e

Advanced
Micro
Devices

PAL Device
Data Book

Introduction n
PAL Device Data Sheetsn
Sequencer Data Sheets n

ECL/PGA Data Sheets n

General Information B

Design and Programming n

Quality and Reliability n
Appendicesn

© 1990 Advanced Micro Devices, Inc.

Advanced Micro Devices reserves the right to make changes in its products
without notice in order to improve design or performance characteristics.

The performance characteristics listed in this document are guaranteed by specific
tests, correlated testing, guard banding, design and other practices common to the industry.
For specific testing details contact your local AMD sales representative.

The company assumes no responsibility for the use of any circuits described herein.

901 Thompson Place, P.O. Box 3453, Sunnyvale, California 94088
(408) 732-2400 TWX: 910-339-9280 TELEX: 34-6306



AMD thanks you for your interest in our programmable logic products. As world leaders
and patent-holders on the PAL® device and ever-popular 22V10 architecture, we continue
expanding our line in order to serve you better.

In this Data Book, we especially call your attention to our comprehensive offering of EE
CMOS universal PAL devices. The distinctive blue pages will lead you straight to these
low-power, reprogrammable choices. And please stay intouch with AMD aswe have many
excellent additions coming for you.

May all your projects be completed and go to market on time!

(Lot D Gl

Director of Marketing
Programmable Logic




Description

This 1990 PAL® Device Data Book is your complete guide to all data sheets and
supporting information on programmable logic devices (PLDs) from Advanced Micro
Devices, including those originally from Monolithic Memories, Inc. The blue pages
highlight information relating to CMOS products.

The PAL Device Data Book is organized into eight easy-to-use sections:

1. Introduction
Includes an overview of the AMD PLD family. Highlights the advantages of each
product; excellent for the new user.

2. PAL Device Data Sheets
Includes complete data sheets for all PAL devices offered by AMD, including both
bipolar and CMOS devices. Order is alphanumeric.

3. Sequencer Data Sheets

Complete data sheets for the Programable Logic Sequencers (PLS) and Field-Pro-
grammable Controliers (FPC), and information on the Programmable Event Generator
(PEG™ device).

4. ECL/PGA Data Sheets

Complete data sheets for the high-speed ECL PAL devices, and information on the
high-density Programmable Gate Arrays (PGAs). The Programmable Gate Arrays are
described in more detail in a separate PGA Data Book.

5. General Information
Includes military processing information, definitions of data sheet parameters, and
package information.

6. Design and Programming

Includes information on AMD and third-party PLD software programs. Note that
AMD’s PALASM® software is now documented in a separate User’s Manual. For
design examples, see the PAL Handbook. This section also contains helpful program-
ming information and a complete listing of approved programmers. Testing consid-
erations for programmabile logic are discussed. Includes new material on design
considerations for high-speed bipolar and CMOS logic.

7. Quality and Reliability
Includes information on AMD PLD process technologies and quality procedures.

8. Appendices
Quick reference information, including replacements for PLDs no longer in this data
book.

Call your local AMD sales office, listed at the back, for updated information on these
products and the latest new products. If you have any questions or comments on
PLDs or any other products, please contact your local AMD sales office or call the
AMD Applications Hotline at (800) 222-9323.
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Introduction

e

The Programmable Array Logic device, commonly known as the
PAL® device, was invented at Monolithic Memories, now a part
of Advanced Micro Devices, over 14 years ago. The concept for
this revolutionary type of device sprang forth as a simple solution
to the shortcomings of discrete TTL logic.

The successfully proven PROM technology which allowed the
end user to “write on silicon” provided the technological basis
which made this kind of device not only possible, but very popular
as well.

The availability of design software made it much easier to design
with programmable logic. As designers were freed from the
drudgery of low-level implementation issues, new complex de-
signs were easier to implement, and could be completed more
quickly.

This chapter outlines some basic information essential to those
who are unfamiliar with Programmable Logic devices (PLDs).
The information may also be useful to those who are current users
of programmable logic. The specific issues which need to be
addressed are:

+ Whatis a PLD?

» What other implementations are possible?

+ What advantages do PLDs have over other
implementations?

WHAT IS A PLD?

In general, aprogrammable logic device is a circuit which can be
configured by the user to perform a logic function. Most “stan-
dard” PLDs consist of an AND array followed by an OR array,
either (or both) of which is programmable. Inputs are fed into the
AND array, which performs the desired AND functions and
generates product terms. The productterms are then fed into the
OR array. In the OR array, the outputs of the various product
terms are combined to produce the desired outputs. There are
three fundamental types of standard PLD: the PROM, the PAL
device, and the PLS device.

PROMs

PROMs are usually thought of as memory elements. However,
the PROM has a fixed AND array (which decodes the memory

address) followed by a programmable OR array (Figure 1). For
each of a given set of input combinations (addresses), it gener-
ates a value which has been programmed into the device.
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PAL Devices

The PAL device has a programmable AND array followed by a
fixed OR array (Figure 2). The fact that the AND array is
programmable makes it possible for the devices to have many
inputs. Thefactthatthe OR array is fixed makes the devices small
(which means less expensive) and fast.

PLS Devices

The PLS (Programmable Logic-based Sequencer) devices are
based on the standard PLA architecture (Figure 3), where both
the AND and the OR arrays are programmable. This arrange-
ment allows for greater overall flexibility. The architecture is a bit
more costly in terms of die size and speed, so for simple logic
functions, a PAL device is usually more cost effective. However,
this architecture is very effective for sequencers, where the
flexibility allows larger state machines than might fit in a PAL
device.

Other PLDs

In addition to the basic sum-of-products PLDs, some more
complex PLDs dedicated to sequencing are available, most
notably the Am29CPL151 and the Am29CPL154. Their architec-
tures are described elsewhere in the data book, but their funda-
mental benefits are the same as those of the more traditional
PLDs.

2 l

Y

3

M

In practice, the distinctions between architectures are not as
significant as the differences between the types of functionsto be
performed.

WHAT OTHER IMPLEMENTATIONS ARE
POSSIBLE?

There are essentially four alternatives to programmable logic:

« Discrete Logic

« Gate Arrays

« Standard Cell Circuits
« Full Custom Circuits

Discrete Logic

Discrete logic, or conventional TTL logic, has the advantage of
familiarity; hence its popularity. It is also quite inexpensive when
only unit cost is considered. The drawback is that the implemen-
tation of even a simple portion of a system may require many units
of discrete logic. There are “hidden” costs associated with each
unit that goes into a system, which can render the overall system
more expensive.

Designing with discrete chips can also be very tedious. Each

design decision directly affects the layout of the board. Changes
are difficultto make. The designis also more difficultto document,
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making it harder to debug and maintain later. These items all
contribute to a long design cycle when discrete chips are used
extensively.

Gate Arrays

Gate arrays have been increasing in popularity. The attractive-
ness of this solution lies in the device’s flexibility. By packing the
functions into the device, a great majority of the available silicon
is actually used. Since such a device is customized for an
application, it would seem to be the optimum device for that
application.

However, one also pays substantial development costs, espe-
cially in the case of a design which needs changes after silicon
has already been processed. Even though the unit costs are
generally quite low for gate arrays, the volumes required to make
their use worthwhile excludes them as a solution for many
designers. This fact, added to the long design cycle and high risk
involved, make this solution practical for only a limited number of
designers.

Standard Cell Circuits

Standard cell circuits are quite similar to gate arrays, their main
advantage being that they consist of a collection of different parts
of circuits which have already been debugged. These circuits are

then assembled and collected to perform the desired functions.
This can ideally lead to reduced turnaround from conception to
implementation, and a much more efficient circuit.

The drawback is that even though the individual components of
the circuit have been laid out, a complete layout must still be per-
formedto arrange the cells. Instead of just customizing the metal
interconnections, as is done in a gate array, the circuit must be
developed from the bottom up. Development costs can be even
higher than for gate arrays, and despite the standard cell concept,
turnaround time often tends to be longer than planned. Again, the
volume must be sufficiently high to warrant the development
costs.

Full Custom Circuits

Full custom designs require that a specific chip be designed from
scratch to perform the needed functions. The intent is to provide
asolution which gives the designer exactly what is needed for the
application in question; no more and no less. Ideally, not asquare
micron of silicon is wasted. This normally results in the smallest
piece of silicon possible to fit the needs of the design, whichinturn
reduces the system cost. Understandably, though, development
costs and risks for such a design are extremely high, and volumes
must be commensurately high in order for such a solution to be
of value.
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WHAT ADVANTAGES DO PLDS HAVE OVER
OTHER IMPLEMENTATIONS?

As user-programmable semicustom circuits, PLDs provide a
valuable compromise which combines many of the benefits of
discrete logic with many of the benefits of other semicustom
circuits. The overall advantages can be found in several areas:

« Ease of design
* Performance
+ Reliability

« Cost savings

Ease of Design

The supporttools available for use in designing with PLDs greatly
simplify the design process by making the lower-levelimplemen-
tation details transparent. In a matter of one or two hours, a first
time PLD user can learn to design with a PAL device, program it,
and implement the design in a system.

The design support tools consist of design software and a
programmer. The design software is used in generating the
design; the programmer is used to configure the device. The
software provides the link between the higher-level design and
the low-level programming details.

Allof the available design software packages (of which Advanced
Micro Devices’ PALASM® software is the most widely used)
perform essentially the same tasks. The design is specified with
relatively high-level constructs; the software takes the design and
converts itinto aform which the programmer uses to configure the
PLD. Most software packages provide logic simulation, which
allows one to debug the design before actually programming a
device. The high-level design file also serves as documentation
of the design. This documentation can be even easier to
understand than traditional schematics.

Depending on the capabilities desired, a device programmer can
cost anywhere from under $1,000.00 te around $15,000.00 for a
high-volume production programmer. Many PLD users do not
find it necessary to purchase a programmer; it is often quite cost
effective and convenient to have either the manufacturer or an
outside distributor do the programming for them. For design and
prototyping, though, it is very helpful to have a programmer; this
allows one to implement designs immediately.

The convenience of programmable logic lies in the ability to
customize a standard, off-the-shelf product. PLDs can be found
in stock to suit a wide range of speed and power requirements.
The variety of architectures available also allows a choice of the
proper functionality for the application at hand. Thus adesigncan
be implemented using a standard device, with the end result
essentially being a custom device. If a design change is needed,
it is a simple matter to edit the original design and then program
anew device, or, in the case of reprogrammable CMOS devices,
erase and reprogram the old device.

Board layout is vastly simplified with the use of programmable
logic. PLDs offer great flexibility in the location of inputs and
outputs on the device. Since larger functions are implemented
inside the PLD, board layout can begin once the inputs and

outputs are known. The details of what will actually be inside the
PLD can be worked out independently of the layout. In many
cases, any needed design changes can be taken care of entirely
within the PLD, and will not affect the PC board.

Performance

Speedis one of the mainreasonsthat designers use PAL devices.
The TTL PAL devices presently on the market can provide better
performance than the fastest discrete logic available. ECL PAL
devices extend the benefits of programmable logic to the even
higher-speed realm of ECL logic. Today’s fastest PALdevices are
being developed on the newest technologies to gain every extra
nanosecond of performance.

Performance cannot come strictly at the expense of power
consumption. Since PLDs can be used to replace several
discrete circuits, the power consumption of a PLD may well be
less than that of the combined discrete devices. As more PLDs
are developed in CMOS technology, the option for even lower
power becomes available, including zero standby power devices
for systems which can tolerate only minute standby power con-
sumption.

Reliability

Reliability is an area of increasing concern. As systems get larger
and more complex, the increase in the amount of circuitry tends
to reduce the reliability of the system; there are “more things to go
wrong”. Thus a solution which inherently reduces the number of
chips in the system will contribute to higher reliability. Aprogram-
mable logic approach can provide device quality levels up to 50
parts per million (ppm), while also providing a more reliable
solution due to the smaller number of devices required.

With the reduction in units and board space, PC boards can be
laid out less densely, which greatly improves the reliability of the
board itself. This also reduces crosstalk and other potential
sources of noise, making the operation of the system cleaner and
more reliable.

Cost

Forany design approach to be practical, it must be cost effective.
Cost is almost always a facter in considering a new design or a

design change. But the calculation of total system cost can be
misieading if not all aspects are considered. Many of the costs
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introduction

can be elusive or difficult to measure. For example, it is difficult
to quantify the cost of market share lost due to late product
introduction.

The greatest savings over a discrete design are derived from the
fact that a single PLD can replace several discrete chips. Board
space requirements can drop by 25% or more when PLDs are
used. Figure 4 illustrates some of the costs of the various
solutions discussed so far, with many of the factors that may not
always be considered included for comparison. These involve
such items as inventory costs, inspection costs, test costs, board
materials costs, and of course the very costly time spent design-
ing and debugging such systems, and isolating and replacing
units which fail. With each design change, the cost of a custom
solution rises dramatically, while that of a user-customizable
approach is minimal. The relationship between the various
alternatives is summarized in Figure 5.

Another economic benefitofthe use of PLDsis that when one PAL
device is used in several different designs, as is often the case,
the user has not committed that device to any cne of the particular
designs until the device has been programmed. This means that
inventory can be stocked for several different designs inthe form
of one device. As requirements change, the parts can be
programmed to fit the need. And in the case of reprogrammable
CMOS devices, one is not committed even after programming.

There is also a cost-effective PLD solution for high-volume
production. Just as a ROMis a PROMwhich has been hard-wired
for mass production, HAL® (Hard Array Logic) devices can be
produced in high volumes for extra cost savings. This mask-
programmed version can be produced in high volume with
unparalleled quality. In addition, in the event that production
quantities for your system show an unexpected increase, the
equivalent PAL or ProPAL™ devices (in-factory programmed
PAL devices) can be quickly obtained and programmed in your
factory, by Advanced Micro Devices, or through distribution to
cover the temporary shortage. More detaiis on HAL and ProPAL
devices are provided later in the Data Book.

One final subtle cost issue is derived from the ease with which a
competitor can copy a design. PLDs have a unique feature called
a security fuse, whose purpose is to protect a design from being
copied. By using secured PLDs extensively in a system, one can
safely avoid having one’s system easily deciphered. The added
design security provided by this feature can buy extra market
time, forcing competitors to do their own original design work
rather than copying the designs of others.

SUMMARY

Programmable logic provides the means of creating semi-custom
designs with readily available standard components. Thereis a
wide variety of PLDs; PAL devices are most widely used, and
perform well for basic logic and some sequencing functions.
Other dedicated sequencers provide the circuitry required to
implement more complex designs.

By assuming some of the attributes of gate arrays, programmable
logic provides the cost savings of any other semicustom device,
without the extra engineering costs, risks, and design delays.
Reliability is also enhanced as quality increases and board
complexity decreases.

The design tasks are greatly simplified due to the design tools
which are now available. Design software and device program-
mers allow top-down high-level designs, with a minimum of time
spent on actual implementation issues. Simulation allows some
design debug before a device is programmed.

For all of these reasons, programmable logic has become, and
will continue to be, the design methodology of choice among
digital systems designers.
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Product Overview

Pm

Advanced Micro Devices offers the industry’s widest
variety of PLDs, implemented in a variety of technolo-
gies. In this section, we will briefly discuss the device
families, and look at the various architecture, speed, and
power options. More specific device information can be
found in the individual data sheets in sections 2—4.
Discussions on some of the special architectural features
of many ofthe devices canalsobefoundintheirrespective
data sheets.

There are six basic PLD areas addressed by Advanced
Micro Devices’ PLDs:

» High-speed PAL® devices

» Universal PAL devices

= Industry-standard PAL devices
+ Low-power PAL devices

» Special architecture PLDs

» Programmable gate arrays

The largest application area is that covered by the PAL
devices. There is a wide variety of PAL devices, ranging
from simple devices that address general logic design
problems to more sophisticated devices that deal with
more complex problems.

Within the group of special architecture PLDs, there is
also a series of sequencers that are not PAL devices,
featuring architectures particularly well suited to
sequencing operations. While there are PAL devices
that work well as state machines in addition to their other
applications, these dedicated sequencers have given up
some of their generality to provide optimal state machine
solutions.

The final area, that of high-density design, is addressed
by the programmable gate arrays (PGAs) which provide
a PLD with thousands of gates. The PGAs are described
brieflyinthis data book;for more detail, please referto the
PGA Handbook.

Design software radically simplifies the design of any
circuitin a PLD. PALASM® software can be used for all
PAL and PLS devices. PLD design softwareis discussed
briefly in section 5.

HIGH-SPEED PAL DEVICES

AMD offers the fastest PAL devices on the market today.
We were the first to introduce the 40-ns PAL device in
1978 and have been the first to market on all five

successive generations. In the last decade, we have
improved the performance of PAL devices almost six-
fold. As the market leaderinthe PLD arena, we fully expect
to introduce even faster devices in the future.

Roadmap to Fastest PAL Devices

Original PAL Device
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Market Introduction

Currently, we have the bipolar TTL PAL16R8 family of
20-pin devices in 7.5-ns speed grade and the PAL20R8
family of 24-pin devices, also in 7.5-ns speed grade,
available in volume production. These families include
both registered (16R4, 16R6, 16R8, 20R4, 20R6, 20R8)
and combinational devices (16L8, 20L8). They are used
in a wide variety of applications where performance
and space are critical, often replacing FAST™ and
AS SSI/MSI logic circuits. For applications where the
absolute fastest devices are not needed, other speed
grades are offered at a lower cost and/or lower power
consumption.

AMD’s new EE CMOS process also provides high-speed
universal PAL devices. The PALCE16V8 has a 10-ns
version; most other EE CMOS devices have a 15-nst,;,
while using half or even a quarter of the power required
by their bipolar equivalents.

For exceptionally high performance, AMD offers ECL in
addition to bipolar TTL PAL devices. AMD’'s ECL PAL
devices are the 24-pin PAL10H/10020EV8 and PAL10H/
10020EG8. These aretheindustry’sfirst ECL PAL devices
with output logic macrocells, a variable product term
distribution and other advanced features. They support
state-machine applications running at 125 MHz and
are available in both 10KH and 100K ECL logic level
versions. Evenhigherperformance ECL PAL devices will

Lo avanals
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High-Speed PAL Devices

Functional Description Commercial Specifications
Part
Number Pin ARRAY INPUTS ARRAY OUTPUTS | pyod. Terms Spd/Pwr | t,, funx” | Yo
Count bidir. | dedctd. | reg. fdbk. | reg. | comb. |macrocell per Output | Options | (ns) | (MHz) | (mA)
PAL16L8 6 10 — —_ 8 — 7 7 75 74 | 180
PAL16R8 20 — 8 8 8 — — 8
PAL16R6 2 8 6 6 2 — 7-8
PAL16R4 4 8 4 4 4 — 7-8 D 10 58.8 | 180

AN | @

74

210

555 | 210

PAL20L8 6 14 —_ _—
PAL20R8 24 — 12 8 8
PAL20R6 2 12 6 6

4 12 4 4

PAL20R4

PAL24L10™* 16 — —
PAL24R10™* 28 14 10 10
PAL24R8"* 14 8 8

PAL24R4**

iml\.)|

—_
o

10 55.5 | 210

7-8

PAL22V10 24 1 0-10 12 10-0

PAL10H20EV8 12 8-0

-10™ 10 71 180

8-16

-15

15

50 | 210

8,12

24 0-8 - - -6 6 125 | 260
PAL10020EV8 | 24 0-8 12 8-0 - - 8 8,12 -6 6 125 | 285
PAL10H20EGS8| 24 0-8 12 8-0 -1 - 8 8,12 -6 6 — | 260
PAL10020EG8 | 24 0-8 12 8-0 —_ - 8™ 8,12 -6 6 — | 285

UNIVERSAL PAL DEVICES

Have your design needs included a non-standard mix of
inputs and outputs or choosing a variable number of
combinatorial/registered/latched inputs and/or outputs
forthe givenapplication? How about stocking only one or
two PLDs to reduce your inventory costs?

The solution to your problemis AMD’s family of universal
PAL devices. We pioneered the concept of user-
programmable output logic macrocells with the
PAL22V10. With this macrocell, you can configure an

* fuax is defined as 1/(tg +t ) for the external feedback
** in development
*** latched

output for combinatorial or registered operation and
active-low or active-high polarity. This is what makes the
PAL22V10 universal, for it can substitute for virtually all
of the standard 24-pin PAL devices on the market. The
PALCE26V12 is a 28-pin version which provides more
inputs and outputs for those designs that don't quite fit
into a PAL22V10.

Butwe did not stop there. Asecond new feature pioneered
with the PAL22V10 is variable product term distribution;
the 10 outputs on this device are arranged in pairs with
16, 14,12, 10 oreight product terms on each output. With
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up to 16 product terms, the PAL22V10 canimplement far
more complex logic functions than can be supported by
other 24-pin devices. No wonder the PAL22V10 is the
most popular PAL device on the market today. And now
both faster (15 ns, 50 MHz) and reprogrammable low-
power CMOS (15, 25 ns; 55, 90 mA) versions are
available from AMD.

The PALCE16V8, PALCE20V8, and PALCE24V10 are
EE CMOS universal devices that have the additional
capability of directly taking the designs of standard 20-,
24-, and 28-pin PAL devices, respectively. They provide
a cost-effective means of reducing inventory, lowering
power, and reducing risk.

The PALCEB610 adds to the basic macrocell by providing
16 1/0 macrocells that can be configured with D, T, J-K,
or S-R flip-flops.

The PALCE29M16 further enhances the macrocell
concept. Its macrocell can be an input or an output
macrocell that can be configured three ways: combi-
natorial, latchedorregistered. Sixteenofthese macrocells
are available in a 24-pin 300-mil package. And eight of
the macrocells can be buried, allowing the connecting
pins to be used as dedicated inputs. The PALCE29M 16
also offers variable product term distribution.

For those applications where registers and latches are
not needed, the AmPAL18P8 (20-pin)and AmPAL22P10
(24-pin) are perfect. These PAL devices with
programmable polarity can flexibly replace almost all
standard 20- and 24-pin combinatorial PAL devices. As
a result, they significantly reduce your inventory. They
are available in several speed-power grades to meet
most application requirements.

PAL22V10 Logic Macrocell
oe—1D - !
AR CLK 1
1 0 ]
| | |
oD T ]
. i} R P S 00 T
Pn S | = “
D ‘ 0 ; 01 i
| | g ] ‘
n=8, 10,12, 14, 16 f‘ _________ [ |
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The output logic macrocell ma

kes the PAL22V10 universal, for it

can substitute for virtually all of the standard 24-pin PAL devices

on the market.
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Universal PAL Devices

Functional Description Commercial Specifications

Part T
Number Pin ARRAY INPUTS ARRAY OUTPUTS | prod. Terms Spd/Pwr! too | fuax’ | lec
Count |y dir. | dedctd. | reg. fdbk. | reg. | comb. |macrocell| P®" Output | Options | (ns) | (MHz) |(mA)

15 — | 180

AmPAL18P8 20 8 10 —_ — 8 — 8 A 25 -— | 180
AL 25 — 90

15 — | 210

AmPAL22P10 24 10 12 — — 10 — 8 A 25 — | 210
AL 25 — | 105

* funx is defined as 1/(tg + t ) for the external feedback
** in development
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Standard PAL Devices

Functional Description Commercial Specifications
Part
Number Pin ARRAY INPUTS ARRAY OUTPUTS | prod. Terms [Spd/Pwr |t | fuas® | lee

Count!\ Jiir. | dedctd.| reg. fdbk.| reg. | comb. |macrocelt| PeF OUtPut | Options | (ns) | (MHz) | (mA)
PAL16L8 6 10 - _ 8 —_ 7 H-15 15 37 90
B 15 37 | 180

— — — 8
PAL16R8 8 8 8 B2 25 25 %

20

PAL16R6 2 | 8 6 6| 2 — 7-8 A 2 | 25 | 180
B4 35 16 55
PAL16R4 4 8 4 4 4 -_ 7-8 A-2 35 18 90
PAL20L8 6 14 - — 8 —_ 7 B 15 37 210
B-2 25 25 105

PAL20R8 _ 12 8 8 — —_ 8
24 A 25 25 210
PAL20R6 2 12 6 6 2 —_ 7-8 A-D 35 16 105
PAL20R4 4 12 4 4 4 — 7-8 B-2 25 25 105
B 15 — | 210
AmPALZ20L10 24 8 12 — —_ 10 — 3 -20 20 — | 165
AL 25 — 105
PAL20L10 24 8 12 - —_ 10 — 3 A 30 — 165

PAL20X10 —_ 10 10 10 _— _ 4
PAL20X8 24 2 10 8 8 2 - 3-4 A 30 22.2 | 180

PAL20X4 6 10 4 4 6 -— 3-4

INDUSTRY-STANDARD PAL DEVICES

Aswe haveincreased speedonthe TTL PALdevices, we
have also reduced the power consumption on the slower
devices by as much as 75 percent. As aresult, both the
industry-standard 20-pin and 24-pin PAL device families
are availableinavariety of speed and power grades. This
allows the designerto select the optimum performance at

* fuax is defined as 1/(tg + t. ) for the external feedback

the lowest possible cost and power consumption. These
20- and 24-pin devices are used in applications where
the advantages of reduced package count, such as
higher reliability and lower power consumption, improve
the overall price-performance of the end-product. Often
these benefits are realized by replacing Schottky, ALS,
LS and some CMOS SSI/MSI logic circuits with these
PAL devices.
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Low-Power PAL Devices

Functional Description

Commercial Specifications

Part

Number Pin ARRAY INPUTS

ARRAY OUTPUTS

Count

LOW-POWER PAL DEVICES

AMD is the only major supplier of programmable logic
devices to offer a broad line of low-power CMOS devices.
And we are the only PLD supplier with such a compre-
hensive CMOS programmable logic line.

There are two basic types of CMOS PAL devices: those
that dissipate essentially no power when in a quiescent
state, and faster devices which draw nominal current
even when quiescent. Devices are thus classified as
“zero-power” or “low-power.”

Zero-power PAL devices are particularly suited for
products that are portable or battery operated. Ina stand-
by mode they consume less than 100 pA supply current.
Low-power CMOS devices can cut system power
consumption 50 percent by replacing equivalent 25-ns
and 35-ns speed TTL PAL devices. In addition, these
devices canalso save significant board space by replacing
several CMOS SSI/MSI devices from families such as
FACT™, ACL, MC14000, etc. By consolidating several
SSI/MSI packages into a single CMOS PAL device, the
power consumption can be cut even further.

SPECIAL ARCHITECTURE PLDs

AMD offers a wide variety of programmable logic devices
which have been enhanced architecturally to provide a
high level of integration and performance. They include
a family of sequencers optimized for state-machine
applications, and asynchronous devices which have
been designed to implement asynchronous design
functions optimally. These products offer you
unprecedented flexibility in selecting the right PLD for the
application at hand.

Programmable Logic Sequencers

AMD’s programmable logic sequencer family gives you
high speed, functionality and a wide selection. Several
devices are available in several speed-power grades so

bidir. | dedctd. | reg. fdbk. | reg.| comb. imacrocell

T
Prod. Terms Spd/Pwr1 tp | fuax” | lee
per Output | Options | (ns) | (MHz) | (mA)

* fuax is defined as 1/(tg + t ) for the external feedback
** in development

you can choose the appropriate one for your application.
Four types of sequencers are offered: PAL-based, PLA
(Programmable Logic Array)-based, PROM-based and
instruction-based. Each hasitsownbenefits, buttogether
they offer you the choice of using a familiar and
comfortable architecture.

The PAL-based AmMPAL23S8 is a compact sequencer
device that packs 14 registersinto a space-saving 20-pin
300-mil DIP. With a 20-ns propagationdelay and 33-MHz
external/40-MHz internal cycle time, it is ideal for high-
performance applications where board real estate is
valuable. The PAL32VX10 offers all the benefits of the
industry-standard PAL22V10 plus J-K flip-flops and the
ability to bury its 10 registers, freeing valuable I/O pins.

PAL-BASED
AmPAL23S8 -—— Compact
PAL32VX10 -— Enhanced

A\ /

SEQUENCER
POSITIONING

/ \

INSTRUCTION-BASED
Am29CPL100 Family

PLA-BASED
PLS30S16 1 — a0 MHz PROM-BASED
pdped Am2971A =—— Timing Generator
PLsies 1 33MHz

The PLA-based family consists of the PLS105, PLS167,
PLS168, and PLS30S16. The PLS105 and PLS30S16
run at a blazing 40 MHz and are available in a 28-pin 300-
milDIP. The PLS167/168 operate at 33 MHz but consume
only 160 mA of supply current. The PLS105/167/168
come with six buried registers and 48 logical product
terms which can be shared between all outputs and the
buried registers. The PLS30S16 has up to 12 buried
registers, allows combinatorial outputs, has 64 product
terms, and allows registered inputs.
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The Am2971A PEG™ (Programmable Event Generator)
is a PROM-based, 100-MHz, general-purpose, user-
programmable waveform generator. With 12 indepen-
dent, registered, programmable outputs, it can be applied
to a host of useful timing applications including general
state machines.

The instruction-based family of sequencers consists of
two members. They are single-chip, field-programmable
controllers that can implement state machines and
controllers by programming the appropriate sequence of
instructions. With complete high-level software support,
these devices are as easy to use as microprocessors.
The Am29CPL151 operates at a maximum of 33 MHz.
The Am29CPL154 offers avery deep PROM (512 words)
so that larger state machines can be implemented. Both
devices are manufactured in 28-pin, 300-mil packages.

Apowerfulinstruction-set makes the Am29CPL100 family
easy to use. Instruction types include conditional
branching, looping and subroutine call. Each line of code
in an Am29CPL100 program typically corresponds to

one state in a state machine diagram. Program code is
easy to write because it closely mimics the way the
human mind logically thinks about control problems.
Also, the number of lines of program code required to
implement an application is significantly reduced in com-
parison to conventional Boolean equation-based
approaches. This means more efficient use of program
memory, faster design entry and debugging, and faster
algorithm execution.

Finally, if you are lookingforthe fastest device toimplement
your state-machine application, consider our 74-MHz
standard 20- and 24-pin registered devices (PAL16R4/
R6/R8-7, PAL20R4/R6/R8-7). Although not optimized
for state machine applications, they are the fastest
available TTL logic and can easily be adapted as state
machines.

So there you have it—a wide selection of programmable
logic sequencers to meet your application needs. And
only AMD offers a complete solution.

Sequencer Devices

PLS30S16

Functional Description Commercial Specifications
Part

Number Pin ARRAY INPUTS ARRAY OUTPUTS Prod. Terms | Spd/Pwr top fMAx‘ Icc
Count bidir. | dedctd. | reg. fdbk. | reg. | comb. | macrocell per Output | Options | (ns) | (MHz) | (mA)
-20 20 33 | 210

AmPAL23S8 20 | 4-8 9 6-10 4 4 6-12
-25 25 28.5 | 210
A 25 25 | 180

PAL32VX10 24 10 12 10 — 10 8-16
STD 30 222 | 180
PLS105 28 _— 16 6 8 — 0-48 -40 —_ 40 200

Am2971

fuax I8 defined as 1/(t, +t. ) for the external feedback
b in development
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PAL20RA10
RA Cell Configuration

PL

Asynchronous PAL Devices

Currently AMD makes six devices that are function-
specific. They support asynchronous and bus interface
applications. We expect to expand our offering to
encompass evenmore functions overthe nextfewyears.

The 24-pin PAL20RA10 and its 20-pin counterpart,
PAL16RA8, are optimized for asynchronous applica-
tions. They contain ten and eight D-type flip-flops,
respectively, driven by a PAL array. Each flip-flop has
individually programmable Clock, Reset and Preset
product terms. In addition, programmable polarity is
offered on each output. With such features, these devices
are well suited to replacing glue logic in your system.
Also, we now have available a faster (20 ns, 30 MHz)
version of the PAL20RA10 for high-speed applications.

The CMOS PALCE29MA16 combines some of the
advantages of the PALCE29M16 with the advantages of
the PAL20RA10. It has one dedicated Clock/Latch
Enable input as well as product terms for each of the

16 macrocells to allow individual clocking, asynchronous
Reset and asynchronous Preset. It also features variable
producttermdistribution. To top it off, the PALCE29MA16
is electrically reprogrammable in a plastic 300-mil
package.

The PAL22iP6 Interface Protocol Asynchronous Cell
(IPAC) offers a unique patented architecture, which
makes it ideal for implementing bus-interface protocol
applications, self-timed circuits and asynchronous state-
machine designs. Itis a 24-pin device with six high-drive
(48 mA and 64 mA) output macrocells.

These macrocells contain totally new logic storage
elements. The logic storage elements are edge-activated
flips-flops which do not require a separate clock for
storing data signals. Instead the signals are storedinthe
flip-flops in direct response to their rising or falling edges.
This provides a convenient way of implementing
asynchronous handshake protocols. Please refer to the
device data sheet for more information.

Asynchronous PAL Devices

PAL22IP6

Functional Description Commercial Specifications
Part

Number Pin ARRAY INPUTS ARRAY OUTPUTS | prod. Terms | Spd/Pwr t, fune® | lec
Count bidir. | dedctd. | reg. fdbk.| reg.| comb.|macrocell per Output | Options | (ns) | (MHz) | (mA)
PAL16RA8 20 8 8 — — | — 8 4 STD [30/35**| 20 | 170
-20 20 30 | 200

PAL20RA10 24 10 10 -_ — — 10 4
STD [30/35**| 20 | 200

“fax IS defined as 1/(tg + t) for the external feedback
**polarity fuse programmed (active-high)
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PROGRAMMABLE GATE ARRAYS

The Programmable Gate Array (PGA) is the first device
to successfully bridge the gap between field-
programmable logic and gate arrays. The PGA effectively
combines the benefits of low-power CMOS LSI tech-
nology and the advantages of user programmability with
the gate density and logic flexibility previously obtainable
only with gate arrays.

The PGA provides aquantumjumpinfield-programmable
logic device capability extending its usable functional
density into a realm beyond that of more conventional
programmable logic devices. Much greater density is
achieved with the PGA by use of a flexible array-type
architecture more versatile than that of conventional

PLDs, which are increasingly inefficient as gate density
is increased. The AMD Am2018 1800-gate PGA device
can replace as many as six 1200-gate PLD devices in
some applications.

Gate arrays, on the other hand, may provide densities
higherthanthose of current PGAs. However, gate arrays
typically require longer development times, design risks
and higher development cost.

The PGAisthe ideal option for the PLD designer wishing
to achieve a new level of system functional density and
forthe gate array userlookingforalow-cost, low-risk, and
easy-to-use alternative which providesinstant prototyping
through the power of in-system verification.

Programmable Gate Arrays

Part Speed
Number Grade

.

