
Veet (23] Vec.
ne [&] [22] ne
ofs ] B o
i/0 [19] [20] /o
1 m [l
FEIHFIEIIEIDI_I

U1 Vg NC 1
TLL/10714-6

Block Diagram
PAL10/10016P8-3

:; h— 8, ’ > ﬂDo—4 Vo
n PDED
|/<:: _—--_ 8 D ﬁD°_7 0

110 —] 8 D ﬂDo_a Vo

S

::i_ L -|_—)Do_n vo

i DD
m DD

:Z: L_s, ’ > ' 'DO—ZI 1o

TL/L/10714~1
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. . (¢}
Absolute Maximum Ratings I
If Military/Aerospace specified devices are required, Output Current —50mA ;
please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 Seconds) 300°C L
Office/Distributors for avallability and specifications. ESD Tolerance 1000V 2
Temperature under Bias —55°Cto +125°C Czap = 100 pF a
Storage Temperature Range —65°Cto +150°C Rzap = 15000 =
Vee Relative to Voo —7Vio +0.5V Test Method: Human Body Model 2
Input Voltage Vegto +0.5V Test Specification: NSC SOP-5-028 @
w
Recommended Operating Conditions for Commercial Range
Symbol Parameter Min Typ Max Units
VEg Supply Voltage 10KH —5.46 -5.2 —4.94 v
100K —4.80 —4.5 —4.20
T Operating Temperature (Note) 10KH 0 +75 c
100K 0 +85
Electrical Characteristics over Recommended Operating Conditions Output Load = 50 to —2.0V
Symbol Parameter Conditions Ta Min Max Units
VIH High Level Input Voltage Guaranteed Input Voltage 10KH 0°C -1170 —840
High for All Inputs +25°C -1130 —-810 mv
+75°C —1070 —-735
100K | 0°Cto +85°C | —1165 —880
ViL Low Level Input Voltage Guaranteed Input Voltage 0°C —1950 | —1480
Low for All Inputs 10KH +25°C —1950 | —1480 mv
+75°C —1950 | —1450
100K | 0°Cto +85°C | —1810 | —1475
VoH High Level Output Voltage | V|N = ViH Max or V| Min 0°C —1020 —840
10KH +25°C —980 —810 mv
+75°C —-920 -735
100K | 0°Cto +85°C | —1025 —880
VoL Low Level Output Voltage | V|y = Viy Maxor V| Min 0°C —1950 | —1630
10KH +25°C —1950 | —1630 mv
+75°C —1950 | —1600
100K | 0°Cto +85°C | —1810 | —1620
hH High Level Input Current Vin = V|H Max 10KH 0°C
+75°C 220 rA
‘ 100K [ 0°Cto +85°C
L Low Level Input Current Vin = ViLMin 1OKH 0°C
+75°C 0.5 pA
100K | 0°Cto +85°C
leg Supply Current Vg = Min 10KH | 0°Cto +75°C
—230 mA
All Inputs and Outputs Open 100K | 0°Cto +85°C
Note: Operating temperatures for circuits in J and N packages are specified as ambient temperatures (Ta) with circuits in a test socket or mounted on a printed
circuit board and transverse air flow greater than 500 linear fpm is maintained.
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ECL PAL10/10016P8-3

Switching Characteristics

Over Recommended Operating Conditions, Output load: R, = 508t to —2.0V, C = 5 pF to GND

Symbol Parameter Measured Test Conditions Commercial Units .
: Min Max
teD Input to Output Measured at Threshold Points 3.0 ns
- (Note 1) .
t Output Rise Time Measured between 0.25 1.25 ns
t Output Fall Time 20% and 60% Points 0.25 1.25 ns
Note 1: All AC Measurements are to be made from Threshold Point.
Viy = Threshold + 400 mV
. ViL = Threshold — 400 mv
IHMln v"-Max
Threshold =
2
Part Temp ViNmin ViLymax Threshold Vi ViL
10 kH —55°C —1250 —1480 —1365 —965 —1765
0°C -1170 —1480 —1325 —925 —-1725
25°C —-1130 —1480 -1300 —900 —1700
75°C -1070 —1450 —-1260 —860 —1660
125°C —1000 —1420 —-1210 -810 —1610
100k All —1165 —1475 —1300 —900 —1700
Timing Measurements Test Load
Vin=— Dout
THRESHOLD INPUT
ViL tt
v : PD R, o
. TR THRESHOLD QUTPUT I
VoL
=2V -
TL/L/10714-2 TL/L/10714-3
Connection Diagram
Dual-In-Line Package
| — 1 24 — Voo
| —4 2 B
| = 3 22 b—1
1o —| 4 20— 1/0
00— S 20pM—0
veeo —1 6 19 p— VCCO
0— 7 18 f— 0
7o —{ 8 17— 10
11— 9 16 p— I
11— 15 f—1
| 1 10—
VEE = 12 13 b
TL/L/10714-4
Top View

2-124




Functional Testing

As with all field-programmable devices, the user of the ECL
PAL devices provides the final manufacturing step. While
National's PAL devices undergo extensive testing when
they are manufactured, their logic function can be fully test-
ed only after they have been programmed to the user’s pat-
tern. ’

To ensure that the programmed PAL devices will operate
properly in your system, National Semiconductor (along with
most other manufacturers of PAL devices) strongly recom-
mends that devices be functionally tested before being in-
stalled in your system. Even though the number of post-pro-
gramming functional failures is small, testing the logic func-
tion of the PAL devices before they reach system assembly
will save board debugging and rework costs. For more infor-
mation about the functional testing of PAL devices, please
refer to National Semiconductor’s Application Note #351
and the Programmable Logic Design Guide.

Ordering Information

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 downloaded
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 OPAL™
software package from National Semiconductor supports all
programmable logic products available from National and is
fully JEDEC-compatible. OPAL software also provides auto-
matic device selection based on the designer’s Boolean
logic equations.

A detailed logic diagram showing all JEDEC fuse-map ad-
dresses for the PAL10/10016P8-3 is 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 Semiconductor
sales representative or distributor. If detailed specifications
of the ECL PAL programming algorithm are needed, please
contact the National Semiconductor Programmable Device
Support Department.

€-8d91001/017vd 103

Prbgrammable Array Logic Family

ECL 170 Compatibility:
" 10 = ECL 10KH
100 = ECL 100K

Number of Array Inputs

Output Type:
P = Programmable Polarity

Number of Outputs
Speed Version: —3 = 3 nstpp

Packaging:
N = 24-Pin Plastic DIP
V =28-Pin PLCC

Temperature Range:
C = Commercial:
0°C to +75°C for 10KH
J _ 0°C to +85°C for 100K
1

-3 N C
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Logic Diagram—PAL1016P8-3/PAL10016P8-3
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MNational

Semiconductor

PAL10/10016PE8-3 (PLCC Only)
3 ns ECL ASPECT™ Programmable Array Logic

General Description

The PAL10/10016PE8-3 is a member of the National Semi-
conductor 28-pin high speed ECL PAL® family. This device
utilizes National Semiconductor's ASPECT (Advanced Sin-
gle Poly Emitter Coupled Technology) process with a newly
developed tungsten fuse technology to provide the highest-
speed user-programmable replacements for conventional
ECL SSI-MSl| logic with significant chip-count reduction. The
JEDEC fuse-map format and programming algorithm of this
device is compatible with those of all prior ECL PAL prod-
ucts from National.

Programmable logic devices provide convenient solutions
for a wide variety of applications—specific functions, includ-
ing random logic, custom decoders, state machines, etc. By
programming fuse links to configure AND/OR gate connec-
tions, the system designer can implement custom logic as
convenient sum-of-products Boolean functions. System pro-
totyping and design iterations can be performed qunckly us-
ing these off-the shelf products.

The PAL10/10016PE8-3 logic array has a total of 16 com-
plementary input pairs, 64 product terms and 8 programma-
ble polarity output functions. Each output function is the OR-
sum of 8 product terms. Each product term is satisifed when
all array inputs which are connected to'it (via intact fuses)

are in the correct state as defined by the equation for that

product term. Each output function is provided with output
polarity fuses. These fuses permit the designer to configure
each output independently to produce either a logic high (by
leaving the fuse intact) or a logic low (by programming the
fuse) when the equation defining that output is satisfied.

Programming equipmént and software make PAL design de-

-~ velopment quick and easy. Programming is accomplished

using TTL voltage levels and is therefore supported by in-
dustry standard conventional TTL PLD programmers. After
programming and verifying the logic array, an additional se-
curity fuse may be programmed to prevent direct copying of
propnetary logic designs.

Features

m High speed: tpp = 3 ns max

m Full 28-pin function (all pins used)

m Programmable replacement for ECL logics

u Both 100K and 10 KH /0O compatible versions
m Eight output functions with programmable polarity
W Security fuse to prevent direct copying

m Fully supported by OPAL™ and OPALjr development
software

W High density-high performance 28-pin PLCC package"

Ordermg Informatlon

Programmable Array Logic Family

— ECL 1/0 Compatibility:
10 = ECL 10KH
100 = ECL 100K

Number of Array Inputs

Output Type:
PE = Expanded Programmable
Polarity (No I/0 Pins/PLCC
only)

Number of Qutputs
Speed Version: —3 = 3nstpp
Packaging: V = 28-Pin PLCC

Temperature Range:
.. C = Commercial:
0°C to +75°C for 10KH
0°C to +85°C for 100K

PAL 100 16 PE 8 —3 V C

Block Diagram

| e AND o
15 Array 8

| — .
16 22

TL/L/10712-1
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ECL PAL10/10016PE8-3