Package Types —P =

Notes:
* in development

Package

Description

G = Pin Grid Array




Product Overview

Development Software Support for PGAs

Part Number Description

AmPGA151* PGA Bundled Development System

AmPGA251* PGA Bundled Development System with Simulation
AmPGAO051 FPGA Design System

AmPGA351 FPGA Development System

AmPGA451 FPGA Development System with Simulation

AmPGA434 FPGA Design System with Mentor Interface and Libraries
AmPGA081 Programmer for Serial Configuration PROM

*These will be replaced by AmMPGA351 and AmPGA451.
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PAL® Device/

Sequencer/FPGA Menu

Standard PAL Devices

Family

Part Number

Package

Technology

Inputs

110

Outputs

Product
Terms/Output

PD
ns

cc
mA

16R8

PAL16L8-7
PAL16R8-7
PAL16R6-7
PAL16R4-7

20P.D,J

TTL

PAL16L8D
PAL16R8D
PAL16R6D
PAL16R4D

20N,J,NL

TTL

PAL16L8H-15
PAL16R8H-15
PAL16R6H-15
PAL16R4H-15

20P,D,J

TTL

PAL16L8B
PAL16R8B
PAL16R6B
PAL16R4B

20N,J,NL

TTL

PAL16L8B-2

PAL16R8B-2
PAL16RéB-2
PAL16R4B-2

20N,J,NL

TTL

PAL16L8A
PAL16R8A
PAL16R6A
PAL16R4A

20N,J,NL

TTL

PAL16L8B-4
PAL16R8B-4
PAL16R6B-4
PAL16R4B-4

20N,J,NL

TTL

PAL16L8A-2
PAL16R8A-2
PAL16R6A-2
PAL16R4A-2

20N,J,NL

TTL

10

6 Comb

2 Comb
4 Comb

2 Comb
8 Reg
6 Reg
4 Reg

7
8
7.8
7.8

75

180

58.8

180

37

100

37

180

25

25

90

25

25

155
180
180
180

35

55

35

80
90
90
90

20R8

PAL20L8-7
PAL20R8-7
PAL20R86-7
PAL20R4-7

24P,D,28J

TTL

PAL20L8-10
PAL20R8-10
PAL20R86-10
PAL20R4-10

24P,D,28J

TTL

PAL20L8B
PAL20R8B
PAL20R6B
PAL20R4B

24NS,JS,
28NL

TTL

PAL20L8B-2
PAL20R8B-2
PAL20R6B-2
PAL20R4B-2

24NS,JS,
28FN

TTL

PAL20L8A
PAL20R8A
PAL20R6A
PAL20R4A

24NS,JS,
28NL

TTL

14
12
12
12

6 Comb

2 Comb
4 Comb

2 Comb
8 Reg
6 Reg
4 Reg

7.8
7.8

75

74

210

10

555

210

15

37

210

25

25

105

25

25

210




PAL® Device/Sequencer/FPGA Menu

Standard PAL Devices (Cont.)

Product top frax lec
Family Part Number Package Technology Inputs /0 Outputs Terms/Output ns MHz | mA
20R8 PAL20L8A-2 24NS,JS, TTL 14 6 Comb 2 Comb 7 35 16 105
(Cont.) | PAL20R8A-2 28NL 12 - 8 Reg 8
PAL20R6A-2 12 2 Comb 6 Reg 7.8
PAL20R4A-2 12 4 Comb 4 Reg 78
24R10 | PAL24L10-10 28P TTL 16 8 Comb 2 Comb 7 10 555 210
PAL24R10-10 14 - 10 Reg 8
PAL24R8-10 14 2 Comb 6 Reg 7.8
PAL24R4-10 14 6 Comb 4 Reg 78
20X10/ | PAL20L10A 24NS,JS, TTL 10 |10 Comb - 3 30 222 | 165
20L10 | PAL20X10A 28NL 10 - 10 RegXOR 4 180
PAL20X8A 10 2 Comb | 8 RegXOR 34 180
PAL20X4A 10 | 6 Comb | 4RegXOR 3,4 180
AmPAL20L10B | 24P,D,28J 15 - 210
AmPAL20L10-20 20 185
AmPAL20L10AL 25 105
Universal PAL Devices
Product top fuax lec

Family Part Number Package | Technology Inputs 10 Terms/Output Features ns MHz | mA

PAL22V10-10 24P,D,28J Varied Term
PAL22V10-15 Distribution
AmPAL22V10A

AmPAL22V10

18P8 PAL18P8B 20P.D,J TTL 10 8 Comb 8 Polarity 15 - 180
AmPAL18P8AL 25 20
AmPAL18P8A 25 180
AmPAL18P8L 35 90

22P10 | AmPAL22P10B 24P,D,28J TTL 12 |10 Comb 8 Polarity 15 - 180
AmPAL22P10AL 25 90
AmPAL22P10A 25 180




PAL® Device/Sequencer/FPGA Menu

Asynchronous PAL Devices

Product
Terms/ Other
Family Part Number Package |Technology Features

29MA16 vi

_

20RA10 | PAL20RA10-20 24NS JS,28FN|  TTL 10 | 10 Program- | 20 30 | 200
PAL20RA10 24NS,JS, 28NL mable 30/35* | 20
16RA8 |PAL16RA8 20N,J,NL TTL 8 8 4 Program- 30/35* | 20 | 170
mable

IPAC™ |PAL22IP6-25 24P.D,28J TTL 16 6 9 Edge- |4864mAl__ | 25 — [ 210
Activated
Flip-Flops

* Active HIGH

Sequencer PAL Devices

Product
Terms/ top fuax | lec
Family Part Number | Package | Technology Inputs /o Outputs | Output Features ns MHz | mA
2358 AmPAL23S8-20 20P,D TTL 9 4 Macro | 4 Reg 6-12 6 Buried 20 33.3 | 210
AmPAL23S8-25 Flip-Flops 25 25
32VX10 | PAL32VX10A 24Js TTL 12 10 Macro - 8-16  |Buried Flip-Flops,| 25 25 180
PAL32VX10 J-K Flip-Flops 30 22.2
Programmable Logic Sequencers
Output
ior Buried| Buried | Product fuax | lec
Family | Part Number Package Technology | Inputs| Outputs |Register | Registers| Terms Features MHz | mA
PLS PLS30S16-40 28P,J TTL 12-17 18-12Macro - 4-12 64 PLA structure, 225
PLS105-40 28R,P,D,J

TTL | 16 | B8Reg 6 48 200

Memory/instruction-Based Sequencers

Array fuax | lec
Family Part Number Package |Technology | Inputs Outputs Size Features MHz | mA
Field- : -
Program-
mable
Controllers 1 . ‘ _ - . _ _ ;
PEG™ Am2971A 24D,44L TTL 3 12 Reg 32x18 Frequency-multiplying 100 | 425

phase-locked loop

ECL PAL Devices

Product top | fuax | lee

Family Part Number Package Technology Inputs 10 Terms/Output Features ns |MHz |mA
ECL PAL10H20EV8-6 | 24P,D,28J ECL 10KH 12 8 Macro 8-12 Prog. Polarity 6 125 260}
PAL10020EV8-6 ECL 100K (Reg) 6 125 |285
PAL10H20EG8-6 ECL 10KH 8 Macro 6 - |260
PAL10020EG8-6 ECL 100K (Latched) 6 — |285




PAL® Device/Sequencer/FPGA Menu

Field-Programmable Gate Arrays

o] Configurable Equivalent fuax | lee
Family Part Number Package Technology Blocks Logic Blocks Flip-Flops Gates MHz |mA

Logic
Cell™
Array
2000
Series

Logic
Cell
Array
3000
Series

Package Designators

MMI Devices AMD Devices Package MMIi Devices AMD Devices Package
N P Plastic DIP - J Windowed SKINNYDIP
NS P Plastic SKINNYDIP® NL J PLCC-20-pin
- R Plastic SKINNYDIP Option NL - PLCC-28-pin non-JEDEC
J D Ceramic DIP FN J PLCC-28-pin JEDEC
Js D Ceramic SKINNYDIP - L Leadless Chip Carrier
- G Pin Grid Array

“MMI" devices are those produced by Monolithic Memories, Inc. before the companies merged.
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BT covl wiL
PAL16R8 Family

20-pin TTL Programmable Array Logic

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B As fast as 7.5 ns maximum propagation delay

B Popular 20-pin architectures: 16L8, 16R8,
16R6, 16R4

B Programmable replacement for high-speed
TTL logic

®  Power-up reset for initialization on most
devices

B Easy design with PALASM® software

B Programmable on standard PAL® device

programmers

B 20-pin DIP and PLCC packages save space

GENERAL DESCRIPTION

The PAL16R8 Family (PAL16L8, PAL16R8, PAL16R6,
PAL16R4) is AMD’s standard 20-pin PAL device family.
The devices provide user-programmable logic for re-
placing conventional SSI/MSI gates and flip-flops at a
reduced chip count.

The family allows the systems engineer to implement
the design on-chip, by opening fuse links to configure
AND and OR gates within the device, according to the
desired logic function. Complex interconnections be-
tween gates, which previously required time-consuming
layout, are lifted from the PC board and placed on sili-
con, where they can be easily modified during prototyp-
ing or production.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the
outputs.

In addition, the PAL device provides the following op-
tions:

— Variable input/output pin ratio
Programmable three-state outputs
— Registers with feedback

Product terms with all connections opened assume the
logical HIGH state; product terms connected to both
true and complement of any single input assume the
logical LOW state. Registers consist of D-type flip-flops
that are loaded on the LOW-to-HIGH transition of the
clock. Unused input pins should be tied to Vcc or GND.

The entire PAL device family is supported by the
PALASM software package. The PAL family is pro-
grammed on conventional PAL device programmers
with appropriate personality and socket adapter mod-
ules. See the Programmer Reference Guide for ap-
proved programmers. Once the PAL device is pro-
grammed and verified an additional connection may be
openedto prevent pattern readout. This feature secures
proprietary circuits.

PRODUCT SELECTOR GUIDE

DEDICATED PRODUCT TERMS/

DEVICE INPUTS OUTPUTS OUTPUT FEEDBACK ENABLE
PAL16L8 10 6 comb. 7 /0 prog.

2 comb. 7 - prog.
PAL16R8 8 8 reg. 8 reg. pin
PAL16R6 8 6 reg. 8 reg. pin

2 comb. 7 110 prog.
PAL16R4 8 4 reg. 8 reg. pin

4 comb. 7 110 prog.

PAL and PALASM are registered trademarks of Advanced Micro Devices.
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices.
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PERFORMANCE OPTIONS

{Commercial)

35 B—4 A-2
Speed 25 B-2 A
(teo, NS) 15 H-15 B
10 D
7.5 -7
55 80-100 | 155-180

Power (icc, mA)

Note:
For low power and high speed, the EE CMOS PALCE16V8 can directly replace the PAL16R8 Family.

OPERATING RANGES

Commercial Military

-7 -12

D (10 ns) D (15 ns)
H-15

B (15 ns) B (20 ns)
B-2 (25 ns) B-2 (30 ns)
A (25 ns) A (30 ns)
B-4 (35 ns) B-4 (50 ns)
A-2 (35 ns) A-2 (50 ns)

PAL16R8 Family 2-11



BLOCK DIAGRAMS

PAL16L8
INPUTS

10

PROGRAMMABLE
AND ARRAY
(32X 64)

;

b

0, [{e) VO 1104 VO /Og 07 Os

~
~
~

12468-004A

PAL16R8
CLK INPUTS 5

< I
M <

PROGRAMMABLE
AND ARRAY
(32 X 64)

1
N

D D D D D D
Li? Q >B Q >5 Q >6 Q >5 Q >5 Q >5 2
I A T
Oy O, O3 O, Os é [eY
12468-00 1A
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BLOCK DIAGRAMS

PAL16R6
CLK INPUTS OE
8
PROGRAMMABLE
AND ARRAY
(32 X 64)
7 8 8 8 8 7
D D D
s ofTPa ofTPs Ps o
LS 02 03 G ©7 110g
12468-002A
PAL16R4
CLK INPUTS OE
8
— Ll
PROGRAMMABLE
AND ARRAY
(32 X 64)
7 7 8 8 8 8 7 7
> D b D b D D
Q Q Q Q Q Q Q Q
] /02 O3 04 Os Os 10, 1VOg
12468-003A
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CONNECTION DIAGRAMS

Top View
DIP/FLATPACK PLCC/LCC
—_ 5
\ -, = =
NoTEN[ |1 @ 20 ] Ve = ju
L2 19 | ] (NOTE 10) &2 88
AN E 18 [ ] (NOTE 9) Anoadn;
I3[ ] 4 17 | ] (NOTE 8) 3 2 120 19 N
'3 . 1s[]4 ® 18 [] (NOTE9)
5 1 NOTE 7
0 1« : L5 17 [ (NOTE 8)
is[]s 15[ ] (NOTE 6)
15E 6 16 j (NOTE 7)
14 NOTE 5
e[ ]7 ¢ ) 17 157 (NOTE 6)
8 13 NOTE 4
17 ] ( ) L e 14]7] (NOTE 5)
is[ ]9 12 (NOTE 3) \_ 9 10 11 12 13 J
GND[] 10 1 (NOTE 2) |NEEEEEEE
20 &5 T
% Wwowow
12468-005A 5 8 '5 12468-006A
2z z
Note | 16L8 16R8 16R6 16R4 PIN DESIGNATIONS
K lock
1 lo CLK CLK CLK e A
2 | OE OF OF ' Input
2 o) input/Output
3 O4 O 1101 1104 O_ Qutput
OE Output Enable
4 /02 02 02 /02 Vce Supply Voltage
5 /03 o Os Os
6 /04 Qg4 Q4 Q4
7 1/0s Os Os Os
8 1106 Os Os Os
9 1107 0y 0y 1107
10 Os Os 1/0sg 1/0s8
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ORDERING INFORMATION

Commercial Products (AMD Marking Only)

AMD programmable logic products for commercial applications are available with several ordering options. The order
number (Valid Combination) is formed by a combination of:  a.
b. Number of Array Inputs

PAL

a. FAMILY TYPE ——]—_

PAL = Programmable Array Logic

~Fa~eao

-4
1
i
1

b. NUMBER OF
ARRAY INPUTS

c. OUTPUT TYPE
R = Registered
L = Active-Low Combinatorial

d. NUMBER OF QUTPUTS
e. POWER

H = Half Power (100 mA lcc)
Blank = Full Power (180 mA Icc)

f. SPEED
-7 = 75nstpp
-15 = 15nstpp

Valid Combinations
PAL16L8
PAL16R8
-7, H-15] PC, JC, DC
PAL16R6
PAL16R4

Family Type

Output Type

Number of Outputs
Power

Speed

Package Type
Operating Conditions
Optional Processing

L i. OPTIONAL PROCESSING
Blank = Standard Processing

h. OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

g. PACKAGE TYPE
P = 20-Pin Plastic DIP (PD 020)

J 20-Pin Plastic Leaded Chip
Carrier (PL 020)
D = 20-Pin Ceramic DIP (CD 020)

Valid Combinations

The Valid Combinations table lists configurations
planned to be supported in volume for this device.
Consult the local AMD sales office to confirm
availability of specific valid combinations, and to
check on newly released combinations.

Note: Marked with AMD logo.

PAL16R8 Family




ORDERING INFORMATION

Commercial Products (MMI Marking Only)

AMD programmable logic products for commercial applications are available with several ordering options. The order number

(Valid Combination) is formed by a combination of:

PAL 16

a. FAMILY TYPE ‘_—‘“————I

PAL = Programmable Array Logic

b. NUMBER OF
ARRAY INPUTS

a.

~Famponp

fn

c. OUTPUT TYPE
R = Registered
L = Active-Low Combinatorial

Family Type

Number of Array Inputs
Output Type

Number of Outputs
Speed

Power

Operating Conditions
Package Type

Optional Processing

it

!— .  OPTIONAL PROCESSING
Blank = Standard Processing

h. PACKAGE TYPE

N = 20-Pin Plastic DIP
(PD 020)
20-Pin Plastic Leaded
Chip Carrier (PL 020)
J = 20-Pin Ceramic DIP

NL

d. NUMBER OF OUTPUTS

(CD 020)

e. SPEED
D = Ultra High Speed (10 ns tpp)
B = Very High Speed (1535 ns tpp)
A = High Speed (25-35 ns tpp)

L}

g. OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

f. POWER
Blank = Full Power (155-180 mA lcc)
-2 = Half Power (80-90 mA lIcc)
-4 Quarter Power (55 mA lcc)

it

Valid Combinations
PAL16L8 | D, B CN, CNL, CJ
PAL16R8 | B-2, A
PAL16R6 | B-4, A-2
PAL16R4

Valid Combinations

The Valid Combinations table lists configurations
planned tc be supported in volume for this device.
Consult the local AMD sales office to confirm
availability of specific valid combinations, and to
check on newly released combinations.

Note: Marked with MMI logo.

PAL16R8 Family



ORDERING INFORMATION
APL Products (AMD Marking Only)

AMD programmable logic products for Aerospace and Defense applications are available with several ordering op-
tions. APL {Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number
(Valid Combination) is formed by a combination of: ~ a. Family Type

Number of Array Inputs

Output Type

Number of Outputs

Speed

Device Class

. Package Type

. Lead Finish

sampapno

PAL 16 R 8-12/B R A

a. FAMILY TYPE
PAL = Programmable Array Logic

b. NUMBER OF h. LEAD FINISH

Leadless Chip Carrier
(CL 020)

ARRAY INPUTS A = Hot Solder Dip

c. OUTPUT TYPE — il g. PACKAGE TYPE
R = Registered - N R = 20-Pin Ceramic DIP
L = Active-Low Combinaterial = - (CD 020) ]

d. NUMBER OF OUTPUJ’S ____—_—————l ‘ 2 = 20-Pin Ceramic

e.
f.
- — Valid Combinations
Valid Combinations The Valid Combinations table lists configura-
PAL16L8 tions planned to be supported in volume for this
device. Consult the local AMD sales office to
PAL16R8 confirm availability of specific valid combina-
PAL16R6 -12 /BRA, /B2A tions, to check on newly released combinations,
AL16 and to obtain additional data on AMD’s standard
PAL16R4 military grade products.

Note: Marked with AMD logo.

Group A Tests
Group A Tests consist of Subgroups: 1,2,3,7,8,9,10, 11.

Military Burn-In

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A
through E. Test conditions are selected at AMD’s option.

PAL16R8 Family 2-17



ORDERING INFORMATION
APL Products (MMI Marking Only)

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL

(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination)

is formed by a combination of:

PAL

a. FAMILY TYPE
PAL = Programmable Array Logic

16

b. NUMBER OF
ARRAY INPUTS

Family Type

Number of Array Inputs
Output Type

Number of Outputs
Speed

Power

Operating Conditions
Package Type

Optional Processing

~Ta~paopoe

R 8B

- -

M _J /883B

i. OPTIONAL PROCESSING
/883B = MIL-STD-883, Class B

c. OUTPUT TYPE
R = Registered
L = Active-Low Combinatorial

h. PACKAGE TYPE (Per 09-000)
J = 20-Pin Ceramic DIP

d. NUMBER OF OUTPUTS

e. SPEED

D = Ultra High Speed (15 ns tpp)
B = Very High Speed (20-50 ns tpp)
A = High Speed (30-50 ns tpp)

(CD 020)
W = 20-Pin Ceramic Flatpack
(CFL020)
L = 20-Pin Ceramic Leadless
Chip Carrier (CL 020)
g. OPERATING CONDITIONS
M = Military

f. POWER
Blank = Full Power (180 mA lcc)
-2 Half Power (90 mA Icc)
-4 = Quarter Power (55 mA Icc)

Valid Combinations
PAL16L8 | p, B, MJ/883B,
PAL16R8 | B-2, A, MW/883B,
PAL16R6 | B-4, A-2 ML/883B
PAL16R4
Group A Tests

Valid Combinations
The Valid Combinations table lists configura-
tions planned to be supported in volume for this
device. Consult the local AMD sales office to
confirm availability of specific valid combina-
tions, to check on newly released combinations,
and to obtain additional information on AMD’s
Standard Military grade products.

Note: Marked with MMI logo.

Group A Tests consist of Subgroups: 1,2,3,7,8,9, 10, 11.

Military Burn-In

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through
E. Test conditions are selected at AMD's option.

PAL16R8 Family



FUNCTIONAL DESCRIPTION
Standard 20-pin PAL Family

The standard bipolar 20-pin PAL family devices have
common electrical characteristics and programming
procedures. Four different devices are available, includ-
ing both registered and combinatorial devices. All parts
are produced with a fuse link at each input to the AND
gate array, and connections may be selectively re-
moved by applying appropriate voltages to the circuit.
Utilizing an easily-implemented programming algo-
rithm, these products can be rapidly programmed to any
customized pattern. Information on approved program-
mers canbe found inthe Programmer Reference Guide.
Extra test words are pre-programmed during manufac-
turing to ensure extremely high field programming
yields, and provide extra test paths to achieve excellent
parametric correlation.

Variable Input/Output Pin Ratio

The registered devices have eight dedicated input lines,
and each combinatorial output is an I/O pin. The
PAL16L8 has ten dedicated input lines and six of the
eight combinatorial outputs are 1/0 pins. Buffers for de-
vice inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. On combinatorial outputs, a product term
controls the buffer, allowing enable and disable to be a
function of any product of device inputs or output feed-
back. The combinatorial output provides a bidirectional
I/0 pinand may be configured as a dedicated input if the
output buffer is always disabled. On registered outputs,
an input pin controls the enabling of the three-state out-
puts.

Registers with Feedback

Registered outputs are provided for data storage and
synchronization. Registers are composed of D-type
flip-flops that are loaded on the LOW-to-HIGH transition
of the clock input.

Power-Up Reset

Applies to -7 (-12 Mil), H-15, B, B-2, A, A-2
Series Only

All flip-flops power-up to a logic LOW for predictable
system initialization. Outputs of the listed Series will be

HIGH due to the active-low outputs. The Vcc rise must
be monotonic and the reset delay time is 1000 ns maxi-
mum.

Register Preload
Applies to -7 (-12 Mil), H-15 Series Only

The register on the listed Series can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary to cycle
through long test vector sequences to reach a desired
state. In addition, transitions from illegai states can be
verified by loading illegal states and observing proper
recovery. .

Security Fuse

After programming and verification, a PAL16R8 Family
design can be secured by programming the security
fuse. Once programmed, this fuse defeats readback of
the internal programmed pattern by a device program-
mer, securing proprietary designs from competitors.
When the security fuse is programmed, the array will
read as if every fuse is intact. Exceptions are the -7 (-12
Mil) Series, where the array will read as if every fuse is
programmed.

Quality and Testability

The PAL16R8 Family offers a very high level of built-in
quality. Extra programmable fuses provide a means of
verifying performance of all AC and DC parameters. In
addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming yields and post-programming functional
yields in the industry.

Technology

The high-speed -7 (-12 Mil), D, and H-15 Series are fab-
ricated with AMD’s advanced oxide-isolated bipolar
process. This process reduces parasitic capacitances
and minimum geometries to provide higher perform-
ance. The array connections are formed with proven
PtSifuses for the -7 Series and TiW fuses for the D and
H-15 Series. The remaining Series are fabricated with
AMD’s junction-isolated process, utilizing TiW fuses.

PAL16R8 Family




LOGIC DIAGRAM
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LOGIC DIAGRAM
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LOGIC DIAGRAM
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LOGIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —~65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto +7.0V
DC Input Voltage -1.2Vto +7.0V

-30 mAto +5 mA
05V toVec+05V
2001V

DC Input Current
DC Output or I/O Pin Voltage
Static Discharge Voltage

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air
Supply Voltage (Vce)
with Respect to Ground

0°C to +75°C

+4.75Vto +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vo Output HIGH Voltage loh=-3.2mA Vin=Viior ViL 24 v
Vee = Min.
VoL Output LOW Voltage loo=24mA Vin=ViorVy 0.5 \
Vee = Min.
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \Y
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 Vv
Voltage for all Inputs (Note 1)
" Input Clamp Voltage IINn=-18 mA, Vcc = Min. -1.2 Y
lH Input HIGH Current ViN=2.7V, Vcc = Max. (Note 2) 25 pA
i Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -250 pA
Iy Maximum Input Current Vin=5.5V, Vcc = Max. 1 mA
lozH Off-State Output Leakage Vout =2.7 V, Vcc = Max. 100 uA
Current HIGH ViN = Vigor Vi (Note 2)
lozt Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 | pA
Current LOW ViN = Vijor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | —130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 180 | mA
Vce = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of i and loze (or i1 and loz).

3. Notmore thanone output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout =0.5V
has been chosen to avoid test problems caused by tester ground degradation.

PAL16R8-7 Series (Com’l)




CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vin=2.0V Vee=5.0V 5
Ta =25°C pF
Cour Output Capacitance Vour=20V f=1MHz 8
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min.
Symbol Parameter Description {Note 3j | Max. Unit
tro Input or Feedback to : 16L8, 16R6 3 7.5
Combinatorial Qutput 1 Output Switching 16R4 3 7 ns
ts Setup Time from Input or Feedback to Clock 7 ns
tH Hold Time 0 ns
tco Clock to Output 3 6.5 ns
tcr Clock to Feedback (Note 4) 3 ns
tsKEW Skew Between Registered Outputs (Note 5) 16R8, 16R6 ns
twi Clock Width LOW 16R4 5 ns
twH HIGH 5 ns
Maximum External Feedback| 1/(ts +tco) 74 MHz
fmax Frequency Internal Feedback | 1/(ts + tcF) 100 MHz
(Note 6) No Feedback 1/(twh + tw) 100 MHz
tpzx b-_-E to Output Enable 3 8 ns
tpxz OE to Output Disable 3 8 ns
teA Input to Output Enable Using Product Term Control 16L8, 16R6 3 10 ns
ter Input to Output Disable Using Product Term Control 16R4 3 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

I O

Output delay minimums are measured under best-case conditions.
Calculated from measured fmax internal.

Skew is measured with all outputs switching in the same direction.
These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified

where the frequency may be affected.

PAL16R8-7 Series (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied ~55°C to +125°C
Supply Voltage with

Respect to Ground -0.5Vto +7.0V
DC Input Voltage -05V to+55V

-30 mAto +5 mA
-05V toVec+05V

DC Input Current
DC Output or /0O Pin Voltage

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)
Temperature 125°C Max.
Supply Voltage (Vcce)

with Respect to Ground +4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested &t.Tg = +25°C, +125°C,
and -55°C, per ML

DC CHARACTERISTICS over MILITARY operat

ing:

therwise specified

(Note 2)
Parameter

Symbol Parameter Description Min. | Max. | Unit

Vou Qutput HIGH Voltage iN= Vi orVy 24 \Y

Vee = Min.
Vou 12 mA Vin=ViorVy 0.5 \")
Vce = Min.
ViH Guaranteed Input Logical HIGH 2.0 \Y
Voltage for all Inputs (Note 3)
Vi Guaranteed Input Logical LOW 0.8 \
‘ Voltage for all Inputs (Note 3)

Vi Input Clamp Voltage IIn=-18 mA, Vcc = Min. -1.2 \"

liH Input HIGH Current Vin=2.7V, Vcc = Max. (Note 4) 25 HA

e Input LOW Current Vin = 0.4V, Vcc = Max. (Note 4) ) -250 | pA
Iy Maximum Input Current Vin=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Leakage Vout =2.7V, Vecc = Max. 100 HA

Current HIGH Vin = ViHor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vigor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 180 | mA
Vce = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand Vi4 are input conditions of output tests and are not themselves directly tested. Vi and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of I and lozL (or i1 and lozn).

5. Notmorethan one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5V
has been chosen to avoid test problems caused by tester ground degradation.

PAL16R8-12 Series (Mil)



CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vn=20V Vec=5.0V 5
Ta = 25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 8
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter Min.
Symbol | Parameter Description - Max. | Unit
trD Input or Feedback to 16L8,16R6 | 12.5
Combinatorial Output 1 Output Switching $BR4 ] 12 ns
ts Setup Time from Input or Feedback to Clock i\ 9 ns
tH Hold Time ns
tco Clock to Output 3 11 ns
tcr Clock to Feedback (Note 4) 6.5 ns
tskew Skew Between Registered Outp 1 ns
twe Clock Width Low 16R8, 16R6 10 ns
twH 16R4 8 ns
1/(ts + tco) 43.4 MHz
fmax 1/(ts + tcr) 54 MHz
1/(twr + twe) 55.5 MHz
tpzx it 3 10 ns
tpxz OE to Output Disable (Note 7) 3 10 ns
tea Input to Output Enable Using Product
Term Control (Note 7) 16L8, 16R6 3 15 ns
teR Input to Output Disable Using Product 16R4
Term Control (Note 7) 3 12 ns
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Minimum value for tpp, tco, trzx, tPxz, tea, and ter parameters should be used for simulation purposes
only and are not tested.

4. Calculated from measured fmax internal.
5. Skew is measured with all outputs switching in the same direction.

6. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

7. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.

PAL16R8-12 Series (Mil) 2-27



MEASURED SWITCHING CHARACTERISTICS
Vce = 4.75 V, Ta = 75°C (Note 1)

75T

} } 1 } i i
6 T T ; T T T L
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# OF OUTPUTS SWITCHING

tro vs. Number of Outputs Switching

10240-001A
8T
7+
tep, Ns
6 +
5 1 t t } t t t 1 t i
10 30 50 70 90 110
Cu, pF
tpp vs. Load Capacitance
10240-002A

Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where tpp may be affected.
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CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS
Vec =50V, Ta =25°C
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto +7.0V
DC Input Voltage -15Vto+55V
DC Output or I/O Pin Voltage -05V to+5.5V
Static Discharge Voltage 2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air

Supply Voltage (Vcc)
with Respect to Ground

0°C to +75°C

+4.75Vto+5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
VoH Qutput HIGH Voltage lon=-3.2mA ViN=ViorVy 2.4 \"
Vee = Min.
Vou Output LOW Voltage loo=24mA Vin=VmhorVy 0.5 A
Vce = Min.
Vin Input HIGH Voltage Guaranteed !nput Logical HIGH 2.0 \Y
Voltage for all Inputs (Note 1)
ViL Input LOW Voitage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage lin=-18 mA, Vcc = Min. -1.5 \
m Input HIGH Current ViN=2.4V, Vcc = Max. (Note 2) 25 HA
I Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -250 UHA
h Maximum Input Current ViN=5.5V, Vcc = Max. 100 | pA
lozn Off-State Output Leakage Vout =24V, Vcc = Max. 100 | pA
Current HIGH ViN = Vior Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 | pA
Current LOW ViN = ViHor Vi (Note 2)
Isc QOutput Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | -130 mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 180 mA
Vee = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of liL and lozL (or 1 and lozn).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

PAL16R8D Series (Com'l)



CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cn Input Capacitance Viv=20V | Vec=5.0V | CLK, OE 9
Ta =25°C Other Inputs 2 pF
Cour Output Capacitance Vour=2.0V | f=1MHz Outputs 4
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min.
Symbol Parameter Description (Note 3) | Max. Unit
tr Input or Feedback to 16L8, 16R6 3 10 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 10 ns
tH Hold Time 0 ns
tco Clock to Output 2 7 ns
tcr Clock to Feedback (Note 4) 16R8, 16R6 2 6.5 ns
twi Clock Width LOW 16R4 8 ns
twH HIGH 8 ns
Maximum External Feedback| 1/(ts +tco) 58.8 MHz
fmax Frequency Internal Feedback | 1/(ts + tcr) 60 MHz
(Note 5) No Feedback Ut + twa) 62.5 MHz
tpzx OE to Output Enable 3 10 ns
tpxz OE to Output Disable 3 10 ns
tea Input to Output Enable Using Product Term Control 16L8, 16R6 1 10 ns
ter Input to Output Disable Using Product Term Control 16R4 1 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. Output delay minimums are measured under best-case conditions.
4. Calculated from measured fimax internal.
5

. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where the frequency may be affected.

PAL16R8D Series (Com’l) 2-31



ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied —55°C to +125°C
Supply Voltage with

Respect to Ground ~-05Vto+7.0V
DC Input Voltage -15V to+55V
DC Output or I/O Pin Voltage 5.5V

Static Discharge Voltage 2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)

Temperature 125°C Max.
Supply Voltage (Vce)

with Respect to Ground +450Vto+5.50V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at T¢ = +25°C, +125°C,
and -55°C, per MIL-STD-883.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
VoH Output HIGH Voltage loH=-2mA  Vin=ViorVy 2.4 \"
Vee = Min.
Vo Output LOW Voltage loL =12 mA ViN = ViHor Vi 05 \
Vcc = Min.
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \Y
Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage lin=-18 mA, Ve = Min. -15 \
liH Input HIGH Current Vin=24V, Vcc = Max. (Note 4) 25| upA
i Input LOW Current Vin=0.4V, Vcc = Max. (Note 4) -250 | pA
h Maximum Input Current Vin=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Leakage Vour =2.4V, Vcc = Max. 100 | pA
Current HIGH Vin = ViHor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 | pA
Current LOW Vin = Viyor Vi (Note 4)
Isc Output Short-Circuit Current | Vout = 0.5 V, Vec = Max. (Note 5) -30 | -130 | mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 180 | mA
Vee = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. VjLand Vi4 are input conditions of output tests and are not themselves directly tested. Vi and Vi are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. 1/O pin leakage is the worst case of Ij and loz (or I and lozn).

5. Notmore thanone output should be tested at a time. Duration of the short-circuit should not exceed one second. Voyr=0.5V
has been chosen {o avoid test probiems caused by tester ground degradation.

PAL16R8D Series (Mil)



CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vin=20V Vec=5.0V | CLK, OE 9
Ta =25°C Other Inputs 2 pF
Cour Qutput Capacitance Vour=20V | f=1MHz Qutputs
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter Min.
Symbol Parameter Description (Note 3){ Max. Unit
trp Input or Feedback to 16L8, 16R6 3 15 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 15 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 2 12 ns
twi Clock Width LOW 16R8, 16R6 12 ns
twr HIGH 16R4 8 ns
fuax Max. Frequency | External Feedback | 1/(ts + tco) 37 MHz
(Note 4) No Feedback 1/(twh + twi) 50 MHz
tpzx OE to Output Enable (Note 5) 3 12 ns
tpxz OE to Output Disable (Note 5) 3 10 ns
tea Input to Output Enable Using Product
Term Control (Note 5) 16L8, 16R6 1 17 ns
ter input to Output Disable Using Product 16R4
Term Control (Note 5) 1 13 ns
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Minimum value for tpp, tco, trzx, tPxz, tea, and ter parameters should be used for simulation purposes
only and are not tested.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is moditied
where these parameters may be affected.
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with
Respect to Ground -0.5Vto +7.0V

DC Input Voltage

DC Output or I/O Pin Voltage
DC Output Current

Static Discharge Voltage

-1.5VitoVec+0.5V
-05V toVec+05V
16 mA

2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or

above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air
Supply Voltage (Vce)
with Respect to Ground

0°C to +75°C

+4.75Vio+5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operatlng ranges umess otherWIse

specified
Parameter ) v

Symbol Parameter Description Test Conditions - Min. | Max.| Unit

VoH Output HIGH Voltage lor=-3.2mA Vin= Vi or Vi 24 Vv

) ‘ ~ Vee = Min. .
VoL Output LOW Voltage: Jlot=24mA  Vin=VimorVii 05| Vv
o Vee = Min.. ‘
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
-y Voltage for all Inputs (Note 1)
Vi | Input LOW Voltage Guaranteed Input Logical LOW 08| V
- * Voltage for all Inputs (Note 1)

| Input Glamp Voltage In=—18mA, Ve = Min. 15| VvV

i | Input HIGH Current V=24V, Vcc = Max. (Note 2) 25 | pA

n “Input LOW Current. Vin= 0.4V, Vcc = Max. (Note 2) -250 | pA

M‘-——d—v—

h Maximum Input Cuirrent Vin=5.5V, Ve = Max. 100 | pA

lozw Off-State Output Leakage Vour = 2.4V, Vcc = Max. 100 A
Current HIGH Vin = Vigor Vi (Note 2)
lozL Off-State Output Leakage Vour =0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vigor Vi (Note 2)
Isc Output Short-Circuit Current Vour = 0.5V, Vcec = Max. (Note 3) -30 | -130 | mA
lec Supply Current Vin= 0V, Outputs Open (loyr = 0 mA) 100 mA
Vce = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or i and lozn).

3. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vouyt =0.5V

has been chosen to avoid test

problems caused by tester ground degradation.

PAL16R8H-15 Series (Com’l)




CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
CiN Input Capacitance Vin=20V Vee=5.0V | CLK, OE 9
Ta =25°C Other Inputs 2 pF
Cour Qutput Capacitance Vour=20V | f=1MHz Outputs
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter
Symbol | Parameter Description . . Max. | Unit
tep Input or Feedback to 16L8, 16R6 +15 ns
Combinatorial Output 16R4 *
ts Setup Time from Input or Feedback to Clock . ns
t Hold time ns
tco Clock to Output . 12 ns
tcF Clock to Feedback (Note 3) | 16R8, 16R6 11 ns
twi Clock Width 16R4. ns
twH . ns
Maximum i MHz
K 38.4 MHz
52.6 MHz
12 ns
10 ns
, 16L8, 16R6 15 ns
nput to Output D sing Product Term Control 16R4 15 ns

Notes:
2. See Switching Test Circuit for test conditions.
3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where the frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature -65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto +7.0V

-1.5VtoVec+0.5V
-0.5V toVec+05V

DC Input Voltage
DC Qutput or I/O Pin Voltage

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended pericds may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air
Supply Voltage (Vec)
with Respect to Ground

0°C to +75°C

+4.75Vto +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges untess otherw;se

specified
Parameter :
Symbol Parameter Description Test Conditions ! Min. Max. | Unit
VoH Output HIGH Voltage lon =-3.2mA Vin= ViH or ViL 2.4 Y
‘ Vee = Min.
VoL Output LOW Voitage foL=24mA Vin=VwnorvVy 0.5 V
; Vee = Min. :
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 20 "
Voltage for all Inputs (Note 1)
' Input LOW Voltage Guaranteed input Logical LOW 0.8 \
Voltage for all Inputs {Note 1)
V) Input Clamp Voltage IN= =18 mA, Vec = Min. 12| Vv
I input HIGH Current | U= 2.4V, Vec = Max. (Note 2) 25 | pA
I Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -250 | pA
Iy ‘Maximum Input Current | Vin=55V, Vcc = Max. 100 pA
lozx Off-State Output Leakage Vour =24V, Vo = Max. 100 | pA
Current HIGH Vin = Vipor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vee = Max. -100 | pA
Current LOW Vin = Vigor Vi (Note 2)
Isc Output Shornt-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | =130 [ mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 180 | mA
Vee = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. 1/O pin leakage is the worst case of i and loz. (or v and lozn).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vin=2.0V Vee=5.0V 8
Ta =25°C pF
Cout Output Capacitance Vour=2.0V f=1MHz 9
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter
Symbol Parameter Description Unit
trD Input or Feedback to ns
Combinatorial Output
ts Setup Time from Input or Feedback to Clock ns
tH Hold Time ns
tco Clock to Output or Feedback ns
twi Clock Width LOW ns
twi HIGH ns
Maximum Ext MHz
fmAx Frequency
(Note 3) MHz
tpzx OEto O 15 ns
tpxz 15 ns
tea 16L8, 16R6 15 ns
ter 16R4 15 ns

Notes: j
2. See Switching Test Circuit for

3. These parameters are not 100% te
where frequency may be affected.
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AVBSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature
with Power Applied -55°C to +125°C

Supply Voltage with
Respect to Ground

DC Input Voltage
DC Output or I/O Pin Voltage

-05Vto +7.0V
-15Vto+55V
55V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)
Temperature 125°C Max.
Supply Voltage (Vce)

with Respect to Ground +4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

1. Military products are tes
and -55°C, per MIL- ST{)

4+25°C, +125°C,

DC CHA;RACTERlSTICS over MILITARY operating ranges unles 0 ‘e;mse specnfled
(Note 2

Parameter
Symbol Parameter Description Max. | Unit
Vo Output HIGH Voltage \
Vou Output LOW Voltage 0.5 \
ViH Input HIGH Veitage \Y
7 0.8 \%
Input Clamp Voltage , 15| Vv
I | Input HIGH Current:. | Vins 2.4V, Vee = Max. (Note 4) 25 | pA
I “Input LOW Current _ LViN=0.4V, Vcc = Max. (Note 4) -250 | pA
li Maximum Input Gurfent Vin=5.5V, Vcc = Max. 1 mA
lozu Off-State Output Leakage Vout = 2.4V, Vcc = Max. 100 uA
Current HIGH Vin = Vigor Vi (Note 4).
lozL Off-State Output Leakage Vourt = 0.4V, Vec = Max. -100 | pA
Current LOW Vin = Vigor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 180 | mA
Vce = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand V|4 are input conditions of output tests and are not themselves directly tested. Vi_and V|4 are absolute voltages with

respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. 1/O pin leakage is the worst case of li. and lozL (or Ii4 and lozn).

5. Notmore than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout=0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vin=20V Vee=5.0V 9
TA =25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 10
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter
Symbol Parameter Description Unit
tro Input or Feedback to ns
Combinatorial Output
ts Setup Time from Input or Feedback to Clock ns
tH Hold Time ns
tco Clock to Output or Feedback ns
twi ns
Clock Width
twH ns
fmax Maximum MHz
Frequency
MHz
trzx 20 ns
texz 20 ns
tea
‘ 16L8, 16R6 2 s
ter put 0 Outpu( Disable Uﬁmg ,rodu 16R4
Term Control (Note 20 ns
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground ~-05Vto +7.0V

DC Input Voltage
DC Output or I/0O Pin Voltage

-15VtoVec+05V
05V toVec+05V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air

Supply Voltage (Vcce)
with Respect to Ground

0°C to +75°C

+4.75V10+5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges un

specified ‘
Parameter “:

Symbol Parameter Description Test Conditions Max. | Unit

VoH Output HIGH Voltage lon=-3.2mA Vy \Y

' . Vee = Min.
VoL Output LOW Voltage rm 24mA  Vin=Vior Vi 05| Vv
| . Vee=Min. v
ViH Input HIGH Voltage # o Gwarameed Input Logical | HlGH \Y
| Vottage for all Inputs {Note 4).
Vi Input LOW letage Guaranteed JAnput Logjcal LOW 0.8 Vv
Voltage for all lnputs (Note 1)

Vi lamp Voltage In=~18 mA, Vcc, Min. -1.2 \Y

" Input HIGH Current | Vin=2.7 V,Vec = Max. (Note 2) 25 | pA

I nput LOW Current | Vin=04 V, Vcc = Max. (Note 2) -100 | pA

Iy _Maximum InputCurrent . | Vin=55V, Vec = Max. 100 | pA
loz Off-State Output Leakage ~ ' Vour =27V, Vee = Max. 100 | pA

Current HIGH i Vin = ViHor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 HA
Current LOW Vin = ViHor Vi (Note 2)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 3) -30 | -130 | mMmA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 90 | mA
Vee = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.
2. /O pin leakage is the worst case of i and lozL (or Iy and lozn).

3. Notmore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Voutr =0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vin=2.0V Vee=5.0V 7
Ta =25°C pF
Cour Output Capacitance Vour =2.0V f=1MHz 7
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter
Symbol Parameter Description . Min. Max. Unit
teo Input or Feedback to 16L8, 16R6 : 25 ns
Combinatorial Output 1684 A
ts Setup Time from Input or Feedback to Clock - 25 ns
tH Hold Time ' 0 ns
tco Clock to Output o 15 ns
tor Clock to Feedback (Note 3) 5 t 16R8,16R6 | 10 ns
twi Clock Width LOW 16R4 47| a5 = ns
twi HIGHs 3 o T 175_—]L ns
Maximum Exte;‘;l_gl Feedback [ 17ts +tco) | o t 25 MHz
fmax Frequency - | Internal Feedback | 1/(ts +1cr) 1. . Vess MHz
(Note 4) ©  I'No Feedback U+ tw)) | 33 MHz
trzx | _@to Output Enable ¢ . 20 ns
" | OE to Output Disable . G a7 20 ns
tea , nput to Output Enable Usmg Product Term Control 16L8, 16R6 25 ns
teR nput to Output Disable Using Product Term Control 16R4 25 ns

Notes: .
2. See Switching Test Circuit for test conditions.
3. Calculated from measured fpmax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto+7.0V
DC Input Voltage -15V to+55V

DC Output or I/O Pin Voltage 5.5V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M ) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)
Temperature 125°C Max.
Supply Voltage (Vec)

with Respect to Ground +4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested
and -55°C, per MIL-S

5°C, +125°C,

DC CHARACTERISTICS over MILITARY operating ranges unies

(Note 2)
Parameter
Symbol Parameter Description Max. | Unit
Vonr Output HIGH Voltage Y
Vou Output LOW Voltage .= 05| V
ViH Input HIGH Veltage \Y
Vi 0.8 \
-15 \
Vw* 4V, Vcc = Max. (Note 4) 25 pA
I - Vin = 0.4 V, Vce = Max. (Note 4) 250 | pA
I ViN=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Leakage Vour =24V, Vecc = Max. 100 pA
Current HIGH VN = ViHor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 LA
Current LOW ViN = Vior Vi (Note 4)
Isc Qutput Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | -130 | mA
[ Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 90 mA
Vee = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand V4 are input conditions of output tests and are not themselves directly tested. Vj_and Vin are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. VO pin leakage is the worst case of liL and lozt (or 4 and lozn).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout=0.5 V
has been chosen to avoid test problems caused by tester ground degradation.

PAL16R8B-2 Series (Mil)



CAPACITANCE (Note 1)

Parameter -
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vn=20V Vee=5.0V 7
Ta = 25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 7
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter
Symbol Parameter Description - Max. Unit
tro Input or Feedback to 16L8, 16R6 30 ns
Combinatorial Output 16R4 -
ts Setup Time from Input or Feedback to Clock . 30 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback . 20 ns
twi Clock Width LOW 16R8, 16R6 . 20 ns
twi HIGH v 16R4 e 2! ns
Maximum External Feedback | 1/{ts + tco) 20 MHz
fmax Frequency K e 97
N No Feedback: wd | 2
(Note 3) i [¢) eedback 1/(twh -ttwl.) ’ 5 MHz
tpzx OE 19 Output Enable (Note 4) \ : 25 ns
toxz OE to Output Disable (Note 4) | 25 ns
tea ) Dutput Enable Using Product .
erm cﬁnmrol (Note 4) 16L8, 16R6 30 ns
ter ‘Input to Output Disable. Usmg P{oducl 16R4
Term Control (Note 4 30 ns
Notes: :

2. See Switching Test Circuit for test condmor's For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -0.5Vio +7.0V

-15VtoVec+05V
05V toVec+05V

DC Input Voltage
DC Output or I/O Pin Voltage

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air

Supply Voltage (Vcc)
with Respect to Ground

0°C to +75°C

+4.75V1to +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges u

specified ,
Parameter
Symbol Parameter Description Max. | Unit
VoH Output HIGH Voltage lon=-3.2m \Y
VoL Output LOW Voltage 0.5 \Y
ViH Input HIGH Voltage \Y
Vi 0.8 \Y%
-1.2 \
25 | pA
-250 | pA
100 | pA
“Vout = 2.7 V, Vee = Max. 100 A
Current HIGH Vin = ViHor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vior Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | =130 | mA
16L8 Vin= 0V, Outputs Open (lout = 0 mA) 155 | mA
Icc Supply Current  I=epeieia | Vee = Max. 180
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of liL and lozi (or i and lozn).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vcc = 0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
CiN Input Capacitance Vn=20V Vec=50V 7
TA =25°C pF
Cour Output Capacitance Vour =20V f=1MHz 7
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)
I

Parameter i

Symbol Parameter Description - Max. Unit

) Input or Feedback to 16L8, 16R6 | 25 ns

Combinatorial Output ~

ts Setup Time from Input or Feedback to Clock ns

tH Hold Time ns

tco Clock to Output 15 ns

tcr Clock to Feedback (Note 3) 6R8, 16R6 10 ns

twi Clock Width 16R ns

twH ns
Maximum CU(ts + tco) 4 ‘ MHz
fmax Frequency: ' 28.5 MHz
(Note 4) 33 MHz

20 ns

20 ns

16L8, 16R6 25 ns

16R4 25 ns

2. See Switching Test Circuit for test ¢
3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied —55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto+7.0V
DC Input Voltage -15V to+55V
DC Output or I/0O Pin Voltage 55V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)
Temperature 125°C Max.
Supply Voltage (Vcc)

with Respect to Ground +4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

Ratings are for system design reference; parameters given

are not tested.

1. Military products are tested
and -55°C, per MIL-S

DC CHARACTERISTICS over MILITARY operating ranges ul essot erw;s  specified

+25°C, +125°C,

(Note 2)
Parameter
Symbol Parameter Description Max. | Unit
VoH Output HIGH Voltage Vv
Vou Output LOW Voltage 05 \"
ViH \Y
ViL 0.8 \%
-1.5 \
A4V, Vec = Max. (Note 4) 25| pA
hw =0.4 V, Vcc = Max. (Note 4) -250 | pA
li wIdXiimuim input Vin=5.5V, Vec = Max. 1 mA
lozn Off-State Output Leakage Vout = 2.4V, Vcc = Max. 100 | pA
Current HIGH Vin = ViHor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 A
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 5) -30 | =130 | mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 180 | mA
Vce = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand Viy are input conditions of output tests and are not themselves directly tested. Vi and V|4 are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /0O pin leakage is the worst case of li. and lozL (or i4 and lozn).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Voyt = 0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter .
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance V=20V Vee=5.0V 7
Ta=25°C pF
Court Output Capacitance Vour=2.0V f=1MHz 7
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter
Symbol Parameter Description Unit
tep input or Feedback to 16L8, 16R6 - ns
Combinatorial Output
ts Setup Time from Input or Feedback to Clock ns
tH Hold Time 0 ns
tco Clock to Output or Feedback , 20 ns
twi Clock Width 1 16R8, 16R6.. ns
twH 16R4 . ns
Maximum . MHz
fmax Frequency
MHz
25 ns
25 ns
16L8, 16R6 30 ns
16R4
Term Control (Note.4) 30 ns

Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

Storage Temperature ~65°C to +150°C Commercial {C) Devices

Ambient Temperature with Ambient Temperature {Ta)

Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Voltage with Supply Voitage (Vcc)

Respect to Ground -0.5Vio +7.0V with Respect to Ground +4.75Vto +5.25 V
DC Input Voltage -15Vto+55V

DC Output or /O Pin Voltage 5.5V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless othermse

specified
Parameter e l

Symbol Parameter Description Test Conditions: - | Min. | Max.| Unit

Vo Output HIGH Voltage lon=~1mA « Vin=Vior Vit 2.4 \Y

Nee = Min.
VoL Output LOW Voltage for = 8 MA  Vin=Viior Vi 0.5 \Y
‘ ~ Vee = Min. -
ViH Input HIGH Voltage : ’ Guaranteed Input Logical HtGH 20 v
Voitage for all Inputs (Note 1)
Vi Input LOW. Voltage Guarameed Input Lag»cal LOW 0.8 \Y
o Voltage for all Inputs (Note 1)

Vi | Input Clamp Voltage lin= =18 mA, Vcc = Min. -15| Vv

I | Input HIGH Current Vin=2.4V, Vec = Max. (Note 2) 25 | pA

i Anput LOW Current T\/m = 0.4V, Vcc = Max. (Note 2) -250 A

Iy Maximum Input Current’ Vp_; =55V, Vcc = Max. 100 pA
lozn Off-State Output Leakage 1 Vour =24V, Vcc = Max. 100 | pA

Current HIGH Vin = Vinor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 A
Current LOW Vin = Vigor Vi (Note 2)
Isc Qutput Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | =250 | mA
lec Supply Current Vin= 0V, QOutputs Open (loutr = 0 mA) 55 mA
Vce = Max.
Notes:

1. These are absolute values with respect to device ground and ali overshoots due to system and/or tester noise are included.

2. IO pin leakage is the worst case of liL and lozt (or I and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vout = 0.5 V as been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
tep Input or Feedback to 16L8, 16R6 35 ns

Combinatorial Qutput 16R4

ts Setup Time from Input or Feedback to Clock 35 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 16R8, 16R6 25 ns
twe Clock Width LOW 16R4 25 ns
twH HIGH 25 ns

Maximum External Feedback ! 1/(ts +tco) 162 MHz
fmax Frequency - -

(Note 2) No Feedback 1/(twh + twe) ; MHz
tpzx OE to Output Enable E ns
tpxz OE to Output Disable ;; 25 ns
tea Input to Output Enable Using Product Term Cont 16L.8, 16R6 . 35 ns
teR Input to Output Disable Using Product Term: 16R4 35 ns

Notes: -

1. See Switching Test Circuit for test conditions

2. These parameters are not 100% test
where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vtio+7.0V
DC Input Voltage -15V to+55V
DC Output or /O Pin Voltage 5.5V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M ) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)

Temperature 125°C Max.
Supply Voltage (Vcc)

with Respect to Ground +4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc = +25°C, +125°C,
and -55°C, per MIL-STD-883.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
VoH Output HIGH Voltage lon=—-1mMA Vin=VigorVy 2.4 \
Vce = Min.
VoL Output LOW Voltage loL =4 mA ViN = ViHor Vi 0.5 \
Vce = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \Y
Voltage for all inputs (Note 3)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage IIn=—-18 mA, Vcc = Min. -15 \
lH Input HIGH Current Vin= 2.4V, Vcc = Max. (Note 4) 25| pA
I Input LOW Current Vin= 0.4V, Vcc = Max. (Note 4) -250 | pA
Iy Maximum Input Current Vin=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Leakage Vout = 2.4V, Vcc = Max. 100 pA
Current HIGH Vin = Vinor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4 V, Vecc = Max. -100 | pA
Current LOW Vin = Vigor ViL (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | =250 | mA
lcc Supply Current Vin= 0V, Outputs Open (lour = 0 MA) 55| mA
Vce = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Vi and Viy are input conditions of output tests and are not themselves directly tested. Vi and V)4 are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. VO pin leakage is the worst case of li and lozL (or i4 and lozH).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vourt = 0.5 \
has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
tro Input or Feedback to 16L8, 16R6 50 ns

Combinatorial Output 16R4

ts Setup Time from Input or Feedback to Clock 50 ns
th Hold Time 0 ns
tco Clock to Output or Feedback 25 ns
twe Clock Width LOW 16R8, 16R6 25 ns
twh HIGH 16R4 25 ns

Maximum External Feedback | 1/(ts + tco) 13.3 MHz
fmax Frequency -

(Note 2) No Feedback 1/(twh + twe) 20 MHz
tpzx OE to Output Enable (Note 3) 25 ns
tpxz OE to Output Disable (Note 3) 25 ns
tea Input to Output Enable Using Product 45 ns

Term Control (Note 3) 16L8, 16R6
ter Input to Output Disable Using Product 16R4 45 ns

Term Control (Note 3)

Notes:

1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -0.5Vto +7.0V

DC Input Voltage -1.5VtoVec+ 05V
DC Output or /O Pin Voltage -0.5VtoVcc+ 05V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air
Supply Voltage (Vcc)
with Respect to Ground

0°C to +75°C

+4.75V1to +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges u

specified
Parameter

Symbol Parameter Description Max. | Unit

VoH Output HIGH Voltage \Y

Vou Output LOW Voltage  ViN=ViHor Vi 05| V

_ Vec=Min.,
ViH Input HIGH Voltag jaranteed Input Logical HIGH 0 v
- age for all Inputs (Note 1) =

ViL Input LOW Voltage 0.8 Vv

-1.2 \

25 HA

-250 | pA

Vi =55V, Vcc = Max. 100 | pA

Vout = 2.4 V, Vcc = Max. 100 | pA

Vin = Vigor Vi (Note 2)
Voutr = 0.4V, Vcc = Max. -100 HA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 3) -30 | =130 | mA
lcc Supply Current 16L8 Vin= 0V, Outputs Open (lout = 0 mA) 80 | mA
16R8/6/4 | Vcc = Max. 90

Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. I/O pin leakage is the worst case of liL and lozt (or IiH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vour = 0.5 V as been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions Test Conditions Typ. Unit
CiN Input Capacitance Vin=20V Vec=5.0V 7
Ta=25°C pF
Cour Output Capacitance Vour=20V f=1MHz 7
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter |
Symbol Parameter Description ] Max. Unit
tep Input or Feedback to 1618, 16R - .35 ns
Combinatorial Output :
ts Setup Time from Input or Feedback to Clock ns
tH Hold Time ns
tco Clock to Output or Feedback |6R8, 16R6 25 ns
twi Clock Width ns
twH ns
Maximum MHz
fmax Frequency
(Note 3) i MHz
——rv— m————
U 25 ns
25 ns
16L8, 16R6 35 ns
ten 16R4 35 ns

2. See Switching Test Circu
3. These parameters are not 1

where frequency may be affecte .
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied —55°C to +125°C
Supply Voltage with

Respect to Ground -0.5Vto+7.0V
DC Input Voltage -15V to+55V

DC Output or I/O Pin Voltage 5.5V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air

Supply Voltage (Vcce)
with Respect to Ground

-55°C to +125°C

+4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc = +25°C, +125°C,
and -55°C, per MIL-STD-883. .

DC CHARACTERISTICS over MILITARY operating ranges u ¥ »

ise specified

(Note 2)
Parameter
Symbol Parameter Description Min. | Max. | Unit
Vou Output HIGH Voltage \Y
Vou Output LOW Voltage:s® 05| Vv
ViH Input HIGH Voltage \Y
Vi | input LOW Voltage Guar 08| Vv
A 321 Ve ltage for all mputs (Note 3)
:| \nput.Clamp Voltage _ 15| V
I _ | Input HIGH Current i 25 [ pA
I Input LOW Current. 1 Vin=0.4V, Vcc = Max. (Note 4) -250 | pA
Iy Maximum Input Current. = | V=55V, Ve = Max. 1] mA
lozn Off-State Output Leakage Vout = 2.4 V, Ve = Max. 100 | pA
Current HIGH ViN = Vigor Vi (Note 4)
lozL Off-State Output Leakage Vout =04V, Vcc = Max. -100 | pA
Current LOW Vin = Vigor Vi (Note 4)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 5) -30 | -250 | mA
Icc Supply Current Vin= 0V, Outputs Open (lour = 0 mA) 90 mA
Vce = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand V4 are input conditions of output tests and are not themselves directly tested. Vi and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

I/0 pin leakage is the worst case of Ij_ and lozt (or i+ and lozn).

5. Notmore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin input Capacitance Vin=20V Vec=50V 7
Ta=25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 7
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter
Symbol Parameter Description Unit
tro Input or Feedback to 16L8, 16R6 ns
Combinatorial Output ‘lﬁRtt
ts Setup Time from Input or Feedback to Clock ns
tH Holid Time 0 ns
tco Clock to Output or Feedback 25 ns
twi Clock Width LOW ns
twH ) ‘ ns
Maximum Exfernal Feedback | 1(ts + tco) MHz
fmax Frequency ——— :
(Note 3) No Feedback MHz
-——-——wu
tpzx OE tp/Output Enable (Note 1) 25 ns
tpxz ; _'E“ to Omput Disable (Note 4) 25 ns
tea Ll utput Enable Using Product 45 ns
ol Term Gontrol (Noted) ., '_* 16L8, 16R6
ter | Input to Output.Disable Usmg Product 16R4 45 ns
Term Control Note 4)

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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SWITCHING WAVEFORMS

Input or

Feedback vr
trPD
Combinatorial
Output VT
12015-010A
Combinatorial Output
l ts + tcF |

Clock VT

12149-025A

Clock to Feedback (fmax Internatl)

See Path at Right
Clock /

Registered

Output 1 Vr
I tSKEW i
Registered N VI
Output 2 ﬁ
12350-015A
Registered Output Skew for Outputs
Switching in the Same Direction
Input \%3
ter | tea
o \\ - Vor - 0.5V/77 v
utput Vi ZELVOL + 0.5V\\\ T
12015-013A
Input to Output Disable/Enable
Notes:
1. Vy=18V

2. Input pulse amplitude 0 Vto 3.0 V
3. Input rise and fall times 2-5 ns typical.
(2—4 ns for -7 (-12 Mil) Series)

Input or
Feedback VT
ts tH
VT
Clock tco
Registered
Output Vr
12015-012A
Registered Output
CLK

| —  — 4 """" 1
I v [
| ts |
| LOGIC REGISTER |
| |
| |
| tcF |
| |
e e e e v s e e o ——— ————— ——— 4
12015-021A

twH

Clock vy
twi
12015-011A
Clock Width
JE— VT
OE
tpxz tpzx

- Vor - 0.5V//7 v

—  \\M
Output ._____LZALVOL + O.SV\ﬂ___

12015-014A

E to Output Disable/Enable
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Wili be
Change Changing
fromHto L fromHtoL

May Will be
Change Changing
fromLtoH fromLto H
Don’t Care; Changing,
Any Change State

Permitted Unknown

Does Not Center

Apply Line is High-
Impedance
“Off” State

KS000010-PAL

SWITCHING TEST CIRCUIT

Qutput & %
% Ra2

l €) Test Point
I ’
12350-019A
ommercial Mili
C ercia ilitary Measured
Specification S4 Co R4 R2 R R2 Output Value
tep, tco, tcr Closed 15V
tpzx, tea Z - H: Open 50 pF 15V
Z — L: Closed 200Q | 390Q | 3902 | 750 Q
texz, ter H—Z: Open 5pF B-4: B-4: B-4: B-4: H—-»Z:Vou—-05V
L —Z: Closed 800Q {156 KQ| 800Q |1.56KQ L—-Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typical Input Typical Output
Vee R y
* °Yce
40 Q NOM
Input o—¢ L 4 K
Output
Program/Verify
Circuitry ° i
L\A Inl%t, Program/Verify/
Pins Test Circuitry
10240-006A P.relo_ad
Circuitry
(if available)
— 10240-007A
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OUTPUT REGISTER PRELOAD

Applies to -7 (-12 Mil) Series Only preload a HIGH in the flip-flop. Leave combinatorial

The preload function allows the register to be loaded outputs floating.

fromthe output pins. This feature aids functional testing
of sequential designs by allowing direct setting of output
states. The procedure for preloading follows.

. Lower pin 2to Vj.p.
. Remove ViLp/Vun from all registered output pins.

1. Raise Vee to Ve . Lower OE to Viip to enable the output registers.

o N OO o

. Verify VoL/Von at all registered output pins. Note that
. . because of the output inverter, a register that has
3. Raise pin 2 to Vi to enter preload mode. been preloaded HIGH will provide a LOW at the

2. Set OE to Vinp to disable output registers.

4. Apply either Vunor ViLp to all registered outputs. Use output.
VuH to preload a LOW in the flip-flop; use Viip to
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
VHH Super-level input voltage 10 11 12 Vv
ViLp Low-level input voltage . 0 0 0.5 \'
Vinp High-level input voltage 2.4 5.0 55 \
VeeH Power supply during preload 54 5.7 6.0 \
tp Deiay time 100 200 1000 ns
o o o o 0]
/ \""— ViHp
OE —/ N ViLp

e ——— —4—— Vun
Pin 2 / \

ViLe

/ NTTZ o
V

Registered /l oH

Output \ /> Vou

——F== Ve

10294-003A

Output Register Preload Waveform
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OUTPUT REGISTER PRELOAD

Applies to H-15 Series Only preload a LOW in the flip-flop. Leave combinatorial

The preload function allows the register to be loaded outputs floating.

from the output pins. This feature aids functional testing 4. Pulse pin 8 to Vuu, then backto 0 V.
of sequential designs by allowing direct setting of output . .
states. The procedure for preloading follows. 5. Remove ViLp/Vinp from all registered output pins.
1. Raise Vccto 4.5 V. 6. Lower OE to ViLp to enable the output registers.
2. Set OF to Vi to disable output registers. 7. Verify Vou/Von atall registered output pins. Note that
. . because of the output inverter, a register that has
3. Apply either Viup or ViLp to all registered outputs. Use been preloaded HIGH will provide a LOW at the
Vinp to preload a HIGH in the flip-flop; use ViLe to output.
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
VHH Super-level input voltage 19 20 21 "
Vip Low-level input voltage 0 0 0.5 Vv
ViHp High-level input voltage 2.4 5.0 55 \
to Delay time 100 200 1000 ns
D to to to o
oF / N~ ViHp

ViLe

—————— F—1—— VhH
Pin 8 % \

Vip
N——F—— Vihp
Registered > ( Vo
Outputs \ VoL
/
=~ Vi
10240-008A

Output Register Preload Waveform
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POWER-UP RESET
Applies to -7 (-12 Mil), H-15, B, B-2, A, A-2
Series Only

The power-up reset feature ensures that all flip-flops will
be resetto LOW after the device has been powered up.
The output state will be HIGH due to the inverting output
buffer. This feature is valuable in simplifying state ma-
chine initialization. A timing diagram and parameter ta-
ble are shown below. Due to the synchronous operation

of the power-up reset and the wide range of ways Vcc
can rise to its steady state, two conditions are required
to ensure a valid power-up reset. These conditions are:

1. The Vcc rise must be monotonic.

2. Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and feed-
back setup times are met.

Parameter
Symbol Parameter Description Max. Unit
teR Power-up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switching
twi Clock Width LOW Characteristics
av Vee
Power
* ter
Registered / / [
Active-Low 7
Output le ts
Clock \\*
tw
12350-024A

Power-Up Reset Waveform
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IR covt
PAL16RAS8

20-pin Asynchronous TTL Programmable Array Logic

e

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

H 30 ns maximum propagation delay and 20 MHz
fmax

B |ndividually programmable asynchronous
clock, preset, reset, and enable

B Registered or combinatorial outputs
H  pProgrammable polarity

B Programmable replacement for high-speed
TTL logic

B TTL-level register preload for testability
B Easy design with PALASM® software

B Programmable on standard PAL® device
programmers

B 20-pin DIP and 20-pin PLCC packages save
space

GENERAL DESCRIPTION

The PAL16RAS offers asynchronous clocking for each
of the eight flip-flops in the device. The eight macrocelis
feature programmable clock, preset, reset, and enable,
and all can operate asynchronously to other macrocells
inthe same device. The PAL16RA8 also has flip-flop by-
pass, allowing any combination of registered and com-
binatorial outputs.

The PAL16RAS8 utilizes Advanced Micro Devices’ ad-
vanced junction-isolated bipolar process and fuse-link
technology. The devices provide user-programmable
logic for replacing conventional SSI/MSI gates and flip-
flops at a reduced chip count.

The PAL16RAS8 allows the systems engineer to imple-
ment the design on-chip, by opening fuse links to config-
ure AND and OR gates within the device, according to
the desired logic function. Complex interconnections
between gates, which previously required time-
consuming layout, are lifted from the PC board and

placedonsilicon, where they can be easily modified dur-
ing prototyping or production.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the
outputs.

Product terms with all fuses opened assume the logical
HIGH state; product terms connected to both true and
complement of any single input assume the logical LOW
state. Registers consist of D-type flip-flops that are
loaded on the LOW-to-HIGH transition of the clock. Un-
used input pins should be tied to Vcc or GND.

The entire PAL device family is supported by the
PALASM software package. The PAL family is pro-
grammed on conventional PAL device programmers.

BLOCK DIAGRAM

OE Inputs

4

o

Programmable
AND Array
32x64
H%ﬁ, 44 3 D3 Y3y 43y 4k 3 4 3y D3
Y Y Y Y Y Y Y
\'4 \4 N4 \4
MACRO- H{ MACRO- H{MACRO- H{ MACRO- H{ MACRO- HH{MACRO- H{ MACRO- HHMACRO-
Enable CELL CELL CELL CELL CELL CELL CELL CELL
d
A?.J IRvanl! 'RVALY! i ] } Prelos
l{e} 1’1o l{e] l{e] l{e} lfe} l{e] le} 10232-001A

PAL and PALASM are registered trademarks of Advanced Micro Devices.
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices.
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CONNECTION DIAGRAMS

DIP PLCC
_ \/
PL [ 1o 207 Vec L 8 &
- = ,CL > X
'Y P 19 wo,
W [s3 18] Os
b [}4 1713 vos L [ ° 18] 10
s [s 16{_] 104 O 17 vos
N 15 ] VO3 e e 1611 104
s L 37 158 1 103
s []7 14[] 102 5 L —
ls : 8 14 : 1702
bk [} s 13 1O 9 10 11 12 13
L []o 121 Voo : guogg
— S0 W <
anp [ 10 1| oE 2 6 8¢
Note:
Pin 1 is marked for orientation. E
10232-002A
10232-003A

PIN DESIGNATIONS

GND Ground

| input

o Input/Output
OE QOutput Enable
PL Preload

Vce Supply Voltage
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ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:  a. Family Type

Number of Array Inputs

Output Type

Number of Outputs

Operating Conditions

Package Type

Optional Processing

@ampanw

PAL 16 RA 8 C N

a. FAMILY TYPE
PAL = Programmable Array Logic

b. NUMBER OF g. OPTIONAL PROCESSING
ARRAY INPUTS Blank = Standard Processing
c. OUTPUT TYPE f. PACKAGE TYPE
RA = Registered Asynchronous N = 20-Pin Plastic DIP
(PD 020)
d. NUMBER OF OUTPUTS NL = 20-Pin Plastic Leaded

Chip Carrier (PL 020)
J = 20-Pin Ceramic DIP
(CD 020)

e. OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

Valid Combinations

Valid Combinations The Valid Combinations tablelists configurations

planned to be supported in volume for this device.