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Output Current —50 mA
please contact the National Semiconductor Sales Lead Temperature
Office/Distributors for availability and specifications. (Soldering, 10 Seconds) 1000V
Temperature under Bias —55°Cto +125°C ESD Tolerance
Storage Temperature Range —65°Cto +150°C Czap = 100 pF
VEE Relative to Vg —7Vto +0.5V '?ZAtPM=ﬂ11 530'!_12‘ Body Model
est Method: Human Body Mode
Input Voltage Veeto +0.5V Test Specification: NSC SOP-5028
Recommended Operating Conditions
Symbol Parameter Min Typ Max ‘Units
VEE Supply Voltage 10KH —5.46 —5.2 —4.94 v
100K —4.80 - —45 —4.20
T Operating Temperature (Note) 10KH 0 +75 c
100K 0 +85 -
Electrical Characteristics over Recommended Operating Conditions Output Load = 500 to —2.0V
Symbol Parameter Conditions  Ta Min Max Units
VIH High Level Input Voltage Guaranteed Input Voltage 10KH . 0°C —-1170 -840
High for All Qutputs +25°C —1130 —-810 mv
+75°C- —1170 | . —735
100K { 0°Cto +85°C { —1165 —880
ViL Low Level Input Voltage Guaranteed Input Voltage . 0°C —1950 | —1480
’ ' Low for All Inputs 10KH +25°C :=1950 | —1480 | ! mv
+75°C —1950 —1450 | .
100K | 0°Cto +85°C | —1810 | —1475
Vou - High Level Output Voltage | V|ny = Vijy Max or Vi Min 0°C —1020 —840
o ' 10KH +25°C -980 -810 mv
+75°C —920 —735
100K | 0°Cto +85°C | —1025 —880
VoL Low Level Output Voltage | V|y = V| Max or V. Min ) 0°C —1950 | —1630
10KH +25°C —1850 —1630 mv
+75°C —1950 —1600
100K | 0°Cto +85°C | —1810 —1620
(1 High Level Input Current VIN = Vi Max 10KH 1 ocC
. _ +75°C 220 nY
100K | 0°Cto +85°C
M Low Level Input Current VIN = Vi Min 10KH 0°C :
i +75°C 0.5 pv
100K | 0°Cto +85°C |, '
33 Supply Current VEg = Min 10KH | 0°Cto +75°C _230 mA
All Inputs and Outputs Open 100K | 0°Cto +85°C )

Note: Operating temperatures for circuits in PLCC packages are specified as ambient temperatures (T a) with circuits in a test socket or mounted on a printed circuit
board and transverse air flow greater than 500 linear fpm is maintained.
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Switching Characteristics
Over Recommended Operating Conditions, Output load: R = 500 to —2.0V, C|_ = 5 pF to GND

Symbol Parameter Measured Test Conditions Min Max Units

tpp Input to Output Measured at Threshold Points 30 ns
(Note 1) .

t Output Rise Time Measured between 0.25 1.25 ns

4 Output Fall Time 20% and 80% Points 0.25 1.25 ns

Note 1: All AC Measurements are to be made from Threshold Point.

ViH = Threshold + 400 mV

Vi, = Threshold — 400 mV
+V

€-83d91001/017vd 103

Vitivin + Vitmax
Threshold =
2

Part Temp ViNpmin ViLmax Threshold VIiH Vio

10kH 0°C —-1170 —1480 —1325 -925 —1725

10kH 25°C -1130 —1480 —1300 —900 —1700

10kH 75°C -1070 —1450 —1260 —860 —1660

100k All -1165 —1475 —1300 —900 -1700

Timing Measurements Connection Diagram

v v
H THRESHOLD INPUT : , pLcc
YL : Pl Ve |1

teo
:°” lmmuom ouTPUT o sﬁlﬂmmulﬁ"ﬂ”ﬁ@ o
oL L~
TL/L/10712-2 0o E E 0
Veco 17 23] v
Test Load ’ i 3 | % 0

o[¢] [2] o
Dout | E IE |
1] [is]

22 53 2 3 3

Pl vge L

TL/L/10712-3 v TL/L/10712-4
Top View

Order Number PAL1016PE8-3/PAL10016PE8-3
See NS Package Number V28A
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ECL PAL10/10016PE8-3

Functional Testing

As with all field-programmable devices, the user of the ECL
PAL devices provides the final manufacturing step. While
National's PAL ‘devices undergo extensive testing when
they are manufactured, their logic function can be fully test-
ed only after they have been programmed to the user’s pat-
tern.

To ensure that the programmed PAL devices will operate
properly in your system, National Semiconductor (along with
most other manufacturers of PAL devices) strongly recom-
mends that devices be functionally tested before being in-
stalled in your system. Even though the number of postpro-
gramming functional failures is small, testing the logic func-
tion of the PAL devices before they reach system assembly
will save board debugging and rework costs. For more infor-
mation about the functional testing of PAL devices, please
refer to National Semiconductor’s Application Note #351
and the Programmable Logic Design Guide.

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 downloaded
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 OPAL soft-
ware package from National Semiconductor supports all
programmable logic products available from National and is
fully JEDEC-compatible. OPAL software also provides auto-
matic device selection based on the designer's Boolean
logic equations.

A detailed logic diagram showing all JEDEC fuse-map ad-
dresses for the PAL10/10016PE8-3 is 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 Semiconductor
sales representative or distributor. If detailed specifications
of the ECL PAL programming algorithm are needed, please
contact the National Semiconductor Programmable Device
Support Department. )

Programming

Most programmers listed below are able to directly program
the 28-lead PLCC package. If programming from a DIP
socket the following adapter wiring is required:

PLCC Pin DIP Pin
1 No Connect
2 1
] 2
4 3
5 -4
6 5
7 6
8 7
9 : 8
10 ' No Connect
1 9
12 10
- 18 1
14 12
15 No Connect
16 13
17 14
18 15
19 .16
20 No Connect
21 17
22 18
23 19
24 20
25 21
26 22
27 23
28 24

PLCC pins 1, 10, 15 and 20 are not connected to the DIP
pins because these are the additional ECL inputs. If using
such an adaptor, a 0.1 uF capacitor should be added from
PLCC pin 23 to PLCC pin 14.
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Logic Diagram—PAL1016PE8-3/PAL10016PE8-3 0
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2 5 26 &
3 T3
4 >
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96 25
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256 288
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608 Do— 24
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350 992
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s —o] 165
9,
- 2016
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TL/L/10712-5
JEDEC logic array cell number = product line first cell number + input line number

2-131



ECL PAL10/10016P4A

@National

Semiconductor
PAL10/10016P4A

4 ns ECL Programmable Array Logic

General Description

The PAL1016P4A and PAL10016P4A are members of the
National Semiconductor ECL PAL® family. The PAL10/
10016P4A is a functional subset of the PAL10/10016P8
(6 ns tpd) and is compatible in pinout, JEDEC map format,
and programming algorithm. The ECL PAL family utilizes
National Semiconductor’s advanced oxide-isolated process
and proven Titanium-Tungsten (Ti-W) fuse technology to
provide user-programmable logic to replace conventional
ECL SSI/MSI gates and flip-flops. Typical chip count reduc-
tion gained by using PAL devices is greater than 4:1.

This family allows the systems engineer to customize his
chip by opening fuse links to configure AND and OR gates
to perform his desired logic function. Complex interconnec-
tions that previously required time-consuming layout are
thus transferred from PC board to silicon where they can
easily be modified during prototype checkout or production.
The PAL transfer function is the familiar sum-of-products
implemented with a single array of fusible links. The PAL
device incorporates a programmable AND array driving a
fixed OR array. The AND term logic matrix incorporates 16
complementary inputs and 32 product terms. The 32 prod-
uct terms are grouped into four OR functions with eight
product terms each. All devices in this series are provided
with output polarity fuses. These fuses permit the designer
to configure each output independently to provide either a
logic true (by leaving the fuse intact) or a logic false (by
programming the fuse) when the equation defining that out-
put is satisfied.

Product terms with all fuses programmed assume a logical
high state, while product terms connected to both the true

and complement of any input assume a logical low state. All
product terms in an unprogrammed part are logically low.
Fuse symbols have been omitted from the logic diagrams to
allow the designer use of the diagrams for logic editing.
These ECL PAL devices may be programmed on many PLD
programmers. Programming is accomplished using TTL
voltage levels. Once programmed and verified, an additional
fuse may be programmed to disable further verification. This
feature gives the user.a propnetary circuit which is difficult
to copy.

Features

m High speed:

Combinatorial outputs

tpd = 4 ns max .
m Both 10 KH and 100K 1/0 compatible versions
| Four output functions; sixteen dedicated inputs
m Individually programmable polarity for all logic outputs
m Reliable titanium-tungsten fuses
m Security fuse to prevent direct copying
B Programmed on many PLD programmers
m Fully Supported by OPAL™ and OPALjr Software
m Packaging:

24-pin thin DIP (0.300")

OPAL and OPALjr development software

Applications _
W Programmable replacement for ECL logic
B Address or instruction decoding

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:

T

PAL 10 16 P 4 A J

Programmable Array Logic Family
ECL I/0 Compatible
10 = 10kH
100 = 100k
Number of Array Inputs
Output Type
P = Combinatorial with Programmable Polarity
Number of Outputs
Speed Range
No Symbo! =
A = High Speed (4 ns)
Package
J = Ceramic DIP
Temperature Range
C =0°Cto +75°Cfor10kH
0°C to +85°C for 100k :