CN, Consuit the local AMD sales office to confirm

PAI 1RRAQ ONI T TN S TSR T R T ST S IO

bl iNL, dleldUllHy Ol DPELIIIL vaiu coumuoinatiorns, diia o
cJ check on newly released combinations.

Note: Marked with MMI logo.
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FUNCTIONAL DESCRIPTION

The PAL16RA8 has eight dedicated input lines and
eight programmable /O macrocells. The Registered
Asynchronous (RA) macrocell is shown in Figure 1.
Pin 1 serves as globa! register preload and pin 11
serves as global output enable. Programmable output
polarity is available to provide user-programmabile out-
put polarity for each individual macrocell.

The programmable functions in the PAL16RA8 are
automatically configured from the user's design
specification, which can be in a number of formats. The
design specification is processed by development
software to verify the design and create a programming
file. This file, once downloaded to a programmer,
configures the device according to the user’s desired
function.

Programmable Preset and Reset

In each macrocell, two product lines are dedicated to
asynchronous preset and asynchronous reset. If the
preset product line is HIGH, the Q output of the register
becomes logic 1. If the reset product line is HIGH, the Q
output of the register becomes a logic 0. The operation
of the programmable preset and reset overrides the
clock.

Combinatorial/Registered Outputs

If both the preset and reset product lines are HIGH, the
flip-flop is bypassed (Bypass Mode) and the output be-
comes combinatorial. Otherwise, the output is from the
register (Registered Mode). Each output can be config-
ured to be combinatorial or registered.

Programmable Clock

The clock input to each flop-flop comes from the pro-
grammable array, allowing any flip-flop to be clocked in-
dependently if desired.

Three-State Outputs

The devices provide a product term dedicated to local
output control. There is also a global output control pin.
The output is enabled if both the global output control
pin is LOW and the local output control product term is
HIGH. If the global output control pinis HIGH, all outputs
will be disabled. If the local output control product termis
LOW, then that output wiii be disabied.

Security Fuse

A security fuse is also provided to prevent unauthorized
copying of PAL device patterns. Once the fuse is pro-
grammed, the circuitry enabling verification is perma-
nently disabled, and the array will read as if every array
fuse is programmed. With verification not operating, it is
impossible to simply copy the PAL device patternon a
PAL device programmer.

- —— -

| 1]

—-Ez Output

o o o ———

e

10232-004A

Figure 1. PAL16RA8 Macrocell
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Programmable Polarity

The outputs can be programmed either active-LOW or
active-HIGH. This is represented by the Exclusive-OR
gate shown in the PAL16RAS8 logic diagram. When the
output polarity fuse is programmed, the lower input to
the Exclusive-OR gate is HIGH, so the output is active-
HIGH. Similarly when the output polarity fuse is intact,
the output is active-LOW. The programmable output po-
larity feature allows the user a higher degree of flexibility
when writing equations.

Programming

The PAL16RA8 can be programmed on standard logic
programmers. Programmers approved by Advanced
Micro Devices are listed in the Programmer Reference
Guide.

Register Preload

The register on the PAL16RA8 can be preloaded from
the output pins to facilitate functional testing of complex

state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary to cycle
through long test vector sequences to reach a desired
state. In addition, transitions from illegal states can be
verified by loading illegal states and observing proper
recovery. Register preload is controlled by a TTL-level
signal, making it a convenient board-level initialization
function.

Quality and Testability

The PAL16RAS8 offers a very high level of built-in quality.
Extra programmable fuses provide a means of verifying
performance of all AC and DC parameters. In addition,
this verifies complete programmability and functionality
of the device to provide the highest programming yields
and post-programming functional yields in the industry.

Technology

The PAL16RAS8 is fabricated with AMD’s junction-iso-
lated process, utilizing TiW fuses.

Registered/
Active Low

Registered/
Active High

I —

—N

Combinatorial/
Active Low

—

Combinatorial/
Active High

10232-005A

Figure 2. Macrocell Configurations
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LOGIC DIAGRAM

PAL16RA8
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied ~55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto +7.0V

DC Input Voltage
DC Output or I/O Pin Voltage

-15V toVec +0.5V
-05V toVec+05V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)

Operating in Free Air 0°C to +75°C
Supply Voltage (Vcc)
with Respect to Ground +4.75Vto +5.25 vV

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. | Max.| Unit
Vo Qutput HIGH Voltage loH=-3.2mA Vin=ViorVy 2.4 \%
Vce = Min.
Vou Qutput LOW Voltage lo.=8 mA Vin =V or Vi 0.5 \
Vce = Min.
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 Vv
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min. -15 \
i1 Input HIGH Current ViN=2.4V, Vcc = Max. (Note 2) 25 LA
i Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -250 | pA
I Maximum Input Current Vin=5.5V, Vcc = Max. 100 | pA
lozw Off-State Output Leakage Vout =24V, Vcc = Max. 100 | pA
Current HIGH Vin = Vinor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4V, Vce = Max. -100 | pA
Current LOW Vin = Vinor ViL (Note 2)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 3) -30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 170 | mA
Vce = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.
2. 1O pin leakage is the worst case of liL and lozL (or v and lozn).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter Min. Max. Unit
Symbol | Parameter Description (Note 2)
trD Input or Feedback to Active Low 30 ns
Combinatorial Output Active High 35 ns
ts Setup Time from Input or Feedback to Clock 20 ns
W] oTme e -
tco Clock to Output or Feedback 10 30 ns
tap Asynchronous Preset to Registered Output 35 ns
tapw Asynchronous Preset Width 20 ns
tar Asynchronous Reset to Registered Output 40 ns
tarw Asynchronous Reset Width 20 ns
twi LOW 20 ns
| SOk WA e 20 ns
Maximum External Feedback | 1/(ts + tco) 20 MHz
fmax Frequency
(Note 3) No Feedback 1/(twh + twe) 25 MHz
trzx fé to Output Enable 20 ns
tpxz OE to Output Disable 20 ns
tea Input to Output Enable Using Product Term Control 30 ns
ter Input to Output Disable Using Product Term Control 30 ns

Notes:
1. See Switching Test Circuit for test conditions.
2. Output delay minimums are measured under best-case conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified

where frequency may be affected.
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SWITCHING WAVEFORMS

Input or Input or
Feedback VT Feegback vr
trD ts tH
Combinatorial
Output VT Clock vt
12015-010A tco
Combinatorial Output Registered
Output v
12015-012A
Registered Output
Input tapw
Asserting
Asynchronous VT
Preset tap —

R\

10232-007A 12015-011A
Asynchronous Preset Clock Width
Input tARW
Asserting
Asynchronous Vr
Reset tAR
Registered 4
Output /////7 vr
10232-009A
Acunsnhranaiie Dacat
HD’IIUIIIUIIUUD nNcoTL
Input or BE
Feedback VT VT
ter tea trxz tpzx
KKH\'VOH'O-SV/77 KKKP(VOH-O.SV/77
Output Vr V
o LI vou+ 0sV\\N ouest /7o + 05V \N
10232-008A 12015-014A
Input to Output Disable/Enable OE to Output Disable/Enable

Notes:

1. V=15V

2. Input puise amplitude 0 V1o 3.0V

3. Input rise and fall times 2-5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
fromLtoH fromLtoH
v‘v "V" \/ Don't Care; Changing,
Any Change State
LNNNNN N Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State

KS000010-PAL

SWITCHING TEST CIRCUIT

5

<

) Test Point

L.
T

} 81
2 R1
Qutput O T
% R2

12350-019A
Measured
Specification S, CL R R2 Output Value

tro, tco Closed 15V
trzx, tea Z —» H: Open 50 pF 15V

Z — L: Closed 560 Q 1.1kQ
tpxz, teR H—2Z: Open 5pF H—Z:Vou—-05V

L —Z: Closed L—>Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typlcal Input Typical Output
+—o Vce * o Voe
40 Q NOM
Input
_ 12350-020A Output
il .
Program/Verify 'nl%" Program/Verity/
Circuitry Pins Test Circuitry
Preload
Circuitry
- 12468-018A
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OUTPUT REGISTER PRELOAD
The preload function allows the register to be loaded 4. Remove Vi p/Vinp from all registered output pins.

from the output pins. This feature aids functional testing
of sequential designs by allowing direct setting of output

states. The procedure for preloading follows.

1. Set OE to Viup to disable output registers.

2. Apply either Viup or Vip to all registered outputs.

Leave combinatorial outputs floating.

3. Pulse PL from Viup to ViLp to Vinp.

5. Lower OE to V/p to enable the output registers.

6. Verify Vo/Von atall registered output pins. Note that
because of the output inverter, a register that has
been preloaded HIGH will provide a LOW at the

output.

Output Register Preload Waveform

Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
ViLp Low-level input voltage 0 0 0.5 \
Vinp High-level input voltage 2.4 5.0 55 Vv
tsp Preload setup time 25 ns
twp Preload pulse width 35 ns
thp Preload hold time 25 ns
oe _| L
Registered
Output
P L
twp tHp #
fe— tsp
10232-010A
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B coviL 1015025, Q-15/25 MIL: H-20/25

PALCE16V8

EE CMOS 20-Pin Universal Programmable Array Logic

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B Pin, function and fuse-map compatible with all
20-pin GAL® devices

®  Electrically erasable CMOS technology

provides reconfigurable logic and full
testability

®  High speed CMOS technology

- 10 ns propagation delay for “-10” version
— 15 ns propagation delay for “-15” version
— 25 ns propagation delay for “-25” version

®  Direct plug-in replacement for the PAL16R8
series and most of the PAL10H8 series

B Qutputs programmable as registered or
combinatorial in any combination

B Programmable output polarity

B Programmable enable/disable control

B Preloadable output registers for testability
B Automatic register reset on power up

B Cost-effective 20-pin plastic DIP and PLCC
packages

B Programmable on standard device
programmers

B Supported by PALASM® software

B Fully tested for 100% programming and
functional yields and high reliability

GENERAL DESCRIPTION

The PALCE16V8 is an advanced PAL® device built with
low-power, high-speed, electrically-erasable CMOS
technology. It is functionally compatible with all 20-pin
GAL devices. The macrocells provide a universal device
architecture. The PALCE16V8 will directly replace the
PAL16R8 and PAL10H8 series devices, with the excep-
tion of the PAL16C1.

Device logic is automatically configured according to the
user's design specification. Design is simplified by
PALASM design software, allowing automatic creation
of a programming file based on Boolean or state equa-
tions. PALASM software also verifies the design and
can provide test vectors for the finished device. Pro-
gramming can be accomplished on standard PAL
device programmers.

The PALCE16V8 utilizes the familiar sum-of-products

(AND/OR) architecture that allows users to implement
complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through floating-
gate cellsinthe AND logic array thatcan be erased elec-
trically.

The fixed OR array allows up to eight data product terms
per output for logic functions. The sum of these products
feeds the output macrocelii. Each macroceli can be pro-
grammed as registered or combinatorial with an active-
high or active-low output. The output configuration is de-
termined by two global bits and one local bit controlling
four multiplexers in each macrocell.

BLOCK DIAGRAM

4 - la

i

CLKAg

Programmable AND Array
32X 64

12467-001A

PAL and PALASM are registered trademarks of Advanced Micro Devices. )
This part is coverad by various U.S. and foreign patents owned by Advanced Micro Devices.

Publication # 12015 Rev.C Amendment/0

Issue Date: January 1990
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CONNECTION DIAGRAMS
Top View

DIP
CLK/, [ 1@ 2 ] Veo
L [d2 19[ ] vo,
Lz 18 J Vo
N P 17 [J vo,
1, s 16 | ] 104
1s[1s 15§ ] 10,
e []7 14 Jvo,
L s 13 [ vo,
1s[]o 12 [ ] 1o,
GND [0 11 [1OEx,
12015-002A

PLCC/LCC
2 11CLK/g Ve 1/O;

mininininl
/3 2 1 20 19

13[4 ° 18] ] voe
W[s 17 Jvos
s ]s 18] ] 104
e[]7 15[ o,
Y e 1] Jvo.

9 10 11 12 13

NNy

I's GND OFE/lg 10, /04
Note: Pin 1 is marked for orientation

PIN DESIGNATIONS

12015-003A

CLK = Clock

GND = Ground

I = Input

YO = Input/Output
OE = Output Enable
Vee = Supply Voltage

ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number

(Valid Combination) is formed by a combination of:

PAL CE 16

a. FAMILY TYPE
PAL= Programmable Array Logic

b. TECHNOLOGY
CE = CMOS Electrically Erasable

c. NUMBER OF
ARRAY INPUTS

a. Family Type f.
b. Technology

c. Number of Array Inputs
d. Output Type I.
e. Number of Flip-Flops

L3 e -

d. OUTPUT TYPE
V = Versatile

e. NUMBER OF FLIP-FLOPS

f. POWER

H = Half Power (90 mA Icc)
Q = Quarter Power (55 mA Icc)

g. SPEED
-10 = 10 nstpp
-15 = 15nstpp
25 = 25nstpp

Valid Combinations

PALCE16V8H-10
PALCE16V8H-15
PALCE16V8H-25
PALCE16V8Q-15
PALCE16V8Q-25

PC, JC

Blank,
4

Power

g. Speed

h. Package Type

Operating Conditions

j. Programming Designator

L j- PROGRAMMING DESIGNATOR

Blank = Initial Release

/4 = First Revision

(May require different programmer
revisions)

i. OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

h. PACKAGE TYPE
P = 20-Pin Plastic DIP (PD 020)
J = 20-Pin Plastic Leaded Chip
Carrier (PL 020)

Valid Combinations

The Valid Combinations table lists configurations
planned to be supported in volume for this device.
Consult the local AMD sales office to confirm
availability of specific valid combinations, to
check on newly released combinations, and to
obtain additional data on AMD’s standard military
grade products.

Note: Marked with AMD logo.
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ORDERING INFORMATION
APL Products

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination)
is formed by a combination of: a. Family Type f. Power

b. Technology g. Speed

c. Number of Array Inputs  h. Programming Designator

d. Output Type i. Device Class

e. Number of Flip-Flops J. Package Type

k. Lead Finish

PAL CE 16 V8 H-20 _ [_BTA
a. FAMILY TYPE L k. LEADFINISH
PAL= Programmable Array Logic A = Hot Soider Dip
b. TECHNOLOGY J. PACKAGE TYPE
CE = CMOS Electrically Erasable R = 20-Pin Ceramic DIP (CD 020)
2 = 20-Pin Ceramic Leadless
e tcyhc i Chip Carrier (CL 020)
d. OUTPUT TYPE i. DEVICE CLASS
V = Versatile /B = Class B
e. NUMBER OF FLIP-FLOPS
‘——————— h. PROGRAMMING DESIGNATOR
f. POWER Blank = Initial Release
H = Half Power (90 mA icc) E4 = First Revision
(May require different programmer
g. SPEED revisions)
-20 = 20 nstpp
25 = 25nstpp
Valid Combinations
The Valid Combinations table lists configurations
- planned to be supported in volume for this device.
Vaiid Combinations Consult the local AMD sales office to confirm
availability of specific valid combinations, to
PALCE16V8H-20 Blank, | /BRA, check on newly released combinations and to ob-
] E4 /B2A tain additional data on AMD's standard military
PALCE16V8H-25 grade products.

Note: Marked with AMD logo.

Group A Tests
Group A tests consist of subgroups 1, 2, 3, 7, 8,9, 10 and 11.

Military Burn-in

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E.
Test conditions are selected at AMD's option.
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FUNCTIONAL DESCRIPTION

The PALCE16V8 is a universal PAL device. It has eight
independently configurable macrocells (MCo—MC5).
Each macrocell can be configured as registered output,
combinatorial output, combinatorial I/O or dedicated in-
put. The programming matrix implements a program-
mable AND logic array, which drives a fixed OR logic ar-
ray. Buffers for device inputs have complementary out-
puts to provide user-programmable input signal polarity.
Pins 1 and 11 serve either as array inputs or as clock
(CLK) and output enable (OE), respectively, for all flip-
flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logicai HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALCE16V8 are
automatically configured from the user’s design specifi-

cation, which can be in a number of formats. The design
specification is processed by development software to
verify the design and create a programming file. This
file, once downloaded to a programmer, configures the
device according to the user’s desired function.

The user is given two design options with the
PALCE16V8. First, it can be programmed as a standard
PAL device from the PAL16R8 and PAL10H8 series.
The PAL programmer manufacturer will supply device
codes for the standard PAL device architectures to be
used with the PALCE16V8. The programmer will pro-
gramthe PALCE16V8 in the corresponding architec-
ture. This allows the user to use existing standard PAL
device JEDEC files without making any changes to
them. Alternatively, the device can be programmed as
aPALCE16V8. Here the user mustuse the PALCE16V8
device code. This option allows full utilization of the
macrocell.

To
Adjacent
Macrocell

[‘— 11 OE —
= ¢40X VCCO_-j
110 =
o '
- Stox
sGt  ~ Ei
D X et Do,
_ ' D Q _1__0[_
= SbLix CLK __> a _L
_ .
K} A From
0 X
Adjacent
*sa1—J L sLoy Pin "

*In macrocells MCg and MC7, SG1 is replaced by SGO on the feedback multiplexer.

12015-004B

PALCE16V8 Macrocell
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial /O, or dedicated input. In the registered output con-
figuration, the output buffer is enabled by the OE pin. In
the combinatorial configuration, the buffer is either con-
trolled by a product term or always enabled. In the dedi-
cated input configuration, it is always disabled. With the
exception of MCo and MCy7, a macrocell configured as a
dedicated input derives the input signal from an adja-
cent /0. MCo derives its input from pin 11 (OE) and MCy
from pin 1 (CLK).

The macroceil configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SL07and SL1o
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALCE16V8
willemulate a PAL16R8 family or a PAL10H8 family de-
vice. Within each macrocell, SLOy, in conjunction with
.SG1, selects the configuration of the macrocell, and
SL1x sets the output as either active low or active high
for the individual macrocell.

The configuration bits work by acting as control inputs
forthe multiplexers in the macrocell. There are four mul-
tiplexers: a product terminput, an enable select, an out-
put select, and a feedback select multiplexer. SG1 and
SLOx are the control signals for all four multiplexers. In
MCo and MC7,SGO replaces SG1 onthe feedback multi-
plexer. This accommodates CLK being the adjacent pin
for MC7 and OE the adjacent pin for MCo.

Registered Output Configuration

The control bit settings are SG0 =0, SG1=1and SLOx=
0. There is only one registered configuration. Ali eight
product terms are available as inputs to the OR gate.
Data polarity is determined by SL1x. The flip-flop is
loaded on the LOW-to-HIGH transition of CLK. The
feedback path is from Q on the register. The output
buffer is enabled by OF.

Combinatorial Configurations

The PALCE16V8 has three combinatorial output con-
figurations: dedicated output in a non-registered device,
1/0in a non-registered device and I/O in a registered de-
vice.

Dedicated Output In a Non-Registered
Device

The control bit settings are SG0 =1, SG1=0and SLOx =
0. All eight product terms are available to the OR gate.
Because the macrocell is a dedicated output, the feed-
back is not used. Because CLK andOE are notusedina
non-registered device, pins 1 and 11 are available as in-
put signals. Pin 1 will use the feedback path of MC7 and
pin 11 will use the feedback path of MCo.

Combinatorial I/O In a Non-Registered
Device

The control bit settings are SG0=1,SG1=1,and SL0x=
1. Only seven product terms are available to the OR
gate. The eighth product term is used to enable the out-
put buffer. The signal at the I/O pin is fed back to the
AND array via the feedback multiplexer. This allows the
pin to be used as an input.

Because CLK and OE are not used in a non-registered
device, pins 1 and 11 are available as inputs. Pin 1 will
use the feedback path of MC;and pin 11 will use the
feedback path of MCo.

Combinatorial I/O in a Registered Device

The control bit settings are SG0 =0, SG1=1and SLOx =
1. Only seven product terms are available to the OR
gate. The eighth product term is used as the output
enable. The feedback signal is the corresponding /O
signal.

Dedicated Input Configuration

The control bit settings are SG0=1,SG1=0and SLOx=
1. The output buffer is disabled. Except forMCo and MC~
the feedback signal is an adjacent I/0. For MCg and MC~
the feedback signals are pins 1 and 11. These
configurations are summarized in Table 1 and illustrated
in Figure 2.

Table 1. Macrocell Configuration

5Go| 5G1 SLox| Cell Configuration| Devices Emulated

Device Uses Registers

0 1 0 | Registered Output | PAL16R8, 16R6,
16R4
0 1 1 | Combinatorial /O |PAL16R6, 16R4

Device Uses No Registers

1 0 0 | Combinatorial PAL10H8, 12HS6,
Output 14H4, 16H2, 10L8,

12L6, 14L4, 16L2

1 0 1 Dedicated Input PAL12H86, 14H4,

16H2, 1216, 14L4,
16L2
PAL16L8

1 1 1 | Combinatorial /O

Programmable Output Polarity

The polarity of each macrocell can be active-high or ac-
tive-low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is through a programmable bit SL1x which
controls an exclusive-OR gate at the output of the AND/
OR logic. The output is active high if SL1xis 1 and active
low if SL1xis 0.

PALCE16V8
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OE OE

D Q D Q
ck—p @ ck—Pp @
Registered Active Low Registered Active High

u g

}——
Combinatorial I/O Active Low Combinatorial I/O Active High
-\ Vee -\ Vee
——
——
Combinatorial Output Active Low Combinatorial Output Active High

m————@ Adjacent 1/O pin

Dedicated Input

12015-005A

Figure 2. Macrocell Configurations
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Power-Up Reset

Allflip-flops power up to a logic LOW for predictable sys-
tem initialization. Outputs of the PALCE16V8 will de-
pend onwhetherthey are selected as registered orcom-
binatorial. If registered is selected, the output will be
HIGH. If combinatorial is selected, the output will be a
function of the logic.

Register Preload

The register on the PALCE16V8 can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary to cycle
through long test vector sequences to reach a desired
state. In addition, transitions from illegal states can be
verified by loading illegal states and observing proper
recovery.

Security Bit

A security bit is provided onthe PALCE16V8 as a deter-
rent to unauthorized copying of the array configuration
patterns. Once programmed, this bit defeats readback

of the programmed pattern by adevice programmer, se-
curing proprietary designs from competitors. However,
programming and verification are also defeated by the
security bit. The bit can only be erased in conjunction
with the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALCE16V8 device. It consists of 64 bits of programm-
able memory that can contain user-defined data. The
signature data is always available to the user independ-
ent of the security bit.

Programming and Erasing

The PALCE16V8 can be programmed on standard logic
programmers. Approved programmers are listed in the
Programmer Reference Guide.

The PALCE16V8 may be erased to reset a previously
configured device back to its virgin state. Erasure is
automatically performed by the programming hardware.
No special erase operation is required.

PALCE16V8
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LOGIC DIAGRAM
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LOGIC DIAGRAM (Continued)
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature —65°C to +150°C Commercial (C) Devices
Ambient Temperature :
with Power Applied ~55°C to +125°C Temperature (Ta) Operaling
. in Free Air 0°C to +75°C
Supply Voltage with
Respect to Ground -0.5Vto +7.0V Supply Voltage (Vcc) with

DC Input Voltage -0.5V toVeec +05V Respect to Ground +4.75 Vto +5.25 V

DC Output or ) ) . )
1/0 Pin Voltage Operating ranges define those limits between which the func-

-05V toVec+05V -pera i
tionality of the device is guaranteed.

Static Discharge Voltage 2001V
Latchup Current
(Ta =0°C to +75°C) 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Qumhnl Daramatar Dacrrintinn Tact Nanditinne Min AMaw 1lmis
d AL 4 4l PAIGIIICICE OOVl OOt wuliviIuvilg vilii. wiaa i
VoH Qutput HIGH Voltage lon=-32mA Vin=ViorVy 2.4 \Y%
Vce = Min.
VoL Output LOW Voltage loo=24mA ViNn=ViorVy 0.5 \"
Vee = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 1)
\ Input LOW Voitage Guaranteed Input Logical LOW 0.8 \'
Voltage for all inputs (Note 1)
i1 Input HIGH Leakage Current ViN=5.25V, Vcc = Max. (Note 2) 10 HA
e Input LOW Leakage Current ViN =0V, Vcc = Max. (Note 2) -10 UA
lozH Off-State Output Leakage Vour =5.25 V, Vcc = Max.
Current HIGH Vin = Vigor Vi (Note 2) 10 1 pA
lozL Off-State Output Leakage Vout =0V, Vce = Max. 10 JA
Current LOW Vin = Viyor Vi (Note 2) -
Isc QOutput Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | =130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 90 mA
Vee = Max., f = 15 MHz
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
2. 1/O pin leakage is the worst case of liL and lozL (or I and lozw).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

PALCE16V8H-10 (Com’l)



CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance VIN=2.0V | Vec=5.0V, Ta=25°C, 5 pF
Cour Output Capacitance Vour=2.0V|f=1MHz 8 pF
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter -10
Symbol Parameter Description Min. | Max. Unit
trp Input or Feedback to Combinatorial Output 10 ns
ts Setup Time from Input or Feedback to Clock 10
tH Hold Time 0 ns
tco Clock to Output 8 ns
tcr Clock to Feedback (Note 3) ns
twi . LOW 8 ns
Clock Width
twH HIGH 8 ns
Maximum External Feedback |1/(ts+tco) 555 MHz
fmax Frequency Internal Feedback |1/(ts+tcr) MHz
(Note 4) No Feedback 1/(twh+tw) 62.5 MHz
tpzx OE to Output Enable 10 ns
texz OE to Output Disable 10 ns
tea Input to Output Enable Using Product Term Control 10 ns
ter Input to Output Disable Using Product Term Control 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

PALCE16V8H-10 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature

Ambient Temperature

with Power Appl

Supply Voltage with

Respect to Ground
DC Input Voltage

DC Output or
1/0 Pin Voltage

Static Discharge Voltage

Latchup Current

(Ta = 0°C to +75°C)

—65°C to +150°C Commercial (C) Devices
iod _55°C 10 +125°C ?I’emperat.ure (Ta) Operating
in Free Air
-05Vto +7.0V Supply Voltage (Vcc) with

-05V toVec+05V

2001V

100 mA

-05V toVec +05V

OPERATING RANGES

Respect to Ground

0°C to +75°C

+4.75Vto +5.25 V

tionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

Operating ranges define those limits between which the func-

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage lon=-32mA ViN=ViorVy 2.4 Y
Vce = Min.
Vou Output LOW Voltage loo=24mMA Vin=ViorVYy 0.5 \Y;
Vee = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y
Voltage for all Inputs (Note 1)
I Input HIGH Leakage Current| Vin=5.25 V, Vcc = Max. (Note 2) 10 LA
li Input LOW Leakage Current | Vin =0V, Vcc = Max. (Note 2) -10 HA
lozH Off-State Output Leakage Vour =5.25 V, Vec = Max. R i
Current HIGH Vin = Vior Vi (Note 2) 1 HA
lozL Off-State Output Leakage Vour =0V, Vcc = Max. 10 JA
Current LOW Vin = ViHor Vi (Note 2) -
Isc Output Short-Circuit Current | Vout = 0.5 V, Vcc = Max. (Note 3) -30 | =130 | mA
lcc Supply Current Vin= 0V, Outputs Open (loutr = 0 mA) 90 mA
Vee = Max., f = 15 MHz 55
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. I/O pin leakage is the worst case of I and lozL (or In and loz).
3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance VN=20V | Vecc=5.0V, Ta=25°C, 5 pF
Cour Output Capacitance Vour=2.0V|f=1MHz 8 pF
Note:

1. These parameters are not 100% tested, but are evaluated at initiai characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter -15 -25
Symbol Parameter Description Min. Max. [ Min. Max. Unit
trp Input or Feedback to Combinatorial Output 15 25 ns
ts Setup Time from Input or Feedback to Clock 12 15 ns
tH Hold Time 0 ns
tco Clock to Output 10 12 ns
tcr Clock to Feedback (Note 3) 8 10 ns
tw ) LOW 8 12 ns
Clock Width
twH HIGH 8 12 ns
Maximum External Feedback | 1/(ts+tco) 455 37 MHz
fmax Frequency Internal Feedback | 1/(ts+tcr) 50 40 MHz
(Note 4) No Feedback Wtwrtw) | 625 416 MHz
tpzx OE to Output Enable 15 20 ns
tpxz OE to Output Disable 15 20 ns
tea Input to Output Enable Using Product Term Control 15 25 ns
ter Input to Output Disable Using Product Term Control 15 25 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

PALCE16V8H-15/25, Q-15/25 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied -55°Cto +125°C
Supply Voltage with

Respect to Ground -05Vto+7.0V

DC Input Voltage
DC Output or I/0O Pin Voltage

-0.5VtoVce+0.5V
-0.5VtoVcc+0.5V

Static Discharge Voltage 2001V
Latchup Current
(Tc =-55°C to +125°C) 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Operating Case
Temperature (Tc)
Supply Voltage (Vcc)
with Respect to Ground

-55°C to +125°C

+45Vio+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc = +25°C, +125°C
and -55°C, per MIL-STD-883.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit

Vo Output HIGH Voltage lon=-2.0mA Vin=ViorVy 2.4 Vv
Vce = Min.

VoL Output LOW Voltage loL =12 mA Vin = ViHor ViL 0.5 \"
Vece = Min.

ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 3)

Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 3)

I Input HIGH Leakage Current ViN=5.5V, Vcc = Max. (Note 4) 10 A
he Input LOW Leakage Current Vin=0V, Vcc = Max. (Note 4) -10 UA
lozH Ofi State Output Leakage Vour =5.5V, Vcc = Max. 40 A

Current HIGH VIN = Vigor Vi (Note 4) H
lozt Off-State Output Leakage Vout =0V, Vcc = Max. 40 A
Current LOW Vin = Vihor Vi (Note 4) H

Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 |-130 mA

lec Supply Current Vin= 0V, Outputs Open (loutr = 0 mA) 90 mA
Vee = Max., f = 15 MHz
Notes:

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted.

3. ViLand ViH are input conditions of output tests and are not themselves directly tested. Vi and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of liL and loz (or I and lozw).

5. Not more than one output should be shorted at a time and duration of the short-circuit should not = -ceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This paiameter is not 100%
tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected.

PALCE16V8H-20/25 (Mil)



CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance ViN =20V Ve =5.0V, Ta = 25°C, 8 pF
Cout Output Capacitance Vour=2.0V | f=1MHz 8 pF
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter -20 -25
Symbol Parameter Description Min. Max. Min. Max. Unit
tro Input or Feedback to Combinatorial Output 20 25 ns
ts Setup Time from Input or Feedback to Clock 15 15 ns
tH Hold Time (Note 5) 0 0 ns
tco Clock to Output 15 20 ns
ter Clock to Feedback (Note 3) 13 18 ns
twi . LOW 12 15 ns
tw Clock Width HIGH 12 15 ns
Maximum External Feedback| 1/(ts+tco) 33.3 28.6 MHz
fmax Frequency Internal Feedback |1/(ts+tcF) 35.7 30.3 MHz
(Note 4) No Feedback  [1/(twi+tw)| 41.7 33.3 MHz
tpzx OE to Output Enable  (Note 5) 20 20 ns
tpxz OE to Output Disable (Note 5) 20 20 ns
tea Input to Output Enable Using Product 20 25 ns
Term Control (Note 5)
ter Input to Output Disable Using Product 20 25 ns
Term Control (Note 5)

Notes:

2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per
MIL-STD-883, Method 5005, unless otherwise noted.

3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.

PALCE16V8H-20/25 (Mil) 2-89



SWITCHING WAVEFORMS

Input or Input or
Feedback vr Feegback vr
trD ts tH
Combinatorial
Output VT A
Clock tco
12015-010A
Combinatorial Output Registered
Output Vr
12015-012A
Registered Output
CLK
l ts+tcr | i- _____________ ‘I ————— ~‘|
[ v |
Clock VT | ts |
| LOGIC REGISTER |
| |
| |
12149-025A { tcr {
Clock to Feedback (fwax Internal) b e 4
See Path at Right 12015-021A
Input vr
twH
teR tEA
Clock \23 ; ; ;—( VoH - 0.5\// 7 7
Output —_._LLL‘LVOL + 0.5V\\\
twi
12015-011A 12015-013A
Clock Width Input to Output Disable/Enable
OE
tpxz tpzx
Output \{ \f A «ﬁ Vr
12015-014A
OE to Output Disable/Enable
Notes:
1. Vr=15V

2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2-5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHtoL
May Will be
Change Changing
fromLto H fromLto H
Don't Care; Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
5V

Si

| — MM ——o—o0

Ry
Output O -T_ @) Test Point
i :l: )
= 12350-019A
ial Milita
Commercia ilitary Measured
Specification S CL R4 Rz Ry R2 Output Value
teo, tco, ter Closed 15V
tpzx, tea Z — H: Open 50 pF 15V
Z — L: Closed 200Q | 390Q | 200Q | 390 Q
texz, ter H —Z: Open 5pF H—->Z:Vou-05V
L —»Z: Closed L—>Z:VoL+05V
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ENDURANCE CHARACTERISTICS

The PALCE16V8 is manufactured using AMD’s ad-
vanced Electrically Erasable process. This technology
uses an EE cell to replace the fuse link used in bipolar

Endurance Characteristics

parts. As a result, the device can be erased and
reprogrammed — a feature which allows 100% testing at
the factory.

Symbol| Parameter Min. Units Test Conditions
10 Years Max. Storage
% Min. Patt Data Retention Ti Tomperature
in. m ntion Time

oR n-Tatemda ' 20 Years Max. Operating
Temperature (Military)

N Min. Reprogramming Cycles 100 Cycles Normal Programming
Conditions

INPUT/OUTPUT EQUIVALENT SCHEMATICS

ESD
Protection

Program/Verify
Circuitry

—T1— Vcc

Typical Input

Vee

|

Feedback
Input

Preload
= Circuitry

Typical Output
12197-013A
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OUTPUT REGISTER PRELOAD
The Preload function allows the registers to be loaded put pins. Leave combinatorial output pins floating.

fromthe output pins. This feature aids functional testing 5. Clock pin 1 from Vi to Vin.
of sequential designs by allowing direct setting of output 6. Remove Vi/Vix from all registered outputs.
states. The procedure is as follows. 7. Enable the output registers by lowering OE.
1. Raise Vccto 5.0 V£ 0.5 V. 8. Lower pin 8 to ViL/ViH.
2. Set pin 8 to Veio. 9. Verify for Vou/Von at all registered output pins. Note
3. SetOE HIGH. that the output pin signal will be the inverse of the
4. Apply the desired value (Vi/Vin) to all registered out- preload input.
Parameter
Symbol Parameter Description Min. | Rec. | Max. | Unit
) Setup and Hold Time from Preload (pin 8) to OE 50 50 us
tps Setup Time from OE to Data 1 1 us
teH Hold Time from Data to OE 1 1 us
trcs Setup Time from Data to Clock 1 1 us
trcH Hold Time from Clock to Data 1 1 us
dVi/dt Veup Rising Slew Rate (pin 8) 10 100 | V/us
dVydt Veup Falling Slew Rate (pin 8) 2 3 Vius
VeLD Super-level Input Voltage 9.5 10 105 \Y
ViHp High-level Input Voltage 24 5.0 55 \"
Vie Low-level Input Voltage 0 0 0.5 \
——————— VPLD
Pin 8
tPLD tPLD ViLp
——————————— ViHp
OE
ViLp
. 1 _ _
"_ Wl =W Vinp
Registered VoH
ouput —/———//™™™ N___ 0 0000O0O0O0O0OoNe ST VoL
ViLe
trcs tpw tPcH
Clock S LTI TTTT Vine
ViLe
12015-015A

Output Register Preload Waveform
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POWER-UP RESET

The PALCE16V8 has been designed with the capability
to reset during system power-up. Following power-up,
all flip-flops will be reset to LOW. The output state will be
HIGH independent of the logic polarity. This feature pro-
vides extra flexibility to the designer and is especially
valuable in simplifying state machine initialization. A
timing diagram and parameter table are shown below.
Due to the synchronous operation of the power-up reset

and the wide range of ways Vcc can rise to its steady
state, two conditions are required to insure a valid
power-up reset. These conditions are:

1. The Vcc rise must be monotonic.

2. Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and feed-
back setup times are met.