Standard Speed (6 ns)
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Absolute Maximum Ratings -
If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 seconds) 300°C ;
please contact the National Semiconductor Sales ESD Tolerance 1000V LN
Office/Distributors for avallability and specifications. Czap = 100 pF <)
Temperature Under Bias —55°Cto +125°C Rzap = 15000 g
Storage Temperature Range —65°Cto +150°C Test Method: Human Body Model o
Ve Relative to Ve —7Vio +0.5V Test Specification: NSC SOP-5-028 %
Any Input Relative to Voo Vggto +0.5V ;
Recommended Operating Conditions
Symbol Parameter Min Typ Max Units
VEe Supply Voltage 10 KH —5.46 —-5.2 —4.94 v
100K —4.73 —-4.5 —4.27
T Operating Temperature (Note) 10 KH 0 +75 G
100K 0 +85
DC Electrical Characteristics over Recommended Operating Conditions
Output Load = 500 to —2.0V
Symbol Parameter Conditions Ta Min Max Units
VIH High Level Input Voltage Guaranteed Input Voltage 0°C —-1170 —840
High For All Inputs 10 KH +25°C —1130 —810 mv
+75°C -1070 —735
100K | 0°Cto +85°C | —1165 —880
ViL Low Level Input Voltage Guaranteed Input Voltage 0°C —1950 | —1480
Low For All Inputs 10KH +25°C —1950 | —1480 |
+75°C -1950 | —1450
100K | 0°Cto +85°C | —1810 | —1475
VoH High Level Output Voltage | Viy = Viy Max. or V) Min. 0°C -1020 —840
10 KH +25°C —980 —810 mv
+75°C -920 —735
100K { 0°Cto +85°C | —1025 —880
VoL Low Level Output Voltage | Viy = Vig Max. or V) Min. 0°C —1950 | —1630
10 KH +25°C -1950 | —1630 mv
+75°C —1950 | —1600
. 100K | 0°Cto +85°C | —1810 | —1620
iy High Level Input Current ViN = VIH Max. 10KH 0°C
+75°C 220 RA
:100K | 0°Cto +85°C
liL Low Level Input Current ViN = Vi Min. 10 KH 0°C
. +75°C 0.5 RA
100K | 0°Cto +85°C
153 Supply Current VEg = Min. 10KH | 0°Cto +75°C —220 mA
All Inputs and Outputs Open 100K | 0°Cto +85°C
Note: Operating temperatures for circuits in Dual-In-Line packages are specified as ambient temperatures (Ta) with circuits in a test socket or mounted on a printed
circuit board and transverse air flow greater than 500 linear {pm is maintained. Operating temperatures for circuits packaged in QUAD CERPAK are specified as
case temperatures (Tc). All specifications apply after thermal equilibrium has been established.
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Switching Characteristics
Over Recommended Operating Conditions, Output load: R = 50Q to —2.0V,C =5 pF to GND

ECL PAL10/10016P4A

Symbol Parameter " ‘Measured Test Conditions Min . Max Units -
tpp Input to Output - Measured at threshold points 4 ns
- (Note 1) -
t Output Rise Time ‘ Measured between - . 0.5 2.5 . ns
tf Output Fall Time 20% and 80% points - 0.5 25 - ns-

Note 1: All AC measurements are to be made from threshold point.
Vi = Threshold + 400 mV

ViL = Threshold ~ 400 mV

' ViHuin + Vi
Threshold = I—HM"‘Z—"'M—al‘ )

Part Temp ViHpin ViLgax Threshold Viy ViL
10kH -55°C | —1250 —1480 —1365 —965 —1765
10kH 0°C —-1170 —1480 -1325 —925 —1725
10kH 25°C -1130 —1480 -1300 —900 —1700
10kH 75°C —1070 —1450 —1260 —860 —1660
10kH 125°C —1000 —1420 1210 -810 | -1610
100k All —1165 —1475 —1300 —900 —1700

Lt

Timing Measurements
' Output Load

Vi CREGSHOLD - INPUT ‘
Dout
A oo
tep : o : .
Vo — :
~==THRESHOLD OUTPUT
VoL .

Connection Diagram. .

TL/L/9138-7
=2V =TL/L/9138-2

Dual-In-Line Package

. = T 24V ,
1—2 2311 j '
13 2}~
1—4- - 21

o0—s 200
Veco =8 19§ Veco
o7 1810
1—s 17}
i 16 =1
110 151
1 14]=1
Vg — 12 131
TL/L/9138-3

 TopView . .. o
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Logic Diagram PAL1016P4A/PAL10016P4A

INPUT LINE NUMBER —» 4 10 12 14 16 18 20 22 24 26 28 30 Vee 24
3 517 11 |13]15 |17 |19 J21] 25 j25)27 |28|31
1 ~ 1 23
—_—15—
2 N ) 22
18
3 ~ ~ 21
16 N
4 N
. Pz y
PRODUCT LINE 5127 cc 12050
FIRST CELL NUMBER - 576 508 20
: . 640 D:
70422
v 736
2051, € 768
' 800
; S__OG 832 ot Veeo 19
‘ 896
: o0 38
992 Ve
1024 Veo 202 5
6 Veco :?g;nzo DO—-
12961184
1248
Vee .
2053 1280
EENG i
1408
1472 440
1504
17
—&d
8 ! > 16
13 &
9 N 1 15
—&
10 I | 14
13 &
i N 1 13 .
&
12 Vg

JEDEC logic array cell number = product line first cell number + input line number

Functional Testing

As with all field-programmable devices, the user of the ECL
PAL devices provides the final manufacturing step. While
National’s PAL devices undergo extensive testing when .
they. are manufactured, their logic function can be fully test-
ed only after they have been programmed to the user’s pat-
tern,

To ensure that the programmed PAL devices will operate
properly in your system, National Semiconductor (along with
most other manufacturers of PAL devices) strongly recom-

'

TL/L/9138-4

mends that devices be functionally tested before being in-
stalled in your system. Even though the number of post-pro-
gramming functional failures is small, testing the logic func-
tion of the PAL devices before they reach system assembly
will save board debugging and rework costs. Refer to Na-
tional Semiconductor’s Application Note #351 and the Pro-

. grammable Logic Design Guide for more information about

the functional testing of PAL devices.

Please contact your local sales office for a list of current
programming support tools for ECL PAL devices.

2-135

Vd9100L/011vd 103




ECL PAL10/10016P4-2

@National

Semiconductor

PAL10/10016P4-2 (DIP Only)

2 ns ECL ASPECT™ Programmable Array Loglc

General Description

The PAL10/10016P4-2 is a member of the National Semi-
conductor 28-pin high speed ECL PAL® family. This device
utilizes National Semiconductor's ASPECT (Advanced Sin-
gle Poly Emitter Coupled Technology) process with a newly
developed tungsten fuse technology to provide the highest-
speed user-programmable replacements for conventional

ECL SSI-MsI logic with significant chip-count reduction. The

JEDEG fuse-map format and programming algorithm of this
device is compatible with those of all prior ECL PAL prod-
ucts from National.

Programmable logic devices provide convenient solutions
for a wide variety of application-specific functions, including
random logic, custom decoders, state machines, etc. By
programming fuse links to configure AND/OR gate connec-
tions, the system designer can implement custom logic as
convenient sum-of-products Boolean functions. System pro-
totyping and design iterations can be performed quickly us-
ing these off-the-shelf products.

The PAL10/10016P4-2 logic array has a total of 16 comple-
mentary input pairs, 32 product terms and 4 programmable
polarity output functions. Each output function is the OR-
sum of 8 product terms. Each product term is satisfied when
all array inputs which are connected to it (via intact fuses)
are in the correct state as defined by the equation for that

product term. Each output function is provided with output
polarity fuses. These fuses permit the designer to configure
each output independently to produce either a logic high (by
leaving the fuse intact) or a logic low (by programming the
fuse) when the equation defining that output is satisfied.
Programming equipment and software make PAL design de-
velopment quick and easy. Programming is accomplished
using TTL voltage levels and is therefore supported by in-
dustry standard TTL PLD programmers. After programming
and verifying the logic array, an additional security fuse may
be programmed to prevent direct copying of proprietary log-
ic designs.

Features

m Highest speed: tpp =:2.5 ns max

m Programmable replacement for ECL logic

| Both 100K and 10 KH 1/0 compatible versions

| Four output functions with programmable polarity

m Improved programmability tungsten fuses

| Security fuse to prevent direct copying

B Programmed on conventional TTL PLD programmers

B Fully Supported by OPAL™ and OPALjr development
software

m Commercial and Military ranges

Block Diagram paL10/10016P4-2

"
12
13
14
18
e
110
1

BREE
14
115
116
17
121
122
123

AND
ARRAY

Vee = 12, Vec =
Veceo (18, 20) =
Pinout applies to 24-pin DIP

24,Veep (6,7) = 6

s > HDo—,

TL/L/10711-1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Output Current =50 mA
please contact the Natlonal Semiconductor Sales Lead Temperature (Soldering, 10 seconds) 300°C
Office/Distributors for availability and specifications. ESD Tolerance 1000V
Temperature Under Bias —55°Cto +125°C Czap = 100 pF

Storage Temperature Range —65°Cto +150°C Rzap = 15000

Vgg Relative to Vg —7Vto +0.5V Test Method: Human Body Model

Input Voltage . Vegto +0.5V Test Specification: NSC SOP-5-028

¢-#d9100L/0L1vd 703

Recommended Operating Conditions for commercial Range

Symbol Parameter Min Typ Max Units

VEE Supply Voltage 10 KH —5.46 -5.2 —4.94 v
100K —4.80 —4.5 —4.20

T Operating Temperature (Note) 10 KH 0 +75 oG
100K 0 +85

Electrical Characteristics over Recommended Operating Conditions
Output Load = 500 to —2.0V

Symbol Parameter Conditions Ta Min Max Units
Vil High Level Input Voltage Guaranteed Input Voltage 0°C —-1170 —840
High For All inputs 10 KH +25°C -1130 —810 mv
+75°C —1070 —735
100K | 0°Cto +85°C | —1165 | —880
ViL Low Level Input Voltage Guaranteed Input Voltage 0°C —1950 | —1480
Low For All Inputs 10 KH +25°C —1950 | —1480 mv
+75°C —1950 | —1450
100K 0°Cto +85°C —1810 | —1475
VoH High Level Output Voltage | Viy = Viy Max. or V) Min. 0°C —1020 —840
10 KH +25°C —980 —-810 mv
+75°C -920 —735
100K | 0°Cto +85°C | —1025 —880
VoL Low Level Output Voltage | Viy = Vi Max. or Vi Min. 0°C —1950 [ —1630
10 KH +25°C —1950 | —1630 .y
+75°C —1950 | —1600
100K | 0°Cto +85°C | —1810 | —1620
™ High Level Input Current VIN = V| Max. 10KH 0°Cto
+75°C 220 nA
100K | 0°Cto +85°C
IR Low Level Input Current ViN = VL Min. 10KH 0°Cto
+75°C 0.5 nA
100K | 0°Cto +85°C
leg Supply Current VEg = Min. 10KH | 0°Cto +75°C —220 mA
All Inputs and Outputs Open 100K | 0°Cto +85°C

Note: Operating temperatures for circuits in N and J packages are specified as ambient temperatures (T a) with circuits in a test socket or mounted on a printed
circuit board and transverse air flow greater than 500 linear fpm is maintained.
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ECL PAL10/10016P4-2

Switching Characteristics

Over Recommended Operating Conditions, Output load: R = 50Q to —2.0V, G| = 5 pF to GND

o c ' . Commercial
Symbol Parameter Measured Test Conditions Units
: Min ‘Max i
tpD Input to Output Measured at Threshold Points :
25 ns
- (Note 1)
t Output Rise Time Measured between 0.25 1.25 ns
L-7 0, 1
t Output Fall Time 20% and 80% points 0.25 1.25 ns
Note 1: All AC Measurements are to be made from Threshold Point.
V|4 = Threshold + 400 mV
ViL =.Threshold — 400 mV
ViHmin + Vibyay
Threshold = ———————
2
Part Temp ViNgin ViLpax Threshold ViH ViL
10kH —55°C —1250 -1480 | . —1365 —965 —1765
10kH - 0°C -1170 —1480 —-1325 . —925 —1725
10kH 25°C —-1130 —1480 —1300 —900 —1700
10kH 75°C -1070 —1450 ~1260 —860 —1660
10kH 125°C —1000 -1420 -1210 -810 | —1610
100K . Al —-1165 —1475 —1300 —900 —1700
Timing Measurements Test Load
Dout

VoL

INPUT

Vi
THRESHOLD
ViL

tpp
v
. TOH THRESHOLD OUTPUT

Connection Diagram

TL/L/10711-2

Dual-In-Line Package

J

1— 24|V
231
2}
21}
20}-o0

o
© O N DU A N -

<
R _ —
|
pra—
EER=)
SN
N ow~ o
111

Top View

TL/L/10711-3

TL/L/10711-4
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Functional Testing

As with all field-programmable devices, the user of the ECL
PAL devices provides the final manufacturing step. While
National’s PAL devices undergo extensive testing when
they are manufactured, their logic function can be fully test-
ed only after they have been programmed to the user’s pat-
tern.

To ensure that the programmed PAL devices will operate
properly in your system, National Semiconductor (along with
most other manufacturers of PAL devices) strongly recom-
mends that devices be functionally tested before being in-
stalled in your system. Even though the number of post-pro-
gramming functional failures is small, testing the logic func-
tion of the PAL devices before they reach system assembly
will save board debugging and rework costs. For more infor-
mation about the functional testing of PAL devices, please
refer to National Semiconductor’'s Application Note #351
and the Programmable Logic Design Guide.

Design Development Suppdrt

A variety of software tools and programming hardware is
available to support the development of designs using PAL

Ordering Information

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 downloaded
into a large variety of programming equipment. Many soft-
ware packages and programming units support a large vari-
ety of programmabile logic products as well. The OPAL soft-
ware package from National Semiconductor supports all
programmable logic products available from National and is
fully JEDEC-compatible. OPAL software also provides auto-
matic device selection based on the designer's Boolean
logic equations.

A detailed logic diagram showing all JEDEC fuse-map ad-
dresses for the PAL10/10016P4-2 is 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 Semiconductor
sales representative or distributor. If detailed specifications
of the ECL PAL programming algorithm are needed, please
contact the National Semiconductor Programmable Device
Support Department.

Programmable Array Logic Family

ECL 1/0 Compatibility:
10 = ECL10KH

¢-¥d9l00t/011vd 103

100 = ECL 100K

Number of Array Inputs

Output Type:
G =Complementary
P =Programmable Polarity

Number of Outputs
Speed Version: — 2 = 2.5ns tpp .

Packaging:
N = 24-Pin Plastic DIP .
*Note: For PLCC see PAL10/10016C4-2 datasheet

Temperature Range:
C = Commercial:
0°C to +75°C for 10 KH
0°C to +85°C for 100K

-2 N C

T
>
Z
=
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o
-
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2-139



ECL PAL10/10016P4-2

Logic Diagram—PAL1016P4-2/PAL10016P4-2

INPUT LINE NUMBER —© . 23

4

7

8

10

1"

12 14

16 18 20 22
13]15 |1

1] 23

24 26 28 30
25|27 |29

3

2 N
: 123
3 N
16
4 N
123
PRODUCT LINE 512 71
FIRST CELL NUMBER 576 ——
o
736
) 2051 "cC
t o
:3:;1055
6 Veco (152 1120
1184
1216 1=
v
2053 CC
]
8 )
S N
—
10 [
13
11 N
16
12 Vg

JEDEC logic array cell number = product line first cell number + input line number

Ve 24
4 23
N—
. 22
P 21
N
v,
2050
! >° 20
768 400
832 864 VCCO 19
::g 928
992
Y
€ 2052
i >c 18
2.0,
1376
1408
o 140
1504
. 17
EY
1 16
1 15
&
4 14
£
1 13

TL/L/10711-5

2-140




Semiconductor

@National

PAL10/10016C4-2 (PLCC Only)
2 ns ECL ASPECT™ Programmable Array Logic

General Description

The PAL10/10016C4-2 is a member of the National Semi-
conductor 28-pin high speed ECL PAL® family. This device
utilizes National Semiconductor's ASPECT (Advanced Sin-
gle Poly ECL Technology) Process with a newly developed
tungsten fuse technology to provide the highest-speed user-
programmable replacements for conventional ECL SSI-MSI|
logic with significant chip-count reduction. The JEDEC fuse-
map format and programming algorithm of this device is
compatible with those of all prior ECL PAL products from
National.

Programmable logic devices provide convenient solutions

for external inverters and allow for more convenient output
OR-tying. They are also suitable for differential sensing for
increased noise immunity. All input pins have on-chip 50 kQ2
pull-down resistors.

Programming equipment and software make PAL design de-
velopment quick and easy. Programming is accomplished
using TTL voltage levels and is therefore supported by sev-
eral conventional TTL PLD programming units. After pro-
gramming and verifying the logic array, an additional securi-
ty fuse may be programmed to prevent direct copying of
proprietary logic designs.

¢-¥091001/011vd 703

for a wide variety of application-specific functions, including
random logic, custom decoders, state machines, etc. By
programming fuse links to configure AND/OR gate connec-
tions, the system designer can implement custom logic as
convenient sum-of-products Boolean functions. System pro-
totyping and design iterations can be performed quickly us-
ing these off-the-shelf products.

The PAL10/10016C4-2 logic array has a total of 16 comple-
mentary input pairs, 32 product terms and 4 complementary
output functions. Each output function is the OR-sum of 8
product terms. Each product term is satisfied when all array
inputs which are connected to it (via intact fuses) are in the
correct state. Complementary outputs eliminate the need

Features

Highest speed: tpp = 2 ns max

Full 28-pin function

Programmable replacement for ECL logic

Both 100K and 10 KH 1/0 compatible versions

Four output functions with complementary outputs
Improved programmability tungsten fuses

Security fuse to prevent direct copying

Programmed on conventional TTL PLD programmers
Fully Supported by OPAL™ and OPALjr development
software

High density-High performance 28-pin PLCC package

Ordering Information Block Diagram

Programmable Array Logic Family

EGL I/0 Compatibility: PAL10/10016C42
10 = ECL 10KH 1 8 0
100 = ECL 100K ' —f—D_Sa
| —>
Number of Array Inputs 1 i_>
- Output Type: ' .
C = Complementary ETIY 8 LIPS
P = Programmable Polarity LTI _/_m 5
. | ——p]
Number of Qutputs ) _,:; D
— Speed Version: —2 = 2ns tpp s lakel .
| —— 8 -
Packaging: V = 28-Pin PLCC LA FIp
* Note: For DIP see PAL10/10016 | 8|
P4-2 datasheet 19
3 " ITP
Temperature Range: . T
C = Commercial: . T s %,
0°C to +75°C for 10 KH | ——p] 25 _
.. 0°Cto +85°C for 100K 0
. 1 L L P - TL/L/10454-2

Veg = 14, Voo = 28, Ve (5,6, 8,9) = 7
Veoo (21, 22, 24, 25) = 23
Pinout applies to 28-pin PLCC

2-141



ECL PAL10/10016C4-2

Absolute Maximum Ratings

—50 mA

If Military/Aerospace specified devices are required, Output Current
please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 seconds) .300°C
Office/Distributors f.or availability and speocnficatlons.o ESD Tolerance 1000V
Temperature Under Bias —55°Cto +125°C Czap = 100 pF ‘
Storage Temperature Range —65°Cto +150°C Rzap = 1500Q
VEg Relative to Ve —7Vto +0.5V Test Method: Human Body Mode!
Input Voltage Vegto +0.5V Test Specification: NSC SOP-5-028
Recommended Operating Conditions
Symbol Parameter Min Typ Max Units
Vee Supply Voltage 10KH —5.46 -5.2 —494 v
B , 100K —4.80 —~45 -4.20 -
T ~ Operating Temperature (Note) 10 KH 0 o +75 ‘, c
. 100K 0 +85
Electrical Characteristics over Recommended Operating Conditions
Output Load = 500 to —2.0V
Symbeol Parameter Conditions Ta Min Max | Units
ViH High Level Input Voltage Guaranteed Input Voltage 0°C —-1170 —840 ‘
High For All Inputs 10 KH +25°C —1130 } —810 mv
i ' +75°C —1070 —735
100K [ 0°Cto +85°C | —1165° | —880"
Vi Low Level Input Voitage Guaranteed Input Voltage C . 0°C —1950 | —1480
Low For All Inputs 10 KH +25°C . .—1950 | —1480 mv
. +75°C —1950 | —1450
100K | 0°Cto +85°C | —1810 | —1475
VoH High Level Output Voltage | ViNy = V| Max. or Vj_Min. 0°C .. |.—=1020 —840
* / 10 KH +25°C —9%80 | -810 |
+75°C —920 —735
100K | 0°Cto +85°C | —1025 —880 °
VoL Low Level Output Voltage | VN = V| Max. or Vi_Min. 0°C —1850 | —1630
. o ' 10KH +25°C —1950 [ —1630 "y
+75°C —1950 | —1600
100K | 0°Cto +85°C | —1810 | =1620°
Iy High Level Input Current VIN = Vi Max. 10KH 0°Cto i .
‘ : +75°C 220 nA
100K | 0°Cto +85°C
m Low Level Input Current ViN = Vi Min. 10 KH 0°Cto
‘ e : . +75°C . 05 pA
100K | 0°Cto +85°C 1
133 Supply Current Vgg = Min. 10KH | 0°Cto +75°C __220 mA
All Inputs and Outputs Open 100K | 0°Cto +85°C | - '