Parameter
Symbol Parameter Descriptions Min. Max. Unit
ter Power-Up Reset Time 10 us
t Input or Feedback Setup Time S .
S P P See Switching Characteristics
twi Clock Width LOW
4V Vee
Power
I trr
Registered // l
Output 7
F- ts
Clock \\NK
twi
12350-024A
Power-Up Reset Waveform
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PALCE16V82-20

Zero Power EE CMOS Universal Programmable Array Logic

'

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Pin, function and fuse-map compatible with all
20-pin GAL® devices

B Electrically-erasable CMOS technology
provides reconfigurable logic and full
testability

®  Zero-Power CMOS technology
- 100 pA Standby Current
— 20 ns propagation delay

B  Direct plug-in replacement for the PAL16R8
series and most of the PAL10H8 series

®  QOutputs programmable as registered or
combinatorial in any combination

Programmable output polarity
Programmable enable/disable control

]
=
®  preloadable output registers for testability
B Automatic register reset on power up

=

Cost-effective 20-pin plastic DIP and PLCC
packages

®  programmable on standard device
programmers

¥ Supported by PALASM® software

®  Fully tested for 100% programming and
functional yields and high reliability

GENERAL DESCRIPTION

The PALCE16V8 s an advanced PAL® device built with
zero-power, high-speed, electrically-erasable CMOS
technology. It is functionally compatible with all 20-pin
GAL devices. The macrocelis provide a universal device
architecture. The PALCE16V8 will directly replace the
PAL16R8 and PAL10H8 series devices, with the excep-
tion of the PAL16C1.

The PALCE16V8Z provides zero standby power and
high speed. At 100 pA maximum standby current, the
PALCE16V82Z allows battery powered operation for an

extended normd

The PALCE16V8 utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement

complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through floating-
gate cellsinthe AND logic array that can be erased elec-
trically.

The fixed OR array allows up to eight data product terms
peroutputfor logic functions. The sumof these products
feeds the output macrocell. Each macrocell can be pro-
grammed as registered or combinatorial with an active-
high or active-low output. The output configuration is de-
termined by two global bits and one local bit controlling
four multiplexers in each macrocell.

BLOCK DIAGRAM

Iy - 1y

CLKAg

Programmable AND Array
32X64

12467-001A

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended
1o help you evaluate this product. AMD vesafves ths nght to change or discontinue work on this proposed product without notice.

d Micro Devices. GAL is a registered trademark of Lattice Semiconductor
Corp. This part is protected by various U.S. and foreign patents owned by Advanced Micro Devices.

PAL and PALASM are regi:

Publication # 13061 Rev. A Amendment/0

Issue Date: January 1990
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AmPAL18P8B/AL/A/L

20-pin Combinatorial TTL Programmable Array Logic

n

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
H  As fast as 15 ns maximum propagation delay

®  Universal combinatorial architecture
¥ Programmable output polarity
]

Programmable replacement for high-speed
TTL logic

B Easy design with PALASM® software

B Programmable on standard PAL® device
programmers

B 20-pin DIP and 20-pin PLCC packages save
space

GENERAL DESCRIPTION

The AmPAL18P8 utilizes Advanced Micro Devices’ ad-
vanced oxide-isolated bipolar process and fuse-link
technology. The devices provide user-programmable
logic for replacing conventional SSI/MSI gates and flip-
flops at a reduced chip count.

The AmMPAL18P8 allows the systems engineer to imple-
ment the design on-chip, by opening fuse links to config-
ure AND and OR gates within the device, according to
the desired logic function. Complex interconnections
between gates, which previously required time-
consuming layout, are lifted from the PC board and
placedonsilicon, where they can be easily modified dur-
ing prototyping or production.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the

outputs. In addition, the PAL device provides the follow-
ing options:

— Variable input/output pin ratio
— Programmable three-state outputs

Product terms with all fuses opened assume the logical
HIGH state; product terms connected to both true and
complement of any single input assume the logical LOW
state. Unused input pins should be tied to Vcc or GND.

The entire PAL device family is supported by the
PALASM software package. The PAL family is pro-
grammed on conventional PAL device programmers
with appropriate personality and socket adapter mod-
ules. See the Programmer Reference Guide for ap-
proved programmers. Once the PAL device is pro-
grammed and verified an additional fuse may be opened
to prevent pattern readout. This feature secures proprie-
tary circuits.

BLOCK DIAGRAM

AmPAL18P8
Inputs

wz

Programmable AND Array
(36 x 72)

8 8 8 tj%
U

L

0

110 e} /{e] 1]

8 I 8 8 8
110 110 /o] {e]
05799-001A

PAL and PALASM are regi: d ks of Ad d Micro Devices.
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices.

Pubiication # 05799 Rev. F Amendment /0

Issue Date: January 1990
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PRODUCT SELECTOR GUIDE

tep lcc loL
Family ns (Max.) mA (Max.) mA (Min.)

Very High-Speed
(“B*) Versions 15 180 24
High-Speed
(“A") Versions 25 180 24
High-Speed,
Half-Power 25 90 24
(“AL”") Versions
Half-Power
(“L") Versions 35 90 24

CONNECTION DIAGRAMS

Top View
DIP PLCC
T\ 8
1 ] e 201 ] Ve - - _-=32°
J5 N mITalals
s 18] Yo 1« ) 18] vo
. 7] o 1 1s 17|33 vo
1 s 16 ] O - 18] 1o
1 s 15[ o N 15[ vo
110 | 8 14 110
. 1 - 910111213:
. I 13p] 1o duuuy
- 12 wo “g9-Q0Q
aND [ 10 1 ~
Note:
Pin 1 is marked for orientation.
05799-002A 05799-003A
PIN DESIGNATIONS
GND Ground
| Input
110 Input/Output
Vee Supply Voltage
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ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number

(Valid Combination) is formed by a combination of:  a.

Family Type

b. Number of Array Inputs

c
d
e
f.
g9
h
i

AmPAL 18

a. FAMILY TYPE —m ™
AmPAL = Programmable Array Logic

b. NUMBER OF
ARRAY INPUTS

. Output Type
. Number of Outputs
. Speed

Power

. Package Type
. Operating Conditions

Optional Processing

P8 A

PC

i. OPTIONAL PROCESSING
Blank = Standard Processing

c. OUTPUT TYPE
P = Programmable Polarity

——— h. OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

d. NUMBER OF OUTPUTS

e. SPEED g. PACKAGE TYPE
B=15nstep P = 20-Pin Plastic DIP
A =25ns tpp (PD 020)
Blank = 35 ns tpp J = 20-Pin Plastic Leaded
Chip Carrier (PL 020)
f. POWER D = 20-Pin Ceramic DIP
L = Low Power (90 mA Icc) (CD 020)

Blank = Full Power (180 mA Icc)

Valid Combinations

Valid Combinations
The Valid Combinations table lists configurations

AmPAL18P8 B,AL A L PC, JC,DC

planned to be supported in volume for this device.
Consult the local AMD sales office to confirm
availability of specific valid combinations and to
check on newly released combinations.

Note: Marked with AMD logo.
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FUNCTIONAL DESCRIPTION

All parts are produced with a fuse link at each inputto the
AND gate array, and connections may be selectively re-
moved by applying appropriate voltages to the circuit.
Utilizing an easily-implemented programming algo-
rithm, these products can be rapidly programmed to any
customized pattern. Information on approved program-
mers can be found inthe Programmer Reference Guide.
Extra test words are pre-programmed during manufac-
turing to ensure extremely high field programming
yields, and provide extra test paths to achieve excellent
parametric correlation.

Variable Input/Output Pin Ratio

The AmPAL18P8 has ten dedicated input lines, and all
eight combinatorial outputs are 1/0 pins. Buffers for de-
vice inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. A product term controls the buffer, allow-
ing enable and disable to be a function of any product of
device inputs or output feedback. The combinatorial
output provides a bidirectional I/0 pin, and may be con-
figured as a dedicated input if the buffer is always dis-
abled.

Programmable Polarity

The polarity of each output can be active-high or active-
low, either to match output signal needs or to reduce
product terms. Programmable polarity allows Boolean
expressions to be written in their most compact form
(true or inverted), and the output can still be of the de-
sired polarity. It can also save “DeMorganizing” efforts.

Selection is through a programmable fuse which con-
trols an exclusive-OR gate at the output of the AND/OR
logic. The output is active high if the fuse is 1 (pro-
grammed) and active low if the fuse is 0 (intact).

Security Fuse

After programming and verification, an AmPAL18P8 de-
sign can be secured by programming the security fuse.
Once programmed, this fuse defeats readback of the in-
ternal programmed pattern by a device programmer, se-
curing proprietary designs from competitors. When the
security fuse is programmed, the array will read as if
every fuse is programmed.

Quality and Testability

The AMPAL18P8 offers a very high level of built-in qual-
ity. Extra programmable fuses provide a means of veri-
fying performance of all AC and DC parameters. In addi-
tion, this verifies complete programmability and func-
tionality of the device to provide the highest program-
ming yields and post-programming functional yields in
the industry.

Technology

The AmPAL18P8 is fabricated with AMD’s advanced
oxide-isolated bipolar process. This process reduces
parasitic capacitances and minimum geometries to pro-
vide higher performance. The array connections are
formed with proven PtSi fuses for reliable operation.

2-100
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LOGIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature - —65°C to +150°C Commercial (C) Devices

Ambient Temperature Ambient Temperature (Ta)

with Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Voltage with Supply Voltage (Vcc)

Respect to Ground —05Vio+7.0V with Respect to Ground +4.75V1t0 +5.25 V
DC Input Voltage -05Vto+55V

Operating ranges define those limits between which the func-

—30 mAto +5 mA tionality of the device is guaranteed.

—0.5 V to Vcc Max.

DC input Current
DC I/O Pin Voltage

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating rang < unless oth
specified '

Parameter
Symbol Parameter Description Max. | Unit
VoH Output HIGH Voltage \
VoL Output LOW Voltage 0.5 \"
ViH \Y
0.8 \"
c -1.2 \
7 .‘ Vce = Max. (Note 2) 25 | pA
i .4V, Vcc = Max. (Note 2) -100 | pA
l : 1 ViN=55V,Vcc=Max. 1] mA
lozH Off-State Output Leakage Vout = 2.7 V, Voc = Max. 100 | pA
Current HIGH Vin = ViHor ViL (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -250 | pA
Current LOW Vin = ViHor Vi (Note 2)
Isc Output Short-Circuit Current Vour = 0.5V, Vce = Max. (Note 3) -30 -90 | mA
lcc Supply Current Vin= 0V, Outputs Open B, A 180 mA
(loutr = 0 mA)
Vee = Max. AL, L 9 | mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.
2. /O pin leakage is the worst case of liL and lozL (or i1 and lozn).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
CiN Input Capacitance Vn=20V Vec=5.0V
6
Ta = 25°C pF
Cout Output Capacitance Vour=20V f=1MHz 9
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter B
Symbol Parameter Description Min. | Max.
trp Input or Feedback to
Combinatorial Output 15
tea Input to Output Enable
Using Product Term Control
ter Input to Output Disable
Using Product Term Control
Note:

2. See Switching Test Circuit for test corﬁ;éﬁpns.

Unit

ns

ns

35

ns

AmPAL18P8B/AL/A/L (Com’l)
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SWITCHING WAVEFORMS

Input or
Feedback A
tPD
Combinatorial
Qutput vr
12015-010A
Combinatorial Output
Notes:
1. Vr=15V

2. Input pulse amplitude 0 Vto0 3.0 V
3. Input rise and fall times 2-5 ns typical.

Input Vr

teR
N

tea
VoH- 0.5V /77 v

Output [/ /Fvo+05V\\\

12015-013A

Input to Output Disable/Enable
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady

May Will be
Change Changing
fromHtolL fromHto L
May Will be
Change Changing
fromLtoH

fromLtoH
Don'’t Care; Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
5V
Output O l @ Test Point
%Rz I )
12350-019A
Measured
Specification S1 CL R1 R2 Output Value
teD Closed 15V
tea Z — H: Open 50 pF 15V
Z — L: Closed 200Q | 390Q
ter H—Z: Open 5pF H—->2Z:Vou-05V
L —»Z: Closed L—>Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typical input Typical Output

—o Ve * o Vee

40 Q NOM
Input o—# 4 II‘\/
L ? 9—0 Output
Program/Verify I I
Circuitry ° il
L\‘ Inl%t, Program/Verify/
Pins Test Circuitry
12350-020B

12984-006A
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comML ML
PAL20R8 Family

24-pin TTL Programmable Array Logic

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B As fast as 7.5 ns maximum propagation delay

B Popular 24-pin architectures: 20L8, 20R8,
20R6, 20R4

E  Programmable replacement for high-speed
TTL logic

B Power-up reset for initialization

B Easy design with PALASM® software

B Programmable on standard PAL® device
programmers

B 24-pin SKINNYDIP® and 28-pin PLCC
packages save space

GENERAL DESCRIPTION

The PAL20R8 Family (PAL20L8, PAL20R8, PAL20R6,
PAL20R4) is AMD’s standard 24-pin PAL device family.
The devices provide user-programmable logic for re-
placing conventional SSI/MSI gates and flip-flops at a
reduced chip count.

The family allows the systems engineer to implement
the design on-chip, by opening fuse links to configure
AND and OR gates within the device, according to the
desired logic function. Complex interconnections be-
tween gates, which previously required time-consuming
layout, are lifted from the PC board and placed on sili-
con, where they can be easily modified during prototyp-
ing or production.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the

outputs.

In addition, the PAL device provides the following op-
tions:

— Variable input/output pin ratio
- Programmable three-state outputs
-~ Registers with feedback

Product terms with all connections opened assume the
logical HIGH state; product terms connected to bothtrue
and complement of any single input assume the logical
LOW state. Registers consist of D-type flip-flops that are
loaded on the LOW-to-HIGH transition of the clock. Un-
used input pins should be tied to Vcc or GND.

The entire PAL device family is supported by the
PALASM software package. The PAL family is pro-
grammed on conventional PAL device programmers
with appropriate personality and socket adapter mod-
ules. See the Programmer Reference Guide for ap-
proved programmers. Once the PAL device is pro-
grammed and verified an additional connection may be
openedto prevent patternreadout. This feature secures
proprietary circuits.

PRODUCT SELECTOR GUIDE

DEDICATED PRODUCT TERMS/

DEVICE INPUTS OUTPUTS OUTPUT FEEDBACK ENABLE
PAL20L8 14 6 comb. 7 110 prog.

2 comb. 7 - prog.
PAL20R8 12 8 reg. 8 reg. pin
PAL20R6 12 6 reg. 8 reg. pin

2 comb. 7 1/ prog.
PAL20R4 12 4 reg. 8 reg. pin

4 comb. 7 110 prog.

PAL, PALASM, and SKINNYDIP ars reg d trademarks of Ad d Micro Devices.
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices.

Publication # 10234 Rev.B Amendment /0

Issue Date: January 1890
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PERFORMANCE OPTIONS

(Commercial)

35 | A2
Speed 25 B-2 A
(tro,ns) 15 B
10 -10
7.5 -7
105 | 210

Power (lcc, mA)

Note:

For low power and high speed, the EE
CMOS PALCE20V8 can directly replace
the PAL20R8 Family.

OPERATING RANGES

Commercial Military
-7 -12
-10 -15
B (15 ns) B (20 ns)
B-2 (25 ns)
A (25 ns) A (30 ns)
A-2 (35 ns) A-2 (50 ns)
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BLOCK DIAGRAMS
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BLOCK DIAGRAMS

PAL20R6
ik INPUTS OF
1 i
PROGRAMMABLE
AND ARRAY
(40 X 64)

Stets
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AND ARRAY
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CONNECTION DIAGRAMS

Top View
SKINNYDIP/FLATPACK
(NOTE 1) [ 1o ~ Ve
I ) 23 11,
P 22 [ ] (NOTE 10)
1,1 21:](N0TE9)
L [ds 20:|(N0TEB)
}SE 6 19 :](NOTE7)
17 18 [ ] (NOTE 6)
L, s 17 [ ] (NOTE 5)
L, e 16| ] (NOTE 4)
1o [0 15 [ ] (NOTE 3)
o [} 11 1w Jy
ano [ ] 12 13[ ] (NOTE2)
12350-005A
Note 20L8 20R8 20R6 20R4
1 lo CLK CLK CLK
2 l13 OE OE OE
3 (o]} O 1104 1104
4 1102 02 02 1102
5 1/03 O3 O3 O3
6 1/04 Qs O4 Q4
7 1/0s Os Os Os
8 1/06 Os Os Os
9 1107 Oy Oy /07
10 Os Os 1/0sg 1/0g

PIN DESIGNATIONS

CLK Clock

GND Ground

| Input

110 Input/Output
NC No Connect
o Output

OE Output Enable
Vee Supply Voltage

PLCC/LCC
JEDEC: Applies to -7(-12 mil), -10(-15 mil),
B-2 Series Only

= g
E @
~-23 328
T 3 2 1 28 27 %
°
I3 3 25| J(NOTE9)
[ 1s 24 [ moTES)
'5[: 7 23] J(NOTET)
ne[]s 2[ N
ts[_Jo 21{_] (NOTE§)
7 o 20[ ] iNOTES)
g1 15[ ] (NOTE4)
\__12 13 14 15 16 17 18 )
20 0o & &
TTEE g T
g g 12350-006A
PLCC
Applies to B, A, A-2 Series Only
= g
# ¥
o~-28 28
4 3 2 1 28 27 2
.
ch 5 25 J(NoTES)
14[: 6 24| ] (NOTE®)
is]7 23 : (NOTE 7)
Ne[ e 22[ ] (NOTE6)
s[]o 21| ] (NOTESS)
2o 20{ ] (NOTE 4)
n[n 19 Jne
\___12 13 14 15 16 17 18 )
s« o 22 & & &
- & w w
) S
£ £
LCC
Applies to B, A, A-2 Series Only
= g
w w
I =
g ~ -2 8 8
4 3 2 1 08 27 2
L]
13 |5 25{ NC
4 |6 24 | (NOTE 9)
15 |7 23| (NOTE 8)
g |8 22| (NOTE?)
17 1e 21| (NOTE §)
‘s {10 20| (NOTE 5)
Ne |11 19| (NOTE 4)
\__12 13 14 15 16 17 18 )
S 6 & - o
o S
£ =z
Note:

Pin 1 is marked for orientation.
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ORDERING INFORMATION
Commercial Products (AMD Marking Only)

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of: a. Family Type

b. Number of Array Inputs
c. Output Type
d. Number of Outputs
e. Speed
f. Package Type
g. Operating Conditions
h. Optional Processing
PAL 20 R 8-7P C
a. FAMILY TYPE —J
PAL = Programmable Array Logic
b. NUMBER OF h. OPTIONAL PROCESSING
ARRAY INPUTS Blank = Standard Processing
c. OUTPUT TYPE g. OPERATING CONDITIONS
R = Registered C = Commercial (0°C to +75°C)
L = Active-Low Combinatorial
d. NUMBER OF OUTPUTS

e. SPEED
-7 = 7.5nstpp
-10 = 10 nstpp

f. PACKAGE TYPE
P = 24-Pin 300-Mil Plastic SKINNYDIP (PD3024)
J = 28-Pin Plastic Leaded Chip Carrier (PL 028)

D = 24-Pin 300-Mil Ceramic SKINNYDIP (CD3024)
- — Valid Combinations
Valid Combinations The Valid Combinations table lists configurations
PAL20LS planned to be supported in volume for this device.
Consult the local AMD sales office to confirm
PAL20R8 availability of specific valid combinations, and to
-7,-10 PC, JC,DC check on newly released combinations.
PAL20R6
PAL20R4 Note: Marked with AMD logo.
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ORDERING INFORMATION
Commercial Products (MMI Marking Only)

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of: ~ a. Family Type
b. Number of Array Inputs
Output Type
Number of Outputs
Speed
Power
Operating Conditions
Package Type
Optional Processing

~Fa~eao

PAL 20 R 8

3
1
q

a. FAMILY TYPE ‘——‘]‘ L i. OPTIONAL PROCESSING
PAL = Programmable Array Logic Blank = Standard Processing
b. NUMBER OF h. PACKAGE TYPE
ARRAY INPUTS NS = 24-Pin 300-Mil Plastic
i SKINNYDIP {PD3024)
c. OUTPUT TYPE FN = 28-Pin Plastic Leaded
R = Registered Chip Carrier (PL 028),
L = Active-Low Combinatorial JEDEC pinout
NL = 28-Pin Plastic Leaded
d. NUMBER OF OUTPUTS Chip Carrier (PL 028),
e. SPEED non-JEDEC pinout
. JS = 24-Pin 300-Mil Ceramic
B = Vgry High Speed (1525 ns tpp) SKINNYDIP (CD3024)
A = High speed (25-35 ns tpp)
‘————— ¢g. OPERATING CONDITIONS
f. POWER C = Commercial (0°C to +75°C)

Blank = Full Power (210 mA lcc)
-2 = Half Power (105 mA Icc)
— Valid Combinations
Valid Combinations The Valid Combinations table lists configurations
j planned to be supported in volume for this device.
PAL20L8, B-2 CNS, CFN, &JS Consult the local AMD sales office to confirm
PAL20RS, availability of specific valid combinations, and to
check on newly released combinations.
PAL20RS6, B, A, | CNS, CNL, CJS
PAL20R4 A2 Note: Marked with MMl logo.
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ORDERING INFORMATION
APL Products (AMD Marking Only)

AMD programmable logic products for Aerospace and Defense applications are available with several ordering op-
tions. APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number

(Valid Combination) is formed by a combination of:

a. FAMILY TYPE

PAL = Programmable Array Logic

b. NUMBER OF

ARRAY INPUTS

c. OUTPUT TYPE
R

L
d. NUMBER OF OUTPUTS
e. SPEED

-12 = 12nstpp

-15 = 15nstpp

f. DEVICE CLASS

Registered
Active-Low Combinatorial

Speed

sa~pooow

PAL 20 R 8-12/B

/B = Class B

Valid Combinations
PAL20L8
PAL20R8 -12,
/BLA, /B3A
PAL20R6 -15
PAL20R4
Group A Tests

Group A Tests consist of Subgroups: 1,2,3,7,8, 9,10, 11.

Military Burn-in

Family Type

Number of Array Inputs
Output Type

Number of Outputs

L

Device Class
Package Type
Lead Finish

h. LEAD FINISH
A = Hot Solder Dip

g. PACKAGE TYPE
L = 24-Pin 300-Mil Ceramic
SKINNYDIP (CD3024)
3 = 28-Pin Ceramic
Leadless Chip Carrier (CL 028)

Valid Combinations

The Valid Combinations table lists configurations
planned to be supported in volume for this device.
Consult the local AMD sales office to confirm
availability of specific valid combinations, to
check on newly released combinations, and to
obtain additional data on AMD’s standard military
grade products.

Note: Marked with AMD logo.

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A
through E. Test conditions are selected at AMD's option.
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ORDERING INFORMATION
APL Products (MMI Marking Only)

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL
(Approved Products List) praducts are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination)

is formed by a combination of: a. Family Type
b. Number of Array Inputs
c. Output Type
d. Number of Outputs
e. Speed
f. Power
g. Operating Conditions
h. Package Type
i. Optional Processing
PAL 20 R 8 A -2 M JS/883B
a. FAMILY TYPE
PAL = Programmable Array Logic
b. NUMBER OF i. OPTIONAL PROCESSING
ARRAY INPUTS /883B = MIL-STD-883, Class B
c. OUTPUT TYPE h. PACKAGE TYPE (Per 09-000)
R = Registered JS = 24-Pin 300-Mil Ceramic
L = Active-Low Combinatorial w gfl;l_N\éDlP (QDF3|0I24) .
= 24-Pin Ceramic Flatpacl
d. NUMBER OF OUTPUTS (CFLO024) P
L = 28-Pin Ceramic Leadless
e. SPEED — Chip Carrier (CL 028)
B = Very High Speed (20 ns tpp)
A = High speed (30-50 ns tpp) — g. OPERATING CONDITIONS
M = Military
f. POWER
Blank = Full Power (210 mA lcc)
-2 = Half Power (105 mA lcc)
N . Valid Combinations
Valid Combinations The Valid Combinations table lists configurations
planned to be supported in volume for this device.
PAL20LS MJS/8838, Consult the local AMD sales office to confirm
PAL20R8 B, A, MW/883B, availability of specific valid combinations, and to
check on newly released combinations.
PAL20R6 A-2 ML/883B
PAL20R4 Note: Marked with MMI logo.

Group A Tests
Group A Tests consist of Subgroups: 1,2,3,7,8,9,10, 11.

Military Burn-In

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through
E. Test conditions are selected at AMD'’s option.

PAL20R8 Family 2-115




FUNCTIONAL DESCRIPTION
Standard 24-pin PAL Family

The standard 24-pin PAL family is comprised of four dif-
ferent devices, including both registered and combina-
torial devices. All parts are produced with a fuse link at
each input to the AND gate array, and connections may
be selectively removed by applying appropriate volt-
ages to the circuit. Utilizing an easily-implemented pro-
gramming algorithm, these products can be rapidly pro-
grammed to any customized pattern. Information on ap-
proved programmers can be found in the Programmer
Reference Guide. Extratestwords are pre-programmed
during manufacturing to ensure extremely high field pro-
gramming yields, and provide extra test paths to
achieve excellent parametric correlation.

Variable Input/Output Pin Ratio

The registered devices have twelve dedicated input
lines, and each combinatorial output is an I/O pin. The
PAL20L8 has fourteen dedicated input lines, and only
six of the eight combinatorial outputs are I/O pins. Buff-
ers for device inputs have complementary outputs to
provide user-programmable input signal polarity. Un-
used input pins should be tied to Vcc or GND.

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. On combinatorial outputs, a product term
controls the buffer, allowing enable and disable to be a
function of any product of device inputs or output feed-
back. The combinatorial output provides a bidirectional
I/0 pin, and may be configured as a dedicated input if
the buffer is always disabled. On registered outputs, an
input pin controls the enabling of the three-state outputs.

Registered outputs are provided for data storage and
synchronization. Registers are composed of D-type flip-
flops that are loaded on the LOW-to-HIGH transition of
the clock input.

Power-Up Reset

All flip-flops power-up to a logic LOW for predictable
system initialization. Outputs of the PAL20R8 Family
will be HIGH due to the active-low outputs. The Vce rise

must be monotonic and the reset delay time is 1000 ns
maximum.

Register Preload

Applies to -7 (-12 Mil), -10 (-15 Mil), Series Only
The register on the listed Series can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary to cycle
through long test vector sequences to reach a desired
state. In addition, transitions from illeqal states can be
verified by loading illegal states and observing proper
recovery.

Security Fuse

After programming and verification, a PAL20R8 Family
design can be secured by programming the security
fuse. Once programmed, this fuse defeats readback of
the internal programmed pattern by a device program-
mer, securing proprietary designs from competitors.
When the security fuse is programmed, the array will
read as if every fuse is unprogrammed. An exception is
the -7 (-12 Mil) Series, where the array will read as if
every fuse is programmed.

Pinouts

All members of the PAL20R8 Family have the same
SKINNYDIP pinouts independent of technology, per-
formance, and operating conditions. Because the
24-pin SKINNYDIP requires four no-connects when
mapped into the 28-pin PLCC/LCC packages, the
PLCC/LCC pinouts can vary.

Two different PLCC pinouts are offered. Newer devices
and all future devices will follow the JEDEC electronics
committee’s standard pinout (“JEDEC pinout”) with no-
connectsonpins 1, 8, 15, and 22. The devices following
this pinout are the -7, -10, and B-2 Series. Older devices
retain their original pinouts, with no-connects on pins 5,
8, 11, and 19. These include the B, A, and A-2 Series.

PAL20R8 Family devices with the MMI marking indicate
the PLCC pinout by the package designator: FN indi-
cates JEDEC, and NL indicates non-JEDEC. Devices
with the AMD marking all follow the JEDEC pinout.
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Two different LCC pinouts are offered for military prod-
ucts. Newer devices and all future devices wili iollow the
JEDEC pinout with no-connects onpins 1, 8, 15, and 22.
These include the -12 and -15 Series. Older devices re-
tain their original pinouts, with no-connects on pins 4,
11, 18, and 25. These include the B, A, and A-2 Series.

Series Com’l Mil
PLCC Lcc
No-connects No-connects
-7,-10, 1,8,15,22 N/A
B-2 (JEDEC)
-12,-15 N/A 1, 8,15, 22
(JEDEC)
B, A A-2 5,8,11,19 4, 11,18, 25

Quality and Testability

The PAL20R8 Family offers a very high level of built-in
quality. Extra programmabile fuses provide a means of
verifying performance of all AC and DC parameters. in
addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming yields and post-programming functional
yields in the industry.

Technology

The high-speed -7 (-12 Mil) and -10 (-15 Mil) Series are
fabricated with AMD’s advanced oxide-isolated bipolar
process. This process reduces parasitic capacitances
and minimum geometries to provide higher perform-
ance. The array connections are formed with proven
PtSi fuses for the -7 and TiW fuses for the -10. The B,
B-2, A, and A-2 Series are fabricated with AMD's junc-
tion-isolated process, utilizing TiW fuses.

PAL20R8 Family
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LOGIC DIAGRAM

DIP (JEDEC PLCC and LCC) Pinouts
See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts
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LOGIC DIAGRAM

DIP (JEDEC PLCC and LCC) Pinouts
See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts
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LOGIC DIAGRAM

DIP (JEDEC PLCC and LCC) Pinouts
See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts
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LOGIC DIAGRAM

DIP (JEDEC PLCC and LCC) Pinouts
See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts

20R4
ck[1 D (24]vee
@ 0 34 78 1112 1516 1920 2324 2728 3132 3536 39 (28)
3 A
N > - G s L] [T
(3) 8 27)
g
=
3 ———22]vog
» (26)
15 )
~ P
Iy J
4 18 ~
—1:’:}
3 —21]vo,
T 25
23 Saw (25)
‘3:} <
®) 24
D Og
L 3 (24)
31
s 14—
6 32
[>o{19]05
L (23)
39
is[eHPE 1
(7) 40
[ >o{18]o,
’ L (21)
47
~
e[ HPE 1
©) 48
e fi7os
X 20)
55
N A
Le]PE
(10) 56 -
:S
3 —16]vo,
— 19
63 55— (19)
N >3 <
RO
»
- —{15]uo,
18
71 - (18)
~
i [10¥ 53
(12)
~ 4
P e > 2 — &/ [14]144
(13) (17)
GND 0 34 78 1112 1516 1920 2324 2728 3132 3536 39 OE
(14)

12350-010A

PAL20R8 Family 2-121




ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature —65°C to +150°C Commercial (C) Devices

Ambient Temperature with Ambient Temperature (Ta)

Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Voltage with Supply Voltage (Vcc)

Respect to Ground -05Vto +7.0V with Respect to Ground +4.75V 10 +5.25 V
DC Input Voltage -1.2VtoVec+05V

X Operating ranges define those limits between which the func-
DC Output or I/O Pin Voltage -0.5V toVcc +0.5V tionality of the device is guaranteed.

Static Discharge Voltage 2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHA;(ACTERISTICS over COMMERCIAL operating ranges unless otherwise
specifie

Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage lon=-3.2mA ViNn=VmiorVy 2.4 Y
Vee = Min.
Vou Output LOW Voltage loo=24mA Vin=VmhorVy 05 \
Vce = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 1)
\ Input Clamp Voltage lin=-18 mA, Vcc = Min. -1.2 Vv
liH Input HIGH Current ViN=2.7 V, Vcc = Max. (Note 2) 25 HA
I Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -250 | pA
I Maximum Input Current ViN=5.5V, Vcc = Max. 1 mA
lozn Off-State Qutput L eakage Vout = 2.7 V, Voo = Max. 100 | uA
Current HIGH ViN = Vinor Vi (Note 2)
lozL Oft-State Output Leakage Vout = 0.4V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 210 | mA
Vee = Max.
Notes:

1. These are absolute values with respect to device ground and ali overshoots due to system and/or tester noise are included.
2. /O pin leakage is the worst case of liL and lozL (or i1 and lozn).

3. Notmore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vn=20V Vec=5.0V 7
Ta = +25°C pF
Cour Output Capacitance Vour =20V f=1MHz 8
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min.
Symbol Parameter Description (Note 3) | Max. Unit
tr Input or Feedback to 20L8, 20R6 3 7.5
Combinatorial Output 1 Output Switching 20R4 3 7 ns
ts Setup Time from Input or Feedback to Clock 7 ns
tH Hold Time 0 ns
tco Clock to Output 3 6.5 ns
ter Clock to Feedback (Note 4) 3 ns
tskew Skew Between Registered Outputs (Note 5) 20R8, 20R6, 1 ns
twe Clock Width LOwW 20R4 5 ns
twH HIGH 5 ns
Maximum External Feedback| 1/(ts +tco) 74 MHz
fmax Frequency Internal Feedback | 1/(ts + tcF) 100 MHz
(Note 6) No Feedback 1/(twh + twt) 100 MHz
tezx U—?to Output Enable 3 8 ns
texz OE to Output Disable 3 8 ns
tea Input to Output Enable Using Product Term Control 20L8, 20R6 3 10 ns
ter Input to Output Disable Using Product Term Control 20R4 3 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

Output delay minimums are measured under best-case conditicns.
Calculated from measured fmax internal.

Skew is measured with all outputs switching in the same direction.

These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where the frequency may be affected.