Note: Operating temperatures for circuits in PLCC packages are specified as ambient temperatures (T) with circuits in a test socket or mounted on a printed circuit
board and transverse air flow greater than 500 linear fpm is maintained.
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- . _ (2]

Switching Characteristics -

Over Recommended Operating Conditions, Output load: R, = 500 to —2.0V, C_ = 5 pF to GND g

Symbol . Parameter Measured Test Conditions Min Max Units 5

“tpp Inputto Output - Measured at 50% points ‘ 2.0 ns =

‘ o

t - QOutput Rise Time Measured between 0.25 1.25 ns —

t Output Fall Time 20% and 80% points 0.25 1.25 ns 3

| s
Timing Measurements v Test Load

' -0.9v
INPUTS 50%
-1V
, tpp
UTPUTS 50%

Connection Diagram

TL/L/10454-3

TL/L/10454-4

PLCC
I
/ 4]130E2]] 1 [28]f27][26
o5] 251 &
ofs] 24] o
Veoo |7] 23] Veco
o8] [22] o
o[9] [2i] &
1 [io] [20] 1
1 m| f19] 1
[2)fi3]fa]frs]fve]fi7]fre]
N
> TL/L/10454-5
Top View

Order Number PAL1016C4-2/PAL10016C4-2
See NS Package Number V28A
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ECL PAL10/10016C4-2

Functional Testing

As with all field-programmable devices, the user of the ECL
PAL devices provides the final manufacturing step. While
National’s PAL devices undergo extensive testing when
they are manufactured, their logic function can be fully test-
ed only after they have been programmed to the user’s pat-
tern.

To ensure that the programmed PAL devices will operate
properly in your system, National Semiconductor (along with
most other manufacturers of PAL devices) strongly recom-
mends that devices be functionally tested before being in-
stalled in your system. Even though the number of post-pro-
gramming functional failures is small, testing the logic func-
tion of the PAL devices before they reach system assembly
will save board debugging and rework costs. For more infor-
mation about the functional testing of PAL devices, please
refer to National Semiconductor’s Application Note #351
and the Programmable Logic Design Guide.

Design Development Support

A variety of software tools and programming hardware is
available to support the development of designs using PAL

BRI

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 downloaded
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 OPAL soft-

ware package from National Semiconductor supports all
programmable logic products available from National and is
fully JEDEC-compatible. OPAL software also provides auto-
matic device selection based on the designer's Boolean
logic equations. )

A detailed logic diagram showing all JEDEC fuse-map ad-
dresses for the PAL10/10016C4-2 is 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 Semiconductor
sales representative or distributor. If detailed specifications
of the ECL PAL programming algorithm are needed, please
contact the National Semiconductor Programmable Device
Support Department. )
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Logic Diagram—PAL1016C4-2/PAL10016C4-2

PLCC PIN PLCC PIN
NUMBER NUMBER
Vee l
INPUT LINE NUMBER —» 4 10 12 14 1618 20 22 24 26 28 30 "E__ZS
7 11 1315 |17]19 |21] 23 |25|27 |29)3s
1 s " 27
pand —
2 N 26
I 5]—-—-—-
3 ~
4 5
PRODUCT LINE — 512 I 25
FIRST CELL NUMBER 576
640 —28 24
704 —22
736
5
;5*2’ 800
6 864 Veco
896 _
928 23
960 oo
Veeo
7 ] 1024
20 22
1088—=2
15275,
1216 %8 21
8 ;:igmz
1376
1408
9 172 0
1504
20
T
19
35—
10 N 18
13- SN
11 ; " 17
13— SN
12 N 1 16
18 N
13 ! " 15
13 S
14 of2f 4f6| 8|t0f 12f14] 1618 2022 | 24| 26] 28]30
- 1 13 5 7 9 11 1315 1719 20 23 25 27 29 31
Vee

JEDEC logic array cell number = product line first cell number + input line number

TL/L/10454-6
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" Application Examples

@National

Semiconductor

Application Examples*

1.0 Bésic Gatés

This example demonstrates how fusable logic can implement the basic inverter, AND, OR, NAND, NOR and exclusive-OR
functions. The PAL12H6 is selected in this example because it’s architecture is simple and the implementation of the basic
gates can be understood very easily. It is good to note that PAL12H6 is an obsoleted device and can be replaced by GAL16V8.
The conversion to the GAL is shown in this example.

|
J L
K
" (o]
N

o[
o[E

./

20] Vec

Ho

s[4]
vl
V]
o[
o[E]

o

. GND |10

FIGURE 1.1. Basic Gates

TL/L/9991-1

*Applications contained in this section are for illustration purposes only and National makes no representation or warranty that such applications will be suitable for

the use specified without further testing or modification.
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1.0 Basic Gates (Continued)

OPALT™ INPUT FILE

title Basic gate

pattern GATES

revision A

author  Tarif Engineer

company National Semiconductor Corporation
Date 11/28/1989

chip GATES PAL12H6

; pin 1 2 3 4 5 6 7 8 9
c D F G M N P Q 1
;pin11 12 13 14 15 16 17 18 19
J K L R o H E B A
equations

= /A

=C*D

= F+6

J1+ 19+ /K
= /M* /N
=P * /Q

+ /P *Q

M OrxTmwm
"

: end of GATES

OPAL™ JEDEC FILE

PAL12H6

title Basic gate
pattern GATES

revision A

author Tarif Engineer
company National Semiconductor Corporation
Date 11/28/1989

*

QF0384*QP20*FO*

L0000
MmmeImmitmIITm
000000000000000000000000
000000000000000000000000
000000000000000000000000*
L0096

AL ARRRRRRRRRRRRRRERRRRE]
000000000000000000000000*
L0144
ARARIAREARRARRERRRARRRRE]
ARRER AR RS RRRRRRRARRRL
L0192
111111111110101111111111
000000000000000000000000*
10240
111111111111110110111111
111111111111111001111111*
L0288
1111111111110
TMNMMINMIMIMNMNININMIINMG
1MT11111111111111101111
000000000000000000000000*
C18B9*

0000

10
GND
20
vce

TL/L/9991-2

TL/L/9981-4

so|dwex3 uonesjddy
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Application Examples

1.0 Basic Gates (continued)

Document file

Device: 12H6
Pin  Label
1 c
2 D

3 F

4 G

S M
[ N

7 P

8 Q

9 1
10 GND
1 J
12 X
13 L
14 R
15 0
16 H
17 E
18 B
19 A
20 vce

Type
com
com
com
com
com
com
com
com
com

input
input
input
input
input
input
input
input
input

ground pin

com
com

input
input

pos,com output
pos,com output
pos,com output
pos,com output
pos,com output
pos,com output

com

input

power pin

Chip Diagram (DIP) -

C-jl
D2
F—3
c—4
M—]5
N—16
P—7
Q—8

1—19

GND—{10

-/

20 |—=Vee

19—A
18—B

TL/L/9991-35

TL/L/9991-6
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1.0 Basic Gates (Continued)

Inputs (0-31)

13 57 9 13 17 21 2527 2931
0|2y 4]6] 8 12 16 20| 24)26] 28|30

L

sa|dwex3 uones)ddy

<| 19 A

o
!M
1

> 18B

i

-

o

<

Bi) ‘l7E

[2]

~
N

N
©

Bi) 16H

o
[y

Bi> 15
33 (o}

Product Terms (0—63)

-~
N
o
i—‘
Y
Y

]

-~
s
oo
T
W
-

[~}

;g
T

13 1517 19 13 17 21 25127 129131
02 46 8 12 16 20 2426 2830

TL/L/9991-30
FIGURE 1.2. PAL12H6 Logic Diagram Showing Fuse Pattern of Basic Gates Example
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Application Examples

1.0 Basic Gates (Continued)

The previous basic gates example can be implemented using GAL16V8 as the target device and the conversion can be done by
using PAL2GAL utility offered by OPAL or OPAL;; software.

PAL2GAL will generate a GAL JEDEC file that replace PAL12H6 by GAL16V8.
GAL JEDEC FILE

(-]

GAL16V8

QF2194*QP20*F0O*

L0256
11111110111111111111111131111111%
L0512
01011111111111111121112111211111%
L0768
1111011211111111111111211121111111
11111111011111121111111112121121%
11024
11111111111110111011111111111111%*
L1280
11111111111111111111011110111111
11111111111111111111101101111111%
L1536
111111111112111212111111111111011
1111211112121311111211111111111110
11111111121211111111111111102111%
L2048

01111110%

L2056
0000000000000000000000000000000000000000000000000000000000000000%
L2120

10000001 %

L2128
0000000010000000100000001100000010000000110000001110000000000000 %
L2192

10%

C2755%

v0000

TL/L/9991-7
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2.0 Basic Flip-Flops

DESCRIPTION

In the Basic Gates application on the preceding pages,

each ‘gate’ was directly connected to an output pin. Here, K 1 ﬂJ
the output registers of the GAL16V8 are used. A simple RS

latch, a T (Toggle) flip-flop, a D flip-flop, and a JK flip-flop
are incorporated into a GAL16V8 (Figure 2.1). Each is
shown with its truth table and defining equations in Figures
2.2-2.5. Note that all 3 flip-flops have synchronous preset
(PR) and clear (CLR) inputs, while the RS latch does not.
Also, the RS latch is not connected to the clock input; this
was done to show the versatility of the GAL16V8—with a
GAL device, the user is not locked in to a specific architec-
ture. l 1
The CUPL design input file (Figure 2.6) and simulation file PR
(Figure 2.7) are constructed by the designer. Each output
must be given a distinct name, and any clocked circuit must
be denoted with an appropriate extension (.D) in the logic T D cir @
equations. The simulation file is again provided for design
verification.