[
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ~65°C to +150°C
Ambient Temperature

with Power Applied -55°C to +125°C
Supply Voitage with

Respect to Ground -0.5Vto +7.0V

DC Input Voitage
DC Qutput or /O Pin Voltage
Static Discharge Voltage

-1.2V toVcc+0.5V
~05V toVec+0.5V
2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES

Military (M) Devices (Note 1)
Operating Case (T¢)
Temperature

Supply Voltage (Vcc)
with Respect to Ground

-55°C to +125°C

+4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc = +25°C , +125°C,
and -55°C per MIL-STD-883

DC CHARACTERISTICS over MILITARY operating: ranges unles

otherwise specified

(Note 2) ,
""_' 'Y""'F‘ o - 3 i
Parameter T % T L 2
Symbol Parameter Description Test cbnditlohs L. Min. | Max. | Unit
S
VoH Output HIGH Voltage 0 |0H= -2 I’HA “Vin= Vi orVy 2.4 \")
| : , Vee = Min.
Vou Output LOW Voitage [dou=12mA  Vin=Viyor Vi 05| Vv
. - ] Vee = Min.
Vin Input HIGH Voltage = Guaranteed Input Logical HIGH 2.0 v
- . Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 08 \'
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min. -1.2 \Y
b Input HIGH Current ViN=2.4V, Vgc = Max. (Note 4) 25| pA
i Input LOW Current ViN = 0.4V, Vcc = Max. (Note 4) 250 | pA
i Maximum Input Current ViN=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Leakage Voutr =24V, Vcc = Max. 100 UHA
Current HIGH Vin = Viqor Vi (Note 4)
lozu Off-State Output Leakage Vour = 0.4V, Vec = Max. =100 | pA
Current LOW Vin = Viqor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | <130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout= 0 mA) 210 | mA
Vee = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand V4 are input conditions of output tests and are not themselves directly tested. V| and V|4 are absolute voltages with

respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. l/O pin leakage is the worst case of ly_and loz. (or iy and lozw).

5. Notmorethanone output should be tested at atime. Duration of the short- circuit should not exceed one second. Voutr =0.5V

vvvvvvv
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance ViN=20V Vee=50V a
Ta = +25°C pF
Cour Output Capacitance Vour =20V f=1MHz 10
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter Min.
Symbol Parameter Description (Note 3} | Max. Unit
trD Input or Feedback to 20L8, 20R6 3. 125
Combinatorial Output 1 Output Switching 20R4 3 12 ns
s Setup Time from Input or Feedback to Clock w12 ns
tH Hold Time 0 ns
tco Clock to Output 11 ns
tcr Clock to Feedback (Noie 4} 6.5 ns
tskew Skew Between Reg|stered Outputs (Note 5) ' 1 ns
twe .| 20Rs,20R6 10 ns
twH HIC , 20R4 8 ns
External Feedback | 1/(ts + tco) 43.4 MHz
fmax Internal Feedback | 1/(ts + tcF) 54 MHz
No Feedback (twi + twl) 55.5 MHz
tpzx OE to Output Enable (Note 7) 3 20 ns
tpxz OE to Output Disable (Note 7) 3 20 ns
teA Input to Qutput Enable Using Product
Term Control (Note 7) 2018, 20R6 3 20 ns
ter Input to Output Disable Using Product 20R4
Term Control (Note 7) 3 20 ns
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Minimum value for tpp, tco, tpzx, tPxz, tea, and teg parameters should be used for simulation purposes
only and are not tested.

4. Calculated from measured fmax internal.
5. Skew is measured with all outputs switching in the same direction.

6. These parameters are not 100% tested, but are caiculated at initial characterization and at any time the design is modified
where frequency may be affected.

7. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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MEASURED SWITCHING CHARACTERISTICS
Vee =5.25 V, Ta = 75°C (Note 1)

75 T

tep, NS
6.5 T

1 Il I i 3 I 1
6 T T T T 1 T 1

1 2 3 4 5 6 7 8

# OF OUTPUTS SWITCHING

trp vs. Number of Outputs Switching
10294-005A

Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where tpp may be affected.
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CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS
Vee=5.0V,Ta =25°C

loL, mA

T T T } T T Vou, V
-0.6 -0.4 -0.2 0.2 04 06
-5 T

Output, LOW
10240-003A
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.

VoH, V

Output, HIGH
10240-004A
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-

Vi, V

10240-005A
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ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

Storage Temperature —65°C to +150°C Commercial (C) Devices
Ambient Temperature with Ambient Temperature (Ta)
Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Voltage with Supply Voltage (Vcce)
Respect to Ground -05Vto +7.0V with Respect to Ground +4.75Vto +5.25 V
DC Input Voltage -05VtoVec+05V . ) o .
X Operating ranges define those limits between which the func-
DC Output or /O Pin Voltage -0.5V to Vcc Max. tionality of the device is guaranteed.
DC Input Current -30 mAto +5 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vo Output HIGH Voltage lon=-3.2mA Vin=ViorVi 2.4 \
Vce = Min.
VoL Output LOW Voltage loo=24mA Vin=ViorVy 0.5 \"
Vce = Min.
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 1)
\ Input Clamp Voltage lin=-18 mA, Vce = Min. -1.5 \Y
IH Input HIGH Current Vin=2.7 V, Vcc = Max. (Note 2) 25 HA
i Input LOW Current ViN= 0.4V, Vcc = Max. (Note 2) -250 | pA
I Maximum Input Current Vin=5.5V, Vcc = Max. 100 | pA
lozw Off-State Output Leakage Vout = 2.7 V, Vec = Max. 100 | pA
Current HIGH VIN = ViHor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vihor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vce = Max. (Note 3) -30 | =130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lour = 0 mA) 210 | mA
Vce = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. VO pin leakage is the worst case of li and lozi (or IiH and lozn).

3. Notmorethan one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vour=0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vn=20V Vee =5.0V | CLK, OE 12
Ta=25°C | Other Inputs 7 pF
Cout Output Capacitance Vour=20V | f=1MHz Outputs 8
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min.
Symbol Parameter Description (Note 3) | Max. Unit
trD Input or Feedback o 20L8, 20R6 3 10 ns
Combinatorial Output 20R4
ts Setup Time from Input or Feedback to Clock 10 ns
th Hold Time 0 ns
tco Clock to Output 2 8 ns
tcr Clock to Feedback (Note 4) 20R8, 20R6 7 ns
twi Clock Width LOW 20R4 7 ns
twH HIGH 7 ns
Maximum External Feedback| 1/(ts + tco) 55.5 MHz
fmax Frequency Internal Feedback | 1/(ts + tcF) 58.8 MHz
(Note 5) No Feedback 1(tw + tw) 71.4 MHz
tpzx b-——é to Output Enable 1 10 ns
tpxz OE to Output Disable 1 10 ns
tea Input to Output Enable Using Product Term Control 20L8, 20R6 3 10 ns
ter Input to Output Disable Using Product Term Control 20R4 3 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. Output delay minimums are measured under best-case conditions.
4. Calculated from measured fmax internal.
5

. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where the frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied —55°C to +125°C
Supply Voltage with

Respect to Ground -05Vtio+7.0V

DC Input Voltage -05V to+55V

DC Output or I/O Pin Voltage
DC Input Current

-0.5V to Vcc Max.
-30 mAto + 5 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)

Temperature +125°C Max.
Supply Voltage (Vce)

with Respect to Ground +450Vto +550V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc = +25°C, +125°C,
and -55°C per MIL-STD-883.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage lon = -2 mA Vin= Vg orVy 2.4 \
VCC = Min.
VoL Output LOW Voltage loL =12 mA Vin = Vg or Vi 05 \
Vee = Min.
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \Y
Voltage for all Inputs (Note 3)
Vie Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 3)
\ Input Clamp Voltage lin=—-18 mA, Vcc = Min. -1.5 \
IH Input HIGH Current Vin=2.4V, Vcc = Max. (Note 4) 25 HA
i Input LOW Current Vin=0.4V, Vcc = Max. (Note 4) -250 uA
li Maximum Input Current ViN=5.5V, Ve = Max. 100 HA
lozn Off-State Output Leakage Vout = 2.7V, Vcc = Max. 100 HA
Current HIGH VIN = Vinor Vi (Note 4)
lozL Off-State Output Leakage Vour = 0.4V, Vec = Max. -100 | pA
Current LOW ViN = Vipor Vi (Note 4)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 5) -30 | =130 | mA
Icc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 210 mA
Vee = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand V4 are input conditions of output tests and are not themselves directly tested. Vi and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of | and loz (or 4 and loz).

5. Notmore thanone output should be tested at atime. Duration of the short-circuit should not exceed one second. Vour =0.5 V
has been chosen to avoid test probiems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vin=20V Vee=5.0V | CLK, OE 12
Ta =25°C Other Inputs 7 pF
Cout Output Capacitance Vour=20V | f=1MHz Outputs 8
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter Min.
Symbol Parameter Description (Note 3)| Max. Unit
tro Input or Feedback to 20L8, 20R6 3 15 ns
Combinatorial Output 20R4
ts Setup Time from Input or Feedback to Clock 15 ns
tH Hold Time 0 ns
tco Clock to Output 2 13 ns
tAc Olark tn Foodhank (Ninata 4h 12 ne
ter lock to Feedback (Note 4) 12 ns
twi Clock Width LOW 20R8, 20R6 10 ns
twH HIGH 20R4 10 ns
Maximum External Feedback | 1/(ts + tco) 35.7 MHz
fmax Frequency Internal Feedback | 1/(ts + tcr) 37 MHz
(Note 5) No Feedback 1(twn + twe) 50 MHz
tpzx OE to Output Enable (Note 6) 1 15 ns
tpxz OE to Output Disable (Note 6) 1 15 ns
tea Input to Output Enable Using Product
Term Control (Note 6) 20L8, 20R6 3 15 ns
ter Input to Output Disable Using Product 20R4
Term Control (Note 6) 3 15 ns

Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Minimum value for tpp, tco, tpzx, tpxz, tea, and ter parameters should be used for simulation purposes
only and are not tested.

4. Calculated from measured fmax internal.

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature -85°C to +150°C
Ambient Temperature with

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)

Power Appiied -55°C to +125°C

Supply Voltage with
Respect to Ground -0.5Vto +7.0V

DC Input Voltage -15VtoVec+05V
DC Output or I/O Pin Voltage -0.5V toVcc+05V

Operating in Free Air 0°C to +75°C

Supply Voltage (Vcc)
with Respect to Ground +4.75Vt0o +5.25 V
Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless ‘
specified _

Parameter
Symbol Parameter Description Test Conditions ~ Unit
Vor Output HIGH Voltage lon=-32mA Vn=ViorVi | 24 v
Vee = Min.
Vor Output LOW Voltage loL=24mA  Vin= Vi or Vi 05| v
‘ Vce = Min. : - .
Vis Input HIGH Voltage ‘.Guaranteed Input Logical HIGH . 20 \%
Voltage for all Inputs/(Note 1) -
Vi Input LOW Voltage Guaranteed Input Logical LOW. 08| Vv
Voltage for aﬂ Inputs (Note 1
Vi Input Clamp Voltage IIn= —18 mA Vee = Mm i -1.5 Vv
lin Input HIGH Current ViN=2.7V, Vcc Max (Note 2) 25 HA
i Input LOW Current Vin=0.4V, Vcc = Max. (Note 2) -250 | pA
I Maximurmn Input Current V=55V, Vcc = Max. 100 LA
lozu Off-State Output Leakage Vout = 2.7V, Vcc = Max. 100 HA
Lurrent HiaH VIN = VIHOr V|L (NOte &)
lozt Off-State Output Leakage Vout = 0.4 V, Vec = Max. -100 | pA
Current LOW ViN = Viior Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | =130 | mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 MA) 210 mA
Vee = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.
2. 1O pin leakage is the worst case of i and lozL (or it and lozn).

3. Notmorethan one output should be tested at atime. Duration of the short-circuit should not exceed one second. Voyr=0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
trp Input or Feedback to 20L8, 20R6 15 ns
Combinatorial Output 20R4
ts Setup Time from Input or Feedback to Clock 15 ns
th Hold Time 0 ns
tco Clock to Output or Feedback 20R8 12 ns
twi Clock Width LOW 20R6 10 ns
twi HIGH 20R4 12 ns
Maximum External Feedback| 1/(ts + tco) MHz
fmax Frequency
(Note 2) No Feedback 1/(twn + twi) MHz
trzx 6__E to Output Enable ns
tpxz OE to Output Disable ns
tea Input to Output Enable Using Product Term Contri ns
ter Input to Output Disable Using Product Term ns
Notes:

1. See Switching Test Circuit for test condition

2. These parameters are not 100% test
where frequency may be affected.

design is modified

PAL20R8B Series (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto +7.0V
DC Input Voltage -15Vto+55V
DC Qutput or /O Pin Voltage 5.5V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)

Temperature +125°C Max.
Supply Voltage (Vcc)

with Respect to Ground +4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are test
and -55°C per MIL-

DC CHARACTERISTICS over MILITARY operating ranges

(Note 2)
Parameter

Symbol Parameter Description Max. | Unit

VoH Cutput HIGH Voltage \"

VoL Output LOW Voltage 0.5 \

ViH Vv

Vi , 08 \Y

Vol age for a‘,;inputs (Note 3)
| In==18.mA, Vcc = Min. -1.5

Vine 2.4V, Vec = Max. (Note 4) 25 [ pA

e Vin= 0.4V, Vcc = Max. (Note 4) -250 | pA
h v ViIN=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Leakage Vout =24V, Vcc = Max. 100 | upA

Current HIGH Vin = Vigor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 A
Current LOW Vin = ViHor ViL (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 210 mA
Vce = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Vjand Viy are input conditions of output tests and are not themselves directly tested. Vyi_and V4 are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of liL and lozL (or 4 and lozH).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout =0.5 V
has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
tro Input or Feedback to 20L8, 20R6 20 ns
Combinatorial Output 20R4
ts Setup Time from Input or Feedback to Clock 20 ns
th Hold Time 0 ns
tco Clock to Output or Feedback 15 ns
twi ) LOW 20R8, 20R6 12 ns
twr | CloCk Width HIGH 20R4 12 ns
fmMax Maximum External Feedback | 1/(ts + tco) MHz
Frequency
(Note 2) No Feedback 1/{twh + tw) MHz
tpzx OE to Output Enable (Note 3) ns
trxz OE to Output Disable (Note 3) ns
tea Input to Output Enable Using Product
Term Control (Note 3) ns
ter Input to Output Disable Using Product
Term Control (Note 3) ns

Notes:

1. See Switching Test Circuit for test co
tested per MIL-STD-883, Method 5
2. These parameters are no
where frequency may.
3. These parametgrs ai
where th 5

d at'any time the design is modified

and at any time the design is modified

PAL20R8B Series (Mil)
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature —65°C to +150°C Commercial (C) Devices

Ambient Temperature with Ambient Temperature (Ta)

Power Applied - =55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Voltage with Supply Voltage (Vce)

Respect to Ground -05Vto +7.0V with Respect to Ground +4.75Vto +5.25 V
DC Input Voltage -1.5VtoVec+05V

Operating ranges define those limits between which the func-

DC Output or I/O Pin Voltage -0.5V toVcc +0.5V tionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless
specified

Parameter

Symbol Parameter Description Test Condmons Max. | Unit

Vou Output HIGH Voltage loH = —3 2 mA Vm ViH or V;L \

v Vcc = Mln
Vol Output LOW Voltage .u =24mA . Vin=Vinor Vi 65 1 v
_Vce = Min.

ViH Input HIGH Voltage Vv

Vi Input LOW Voltage 0.8 \"

\ 3 . -1.5 Y
V.u =27V Veo = = Max. (Note 2) 25 UHA

. 0.4V, Vcc = Max. (Note 2) -250 | pA

I _ . | VN2 55V, Vcc = Max. 100 | pA
lozn “Off-State Output Vout = 2.7 V, Vee = Max. 100 | pA

Current HIGH * ViN = ViHor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 HA
Current LOW Vin = ViHor Vi (Note 2)

Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 3) -30 | -130 | mA

lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 105 | mA
Vee = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.
2. /O pin leakage is the worst case of liL and loz (or liH and lozw).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges {Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
tep Input or Feedback to 20L8, 20R6 25 ns
Combinatorial Output 20R4
ts Setup Time from Input or Feedback to Clock 25 ns
tH Hold Time 0 ns
tco Clock to Output 15 ns
tcr Clock to Feedback (Note 2) 20R8, 20R6 10 ns
twi Clock Width LOW 20R4 15 ns
twH HIGH 15 ns
Maximum External Feedback | 1/(ts + tco) =95 MHz
fMAX Frequency Internal Feedback | 1/(ts + tcr) 285" MHz
(Note 3) No Feedback 1/(twh + tw) - :";s:*: MHz
tpzx OE to Output Enable L 20 ns
texz OE to Output Disable . Y 20 ns
tea Input to Output Enable Using Product Term Control | 20L8, 20R6 , 25 ns
ter input to Output Disable Using Product Term Control " 20R4 ] 25 ns
Notes:

1. See Switching Test Circuit for test condmons

2. Calculated from measured imx mternal o

2 é'éalculated at”ini’t‘ial‘charac‘teﬁ:zation and at any time the design is modified
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied —55°C to +125°C
Supply Voltage with

Respect to Ground -0.5Vto +7.0V

DC Input Voltage
DC Qutput or I/O Pin Voltage

-1.5VtoVec+05V
-05V toVec+05V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air

Supply Voltage (Vcc)
with Respect to Ground

0°C to +75°C

+4.75 V10 +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless rwise
specified : =~
Parameter
Symbol Parameter Description Test Conditions Max. | Unit
VoH Output HIGH Voltage lon = —3 2 mA V.N =ViyorVi \Y
Vee = Mm
VoL Output LOW Voltage oL =24 mA" ViN= VxH or Vi 0.5 \
- i\ . .~ Vcc=Min. 5
ViH Input HIGH Voltage Guaranteed Input Logical HIGH . Y,
L _ Voltage for all Inputs:(Note 1) _
Vi Input LOW Voltage Guaranteed.input Logical LOW. +  ~ 0.8 Vv
o Voltage for all Inputs {Note 1)
Vi | Input Clamp Voitage In= ~18 mA, Vec = Min, -15 | V
fin 1" Input HIGH Current | Vin=2.7 V, Ve = Max. (Note 2) 25 | pA
I | Input LOW Current { Vin = 0.4V, Vce = Max. (Note 2) -250 | pA
I | :Maximum Input Q_Lﬂent , Vin=5.5V, Vcc = Max. 100 HA
lozH Off-State Output Leakage Vout = 2.7 V, Vec = Max. 100 | pA
Current HIGH , - Vin = Vi or Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | -130 | mA
lec Supply Current Vin= 0V, Outputs Open (lour = 0 mA) 210 mA
Vee = Max.

Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of I and lozt (or lik and lozn).

3. Notmore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Voyt=0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
tro Input or Feedback to 20L8, 20R6 25 ns
Combinatorial Output 20R4
ts Setup Time from Input or Feedback to Clock 25 ns
tH Hold Time 0 ns
tco Clock to Output 15 ns
ter Clock to Feedback (Note 2) 20R8, 20R6 10 ns
twi Clock Width LOW 20R4 15 ns
twi HIGH ns
Maximum External Feedback | 1/(ts +tco) MHz
fmax Frequency Internal Feedback | 1/(ts + tcr) MHz
(Note 3) No Feedback 1V(twn + tw) MHz
tpzx OEto Output Enable ns
tpxz OE to Output Disable ns
tea Input to Output Enable Using Product Te ns
ter input to Output Disable Using Produ ns
Notes:

1. See Switching Test Circuit for test con io

3. These parameters areir
where frequency:m

at any time the design is modified

PAL20R8A Series (Com’l)
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature —65°C to +150°C Military (M) Devices (Note 1)

Ambient Temperature Ambient Temperature (Ta)

with Power Applied -55°C to +125°C Operating in Free Air -55°C Min.
Supply Voltage with Operating Case (Tc)

Respect to Ground -05Vio+7.0V Temperature +125°C Max.

DC Input Voltage -15V to+55V Supply Voltage (Vcc)

DC Output or I/O Pin Voltage 55V with Respect to Ground +4.50 Vto +5.50 V
Stresses above those listed under Absolute Maximum Rat- Operating ranges define those limits between which the func-
ings may cause permanent device failure. Functionality at or tionality of the device is guaranteed.

above these limits is not implied. Exposure to Absolute Maxi-

mum Ratings for extended periods may affect device reliabil- Note:

ity. Programming conditions may differ. Absolute Maximum ) .'

Ratings are for system design reference; parameters given 1. Military products are tested, 5°C, +125°C,
are not tested. and -55°C per MIL-S

DC CHARACTERISTICS over MILITARY operatmg ranges se épecified

(Note 2)

Parameter
Symbol Parameter Description Max. | Unit
VoH Output HIGH Voltage \"
Vo Output LOW Voltage 05 Vv
ViH \"
0.8 \%
-1.5 Vv
2.4V, Vcc = Max. (Note 4) 25 | pA
e Vin = 0.4 V, Vcc = Max. (Note 4) -250 | pA
I Maximum Input Vin=5.5V, Vcc = Max. 1] mA
lozH Off-State Output Leakage Vout = 2.4V, Vcc = Max. 100 | pA
Current HIGH Vin = Vinor Vi (Note 4)
loz Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 | pA
Current LOW , ViN = ViHor ViL (Note 4)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) -30 | -130 | mA
Icc Supply Current Vin= 0V, Outputs Open (loutr = 0 mA) 210 | mA
Vce = Max.

Notes:
2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.
3. ViLand Viy are input conditions of output tests and are not themselves directly tested. Vi and V|H are absolute voltages with

respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. 1/O pin leakage is the worst case of liL and lozL (or i and lozn).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout =0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
tro Input or Feedback to 20L8, 20R6 30 ns
Combinatorial Output 20R4
ts Setup Time from Input or Feedback to Clock 30 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 20 ns
twi Clock Width LOW 20R8, 20R6 20 ns
twH HIGH 20R4 20 ns
Maximum External Feedback | 1/(ts + tco) MHz
fmax Frequency
(Note 2) No Feedback 1/(twh + twi) MHz
tpzx OE to Output Enable (Note 3) ns
tpxz OE to Output Disable (Note 3) ns
tea Input to Output Enable Using Product
Term Control (Note 3) ns
ter Input to Output Disable Using Product
Term Control (Note 3)

Notes:

These parameters are not
where frequency may
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature —65°C to +150°C Commercial (C) Devices

Ambient Temperature with Ambient Temperature (Ta)

Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Voltage with Supply Voltage (Vcc)

Respect to Ground -05Vto +7.0V with Respect to Ground +4.75 V1o +5.25 V
DC Input Voltage -1.5VtoVec+05V

. Operating ranges define those limits between which the func-
DC Output or I/O Pin Voltage -0.5V to Vcc +0.5V tionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges uni

specified
Parameter
Symbol Parameter Description Max. | Unit
VoH Output HIGH Voltage \Y
VoL Output LOW Voltage 0.5 \
ViH Input HIGH Voltage Vv
Vi 0.8 \"
-1.5 \%
25 | pA
/ -250 | pA
5.5V, Vcc = Max. 100 | pA
Vout = 2.7 V, Vce = Max. 100 | pA
Current HIGH L ViN = Vior Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vior ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) =30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 105 | mA
Vce = Max.

Notes:
1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.
2. /O pin leakage is the worst case of |jL and lozL (or i and lozn).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
tep Input or Feedback to 20L8, 20R6 35 ns
Combinatorial Output 20R4
ts Setup Time from Input or Feedback to Clock 35 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 20R8, 20R6 25 ns
twi Clock Width LOW 20R4 25 ns
fwH HIGH 25 ns
Maximum External Feedback| 1/(ts +tco) MHz
fmax Frequency
(Note 2) No Feedback 1/(twH + twe) MHz
tpzx ﬁ to Output Enable ns
tpxz OE to Output Disable ns
tea Input to Output Enable Using Product Term Contr ns
ter Input to Output Disable Using Product Term.Cont ns
Notes:

1. See Switching Test Circuit for test condition

2. These parameters are not 100% tested:/But
where frequency may be affected.

 design is modified
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature -65°C to +150°C
Ambient Temperature

with Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto+7.0V
DC Input Voltage -15V to+55V

DC Output or I/O Pin Voltage 5.5V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air
Suppiy Voltage (Vcc)
with Respect to Ground

-55°C 1o +125°C

+4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc =
and -55°C per MIL-STD-883.

+25°C, +125°C,

are not tested.

DC CHARACTERISTICS over MILITARY operating ranges unless ot

ise specified

(Note 2)
Parameter

Symbol Parameter Description S \ Max. | Unit

VoH Output HIGH Voltage Vil = Vip or Vi v

Vec = Min. ‘
Vou Output LOW Voltage . ViN = Viyof: V.L - 05| Vv
I Vcc = Mm, :

ViH Input HIGH Moltage 2.0 \"

Vi 0.8 \Y

Vi / Y ] -1.5 \"
Input HIGH Current ] 4v, vcc = Max. (Note 4) 25| pA

I Input LOW Current = . | Vin=0.4V, Vcc = Max. (Note 4) -250 | pA

i Maximum Input Current Vin=5.5V, Vcc = Max. 1] mA
lozH Off-State Output Leakage Vour =24V, Vec = Max. 100 | pA

Current HIGH Vin = Vigor Vi (Note 4)
lozL Off-State Output Leakage Voutr =04V, Vec = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 4)

Isc QOutput Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | =130 | mA

Icc Supply Current Vin= 0V, Outputs Open (lour = 0 MA) 105 mA
Vee = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand ViH are input conditions of output tests and are not themselves directly tested. Vi and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. 1/O pin leakage is the worst case of Ij_ and loz. (or 4 and lozH).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Voutr=0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
trp Input or Feedback to 20L8, 20R6 50 ns
Combinatorial Output 20R4
ts Setup Time from Input or Feedback to Clock 50 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 25 ns
twi Clock Width LOW 20R8, 20R6 25 ns
twH HIGH 20R4 25 ns
Maximum External Feedback | 1/(ts + tco) 13.3 MHz
fmax Frequency
(Note 2) No Feedback 1/(twr + twi) MHz
tpzx OE to Output Enable (Note 3) ns
tpxz OE to Output Disable (Note 3) ns
tea Input to Output Enable Using Product ns
Term Control (Note 3)
ter Input to Output Disable Using Product ns
Term Controi (Note 3)
Notes:

1. See Switching Test Circuit for test co;
tested per MIL-STD-883, Method 50

2.

6 tested, but are evalu n and at any time the design is modified
eaffected. !
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SWITCHING WAVEFORMS

Input or

Feedback VT
)
Combinatorial
Output vr
12015-010A
Combinatorial Output
I ts+tcr '

Clock VT

12149-025A

Clock to Feedback (fmax Internal)

See Path at Right
Clock /

Registered
Output 1 A
e tSKEW '
Registered
Output 2 * VT
12350-015A
Registered Output Skew for Outputs
Switching in the Same Direction
Input VT
ter tea
W\ ‘P(VOH' 0.5V/7 7
\
Output [L/FVo + O.SM T
12015-013A
Input to Output Disable/Enable
Notes:
1.Vr=15V

2. Input pulse amplitude 0 Vto 3.0 V
3. Input rise and fall times 2-5 ns typical.
(2—4 ns for -7 (-12 Mil) and -10 (-15 Mil) Series)

Input or
Feedback vt
ts tH
Vi
Clock tco
Registered
Output Vr
12015-012A

Registered Output

CLK
[ — — ‘l """" 1
I v |
| ts |
| LOGIC REGISTER |
| |
| |
tcr

| |
R R —— ]
12015-021A

twH

Clock Vr
twi
12015-011A
Clock Width
VT
OE
tpxz tpzx

K VoH - 0.5V/7 7 Vi

—
Oueut  /77¥Vo + 05V\AN

12015-014A
OE to Output Disable/Enable
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHtoL fromHto L
May Will be
Change Changing
from Lto H fromLto H
Don't Care; Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
5V
S4
Ri
Output Test Point
) I ’
—_ - 12350-019A
Commercial Milita
4 Measured
Specification S1 CL R4 Rz R4 R2 Output Value
tep, tco, tcr Closed 15V
trzx, tea Z — H: Open 50 pF 15V
Z — L: Closed 200Q | 390Q | 3%0Q | 750Q
texz, ter H—Z: Open 5pF H—>Z:Vou-05V
L —»Z: Closed L—>Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typical Input Typical Output

o Voo o Vee

40 Q NOM

Input

1 12350-020n Output
S
Program/Verify B '"I%I’ Program/Verify/
Circuitry Pins Test Circuitry
Preload
Circuitry
(if available)
B 10294-002A
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OUTPUT REGISTER PRELOAD
Applies to -7 (-12 Mil) Series Only preload a HIGH in the flip-flop. Leave combinatorial

The preload function allows the register to be loaded outputs floating.
from the output pins. This feature aids functional testing
of sequential designs by allowing direct setting of output
states. The procedure for preloading follows.

. Lower pin 2 to Vjp.
. Remove ViLp/VHH from all registered output pins.

1. Raise Vccto Vech. . Lower OE to Vi to enable the output registers.

o N o o

2. Set OE to Viup to disable output registers. . Verify Vou/Von atall registered output pins. Note that
because of the output inverter, a register that has

3. Raise pin 2 1o Vir to enter preload mode. been preloaded HIGH will provide a LOW at the

4. Apply either Vi or Vip to all registered outputs. Use output.
Vun to preload a LOW in the flip-flop; use Viip to
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
VHH Super-level input voltage 10 11 12 \"
Vip Low-level input voltage 0 0 0.5 \'
Vinp High-level input voltage 24 5.0 55 \Y
Veen Power supply during preload 54 5.7 6.0 Vv
ip Deiay time 100 200 1000 ns
o to to to to
/ \“"'— ViHp
OE —/ \— ViLe

== ——1t—— VhH
Pin2 / \

ViLp

/ \-.- — s — — VHH
\

Registered / >_ o

Output N Vou

“r— Vi

10294-003A

Output Register Preload Waveform

PAL20R8 Family 2-149



OUTPUT REGISTER PRELOAD
Applies to -10 (-15 Mil) Series Only
The preload function allows the register to be loaded

preload a LOW in the flip-flop. Leave combinatorial
outputs floating.

from the output pins. This feature aids functional testing 4. Pulse pin 10 to Vun, then back to 0 V.
of sequential designs by allowing direct setting of output i .
states. The procedure for preloading follows. 5. Remove Vie/Viup from all registered output pins.
1. Raise Vccto 4.5 V. 6. Lower OE to ViLp to enable the output registers.
2. Set OF to Viup to disable output registers. 7. Verify Vou/Von atall registered output pins. Note that
. . because of the output inverter, a register that has
3. Apply either Vinp or ViLpto all registered outputs. Use been preloaded HIGH will provide a LOW at the
Vinp to preload a HIGH in the flip-flop; use Vie to output.
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
VHH Super-level input voltage 19 20 21 \
Vip Low-level input voltage 0 0 0.5 \']
Vinp High-level input voltage 2.4 5.0 55 \
to Delay time 100 200 1000 ns
to to to to to
OF % \ ViHP
/) \ VA
————— —=—1T—— VhH
Pin 10 % N\
/ ViLe
a g \——F—— ¥IHP
egistere: ( OH
Outputs }>-_- VoL
T[T Vie
10294-004A
Output Register Preload Waveform
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POWER-UP RESET
The power-up reset feature ensures that all flip-flops will can rise to its steady state, two conditions are required
be resetto LOW after the device has been powered up. to ensure a valid power-up reset. These conditions are:
The output state will be HIGH due to the inverting output

buffer. This feature is valuable in simplifying state ma- 1. The Ve rise must be monotonic.

chine initialization. A timing diagram and parameter ta- 2. Following reset, the clock input must not be driven
ble are shown below. Due to the §ynchronous operation from LOW to HIGH until all applicable input and feed-
of the power-up reset and the wide range of ways Vcc back setup times are met.
Parameter
Symbol Parameter Description Max. Unit
ter Power-up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switching
twe Clock Width LOW Characteristics
4V Vee
Power
trPR ————»
Registered
Active-Low / / l
Output 7
re- ts
Clock \\NK
tw

12350-024A

Power-Up Reset Waveform
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COM'L : -20/std

PAL20RA10/-20

24-pin Asynchronous TTL Programmable Array Logic

MIL: std

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

As fast as 20 ns maximum propagation delay
and 30 MHz fwax

® Individually programmabie asynchronous
ciock, preset, reset, and enable

Registered or combinatorial outputs
Programmable polarity

Programmabie replacement for high-speed
TTL logic

B TTL-level register preload for testability
Easy design with PALASM® software

® Programmable on standard PAL® device
programmers

& 24-pin SKINNYDIP® and 28-pin PLCC
packages save space

GENERAL DESCRIPTION

The PAL20RA10 offers asynchronous clocking for each
of the tenflip-flops in the device. The ten macrocells fea-
ture programmable clock, preset, reset, and enable, and
all can operate asynchronously to other macrocelis in
the same device. The PAL20RA10 also has fiip-flop by-
pass, allowing any combination of registered and com-
binatorial outputs.

The PAL20RA10 utilizes Advanced Micro Devices' ad-
vanced oxide- and junction-isolated bipolar processes
and fuse-link technology. The devices provide user-pro-
grammable logic for replacing conventional SSI/MSI
gates and flip-flops at a reduced chip count.

The PAL20RA10 allows the systems engineer to imple-
ment the design on-chip, by opening fuse links to config-
ure AND and OR gates within the device, according to
the desired logic function. Complex interconnections
between gates, which previously required time-
consuming layout, are lifted from the PC board and

placedonsilicon, where they can be easily modified dur-
ing prototyping or production

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the
outputs.

Product terms with all fuses opened assume the logical
HIGH state; product terms connected to both true and
complement of any single input assume the logical LOW
state. Registers consist of D-type flip-flops that are
loaded on the LOW-to-HIGH transition of the clock. Un-
used input pins should be tied to Vcc or GND.

The entire PAL device family is supported by the
PALASM software package. The PAL family is pro-
grammed on conventional PAL device programmers.

BLOCK DIAGRAM Dedicated
Inputs
Output Preload
Enable 10
Programmable
AND Array
40x80
M%a,w::a‘ 43/&43‘“43/&43/ 43 1) 3 4 3y Y3k
¥ ¥ Y Y Y Y Y Y Y Y
N4 \" \4 4 Y4 Vv NV N4 Vv
MACRO- FHMACRO- H4 MACRO- i MACRO- H{ MACRO- H MACRO- H{ MACRO- H{MACRO- H{ MACRO- H{MACRO-
Enable|l ceLL [}l ceLL cett |l cew [fj cew ||l cEL CELL CELL CELL CELL | |
A ) LA A?J A?__] \?_r ) i ) ] Preload
Input/ Input/ Input/ Input/ Input/ Input/ Input/ Input/ Input/ Input/
Qutput Output Output  Output  Output Output Output  Output Output  Output 10243-001A
PAL, PALASM, and SKINNYDIP ars registered ks of Advanced Micro Devices. Publication # 10243  Rev.C  Amendment /0

This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices.

Issue Date: January 1990
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CONNECTION DIAGRAMS
Top Views

SKINNYDIP/FLATPACK
_ ./
PL [ 1o 247 Ve
o ]2 23[] 1og
Iy E 3 22 j 1/0g
2 []a 21[] vor
3 s 20[] 10s
s []e 19 ] VOs
s 7 18[] VOs
s [1s 17 ] 1Os
b 1o 16 [ ] 102
ls []10 15 [] VOs
e 11 141 100
GND[] 12 13[] ©E
12350-005A
PIN DESIGNATIONS
GND Ground
| Input
110 Input/Output
NC No Connect
OE Output Enable
PL Preload
Vce Supply Voltage

PLCC (-20 only)

ok §88
aOonnnnad
/ 4 3 2 1 28 27 26 )
1, ]s * 25 Jvo,
1, s 24 [ Juog
1,7 23 Juog
el ]e 2 Jn
's[] o 21 [ Juo,
e [ 10 20[ Jwo,
2 18 [ Jwo,
\__12 13 14 15 16 17 18 )

guouuon

s e gBSS

PLCC (std only)

oo S g

33 2 1 28 27 26
Ne[T]s ® 5[ Jwo,
13 s 24| Juog
(O I 23[ Juog
ne[] e 2 [ Juo,
i 21 [Jvog
1] 10 20[ Jw,
Ne [ 19 [N

~ = o i
LCC
9 o o
g r o 52 8
4 3 2 1 28 27 26 )
0
I, |s 25| NC
I3 |6 24| 07
17 23| g
s |8 22| 1og
s |9 21| VWO,
15 |10 20| Y03
NC {11 19| VO,
\__12 13 14 15 16 17 18 )

LI EE

Note:

Pin 1 is marked for orientation

10243-003A

10243-004A

10243-005A
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ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of: a. Family Type

. Number of Array inputs

Output Type

Number of Outputs

Speed

Operating Conditions

Package Type

Optional Processing

sa~oanyg

PAL 20 RA 10 -20 CNS
TTT

a. FAMILY TYPE
PAL = Programmable Array Logic

b. NUMBER OF h. OPTIONAL PROCESSING
ARRAY INPUTS Blank = Standard Processing
c. OUTPUT TYPE ) g. PACKAGE TYPE
RA = Registered Asynchronous NS = 24-Pin 300-mil Plastic
SKINNYDIP (PD3024)
d. NUMBER OF OUTPUTS FN = 28-Pin Plastic Leaded
Chip Carrier (PL 028),
e. SPEED JEDEC pinout
20 = 20nst NL = 28-Pin Plastic Leaded
ns b Chip Carrier (PL 028),
Blank = 30 ns trp non-~JEDEC pinout
f.  OPERATING CONDITIONS JS = 24-Pin 300-mil Ceramic
C = Commercial (0°C to +75°C) SKINNYDIP (CD3024)

- Valid Combinations
Valid Combinations The Valid Combinations table lists configurations
planned to be supported in volume for this device.
CNS, Consult the local AMD sales office to confirm
PAL20RA10-20 CFN, availability of specific valid combinations, and to
CJs check on newly released combinations.
CNS, Note: Marked with MM! logo.
PAL20RA10 CNL,
CJs
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ORDERING INFORMATION
APL Products

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination)
is formed by a combination of: . Family Type

Number of Array Inputs

Output Type

Number of Outputs

Operating Conditions

Package Type

Device Class

@arpopow

PAL 20 RA10M JS/883B

a. FAMILY TYPE
PAL = Programmable Array Logic

b. NUMBER OF ———— g. DEVICE CLASS
ARRAY INPUTS /883B = Class B
c. OUTPUT TYPE f. PACKAGE TYPE
RA = Registered Asynchronous JS= 24-Pin 300-mil Ceramic

SKINNYDIP (CD3024)
W = 24-Pin Ceramic Flatpack

d. NUMBER OF OUTPUTS (CFL024)
L = 28-Pin Ceramic Leadless
e. OPERATING CONDITIONS —mm™———— ™ Chip Carrier (CL 028)

M = Military (-55°C to + 125°C)

Valid Combinations Valid Combinations
The Valid Combinations table lists configurations
MJS/883B, planned to be supported in volume for this device.
PAL20RA10 MW/883B, Consult the local AMD sales office to confirm
ML/883B availability of specific valid combinations, and to
check on newly released combinations.

Note: Marked with MMI logo.

Group A Tests
Group A Tests consist of Subgroups: 1,2,3,7, 8,9, 10, 11.

Military Burn-in

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A through
E. Test conditions are selected at AMD’s option.

2-156 PAL20RA10/-20



ol

K

i

1

i

i

1
il
: l)oo——KzOutput
i

1

i

i

J

b = ——

M ||||JUUU

10232-004A

Figure 1. PAL20RA10 Macrocell

FUNCTIONAL DESCRIPTION

The PAL20RA10 has ten dedicated input lines and ten
programmable /O macrocells. The Registered Asyn-
chronous (RA) macrocell is shown in Figure 1. Pin 1
serves as global register preload and pin 13 serves as
global output enable. Programmable output polarity is
available to provide user-programmable output poiarity
for each individual macrocell.

The programmable functions in the PAL20RA10 are
automatically configured from the user's design
specification, which can be in a number of formats. The
design specification is processed by development
software to verify the design and create a programming
file. This file, once downioaded to a programmer,
configures the device according to the user’s desired
function.

Programmable Preset and Reset

In each macrocell, two product lines are dedicated to
asynchronous preset and asynchronous reset. If the
preset product line is HIGH, the Q output of the register
becomes a logic 1. If the reset product line is HIGH, the
Q output of the register becomes a logic 0. The opera-
tion of the programmable preset and reset overrides the
clock.

Combinatorial/Registered Outputs

If both the preset and reset product lines are HIGH, the
flip-flop is bypassed and the output becomes combina-

Programmable Clock

The clock input to each flop-flop comes from the pro-
grammable array, allowing any flip-flop to be clocked in-
dependently if desired.

D—e——
—

Combinatorial/Active Low

|

Registered/Active Low

—

Combinatorial/Active High

Registered/Active High

torial. Otherwise, the output is from the register. Each 10232-005A
?;tg;n can be configured to be combinatorial or regis- Figure 2. Macrocell Configurations
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Three-State Outputs

The devices provide a product term dedicated to local
output control. There is also a global output control pin.
The output is enabled if both the global output control
pin is LOW and the local output control product term is
HIGH. If the global output control pin is HIGH, all outputs
will be disabled. If the local output control product termis
LOW, then that output will be disabled.

Security Fuse

A security fuse is also provided to prevent unauthorized
copying of PAL device patterns. Once the fuse is pro-
grammed, the circuitry enabling verification is perma-
nently disabled, and the array will read as if every fuse is
programmed. With verification not operating, it is impos-
sible to simply copy the PAL device patternona PAL de-
vice programmer.

Programmable Polarity

The outputs can be programmed either active-LOW or
active-HIGH. This is represented by the Exclusive-OR
gate shown inthe PAL20RA10 logic diagram. When the
output polarity fuse is programmed, the lower input to
the Exclusive-OR gate is HIGH, so the output is active-
HIGH. Similarly when the output polarity fuse is intact,
the output is active-LOW. The programmable output po-
larity feature allows the user a higher degree of flexibility
when writing equations.

Programming

The PAL20RA10 can be programmed on standard logic
programmers. Programmers approved by Advanced
Micro Devices are listed in the Programmer Reference
Guide.

Register Preload

The register on the PAL20RA10/20 can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows di-
rect loading of arbitrary states, making itunnecessary to
cycle through long test vector sequences to reach a de-
sired state. In addition, transistions from illegal states
can be verified by loading illegal states and observing
proper recovery. Register preload is controlled by a
TTL-level signal, making it a convenient board-level in-
itialization. function.

Pinouts

All PAL20RA10 devices have the same SKINNYDIP
pinouts independent of performance and operating con-
ditions. Because the 24-pin SKINNYDIP requires four
no-connects when mapped into the 28-pin PLCC/LCC
packages, the PLCC/LCC pinouts can vary.

Two different PLCC pinouts are offered. The
PAL20RA10-20 and all future devices will follow the
JEDEC electronics committee’s standard pinout
(“JEDEC pinout”) with no-connects on pins 1, 8, 15, and
22. The older, standard PAL20RA10 devices retain their
original pinouts with no-connects on pins 5, 8, 11, and
19.

PAL20RA10 devices with the MMI marking indicate the
PLCC pinout by the package designator: FN indicates
JEDEC, and NL indicates non-JEDEC.

A different LCC pinout is offered for the military
PAL20RA10. Older devices retain their original pinouts,
with no-connects on pins 4, 11, 18, and 25.

Com’l Mil

PLCC LCC
Series No-connects No-connects
-20 1,8, 15,22 N/A

(JEDEC)
std. 5,8, 11,19 4,11,18,25

Quality and Testability

The PAL20RA10-20 offers a very high level of built-in
quality. Extra programmable fuses provide a means of
verifying performance of all AC and DC parameters. In
addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming yields and post-programming functional
yields in the industry.

Technology

The high-speed PAL20RA10-20 is fabricated with
AMD’s advanced oxide-isolated bipolar process. This
process reduces parasitic capacitances and minimum
geometries to provide higher performance. The array
connections are formed with proven TiW fuses. The
standard PAL20RA10 is fabricated with AMD’s junction-
isolated process, utilizing TiW fuses.
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LOGIC DIAGRAM
DIP (PLCC JEDEC, non-JEDEC) Pinouts, see Connection Diagrams for LCC Pinout
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied ~55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto +7.0V

DC Input Voltage
DC Output or I/O Pin Voltage

-15VtoVec+05V
-05VtoVec+C5V

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air
Supply Voltage (Vcc)
with Respect to Ground

0°C to +75°C

+4.75Vto +6.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC Current into Outputs 16 mA
(-20 only)

Static Discharge Voltage

(-20 only) 2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage lon=-3.2mMA Vin=ViorVy 2.4 Y,
Vce = Min.
VoL Output LOW Voltage loL =8 mA ViN=ViorVi 0.5 \Y
Vce = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min. -1.5 \"
ki Input HIGH Current Vin=2.4V, Vcc = Max. {Note 2) 25 | pA
i Input LOW Current Vin = 0.4 V, Vcc = Max. (Note 2) -250 LA
li Maximum Input Current Vin=5.5V, Vcc = Max. 100 HA
lozn Off-State Output Leakage Vout = 2.4V, Vcc = Max. 100 | pA
Current HIGH Vin = Vinor ViL (Note 2)
lozL Off-State Output Leakage Vour = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 3) -30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (loutr = 0 mA) 200 | mA
Vce = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or i1 and lozn).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Voyr=0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1) (-20 only)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Civ Input Capacitance | Inputs | Vin=20V Vee=5.0V 5
CLK, OE Ta = +25°C 9 pF
Cout Output Capacitance Vour =20V f=1MHz 5
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

-20 Std
Parameter Min. Max. Min. Max. Unit
Symbol | Parameter Description (Note 3) (Note 3)
trp Input or Feedback to Active Low 20 30 ns
Combinatorial Output Active High 20 35 ns
ts Setup Time from Input or Feedback to Clock 13 20 ns
g : 2 -
tco Clock o Output or Feedback 5 20 10 30 ns
tap Asynchronous Preset to Registered Qutput 20 35 ns
tapw Asynchronous Preset Width 20 20 ns
tAR Asynchronous Reset to Registered Output 25 40 ns
tarw Asynchronous Reset Width 20 20 ns
twi ) LOW 14 20 ns
twh Clock Width HIGH 14 20 ns
Maximum External Feedback 1/(ts + tco) 30 20 MHz
fmax Frequency
(Note 4) No Feedback 1/(twh + twi) 36 25 MHz
tpzx OE to Output Enable 15 20 ns
tpxz OE to Output Disable 15 20 ns
tea Input to Output Enable Using Product Term Control 20 30 ns
ter Input to Output Disable Using Product Term Control 20 30 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. Output delay minimums are measured under best-case conditions.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where the frequency may be affected.

PAL20RA10/-20 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -0.5Vto +7.0V
DC Input Voltage -15V to+55V

DC Output or I/O Pin Voltage 5.5V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air —55°C Min.
Operating Case (Tc)

Temperature +125°C Max.
Supply Voltage (Vcc)

with Respect to Ground +4.50Vto+550V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at T¢ = +25°C, +125°C,
and -55°C, per MIL-STD-883.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage lon=—-2mA Vin=ViorVy 2.4 \
Vce = Min.
VoL Output LOW Voltage lo. =8 mA Vin=ViorVi 05 Vv
Vee = Min.
ViH input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 3)
Vi input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min. -15 \
IH Input HIGH Current ViNn= 2.4V, Vcc = Max. (Note 4) 25 HA
I Input LOW Current Vin = 0.4V, Vcc = Max. (Note 4) 250 | pA
il Maximum input Current Vin=5.5V, Vcc = Max. i] mA
lozn Off-State Output Leakage Vout =24V, Vcc = Max. 100 LA
Current HIGH Vin = Viror Vi (Note 4)
lozu Off-State Output Leakage Vour = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor ViL (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (loutr = 0 mA) 200 | mA
Vce = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand V4 are input conditions of output tests and are not themselves directly tested. Vi and V|4 are absolute voltages with

respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. /O pin leakage is the worst case of i and lozL (or 4 and lozn).

5. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5 V
has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter Standard

Symbol | Parameter Description Min. Max. Unit

tep Input or Feedback to Active Low 35 ns

Combinatorial Output Active High 40 ns

ts Setup Time from Input or Feedback to Clock 25 ns

th Hold Time Active Low 10 ns

Active High 0 ns

tco Clock to Output or Feedback 35 ns

tap Asynchronous Preset to Registered Output 40 ns

tarw Asynchronous Preset Width 25 ns

AR Asynchronous Reset to Registered Output 55 ns

tArRwW Asynchronous Reset Width 25 ns

twi Clock Width LOW 25 ns

twH HIGH 25 ns
Maximum External Feedback 1/(ts +tco) 16.7 MHz

fmax Frequency

(Note 2) No Feedback 1/(twe + twi) 20 MHz

tpzx (—)-_Erto Output Enable (Note 3) 25 ns

texz OE to Output Disable (Note 3) 25 ns

tea Input to Output Enable Using Product Term Control (Note 3) 35 ns

ter Input to Output Disable Using Product Term Control (Note 3) 35 ns

Notes:

1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

3. These parameters are not 100% tested, but are evaluated at initial characterizatior and at any time the design is modified
where these parameters may be affected.

PAL20RA10 (Mil)
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SWITCHING WAVEFORMS

Input or Input or

Feedback vr Feedback vr
tPD ts tH
Combinatorial K
Output VT Gioe VT
12015-010A tco
Combinatorial Output .
Registered
Output VT
12015-012A
Registered Output
Input tapw
Asserting
Asynchronous VT

Preset tAp —»

" WGk

12015-011A
10232-007A Clock Width
Asynchronous Preset
Input taRw
Asserting
Asynchronous \4
Reset tAR —
Registered //// 4
Output / Y,
10232-009A
Asynchronous Reset
Input or =E
Feedback VT OE vr
ter tea tpxz tpzx
“‘-TVOH-O.SV/77 KKKP(VOH-O.SV/77
v vV
Ouwput. /7 Vor+ o5\ N oueut: /77 Vo + 05V NN
10232-008A 12015-014A
Input to Output Disable/Enable OE to Output Disable/Enable

Notes:

1.Vr=15V
2. Input pulse amplitude 0 Vto 3.0 V
3. Input rise and fall times 2-5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHto L

T May Will be
Change Changing
from Lto H fromLto H
Don't Care; Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-

Impedance
“Oft” State

KS000010-PAL

SWITCHING TEST CIRCUIT

5V

% R
Output O—

%Rz

j_ @) Test Point
I CL
12350-019A
mmercial Mili
Commercia ilitary Measured
Specification S CL Ry R2 R Rz Output Value
tep, tco Closed 15V
trzx, tea Z — H: Open 50 pF 15V
Z — L: Closed 560Q | 11KQ | 560Q | 1.1KQ
texz, terR H—2Z:Open 5 pF H—->2Z:Vou—-05V
L — Z: Closed L—>Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typical Input Typical Output

o Voe ° Ve

40 Q NOM

input

. 12350-020A Qutput

Program/Verify L\g Ir}%t' Program/Verify/
Circuitry Pins Test Circuitry
Preload
Circuitry
- 12468-018A
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OUTPUT REGISTER PRELOAD

The preload function allows the register to be loaded
from the output pins. This feature aids functional testing
of sequential designs by allowing direct setting of output
states. The procedure for preloading follows.

1. Set OF to Vyp to disable output registers.

2. Apply either Viup or Vi p to all registered ouiputs.

4. Remove Vi p/ViHp from all registered output pins.
5. Lower OE to Viip to enable the output registers.

6. Verify Vou/Vou at all registered output pins. Note that

because of the output inverter, a register that has
been preloaded HIGH will provide a LOW at the

output.
Leave combinatorial outputs floating.
3. Pulse PL from Viup to Vip to Viup
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit

Vie Low-level input voltage 0 0 0.5 \
Vinp High-level input voltage 2.4 5.0 55 \

-20 COM'L 15
tsp Preload setup time std COM'L 25 ns

std MIL 30

-20 COM’L 20
twp Preioad pulse width std COM'L 35 ns

std MIL 45

-20 COM'L 15
thp Preload hold time std COM'L 25 ns

std MIL 30

o _| L
Registered \
Output /N
P L
twp tHp >
le— tsp

10232-010A

Output Register Preload Waveform

PAL20RA10/-20
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MOM’L: H-15/25 MIL: H-20/25 a
PALC E20V8 Advanced

Micro
EE CMOS 24-Pin Universal Programmable Array Logic Devices

DISTINCTIVE CHARACTERISTICS
®  Pin, function and fuse-map compatible with all B programmable output polarity
GAL® 20V8/As B Programmable enable/disable control
B  Electrically erasable CMOS technology B Preloadable output registers for testability
provides reconfigurable logic and full B Automatic register reset on power-up
|

testabiiity Cost-effective 24-pin plastic SKINNYDIP® and
B High speed CMOS technology 28-pin PLCC packages

~15 ns propagation delay for “~15" version ® programmable on standard PAL® device

—25 ns propagation delay for “—25" version programmers
® Direct plug-in replacement for a wide range of B Supported by PALASM® software

24-pin PAL devices ]

Fully tested for 100% programming and

® Outputs individually programmable as functional yields and high reliability

registered or combinatorial

GENERAL DESCRIPTION

The PALCE20V8 is an advanced PAL device built with complex logic functions easily and efficiently. Multiple
low-power, high-speed, electrically-erasable CMOS levels of combinatorial logic can always be reduced to
technology. Its macrocells provide a universal device sum-of-products form, taking advantage of the very

architecture. The PALCE20V8 is fully compatible with wide input gates available in PAL devices. The equa-
the GAL20V8 and can directly replace PAL20RS8 series tions are programmed into the device through floating-
devices and most 24-pin combinatorial PAL devices. gate cellsinthe AND logic array that can be erased elec-

. . . . . trically.
Device logicis automatically configured according to the y

user's design specification. Design is simplified by The fixed OR array allows up to eight data product terms
PALASM design software, allowing automatic creation peroutput for logic functions. The sumofthese products

of a programming file based on Boolean or state equa- feeds the output macrocell. Each macrocell can be
tions. PALASM software also verifies the design and programmed as registered or combinatorial with an ac-
can provide test vectors for the finished device. Pro- tive-high or active-low output. The output configuration
gramming can be accomplished on standard PAL is determined by two global bits and one local bit control-
device programmers. ling four multiplexers in each macrocell.

The PALCE20V8 utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement

BLOCK DIAGRAM

Iy -l cLKi,

40 X 64

Input|
Mux.

ey 0 12187-001B
OEflyy 14 110g V0 4 10, 0, 1704 10 WO¢ Vo, L3
PAL, PALASM, and SKINNYDIP are registered of Ad d Micro Devices. Publication # 12197  Rev.C Amendment /0

9
This part is covered b ious U.S. and foreign patent d by Advanced Micro Devices.
P ¥ variou gn paienis owned By Acv Issue Date: January 1990
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CONNECTION DIAGRAMS
Top View

SKINNYDIP
ckig [ 1@ 2 1 veo

1y [: 2 23 :] 113

2 3 217 wy

13 [: 4 21 j g

s s 2 M 1o

Is E 6 19 j 10,

s []7 18 [7] wg

17 E 8 7 7] w2

s [ 16 |7 wo,

Ig E 10 15 :] 10

110 E 1 14 j 2

GND E 12 13 Oy,

12197-002B
Pin Designations: = CLK = Clock

GND = Ground
| = Input
/O = Input/Output
NC = No Connect
OE = Output Enable
Vcc = Supply Voltage

PLCC/LCC
L
s -3¢ 8=9¢
mEnEnInEnEnEN
4 3 2 1 28 27 26
. b 2s5[ ] 06
W[ 4[] s
s [ 7 x[] v,
ne[] s 2| ] Ne
s [] o 21[7] wo,
7 [ v of ]2
' E 1" 19 j"°1
\__12 13 14 15 16 17 18 _J
oo gg
o 2 g 2 Ig— s 12197-003A

Note: Pin 1 is marked for orientation.

ORDERING INFORMATION

Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number

(Valid Combination) is formed by a combination of:

. FAMILY TYPE

sapoyo

PAL CE 20

PAL= Programmable Array Logic

. TECHNOLOGY

CE = CMOS Electrically Erasable

. NUMBER OF
ARRAY INPUTS

Family Type Power

Technology g. Speed

Number of Array Inputs  h. Package Type

Output Type i. Operating Conditions
Number of Flip-Flops j. Programming Designator

YBHASPC

. OUTPUT TYPE
V = Versatile

. NUMBER OF FLIP-FLOPS

POWER
H = Half Power (90 mA icc)

SPEED
-15 = 15nstpp
-25 = 25 nstpp

Valid Combinations

PALCE20V8H-15
PALCE20V8H-25

PC,JC

Blank,
/4

L,

PROGRAMMING DESIGNATOR
Blank = Initial Release
4 = First Revision
(May require different
programmer revisions)

i. OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

. PACKAGE TYPE
P = 24-Pin 300-mil Plastic
SKINNYDIP (PD3024)
J = 28-Pin Plastic Leaded Chip
Carrier (PL 028)

Valid Combinations
The Valid Combinations table lists configurations
planned to be supported in volume for this device.
Consult the local AMD sales office tc confirm
availability of specific valid combinations and to
check on newly released combinations.

Note: Marked with AMD logo.
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ORDERING INFORMATION
APL Products
AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL

(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination)
is formed by a combination of: a. Family Type f. Power

b. Technology g. Speed
c. Number of Array Inputs  h. Programming Designator
d. Output Type i. Device Class
e. Number of Flip-Flops j. Package Type
k. Lead Finish

PAL CE 20 VBH-20 /BLA

a. FAMILY TYPE _J k. LEAD FINISH

PAL= Programmable Array Logic A = Hot Solder Dip
b. TECHNOLOGY j. PACKAGE TYPE
CE = CMOS Electrically Erasable L = 24-Pin (300-mil) Ceramic
SKINNYDIP (CD3024)
c. NUMBER OF ! oA .
ARRAY INPUTS 3 = 28-Pin Ceramic Leadless

Chip Carrier (CL 028)

d. OUTPUT
= Vers:tYiIZE l————— i. DEVICE CLASS

/B =Class B

e.. NUMBER OF FLIP-FLOPS

—— h. PROGRAMMING DESIGNATOR
f. POWER Blank = Initial Release

= Half Power (90 mA Icc) E4 = First Revision

(May require different

g. SPEED programmer revisions)
-20 = 20 ns tpp
-25 = 25nstpp
Valid Combinations

The Valid Combinations table lists configurations

- — planned to be supported in volume for this device.

Valid Combinations Constult the local AMD sales office to confirm

availability of specific valid combinations, to

PALCE20V8H-20 Blank, /BLA. /B3A check on newly released combinations and to ob-

PALCE20V8H-25 E4 g E‘zi:\dgdrfjrlr(‘f'r?ilcdata on AMD’s standard military

YrAuS prutulas.

Note: Marked with AMD logo.

Group A Tests
Group A tests consist of subgroups 1, 2,3, 7,8,9, 10 and 11.

Military Burn-in

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E.
Test conditions are selected at AMD'’s option.

PALCE20V8 2-171



FUNCTIONAL DESCRIPTION

The PALCE20V8 is a universal PAL device. It has eight
independently configurable macrocells (MCo..MC7).
Each macrocell can be configured as a registered out-
put, combinatorial output, combinatorial /O, or dedi-
cated input. The programming matrix implements a pro-
grammable AND logic array, which drives a fixed OR
logic array. Buffers for device inputs have complemen-
tary outputs to provide user-programmable input signal
polarity. Pins 1 and 13 serve either as array inputs or as
clock (CLK) and output enable (OF) for all flip-flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logical HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALCE20V8 are
automatically configured from the user’s design specifi-
cation, which can be in a number of formats. The design

specification is processed by development software to
verify the design and create a programming file. This
file, once downloaded to a programmer, configures the
device according to the user’s desired function.

The user is given two design options with the
PALCE20V8. First, it can be programmed as an emu-
lated PAL device. This includes the PAL20R8 series
and most 24-pin combinatorial PAL devices. The PAL
device programmer manufacturer will supply device
codes for the standard PAL architectures to be used
with the PALCE20V8. The programmer will programthe
PALCE20V8 to the corresponding PAL device architec-
ture. This allows the user to use existing standard PAL
device JEDEC files without making any changes to
them. Alternatively, the device can be programmed
directly as a PALCE20V8. Here the user must use the
PALCE20V8 device code. This option provides full utili-
zation of the macrocells, allowing non-standard archi-
tectures to be built.

To
Adjacent
Macrocell

_E- 11

= ¢0X
910 =
) Py
4lswx
sG1 =
ox - o,
Lo o
Stix CLK—P> Q@ —J-_l

10
1 %
—] 0X From
I Adjacent
*SG1 SLOx Pin

* In Macrocell MCo and MC7, SG1 is replaced by SGO on the feedback multiplexer.

12197-004A

PALCE20V8 Macrocell
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial I/O or dedicated input. In the registered output con-
figuration, the output buffer is enabled by the OE pin. In
the combinatorial configuration, the buffer is either con-
trolled by a product term or always enabled. In the dedi-
cated input configuration, the buffer is always disabled.
A macrocell configured as a dedicated input derives the
input signal from an adjacent 1/0.

The macrocell configurations are controlied by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits {SLOo through SLO7 and SL1o
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALCE20V8
will emulate a PAL20R8 family or a combinatorial de-
vice. Within each macrocell, SLOy, in conjunction with
SG1, selects the configuration of the macrocell and
SL1y sets the output as either active low or active high.

The configuration bits work by acting as control inputs
forthe multiplexers inthe macrocell. There are four mul-
tiplexers: a product term input, an enable select, an out-
ol it eploﬁ and a feedback select mnlhnlavar SG1 and

SLOx are the control signals for all four multiplexers. In
MCo and MC7, SGO replaces SG1onthe feedback multi-
plexer.

These configurations are summarized in table 1 and il-
lustrated in figure 2.

If the PALCE20V8 is  is configured as a combinatorial de-
vice, the CLK and OE pins are available as inputs to the
array. If the device is configured with registers, the CLK
and OE pins cannot be used as data inputs.

Registered Output Configuration

The control bit settings are SG0=0,SG1=1and SL0x=
0. There is only one registered configuration. All eight
product terms are available as inputs to the OR gate.
Data polarity is determined by SL1x. SL1xis aninput to
the exclusive-OR gate which is the D input to the flip-
flop. SL1x is programmed as 1 for inverted output or 0
for non-inverted output. The flip-flop is loaded on the
LOW-to-HIGH transition of CLK. The feedback path is
from Q on the register. The output buffer is enabled by
OE

Combinatorial Configurations

The PALCE20V8 has three combinatorial output con-
figurations: dedicated output in a non-registered device,
I/0 in a non-registered device and I/0 in a registered
device.

Dedicated Output in a Non-Registered
Device

The control settings are SGO =1, SG1=0, and SLOx=0.
All eight product terms are available to the OR gate. Be-

cause the macrocell is a dedicated output, the feedback
is not used.

Dedicated Input in a Non-Registered
Device

The control bit settings are SG0 =1, SG1 =0 and SLOx =
1. The output buffer is disabled. The feedback signal is
an adjacent /O pin.

Combinatorial /O in a Non-Registered
Device

The control settings are SGO=1,SG1=1,and SLOx=1.
Only seven product terms are available to the OR gate.
The eighth product term is used to enable the output
buffer. The signal at the I/O pin is fed back o the AND
array via the feedback multiplexer. This allows the pinto
be used as an input.

Combinatorial I/O in a Registered Device

The control bit settings are SG0=0,5G1=1 and SLOx =1.
Only seven product terms are available to the OR gate.
The eighth product term is used as the output enable.
The feedback signal is the corresponding I/O signal.

Table 1. Macrocell Configurations

SGO SG1 SLOx Cell Configuration Devices Emulated
Device has registers

0 1 0  Registered PAL20RS, 20Re6,
Output 20R4

0 1 1 Combinatorial /O  PAL20RS, 20R4

Device has no registers

1 0 0 Combinatorial PAL20L2,
Output 18L4,161.6,14L8

1 0 1 Dedicated Input PAL20L2,18L4,

16L6
1 1 1 Combinatorial VO  PAL20L8

Programmable Output Polarity

The polarity of each macrocell output can be active high
or active low, either to match output signai needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is made through a programmable bit SL1,
which controls an exclusive-OR gate at the output of the
AND/OR logic. The output is active high if SL1,isa 0
and active low if SL1xis a 1.

PALCE20V8
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OE OE

b Q D Q

clck—Pp Q@ clk—pPp Q@

<+ <

Registered Active High

Registered Active Low

a g

|

Combinatorial /O Active Low Combinatorial /O Active High

—R—) e B b
il—— %
Combinatorial OU{pUT Active Low Combinatorial OUtpUt Active High

ﬁ—————c Adjacent I/O pin

Dedicated Input

12197-012A

Figure 2. Macrocell Configurations
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Power-Up Reset

Allflip-flops power up to a logic LOW for predictable sys-
teminitialization. Outputs of the PALCE20V8 dependon
whether they are selected as registered or combinato-
rial. If registered is selected, the output will be HIGH. If
combinatorial is selected, the output will be a function of
the logic.

Register Preload

The register on the PALCE20V8 can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary o cycle
through long test vector sequences to reach a desired
state. In addition, transitions from illegal states can be
verified by loading illegal states and observing proper
recovery.

Security Bit

A security bit is provided onthe PALCE20V8 as adeter-
rent to unauthorized copying of the array configuration
patterns. Once programmed, this bit defeats readback

of the programmed pattern by a device programmer,
securing proprietary designs from competitors. How-
ever, programming and verification are also defeated by
the security bit. The bit can only be erased in conjunction
with the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALCE20V8. It consists of 64 bits of programmable
memory that can contain any user-defined data. The
signature data is always available to the user independ-
ent of the security bit.

Programming and Erasing

The PALCE20V8 can be programmed on standard logic
programmers. Approved programmers are listed in the
Programmer Reference Guide.

The PALCE20V8 may be erased to reset a previously
configured device back to its virgin state. Erasure is
automatically performed by the programming hardware.
No special erase operation is required.

PALCE20V8
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LOGIC DIAGRAM
SKINNYDIP (PLCC and LCC) Pinouts
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LOGIC DIAGRAM (Continued)
SKINNYDIP (PLCC and LCC) Pinouts
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ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

Storage Temperature —65°C to +150°C Commercial (C) Devices
Ambient Temperature Temperature (Tx) Operating
with Power Applied -55°C to +125°C in Free Air

Supply Voltage with Supply Voltage (Vcce)
Respect to Ground -05Vito +7.0V with Respect to Ground

DC Input Voltage

DC Output or
1/0 Pin Voltage

—-0.5V toVec +05V

tionality of the device is guaranteed.

05V toVec +0.5V

Static Discharge Voltage 2001V
Latchup Current
(Ta = 0°C to +75°C) 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

0°Cto +75°C

+4.75V1io +5.25V

Operating ranges define those limits between which the func-

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. Max. Unit
Vo Output HIGH Voltage lon=-3.2mA Vin=ViorVi 2.4 \Y%
. Vee = Min.
Vou Output LOW Voltage loo=24mA Vin=ViorVy 0.5 \Y
Vee = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y
Voltage for all Inputs (Note 1)
I Input HIGH Leakage Current | Vin=5.25 V, Vec = Max. (Note 2) 10 uA
M Input LOW Leakage Current | Vin =0V, Vcc = Max. (Note 2) -10 HA
lozn Off-State Output Leakage Vourt = 5.25 V, Vcc = Max. 10
Current HIGH Vin = Vinor Vi (Note 2) KA
lozL Off-State Output Leakage Vour =0V, Vcec = Max. ~10 A
Current LOW Vin = Vinor Vi (Note 2) H
Isc Qutput Short-Circuit Current | Vour = 0.5 V, Vcc = Max. (Note 3) -30 -130 mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 90 mA
Vee = Max., f = 15 MHz
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. 1/O pin leakage is the worst case of Ij and loz¢ (or i and loz).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance ViN =20V | Vec=5.0V, Ta=25°C, 5 pF
Court Output Capacitance Vour=2.0V |f=1MHz 8 pF
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter -15 —25
Symboi Parameter Description Min. | Max. | Min Max Unit
teD Input or Feedback to Combinatorial Output 15 25 ns
ts Setup Time from Input or Feedback to Clock 12 15 ns
tH Hold Time 0 ns
tco Clock to Output 10 12 ns
tcr Clock to Feedback (Note 3) 8 10 ns
twe . LOW 8 12 ns
Clock Width
twH HIGH 8 12 ns
Maximum External Feedback |1/(ts+tco) 45.5 37 MHz
fmax Frequency Internal Feedback |1/(ts+tcr) 50 40 MHz
(Note 4) No Feedback  |1/(twu+tw) | 62.5 416 MHz
tpzx OE to Output Enable 15 20 ns
tpxz OE to Output Disable 15 20 ns
tea Input to Output Enable Using Product Term Control 15 25 ns
ter Input to Output Disable Using Product Term Control 15 25 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

PALCE20V8H-15/25 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature -65°C to +150°C
Ambient Temperature

with Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vito +7.0V

DC Input Voltage

DC Output or I/0
Pin Voltage

-05V toVec +05V

-0.5V toVec+05V

Static Discharge Voltage 2001V
Latchup Current
(Tc =-55°C to +125°C) 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES

Military (M) Devices (Note 1)
Operating Case
Temperature (Tc¢)

Supply Voltage (Vcce)
with Respect to Ground

-55°C to +125°C

+45Vio+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc = +25°C, +125°C
and -55°C, per MIL-STD-883.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
VoH Output HIGH Voltage lon=-2.0mA Vin=VigorVy 24 Vv
Vc(; = Min.
VoL Output LOW Voltage loo=12mA VN =ViorVy 0.5 \Y
VCC = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 3)
I Input HIGH Leakage Current Vin=55V, Ve = Max. (Note 4) 10 uA
I Input LOW Leakage Current Vin =0V, Vcc = Max. (Note 4) -10 HA
lozn Off-State Output Leakage Vour =55V, Vec = Max. 40 A
Current HIGH Vin = Vior Vi (Note 4) H
lozL Off-State Output Leakage Vour =0V, Vce = Max. 40 A
Current LOW Vin = Vigor Vi (Note 4) H
Isc QOutput Short-Circuit Current Voutr =05V, Vcc = Max. (Note 5) -30 | -130 mA
lcc Supply Current Vin =0V, Outputs Open (lout = 0 mA) 90 mA
Vce = Max., f = 15 MHz
Notes:

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted.