This example has some subtle requirements that may not 6
be apparent to the first-time user. When the RS latch is not
being tested, it must remain in its latched state with the
output levels specified, or with the variable N (not tested)
specified instead. Also, when executing a preset or clear, J — cr @
remember that it will affect all flip-flops; even those not be- |
ing tested will still respond. Finally, all output levels should
be specified or marked with the variable N; the variable X, ‘ 8 TR o
which indicates a ‘don’t care’ condition, will not suffice.

19
— QST

| N
sa]jdwex3 uonea)ddy

18
—— QSC

Eu

Qi

Qrc

QoT

QDC

r

EEXAX:

CLR K cr @ Qe

OF

TL/L/9991-8
FIGURE 2.1. Basic Flip-Flops Pinout

s S|R|Qy|Qn+1 | Gn+1 | Comments
Q Q =S+ (ReQ
" e opof o 1 ! Invalid
ojo]| 1 1 1
01| 0 1 0
of1] 1] 1 0 Set
R Q@ Onvi=R+(@Ee0n
) 170( 0 0 1 Reset
TL/L/9991-9 1{o] 1 0 1 ose
111 0 0 1
Latch
101 1 1 0

FIGURE 2.2. RS Latch
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Application Examples

2.0 Basic Flip-Flops (continued)

PR

1 Q[_ Qu+1=PR+ CIReTeQy +
LR+ T+Ty)

Ok —> QF— Qn+1=CLR+ (PReTeQy) + (PReTeQy)

TL/L/9991-10
’ FIGURE 2.3. T Flip-Flop -

PR

p— Qf— Qn+1=PR+ (CIR*D)

" CLK —F

ol

r Qn+1 =CLR + (PRe D)

CLR
TL/L/9991-11
FIGURE 2.4. D Flip-Flop

ol onii=PR+ CREKeQy + @ReIeTY

J
CLK —L

K EL

Qn+1=CLR + (PReJeQy) + (PReK*Qy)

CLR
TL/L/9991-12

FIGURE 2.5. JK Flip-Flop

PR|CLR|T|Qn]Qn+1{ QN+ 1| Comments
1 1. [X] X 1 1 Invalid
11 0 [X] X 1 ‘0 Preset )
0| 1 [X{X] o 1 Clear
0f 00l 0 0 1

Hold
0| 0 |Of 1 1 [}
o| o o] 1 0

: Toggle

0] 0 1 0 1 99
PR|CLR|D|Qn|Qn+1]Qn+ 1| Comments
11 1 {X| X 1 1 Invalid
11 0 [X] X 1 0 Preset
of 1 (x|x] o 1 Clear
o 0 |0]O 0 1

Reset
0| o jof1 0 1
o 0 |1]0 1 0

Set
o o 1|1 1 0
PR|CLR|J|K|Qn|ON+1 6N+1 Comments;
11 1 |IX]X] X 1 1 Invalid
1] 0 |X[X| X 1 0 Preset
0] 1 {X|X]X] o 1 Clear
0| 0 |ojoj O 0 1

Hold
0| 0 |ofjof 1 1 0
o| oloJ1fo] o Reset
0| o0 [Of1f 1 0
0| o [1)0] 0 1 0

Set
0o o 1|0 1 1 0
0] o |1|{1]0 1. 0 Toagle
ol oftlaf1] o | 1 99
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2.0 Basic Flip-Flop (continued)

/****************************************ﬁi*****ﬂ**i***********/

so|dwex3 uonesddy

/* */
/* CUPL INPUT FILE */
/* Flip-flops and latches implemented in a GAL16V8 */
* *

;**t************************t**********************************;

PARTNO 456STX;

NAME FLIPFLOP;

REV 1;

DATE 4/11/86;

DESIGNER Joe Engineer;

COMPANY National Semiconductor;

ASSEMBLY Clock Board;

LOCATION U238;

/* RS latch */
pin (2,3,19,18]) = (S,R,QST,QSC);

/* T flip~flop */

pin [5,17,16) = [T,QTT,QTC):

/* D flip-flop */

i

pin [6,15,14) (D,QDT,QDC) ;
/* JK flip-flop */

pin [7,8,13,12) = [J,K,QJT,QJC];
/* control */

pin [1,4,9,11] = [CLK,PR,CLR,OE];
/* logic equations */

/* RS latch */

QST
QScC

'S 4 (R & QST);
IR # (S & QSC);

/* T flip-flop */

QTT.D
QTC.D

PR # (!CLR & !T & QTT) 4 (!CLR & T & QTC):
CLR # (!PR & !T & QTC) %4 (!PR & T & QTT):

/* D flip-flop */

QDT.D
QDC.D

PR # (D & !CLR);
CLR 4 (!D & !PR);

/* JK flip-flop */

QJT.D
QJC.D

PR # (J & QJC & !CLR) # (!K & QJT & !CLR);
CLR # (!J & QJC & !PR) # (K & QJT & !PR);

TL/L/9991-15
FIGURE 2.6. CUPL Input File
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Application Examples

2.0 Basic FIip-FIops (Continued)

/*******Q**t********************t***t********‘********gﬁt*******/

/* */
/* ; CUPL SIMULATION FILE */
/* Flip-flops and latches implemented in a GAL16V8 */
* *

;*****************************i*****ti*************************;

PARTNO 456STX;

NAME FLIPFLOP;

REV 1:

DATE 4/11/86;

DESIGNER Joe Engineer; .

COMPANY National Semiconductor;

ASSEMBLY Clock Board;

LOCATION U238;

/* The Order statement specifies the layout of the vector table.

%n = n spaces inserted between variables.

order: OE,%1,CLK,%2,S,R,%1,0ST,QsC, %2,PR,%1,CLR, %2,
T,%1,QTT,QTC,%2,D,%1,QDT,QDC, %2,J,K,%1,Q3T,QIC;

*/

vectors: ' :

/* RS-latch T-FF D-FF JK-FF */

/*OE CLK SR QSTQSC PR CLR T QTTQTC D QDTQDC JK QITQIC */
0 X 0l H L X X X X X X X X XX X X /* set */
0 X 10 L H X X X X X X X X XX X X /* reset */
0 X 11 L H X X X X X X X X XX X X /* latch */
0 X 10 L H X X X X X X X X XX X X /* reset */
0 X 01 H L X X X X X X X X XX X X /* set %/
0 X 11 H L X X X X X X X X XX X. X /* latch #*/
0 C 12 N N 1 0 X H L X N N XX N N /* preset */
0 C 11 N N 0 1 X L H X N N XX N N /*x clear */
0 C 11 N N o ©o 0 L H X X X XX X X /* hold #/
0 C 11 N N 0 0 1 H L X X X XX X X /* toggle */
0 C 11 N N o ©0 0 H L X X X XX X X /* hold */
0 C 11 N N o o0 1 L H X X X XX X X /* toggle */
0o C 11 N N o 0 1 H L X X X XX X X /* toggle */
0 ¢ 11 N N 1 0 X N N X H L XX N N /% preset */
0 ¢ 11 N N 0 1 X N N X L H XX N N /* clear */
0 ¢C 11 N N 0o 0 X X X 0O L H XX X X
0 C i1 N N 0 o0 X X X 1 H L XX X X /* test x/
0o ¢ 11 N N o 0 X X X 1 H L XX X X
0 C 11 N N (O] X X X 0O L H XX X X
0 ¢ 11 N N 1 0 X N N X N N XX H L /* preset */
0 C 11 N N 0 1 X N N X N N XX. L H /* cléar */
0 C 11 N N [V ] X X X X X X 01 L H
0 C 11. N N o 0 X X X X X X 00 L H /* hold */
0 C 11 N N 0 0 X X X X X X 11 H L /* toggle */
0 ¢C 11 N N 0O O X X X X X X 10 H L
0 C 11 N N o 0 X X X X X X 00 H L /* hold */
0 ¢ 11 N N 0 0 X X X X X X 11 L H /* toggle */
00 C 11 N- N 0 0 X X X X X X 10 H L '
0 C 11 N N 0o 0 X X X X X X 01 L H

FIGURE 2.7. CUPL Simulation File

TL/L/9991-16
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2.0 Basic Flip-Flops (continued) =1
]
o
ak—> l =
0123 4567 B 91011 12131413 18171319 20212223 24232827 28293031 ICK :
° v "‘
1 .
! $c 2 ast >
: oLMC I 3
. A (19) ©
’ @
2 3 " N . w
= &
11
: R—1"
I,‘: > L Qsc
u oLme I
18 :
8 3—
s N A
T3 &H
| I
18 v °
" $¢ am
9
n 3 oLMe I
2 (17)
3 a/
N 4
R—3 &
1 1
M p— v .
%
u » L= q1c
@
u oLMe
16
» o (16)
5 IN "
T—R ﬂ_
N - =
33
13
= Eb—om
oLmMe
i (15)
5 O
. N A
13 &
. ¥ ,
3 14
s ——QDC
OLMC
“ (14)
a7 .
T I~ -1 :
> 5H -
] i
] - A '
L
—
52 oLMC
b (13)
55
8 IN "
T3 &H
s =
57 | o ! 12
b —QJC
- oLMe
62 (12) |
[N

CLR ’—fz H

0123 4567 891011 12131415 16171819 20212223 24252627 28293031

p— 0L

TL/L/9891-17
FIGURE 2.8. GAL16V8 Logic Diagram Showing Basic Flip-Flops Pattern
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Application Examples

3.0 Quad 4-to-1 Multiplexer

DESCRIPTION

Widely used in computer and data communications circuits,
multiplexers route one of several input banks to an output,
based on the condition of select inputs. This particular ver-
sion has 4 input banks, each 4-bits wide (Figure 3.1); there-
fore, two select lines are required to choose 1 of 4 inputs, as
shown in the function table of Figure 3.2. Possible applica-
tions for our multiplexer include bus selection in a multibus
computer environment, or data manipulation in an arithme-
tic/logic circuit. '

With a total of 16 multiplexer inputs and two Select inputs,
this design is well suited for the GAL20V8. The pinout cho-
sen for this example is shown in Figure 3.3; actual pin place-
ment of the multiplexer outputs is not critical since the ver-
satility of the GAL20V8 allows the designer to choose that
combination of output pins that best suits the board layout.
The device was programmed using ABEL; the logic design
input files are shown in Figure 3.4, with reduced equations
shown in the document-generator file of Figure 3.5. The
‘fuse’ map is shown in Figure 3.6.

SELECT *

L

4:1

_Ao—b
o —p
o—;)
Az —

o —P .
4:1 ey
o =i Ao
By L Aout
» Bour
» Cour
~—p Dour

INPUTS ) I ] OUTPUTS

Co —]
o —
°« —
C; —»

Dy —»|-
o —p
o —>

4:1

. TL/L/9991-23
FIGURE 3.1. Block Diagram

oal So | Aour_ Bour  Cour Dour
0 0 Ao Bo Co Do
0 1 Aq B4 Cq D4
1 0 Ao Bs Co D2
1 1 Ag B3 Cs D3
FIGURE 3.2. Function Table
-/
Ag—{1 241-vee
A2 23|~s,
A,—3 2215,
A;—4 21f=Agyr
By—{5 20 f~Boyr
B cazovs [ Cour
B,—{7 18 |~Doyt
Bs—{8 17}=D;
co—9 16}=D,
c,—{10 15 |-,
c, 1 14}-D,
GND—{12 13}=cy

FIGURE 3.3. Pinout Diagram

TL/L/9991-24
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3.0 Quad 4-to-1 Multiplexer (continued)

module quad_4tol_mux

title ’‘ABEL INPUT FILE
Quad 4 to 1 Multiplexer in a GAL20VS April 17, 1986
National Semiconductor Joe Eng’
"device declaration

“"location keyword device code
us device ’P20V8S’;

"pin declaration

"inputs
AO0,A1,A2,A3 pin 1,2,3,4;
BO,B1,B2,B3 pin 5,6,7,8;

co,C1,Cc2,C3 pin 9,10,11,13;
bo,D1,D2,D3 pin 14,15,16,17;

"outputs
Aout, Bout,Cout,Dout pin 21,20,19,18;

"control
S0,S1 pin 22,23;
equations

Aout = (!S1 & !S0 & A0)
(S1 & !SO & A2)

(!S1 & SO & Al) #
(S1 & S0 & A3);

Bout = (!S1 & !SO & BO)
(S1 & !S0 & B2)

(!S1 & SO & Bl) #
(S1 & SO & B3);

3= I 2= 3k

Cout = (!S1 & !S0 & CO)
(S1 & !s0 & C2) .

(1S1 & SO & C1) #
(S1 & SO & C3);

Dout = (!S1 & !SO & DO)
(S1 & !SO & D2)

(1S1 & SO & D1) #
(S1 & SO & D3);

W LI

test_vectors

([s1,s0,A0,AL,A2,A3,B0,B1,B2,B3,C0,C1,C2,C3,D0,D1,D2,D3] ->
[Aout, Bout, Cout,Dout])

" S S A A B B C cCD D outputs
"100123012301230123 ABCD
' " select

[0:orlfololorol1101010:0111010101011] -> (1,0,0,0); "AO,BO,CO,DO
(o,1,1,0,0,0,0,1,0,0,0,0,1,0,0,0,0,1) -> (0,1,0,0); "Al,B1,C1,D1
(o90,1,090,0,0,0,1,0,0,0,0,1,0,0,0,0,1] -> (0,0,1,0); "A2,B2,C2,D2
[11lr1roa°l°l°i1'0'0101011:010101011] -> (0,0,0,1); "A3,B3,C3,D3
(o,0,1,1,1,0,1,1,0,1,1,0,1,2,0,1,1,1]) -> (1,1,1,0]; "AO0,BO,C0,DO
[OI1!llllllolll1I0I1I110I1l11011I1I1] -> [1,1,0,1); "Al,Bl,Cl,Dl
[llolllllllolll1lolllllolllllolllll1] -> (1,0,1,1]; "A2,BZ,C2,DZ
(,1,,1,1,90,1,1,90,1,2,0,1,1,0,1,1,2) -> (0,1,1,1); ™A3,B3,C3,D3

TLIL/9991-25
FIGURE 3.4. ABEL Input File
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3.0 Quad 4-to-1 Multiplexer (continued)

ABEL(tm) Version 1.19 - Document Generator:

Quad 4 to 1 Multiplexer in a GAL20V8 April 17, 1986

National Semiconductor
Equations for Module quad_4tol_mux

Device U8

Reduced Equations:

Aout = (A0 & !SO & !S1
# Al & SO & !S1
# A2 & !SO & S1
# A3 & SO & S1);

Bout = (BO & !S0 & IS1
4 Bl & SO & IS1
# B2 & !S0 & S1
# B3 & SO & S1);

Cout = (CO & 1SO0 & !S1
# C1 &s0&ls1
# C2 & 1S0 & S1
# C3 & SO & S1);
Dout = (DO & !S0 & !S1

# D1 & SO & !S1
# D2 & !SO & S1
# D3 & SO & S1):

- FIGURE 3.5. Reduced ABEL Equations

- Joe Eng

TL/L/9991-26

2-158




3.0 Quad 4-to-1 Multiplexer (continued)

QP24+ QF2706%
L0000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
1101111011101111111111111111111111111311
01111110110111111111111111111111311111111
1111010111101121311112111111133111111111
1111110101011111111111112111111111111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
. 11111110111001113212111112211112111311111
1111111011011111011111111211112121111211
1111110111101111111101111111121111211111
1111110111012111111111110111111111111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000 .
11111110111021111111111111110112111121111 . . '
1111111011011112122311121211111101111111 .
111111011110111121111131111211111111110111
1111110111011111111111111111111111111101
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000003000000000000000000
111111101110121111111121111111111111011111
1111111011011111111111111111110111111111
1111110111101111111112111101111111111111
1111110111011111111111011111111111111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000*
L2360
01111000+
L2568
0000000000000000000000000000000000000000000000000000000000000000*
L2612

sajdwex3 uonesiddy

L2640
31111122221212212211222123211232111111121211221110222121111111110111e
L2704

10%

V0001 10000100001N00001LLLHOON®
V0002 10000100001N0000ILLHL1ON®
V0003 10000100001NO00OLLHLLO1N®
V0004 10000100001NO000IHLLLLIN®
V0005 11101101101N10111LHHHOON®
V0006 11101101101N10112HLHH10N®
V0007 11101101101N10111HHLHOIN®
V0008 11101101101N10111HHHL1IN®
C3127+

TL/L/9991-27
FIGURE 3.6. ‘Fuse’ Map
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4.0 Dual 8-to-1 Muitiplexer

The Dual 8:1 Mux selects one of eight inputs, DO through
D7, specified by three binary select inputs, A, B and C. The
true data is output on Y when strobed by S. The circuit is
implemented using a GAL22V10.

LOGIC SYMBOL

Voo A B € S 1Y 2y 207 206 205 204 203 .
24 |23 |22 |21 |20 J19 j18 |17 |16 |15 |14 {13 °

A B C § 1Y 2y 207 206 205 204

100 203

101 102 103 104 105 106 107 200 201 202

1 2 3 |4 |5 |6 |7 |8 |9 |w In {2

100 10% 102 103 104 105 106 107 200 201 202 GND
TUL/L/9991-28
Pinout

FUNCTION TABLE
Inputs Output

Select Strobe v
[ B A S
X X X H H
L L L L DO
L L H L D1
L H L L D2
L H H L D3
H L L L D4
H L H L D5
H H L L Dé
H H H L D7
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4.0 Dual 8-to-1 Multiplexer (Continued)

LOGIC DIAGRAM
pual 8:1 Mux

23 22 2 20
Y Y
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4.0 Dual 8-to-1
OPAL™ INPUT FILE
title

Multiplexer (continued)

Dual 8 to 1 multiplexe

pattern mux8tl
revision B

author Tarif Engineer
company NSC

Date

1/8/92

chip mux8tl GAL22V10

1D0 1D1 1D2 1D3 1D4 1D5 1D6 1D7 2D0 2D1 2D2 GND

2D3 2D4 2D5 2D6 2D7 2Y ‘1Y S °C B A VCC

equations

/1Y = ./1DO0 . * /C * /B * /A * /S
+ /1DO * /C * /B * A % /S~
+ /1DO * /C * B .* /A * /S
+ /1DO * /C * B * A * /S
+ /1DO * C * /B * /A *./S .
+ /1DO * C * /B * A * /S
+ /1DO * C * B * /A * /S
+ /1D0O * C * B * A % /S

/2Y = /2D0 * /C % /B * /A * /S
+ /2D1 * /C * /B % A * /S~
+ /2D2 * JC * B * /A * /S
+ /2D3 * JC * B * A * /S
+ /2D4 * C * /B * /A * /S
+ /2D5 * C * /B * A * /S
+ /2D6 * C * B * /A * /S
+ /2D7 * C * B * A * /S

TL/L/9991-FO
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4.0 Dual 8-to-1 Multiplexer (continued)

OPAL™ JEDEC FILE

-]
GAL22V10
EQN2JED - Boolean Equations to JEDEC file assembler (Ver51on V029)
Copyright (c) National Semiconductor Corporation 1990,1991
Assembled from "C:\OPAL102\MUX8T1.EQN". Date: 1-9-92

title Dual 8 to 1 multiplexer

pattern mux8tl

revision B

author Tarif Engineer

company NSC

Date 1/8/92

*

NOTE PINS 1DO:1 1D1:2 1D2:3 1D3:4 1D4:5 1D5:6 1D6:7 1D7:8 2D0:9%*
NOTE PINS 2D1:10 2D2:11 GND:12 2D3:13 2D4:14 2D5:15 2D6:16 2D7:17*
NOTE PINS 2Y:18 1Y:19 S:20 C:21 B:22 A:23 VCC:24%*
QF5892*QP24*FO*