3. ViLand Viy are input conditions of output tests and are not themselves directly tested. ViL and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

170 pin leakage is the worst case of Ij and lozi. (or i and lozn).

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100%

tested, but is evaluated at initiai characterization and at any time the design is modified where isc may be affected.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
CiN Input Capacitance ViIN =20V | Vcc=5.0V, Ta=25°C, 12 pF
Cour Output Capacitance Vour=2.0V | f=1MHz 15 pF
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter -20 -25
Symboi Parameter Description Min. | Max. | Min. | Max. | Unit
tro Input or Feedback to Combinatorial Output 20 25 ns
ts Setup Time from Input or Feedback to Clock 15 15 ns
tH Hold Time (Note 5) 0 0 ns
tco Clock to Output 15 20 ns
tcr Clock to Feedback (Note 3) 13 18 ns
twi ‘ LOW 12 15 ns
| Clock Width HIGH 12 15 ns
Maximum External Feedback | 1/(ts+tco) 33.3 28.6 MHz
fmax Frequency Internal Feedback | 1/(ts+tcr) 35.7 30.3 MHz
(Note 4) No Feedback | 1/{twn+tw) | 41.7 33.3 MHz
tpzx OE to Output Enable (Note 5) 20 20 ns
texz OE to Output Disable (Note 5) 20 20 ns
tea Input to Output Enable Using Product 20 25 ns
Term Control (Note 5)
ter Input to Output Disable Using Product 20 25 ns
Term Control (Note 5)

Notes:

2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per
MIL-STD-883, Method 5005, unless otherwise noted.

3. Calculated from measured fpax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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SWITCHING WAVEFORMS

Input or Input or
Feedback VT Feedback VT
trD ts tH
Combinatorial
Output vt Clock VT
tco
12015-010A
Combinatorial Output Registered
Output vr
12015-012A
Registered Output
CLK
| . R -
ts + tcF | |
| "L
V
Clock T | Logic |5 ol REGISTER i
| |
| |
12149-025A ‘ tcr I
Clock to Feedback (fuax Internal) b e e e e e e e e e 4
See Path at Right 12015-021A
twH Input VT
Clock VT vt teR teA
W\ s?v( VoH- 0.5V /77
\
twi Output / ( f‘LVOL T 0.5\/\ ) ) T
12015-011A
Clock Width 12015-013A
Input to Output Disable/Enable
OE
tpxz tpzx
\ ?; Vow - 0.5V/ 77
VT
Output _______AALVOL +05VAANN
12015-014A
OE to Output Disable/Enable
Notes:
1. V=15V
2. Input pulse amplitude 0 Vto 3.0 V.
3. Inputrise and fall times 2-5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fomHto L
777 7 May Will be
{ f f { / Change Changing
fromLtoH fromLto H
v.v.v.v’vv Don’t Care; Changing,
Any Change State
AVAVAVAVAVA' Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State

KS000010-PAL

SWITCHING TEST CIRCUIT
5V o—o/

Sy

Ry
Output © I
R
2
1"

12197-007A
Switching Test Circuit
Commercial Military Measured
Specification S1 CL R4 R2 Ri R2 Output Value
tep, tco, tcr Closed 50pF | 200Q | 390Q | 200Q | 390 Q 15V
tezx, tea Z —» H: Open 50pF | 200Q | 390Q | 200Q | 330Q 15V
Z — L: Closed
texz, teR H —Z: Open 5 pF 200 | 390 | 200Q | 390Q H—->2Z:Vou-05V
L —Z: Closed L—>Z:VoL+05V
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ENDURANCE CHARACTERISTICS
The PALCE20V8 is manufactured using AMD’s ad-

vanced electrically erasable process. This technology
uses an EE cell to replace the fuse link used in bipolar

Endurance Characteristics

parts. As a result, the device can be erased and
reprogrammed — a feature which allows 100% testing at
the factory.

Symbol Parameter Min. Units Test Conditions
10 Years Max. Storage
. ] ) Temperature
tor Min. Pattern Data Retention Time 50 Years Max. Operating
Temperature (Military)
N Min. Reprogramming Cycles 100 Cycles Normal Programming
Conditions
INPUT/OUTPUT EQUIVALENT SCHEMATICS
—r— Vce

[ >

ESD  Program/Verify

Protection Circuitry
Typical Input
Vee
Preload Feedback
= Circuitry Input
Typical Output
12197-013A
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OUTPUT REGISTER PRELOAD

The Preload function allows the registers to be loaded 5. Clock pin 1 from Vi to Vin.

fromthe output pins. This feature aids functional testing 6. Remove V/Vi4 from all registered outputs.

of sequential designs by allowing direct setting of output 7. Enable the output registers by lowering OE.
states. The procedure is as follows. 8. Lower pin 8 to Vi/Viy.

1. Raise Vccto 5.0V £ 0.5 V. 9. Verify for Vou/Vor at all registered output pins.
2. Set pin 8 to Vpip. Note that the output pin signal will be the inverse
3. Set OE HIGH. of the preload data.

4. Apply the desired value (Vi/VH) to all registered

output pins. Leave combinatorial output pins

floating.
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
tpLD Setup and Hold Time from Preload (pin 8) to OE 50 50 us
tps Setup Time from OE to Data 1 1 us
teH Hold Time from Data to OF 1 1 us
trcs Setup Time from Data to Clock 1 1 us
tecH Hold Time from Clock to Data 1 1 us
dV,/dt Vpip Rising Slew Rate (pin 8) 10 100 | V/us
dVydt Vpup Falling Slew Rate (pin 8) 2 3 V/us
Ve Super-Level Input Voltage 13.0 13.5 14.0 Y
Vinp High-Level Input Voltage 2.4 5.0 55 \Y
Vip Low-Level Input Voltage 0 0 0.5 \Y%
VpLD
Pin 8
teLD ViLp
. / Vinp
OE
ViLp
WS vt Vinp
Registered VoH
Output VoL
_______________ ViLe
trcs tpw tpcH
Clock I Vieip
ViLp
12015-015A

Output Register Preload Waveform
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POWER-UP RESET

The PALCE20V8 has been designed with the capability and the wide range of ways Vcc can rise to its steady
to reset during system power-up. Following power-up, state, two conditions are required to insure a valid
all flip-flops will be reset to LOW. The output state will be power-up reset. These conditions are:

HiIGH independent of the logic polarity. This feature pro-

vides extra flexibility to the designer and is especially 1. The Vcc rise must be monotonic.

valuable in simplifying state machine initialization. A 2. Following reset, the clock input must not be driven
timing diagram and parameter table are shown below. from LOW to HIGH until all applicable input and
Due to the synchronous operation of the power-up reset feedback setup times are met.
Parameter
Symbol Parameter Description Min. Max. Unit
trr Power-Up Reset Time 10 us
ts Input or Feedback Setup Time o el
- See Switching Characteristics
twi Clock Width LOW
av Vee
Power
I ter
Registered / / [
Output 7
le g
Clock \\NK
twi

12197-009A

Power-Up Reset Waveforms
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COM'L: ABI-20/

PAL20X10A Series
AmPAL20L10B/-20/AL

I>
==

XOR Registered 24-pin TTL Programmable Array Logic

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B XOR gates on registered outputs
B Efficient implementation of counters

B Popular 24-pin architectures: 20L10, 20X10,
20X8, 20X4

B Programmable replacement for high-speed
TTL logic

B Power-up reset for initialization

® Register preload for testability

Easy design with PALASM® software
Programmable on standard PAL® device
programmers

B 24-pin SKINNYDIP® and 28-pin PLCC
packages save space

GENERAL DESCRIPTION

The PAL20X10A Series offers Exclusive-OR gates pre-
ceding each flip-flop. The XOR gate combines two sum
terms, each composed of two product terms. This extra
level of logic is very efficient for counter applications.

The combinatorial member of the family, the PAL20L10,
offers three product terms per output with no XOR gate.
A fourth product term provides the enable term. While
the registered devices are offered in only one perform-
ance option, the 20L10 is offered in four performance
grades. Note that three of these options follow the “old”
AMD part numbering system while the fourth follows the
“old” MMI part numbering system, as do the registered
devices.

The family utilizes Advanced Micro Devices’ advanced
bipolar process and fuse-link technology. The devices
provide user-programmable logic for replacing conven-
tional SSI/MSI gates and fiip-flops at a reduced chip
count.

The family allows the systems engineer to implement
the design on-chip, by opening fuse links to configure
AND and OR gates within the device, according to the
desired logic function. Complex interconnections be-
tween gates, which previously required time-consuming
layout, are lifted from the PC board and placed on sili-
con, where they can be easily modified during prototyp-
ing or production.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the
outputs. Inaddition, the PAL device provides the follow-
ing options:

- Variable input/output pin ratio
- Programmable three-state outputs
— Registers with feedback

Product terms with all fuses opened assume the logical
HIGH state; product terms connected to both true and
complement of any single input assume the logical LOW
state. Registers consist of D-type flip-flops that are
loaded on the LOW-to-HIGH transition of the clock. Un-
used input pins should be tied to Vcc or GND.

The entire PAL device family is supported by the
PALASM software package. The PAL family is pro-
grammed on conventional PAL device programmers
with appropriate personality and socket adapter mod-
ules. See the Programmer Reference Guide for ap-
proved programmers. Once the PAL device is pro-
grammed and verified an additional fuse may be opened
toprevent pattern readout. This feature secures proprie-
tary circuits.

PRODUCT SELECTOR GUIDE

DEDICATED PRODUCT TERMS/ trp Icc
DEVICE INPUTS OUTPUTS OUTPUT FEEDBACK ENABLE (ns) | (mA)
AmPAL20L10B 15 210
AmPAL20L10-20 12 8 comb. 3 l{e] prog. 20 165
AmPAL20L10AL 2 comb. 3 - prog. 25 105
PAL20L10A 30 165
PAL20X10A 10 10 reg. 4, XOR reg. pin 30(ts)| 180
PAL20X8A 10 8 reg. 4, XOR reg. pin 30 180
2 comb. 3 e} prog.
PAL20X4A i0 4 reg. 4, XOR reg. pin 30 180
6 comb. 3 1o prog.
PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices. Publication # 10303 Rev. B Amendment/0
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices.
issue Date: January 1990
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BLOCK DIAGRAMS

PAL20L10
Inputs

i2

Programmable
AND Array

{40 x 40)

A4 et . s o Ould g2 fad 4 v

O4 1102 /03 1104 /05 1106 1/O7 1/0g 1/Og O10

10303-001A

PAL20X10
CLK Inputs

OE
¢
10
Y

Programmable
AND Array
(40 x 40)

10303-002A
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BLOCK DIAGRAMS

PAL20X8
CLK Inputs

10
Y

Programmable
AND Array
(40 x 40)

<P—<9

9 <FoHooh I

1104 02
10303-003A
PAL20X4
C(le Inputs OE
10i
\v4 v
1
Programmable
AND Array
(40 x 40)

4 ]

1> —

B
e

[ G—«J—{:ijg
Ja

[P —
)
T
T

e
é g ¢} ¢}
o}

7 1/Og 1/Og /010

5
5
N
5
w

10303-004A
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CONNECTION DIAGRAMS

Top View
SKINNYDIP/FLATPACK PLCC (except AmPAL20L10)
(Note 1) [ 1e ~ ] Vee o g S
e 23| ] (NOTE 12) oo -2 82 ¢
[ E: 3 22 :] (NOTE 11) T 3 Z 1 % 37 %
I 21[ ] (NOTE 10) -
s 5 { 3
1, [1s 20 | ] (NOTE 9) W e ; g(::::)
s {: 6 19 :] (NOTE 8) s 7 23| ] (NOTE 8)
[ [: 7 18 : (NOTE 7) nel s 2 motED)
1, I: 8 17 ::I (NOTE 6) e[ ]o 21 [ ] noTE®)
s I: 9 16 : (NOTE 5) 7o 20| ] NOTESS}
1y [} o 15 [ ] (NOTE 4) Ne[ Tl 1w N
I‘o [: 11 14 : (NOTE 3) \_ 12 |‘.j 14 15 16 17 18 J
GND [ 12 13 (NOTE 2) [_:]_@ gg’é’l%{g
°5 55
10303-005A £ £ 2 10303-008A
PLCC
AmPAL20L10 only
Note | 20L10 | 20X10 | 20X8 20X4 S LS AR S
1 lo CLK CLK CLK Ll BEw
— — — a[}s 25 Juog
2 I OE OE OE 4[e 24 Jvo,
1 7 /¢
3 | o o vo o, =y =N
4 1102 02 02 1102 's[]e 21[J1og
20 e 20[ ] 104
5 1/03 O3 O3 1/03 18] 1w[ o,
\ 12 13 14 15 16 17 18 Y,
6 /04 O4 O O4 ] I;J le Lo] U u [—J
7 1/0s Os Os Os 25 =788
8 /06 Os Os Os
9 1107 Oy Oy Oy 10303-007A
10 /08 Og QOsg 1/Qg Lce
11 1/0g Og Oy 1/0q s ";‘7 g
12 O10 O1o 1/010 1/010 g s 28828
4 3 2 1 28 27 26
iz |5 ® 25| NC
PIN DESIGNATIONS e 2 ore 1
CLK C]ock g {7 23| (NOTE 9)
s |8 22| (NCTE 8)
IGND IGn;)OL;nd Iy 19 21| (NOTE 7)
u )
110 Input/Output N: 1: f: (:Z::
gc gztgspnect 12 13 14 15 16 17 18
OE Output Enable -* 3 B g g 2
Vce Supply Voltage £ 2=
10303-008A
Note:

Pin 1 is marked for orientation.
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ORDERING INFORMATION

Commercial Products (MMI Marking Only)

AMD commercial programmable logic products are available with several ordering options. The order number (Valid
Family Type

Number of Array Inputs

Output Type

Number of Outputs

Speed
Operating Conditions
Package Type
Optional Processing

Combination) is formed by a combination of:

a. FAMILY TYPE
PAL = Programmable Array Logic

b. NUMBER OF
ARRAY INPUTS

sa~ppoow

c. OUTPUT TYPE

X = XOR Registered

L = Active-Low Combinatorial
d. NUMBER OF OUTPUTS
e. SPEED

A = 30 nstpp

f. OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

Valid Combinations
PAL20L10A
PAL20X10A
CNS, CNL,
PAL20X8A CJSs
PAL20X4A

h. OPTIONAL PROCESSING
Blank = Standard Processing

g. PACKAGE TYPE
NS = 24-Pin 300-mil Plastic
SKINNYDIP (PD3024)

NL = 28-Pin Plastic Leaded
Chip Carrier (PL 028)
JS = 24-Pin 300-mil Ceramic

SKINNYDIP (CD3024)

Valid Combinations

The Valid Combinations table lists configurations
planned to be supported in volume for this device.
Consult the local AMD sales office to confirm
availability of specific valid combinations, and to
check on newly released combinations.

Note: Marked with MM logo.
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ORDERING INFORMATION
Commercial Products (AMD Marking Only)

AMD commercial programmable logic products are available with several ordering options. The order number (Valid
Combination) is formed by a combination of: Family Type

Number of Array Inputs

Output Type

Number of Outputs

Speed

Power

. Package Type

. Operating Conditions

Optional Processing

~F@mppoow

AmPAL20 L 10ALP C
a. FAMILY TYPE
AmPAL = Programmable Array Logic
b. NUMBER OF i. OPTIONAL PROCESSING
ARRAY INPUTS Blank = Standard Processing
c. OUTPUT TYPE h. OPERATING CONDITIONS
L = Active-Low Combinatorial C = Commercial (0°C to +75°C)
e g. PACKAGE TYPE
d. NUMBER OF OUTPUTS P = 24-Pin 300-mil Plastic
SKINNYDIP (PD3024)
e SZZEfDQO ) J = 28-Pin Plastic Leaded
e0 = 20nsipD Chip Carrier (PL 028)
B = 15nstpp D = 24-Pin 300-mil Ceramic
A = 25nstpp SKINNYDIP (CD3024)
f. POWER

Blank = Full Power (165-210 mA Icc)
L = Low Power (105 mA Icc)

Valid Combinations

The Valid Combinations table lists configurations
planned to be supported in volume for this device.
AmPAL20L10 | B, -20, PC, JC, Consult the local AMD sales office to confirm

AL bC availability of specific valid combinations, and to
check on newly released combinations.

Valid Combinations

Note: Marked with AMD logo.
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ORDERING INFORMATION
APL Products

AMD programmable logic products for Aerospace and Defense applications are available with several ordering op-
tions. APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number
(Valid Combination) is formed by a combination of:  a. Family Type

Number of Array Inputs

Output Type

Number of Outputs

Speed

Operating Conditions

Package Type

Device Class

se~popp

PAL 20 X 10A M JS /883B

a. FAMILY TYPE
PAL = Programmable Array Logic
b. NUMBER OF h. DEVICE CLASS
ARRAY INPUTS /883B= Class B
c. OUTPUT TYPE g. PACKAGE TYPE
X = XOR Registered JS = 24-Pin 300-mil Ceramic
L = Active-Low Combinatorial SKIIF‘:INYCDIP (CD3024) .
W = 24-Pin Ceramic Flatpacl
d. NUMBER OF OUTPUTS (CFLO24) ‘
e. SPEED L = 28-Pin Ceramic

Leadless Chip Carrier
A = 35nstpp (CL 028) P

f. OPERATING CONDITIONS
M = Military (-565°C to +125°C)

Valid Combinations

Valid Combinations The Valid Combinations table lists configurations

planned to be supported in volume for this device.
PAL20L10A Consult the local AMD sales office to confirm
PAL20X10A MJS/883B, availability of specific valid combinations, to
MW/883B, check on newly released combinations, and to
PAL20X8A ML/883B obtain additional data on AMD’s standard military

d ducts.

PAL20X4A grace products

Note: Marked with MMI logo.
Group A Tests

Group A Tests consist of Subgroups: 1,2,3,7,8,9, 10, 11.

Military Burn-in

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A
through E. Test conditions are selected at AMD’s option.
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FUNCTIONAL DESCRIPTION

Four different devices are available in the 20X10 Series,
including both registered and combinatorial devices. All
parts are produced with a fuse link at each input to the
AND gate array, and connections may be selectively re-
moved by applying appropriate voltages to the circuit.
Utilizing an easily-implemented programming algo-
rithm, these products can be rapidly programmed to any
customized pattern. information on approved program-
mers can be found inthe Programmer Reference Guide.
Extra test words are pre-programmed during manufac-
turing to ensure extremely high field programming
yieids, and provide exira iest paths to achieve excellent
parametric correlation.

Variable Input/Output Pin Ratio

The registered devices have ten dedicated input lines,
and each combinatorial output is an I/O pin. The 20L10
has twelve dedicated input lines, and only eight of the
ten combinatorial outputs are I/O pins. Buffers for de-
vice inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. On combinatorial outputs, a product term
controls the buffer, allowing enable and disable to be a
function of any product of device inputs or output feed-
back. The combinatorial output provides a bidirectional
I/0 pin, and may be configured as a dedicated input if
the buffer is always disabled. On registered outputs, an
input pin controls the enabling of the three-state outputs.

Registers with Feedback

Registered outputs are provided for data storage and
synchronization. Registers are composed of D-type flip-
flops that are loaded on the LOW-to-HIGH transition of
the clock input.

Power-Up Reset

All flip-flops power-up to a logic LOW for predictable
system initialization. Outputs of the PAL20X10A Series
will be HIGH due to the active-low outputs. The Vcc rise
must be monotonic and the reset delay time is 1000 ns
maximum.

Register Preload

The register on the PAL20X10A Series can be
preloaded from the output pins to facilitate functional
testing of complex state machine designs. This feature
allows direct loading of arbitrary states, making it unnec-
essary to cycle through long test vector sequences to
reach adesired state. In addition, transitions from illegal
states can be verified by loading illegal states and ob-
serving proper recovery.

Security Fuse

After programming and verification, a PAL20X10 Series
design can be secured by programming the security
fuse. Once programmed, this fuse defeats readback of
the internal programmed pattern by a device program-
mer, securing proprietary designs from competitors.
When the security fuse is programmed, the array will
read as if every fuse is intact. Forthe AmPAL20L10, the
array will read as if every fuse is programmed.

Pinouts

All members of the PAL20X10 Family have the same
SKINNYDIP pinouts independent of technology, per-
formance, and operating conditions. Because the
24-pin SKINNYDIP requires four no-connects when
mapped into the 28-pin PLCC/LCC packages, the
PLCC/LCC pinouts can vary.

Two different PLCC pinouts are offered. The
AmPAL20L10 and all future devices will follow the
JEDEC electronics committee’s standard pinout
(“JEDEC pinout”) with no-connects on pins 1, 8, 15, and
22. The older PAL20X10A Series devices retain their
original pinouts, with no-connects on pins 5, 8, 11, and

A different LCC pinout is offered for military prod-
ucts.The older PAL20X10A Series devices retain their
original pinouts, with no-connects on pins 4, 11, 18, and
25.

Series Com’l Mil
PLCC Lcc
No-connects No-connects
AmPAL20L10 1,8,15,22 N/A
B/-20/AL (JEDEC)
PAL20X10A Series 5,8,11,19 4,11, 18, 25
(inc. PAL20L10A)

Quality and Testability

The PAL20X10 Series offers a very high level of built-in
quality. Extra programmable fuses provide a means of
verifying performance of all AC and DC parameters. In
addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming yields and post-programming functional
yields in the industry.

Technology

The PAL20X10A Series is fabricated with AMD’s ad-
vanced junction-isolated bipolar process. The array
connections are formed with proven TiW fuses for reli-
able operation.

The AmMPAL20L 10 is fabricated with the IMOX™ oxide-
isolated bipolar process using proven PiSi fuses.

PAL20X10A Series/AmPAL20L10
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LOGIC DIAGRAM

SKINNYDIP (PLCC, PAL20L10A only) Pinouts
See Connection Diagrams for LCC and AmPAL20L10 PLCC Pinouts
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LOGIC DIAGRAM
SKINNYDIP (PLCC) Pinouts
See Connection Diagrams for LCC Pinout
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LOGIC DIAGRAM

SKINNYDIP (PLCC) Pinouts
See Connection Diagrams for LCC Pinout
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LOGIC DIAGRAM

SKINNYDIP (PLCC) Pinouts
See Connection Diagrams for LCC Pinout
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -0.5Vto+7.0V

DC Input Voltage -1.5VioVec+05V
DC Output or I/O Pin Voltage 0.5V toVec+0.5V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

ity. Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta)

Operating in Free Air 0°C to +75°C
Supply Voltage (Vcc)
with Respect to Ground +4.75Vtio+5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
VoH Output HIGH Voltage loH=-3.2mMA Vin=ViorVy 2.4 \"
Vce = Min.
VoL Qutput LOW Voltage loo=24mA ViNn=ViHorVy 0.5 \
Vce = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 1)
Vi Input LOW Voliage Guaranteed Input Logical LOW 0.8 Vv
Voltage for all Inputs (Note 1)
1 Input Clamp Voltage IIn=-18 mA, Vce = Min. -1.5 \
liH Input HIGH Current Vin=2.4V, Vcc = Max. (Note 2) 25 pA
i Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -250 LA
Iy Maximum Input Current Vin=5.5V, Vcc = Max. 100 UA
lozn Off-State Output Leakage Vout = 2.4 V, Vcc = Max. 100 | pA
Current HIGH ViN = ViHor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = ViHor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. -30 | -130 | mA
(Note 3)
20X10A,
Vin= 0V, Outputs Open 20X8A, 180
Icc Supply Current (loutr= 0 MA), Vcc = Max.| 20X4A mA
20L10A 165
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. I/O pin leakage is the worst case of liL and lozw (or li4 and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
trp Input or Feedback to 20L10A, 20X8A, 30 ns
Combinatorial Output 20X4A
ts Setup Time from Input or Feedback to Clock 30 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 15 ns
twi LOW 20X10A, 20X8A, 25 ns
twh Clock Width HIGH 20X4 15 ns
Maximum External Feedback | 1/(ts + tco) 22.2 MHz
fmax Frequency
(Note 2) No Feedback 1/(tw + twi) 25 MHz
tpzx OE to Output Enable 20 ns
tpxz OE to Output Disable 20 ns
tea Input to Output Enable Using Product Term Control | 20L10A, 20X8A, 30 ns
ter Input to Output Disable Using Product Term Control 20X4A 30 ns
Notes:

1. See Switching Test Circuit for test conditions.

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified

where frequency may be affected.

PAL20X10A Series (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vio+7.0V
DC Input Voltage -15V to55V
DC Qutput or I/O Pin Voltage -05V to55V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES

Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air —-55°C Min.
Operating Case (Tc)
Temperature 125°C Max.

Supply Voltage (Vcc)

with Respect to Ground +4.50Vto+5.50V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at T¢c = +25°C, +125°C,
and -55°C per MIL-STD-883.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage lon=-2mA Vn=VihorVy 2.4 \Y
Vce = Min.
Vou Output LOW Voltage loL = 12 mA Vin = ViHor Vi 05 \%
Vce = Min.
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 3)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 3)
" Input Clamp Voltage In=-18 mA, Vcc = Min. -15 \"
I Input HIGH Current Vin=2.4V, Vcc = Max. (Note 4) 25 pA
e Input LOW Current Vin = 0.4V, Vcc = Max. (Note 4) -250 LA
h Maximum Input Current ViN=5.5V, Vcc = Max. 1 mA
lozu Ofi-State Output Leakage Vour =24V, Vecc = Max. 100 | pA
Current HIGH Vin = Vigor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 HA
Current LOW Vin = Vinor Vi (Note 4)
Isc Qutput Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | -130 | mA
20X10A,
Vin=0V, Outputs Open | 20X8A, 180
loc Supply Current (lour = 0 MA), Ve = Max. | 20X4A mA
20L10A 165
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.
3. ViLand Vi4 are input conditions of output tests and are not themselves directly tested. V| and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. 1/O pin leakage is the worst case of li_ and loz (or Iin and lozH).
5. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second.

NEVN lhon bhanm Ablhmo 4 munid daet Arabl

Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
trD Input or Feedback to 20L10A, 20X8A, 35 ns
Combinatorial Output 20X4A
ts Setup Time from Input or Feedback to Clock 40 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 25 ns
twi ) LOW 20X10A, 20X8A, 35 ns
twr Clock Widih i 20X4A 20 ns
Maximum External Feedback | 1/(ts + tco) 15.4 MHz
fmax Frequency
(Note 2) No Feedback /(twr + twi) 18.2 MHz
tpzx OE to Output Enable (Note 3) 25 ns
tpxz OE to Output Disable (Note 3) 25 ns
tea Input to Output Enable Using Product 35 ns
Term Control (No.te 3) . 20L10A, 20X8A,
ter Input to Output Disable Using Product 20X4A 35 ns
Term Control (Note 3)

Notes:

1. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.

PAL20X10A Series (Mil) 2-203




ABSOLUTE MAXIMUM RATINGS

Storage Temperature -65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto+7.0V
DC Input Voltage -05Vto+55V

DC Output or I/O Pin Voltage
DC Input Current

-0.5V to Vgc Max.
-30 mAto +5 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air
Supply Voltage (Vcc)
with Respect to Ground

0°C to +75°C

+4.75V1to +56.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vo Output HIGH Voltage lon=-3.2mA Vin=VigorVi 2.4 Vv
Vce = Min.
VoL Output LOW Voltage loo=24mA Vin=VigorVy 0.5 \
Vee = Min.
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 55 \
Voltage for all Inputs (Note 1)
Vie Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage Iin=-18 mA, Vce = Min. -1.2 \Y
Iy Input HIGH Current Vin= 2.7V, Vcc = Max. (Note 2) 25 uA
I Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -100 | pA
Iy Maximum Input Current Vin=5.5V, Vecc = Max. 1 mA
lozn Off-State Output Leakage Vout =2.7 V, Vcc = Max. 100 | pA
Current HIGH Vin = Vikor Vi (Note 2)
lozL Off-State Output Leakage Vour = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 -90 mA
20L10B 210
lec Supply Current Vin=0V, Outputs Open 20L10-20 165 mA
(lour = 0 MA) Vee = Max. 750 50a1 105
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.
2. 1/O pin leakage is the worst case of li_ and loz. (or i1 and lozH).

3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance | Pins 1, 13 Vin=20V Vec=50V 11
Others Ta =+25°C i pF
Cour Output Capacitance Vour=2.0V f=1MHz 9
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter 20L10B 20L10-20 20L10AL
Symbol Parameter Description Min. | Max. | Min.| Max.| Min.| Max.| Unit
tep Input or Feedback to 15 20 25 ns
Combinatorial Qutput
tea Input to Output Enable Using 18 20 25 ns
Product Term Control
ter Input to Output Disable Using 15 20 25 ns
Product Term Control
Notes:

2. See Switching Test Circuit for test conditions.

AmPAL20L10 (Com’l)
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SWITCHING WAVEFORMS

Input or
Feedback Vr
tpD
Combinatorial
Output vr
12015-010A
Combinatorial Output
twH
Clock \2s
twi
12015-011A
Clock Width
OE
texz tPzx
Output ) {E AR VT
12015-014A

OE to Output Disable/Enable

Notes:

1. Vr=15V

2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2-5 ns typical.

Input or

Feedback VT
ts tH
Clock v
tco
Registered
Output V1
12015-012A
Registered Output
Input VT
terR tea
- Von- 05V /77
N
\%3
Output [/ Fvo+osv\\\]
12015-013A

Input to Output Disable/Enable
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Wiil be
Change Changing
fromHto L fromHto L
May Will be
{ { f f / Change Changing
fromLto H fromLto H
Don’t Care; Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State

KS000010-PAL

SWITCHING TEST CIRCUIT

Vee
Output O j_ € Test Point
% R2 :[: )
= = 10303-013A
Commercial Military Measured
Specification S CL Ry R> R R Output Value
tep, tco Closed 15V
tpzx, tea Z — H: Open 50 pF 15V
Z — L: Closed 200Q 1 390Q | 390Q | 750Q
trxz, ter H —Z: Open 5pF H—-Z:Vou-05V
L —Z: Closed L—>2Z:VoL+05V
PAL20X10A Series/AmPAL20L10 2-207




INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typical Input Typical Output

& o Vce \ 4 o Vce

40 Q@ NOM

Input
1. 12350-000A Output
T
Program/Verify b "“?Om' Program/Verity/
Circuitry Pins Test Circuitry
Preload
Circuitry
. 10303-014A
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OUTPUT REGISTER PRELOAD

The preload function allows the register to be loaded preload a LOW in the flip-flop. Leave combinatorial
from the output pins. This feature aids functional testing outputs floating.
of sequential designs by allowing direct setting of output

states. The procedure for-preloading follows. 5. Lower pin 10 to Vip.

1. Raise Vee 10 Vech. 6. Remove ViLp/Vinp from all registered output pins.

2. Set OE to Vi to disable output registers. 7. Lower OE to Vitp to enable the output registers.

3. Raise pin 10 to Vi to enter preload mode. 8. Verify Voi/Von atall registered output pins. Note that
because of the output inverter, a register that has

4. Apply either Viup or Vi p to all registered outputs. Use been preloaded HIGH will provide a LOW at the

Vinp to preload a HIGH in the flip-flop; use Viip to output.
Parameter .

Symbol Parameter Description Min. Rec. Max. | Unit
VHH Super-level input voltage 19 20 21 \
ViLp Low-level input voltage 0 0 0.5 \
Vibp High-level input voltage 2.4 5.0 55 \
VceH Power supply during preload 4.5 \
to Delay time 100 200 1000 ns

b o to to to
5e / \ ViHp

ViLp

- -—1—— VHH
Pin 10 / \

ViLe
N —t+—== Vi
Registered \ A / VoH
Output \ > < VoL
1T T Ve

10303-015A

Output Register Preload Waveform
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POWER-UP RESET

The power-up reset feature ensures that all flip-tlops will
be reset to LOW after the device has been powered up.
The output state will be HIGH due to the inverting output
buffer. This feature is valuable in simplifying state ma-
chine initialization. A timing diagram and parameter ta-
ble are shown below. Due to the synchronous operation
of the power-up reset and the wide range of ways Vcc

can rise to its steady state, two conditions are required
to ensure a valid power-up reset. These conditions are:

1. The Vc¢c rise must be monotonic.

2. Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and feed-
back setup times are met.

Parameter
Symbol Parameter Description Max. Unit
tPR Power-up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switching
twi Clock Width LOW . Characteristics
av Vee
Power
tpR ——>
Registered l
Active-Low / / 7
Output
je- s
Clock \\)k
twL
12350-024A

Power-Up Reset Waveform
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PAL221P6-25 Advanced
Interface Protocol Asynchronous Cell (IPAC) PAL® Device Devices

DISTINCTIVE CHARACTERISTICS

® Individually programmable Asynchronous
Preset/Clear:
- Both override all Edge-Activated-Inputs to a cell
- Preset has higher priority than Clear

B Flip-flops can be bypassed individually

B PAL device optimized for asynchronous interface
protocol applications

B High current driving capability—48 mA/64 mA

B Six unique edge-activated flip-flops
- Three edge-activated Set-Reset flip-flops (S-R)

- Three edge-activated Dual-Toggle flip-flops (2-
g 99 p-flops (2-7) m Center V. and Ground pins to reduce ground

bounce
B Special security fuse for design secrecy
u Easy design with PALASM? software
B Programmable on standard PAL device

B Two Edge-Activated-Inputs per flip-flop offer power-
ful system benefits:
- S-R: input rejects signals once triggered
- 2-T: simultaneous edge-activated-inputs
allowed

B Product term steering feature enhances fiexibility programmers
m Individual level-sensitive Preset and Clear for each ® 24-pin SKINNYDIP® and 28-pin PLCC packages save
flip-flop space
B Programmable polarity for Edge-Activated Inputs (S,
R, T,and