L2156

11111111111211312212111111211122111111111111111
10101110111022101121111113111111111111111111
10011110111011101121111111111211211111111111111
101011011110111021111113131131111111121111111
10011101111011101111211111111111111111311111
10101110110111102111111111312111111111111111
1001111011011210111111113313111111111111111111
1010110111021212101111111111111111111111111111
10011101110111101111111111111111111111111111*

L2904

111ll111111111111111111111111111111111111111
1110111011101110111122111111121231101111111111
1101211011101210131111131111111111111110111111
11101101111012202111131133133121121111111111011
1101110111101110112211111211131111111111111110
11101110110111101221111111311121111111111101111
110111101101111021111111131311111111011111111
11101101110111101111312121111311110111121111111
11011101110111101111111111101111111111111111*

15808

01010101010101010101+*

15828
OOOOOOOOOO000000000000000000000000000000000000000000000000000000*
C551B*

v0000

TL/L/9991-F1
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4.0 Dual 8-to-1 Multiplexer (continued)

EQN2JED - Boolean Equations to JEDEC file assembler (Version VO029)
Copyright (c) National Semiconductor Corporation 1990,1991

Document file for»C \0PAL102\MUX8T1 EQN

Device: - G22V10

$LABELS 24 1DO 1D1- lDZ 1D3 1D4 1D5 1D6 1D7 2D0 2D1 2D2 GND 2D3 2D4 2D5 2D6

2D7 2Y 1Y S C B A VCC

Pin Label

1 1D0
2 1D1
3 1D2
4 1D3
5 1p4
6 . 1D5,
7 1D6
8 1p7
9 2D0
10 2D1
11 2D2
12 GND
13 2D3
14 2D4
15 2D5
16 2D6
17 2D7
18 2y
19 1y
20 S
21 c
22 B
23 A
24 vee

Type
pos, com
unused
unused
unused
unused
unused
unused
unused
pos,con
pos,com
pos,com

input

input
input
input

ground pin

pos,com
pos, com
pos, con
pos, com
pos, com

input
input
input

input . .

input

neg,trst com output
neqg, trst,com output’

pos, com
pos,com

' pos,com

pos, com

input
input
input
input

- power pin

Chip Diagram (DIP)

Y4 :
w1 T v
1012 PL] Y
1023 2}-8
1034 21f-¢
1D4—5 20}-s
1056 10f-1v
106—]7 18 -2y
1078 17207
2009 16 }—206

2D1 =
2D2 =~
GND =

N - O

15
14
13

TL/L/9991-53

. TL/L/9991-F4
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5.0 7-Bit Counter with Parallel Load

DESCRIPTION

In this example, a GAL20V8 implements a seven-bit counter
with asynchronous carry-out and load functions. As illustrat-
ed in the block diagram (Figure 5.17) and pinout diagram
(Figure 5.2), the carry-in and carry-out pins make the coun-
ter fully cascadable to form larger counters. The CUPL de-
sign input files are shown in Figure 5.3, and simulation files
in Figure 5.4. Note that the counter requires seven registers
and one asynchronous output, taking full advantage of the
generic architecture of the GAL20V8.

LOAD =l
00 ) el Ty 7S
(0g~Dg) COUNTER (2=0g)
CARRY [N et
pmefp CARRY OUT
CLEAR ==rem—ppf
TL/L/9991-37
FIGURE 5.1. Block Diagram

./

CLK=—{1 24 =Vee
Dp—2 23 f=CARRY IN
0,—3 22}—qq
D,—]4 21f-q,

Ds=15 2010,
%418 caoovs "[7%
05~{7 181—Q,
Dg—48 17f=05
LOAD—{ 9 16f—0g
CLEAR—]10 : 15 |=CARRY OUT
-1 14—
GND~—{12 13p~0E
TL/L/9991-38
FIGURE 5.2. Pinout Diagram
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"Application Examples

5.0 7-Bit Counter with Parallel Load (continued)

/i*t**************i***********ii**********i********************/

/* 1\-/ .
/* CUPL INPUT FILE o ‘ N ¥
/* , DESIGN INPUT FOR 7-BIT COUNTER Y
/* ) *

/****a**i*********************tt*awiy**i***g*********iﬁit******/

/* ‘ ALLOWABLE TARGET DEVICE: GAL20V8 . . YA

JARRRIAARIRRRRN AR IR AR KRR RRR IR R RNR R AR RARAXKRRIRRKIRRARRR A A/
PARTNO 7BITCNT ;

NAME 7-BIT COUNTER :;

REV 01 ;

DATE 10/08/85 ;

DESIGNER Joe Engineer;

COMPANY National Semiconductor;
ASSEMBLY 3A-27 ;

LOCATION uoe6 ; .

PIN 1 = CLK ; /* CLOCK INPUT */
PIN 2 = DO ; /* DATAO INPUT */
PIN 3 = D1 ; /* DATAl INPUT */
PIN 4 = D2 ; /* DATA2 INPUT */
PIN 5 = D3 ; /* DATA3 INPUT */
PIN 6 = D4 ; /* DATA4 INPUT */
PIN 7 = D5 ; /* DATAS5 INPUT */
PIN 8 = D6 ; /* DATA6 INPUT */
PIN 9 = LD ; /* LOAD CONTROL */
PIN 10 = CLEAR:; /* ASYNCHRONOUS CARRY-IN */
PIN 13 = !OE ; /* OUTPUT ENABLE */
PIN 15 = CARRYOUT ;

PIN 16 = Q6 ; /* COUNTER MSB */
PIN 17 = Q5 ;

PIN 18 = Q4

PIN 19 = Q3 ;

PIN 20 = Q2 ;

PIN 21 = Q1 ;

PIN 22 = QO ; /* COUNTER LSB #*/
PIN 23 = CARRYIN ; /* CARRY-IN FOR CASCADING */

TL/L/9991-39

FIGURE 5.3. CUPL Design Input File
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>
. . o
5.0 7-Bit Counter with Parallel Load (continued) g1
o
: 0)
Q0.D = (LD & DO /* LOAD DO */ =
# !LD & !Q0 & CARRYIN) & !CLEAR; /* TOGGLE */ 3
5
Q1.D = (LD & D1 /* LOAD D1 */ 3
# 'LD& !Q1l & QO & CARRYIN ‘ /* TOGGLE */ =3
# 'LD& Q1 & !QO0) & !CLEAR; . /* HOLD */ e
Q2.D = (LD & D2 /* LOAD D2 */
# !LD& !Q2 & Q1 & QO & CARRYIN ' /* TOGGLE */
# !LD& Q2 & !Q1 /*  HOLD #/
4 !LD& Q2 & !QO0) & !CLEAR; /* HOLD «/
Q3.D = (LD & D3 /* LOAD D3 */
# !LD& !Q3 & Q2 & Q1 & QO & CARRYIN /* TOGGLE */
# !'LD& Q3 & !Q2 /* HOLD */
# !LD& Q3 & !Q1 /* HOLD */
# !LD& Q3 & !QO0) & !CLEAR; /* HOLD */
Q4.D = (LD & D4 . . S : /* LOAD D4 */
# !LD& !Q4& Q3 & Q2 & Q1 & QO & CARRYIN /* TOGGLE */
# !'LD& Q4 & !Q3 /* HOLD */
# 'LD& Q4 & !Q2 : ) /*  HOLD %/
# 'LD& Q4 & !Q1 : : : /* HOLD #/
# !LD& Q4 & !QO0) & 'CLEAR,- /* HOLD #/
Q5.D = (LD & D5 . . /* LOAD D5 */
# 'LD& !Q5& Q4 & Q3 & Q2 & Q1 & QO
& CARRYIN ‘ /* TOGGLE */
4 'LD& Q5 & !Q4 ‘ /* HOLD */
# !LD& Q5 & !Q3 /* HOLD */
# !LD& Q5 & !Q2 /* HOLD */
# !LD& Q5 & 'Q1 ‘ /* HOLD */
# !LD& Q5 & !QO0) & !CLEAR; e /* HOLD */
.Q6.D = (LD & D6 S /* LOAD D6 */
# !LD& !Q6& Q5 & Q4 & Q3 & Q2 & Q1 & QO
& CARRYIN ‘ , /* TOGGLE */
# LLD& Q6 & !Q5 : /* HOLD */
# !LD& Q6 & !Q4 /* HOLD #/
# !LD& Q6 & !Q3 . : /* HOLD #/
# !LD& Q6 & !Q2 - /* HOLD #/
# !LD& Q6 & !Q1 : /*  HOLD %/
# !LD& Q6 & !QO0) & !CLEAR; /* HOLD 1/
CARRYOUT = !LD & Q6 & QS & Q4 & Q3 &§Q2 & Q1 & QO
C & CARRYIN; /* CARRY-OUT #*/
: . TL/L/9891-40
FIGURE 5.3. CUPL Design input File (Continued)
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5.0 7-Bit Counter with Parallel Load (continued)

/Q*ﬁ*"ﬁiiﬁQ**ﬁﬁi*i**Q**iii**t"ﬁ'.ﬁ"ﬁ**ﬁiihi*ﬁii*"ﬁﬁﬁi#k*i*ﬁ/

/* */

/* CUPL INPUT FILE */

/* SIMULATION FOR 7-BIT COUNTER */
* *

/ﬁ***i*’i*iii*.iﬁﬁ****iii*ﬁttﬁitti*.*.****ii*ﬂ*t'*h*‘*i.ﬁtt'ﬁiﬁ/

/* ALLOWABLE TARGET DEVICE: GAL20VS 74

P T L T T LY
PARTNO 7BITCNT

NAME 7-BIT COUNTER ;

REV 01 ;

DATE 10/08/85 ;

DESIGNER Joe Engineer;

COMPANY National Semiconductor;

ASSEMBLY 3A=-27

LOCATION uoe

ORDER:

CLK, !OE, CLEAR, LD, CARRYIN, D6, D5, D4, D3, D2, D1, DO, Q6,
Q5, Q4, Q3, Q2, Q1, QO, CARRYOUT;

VECTORS: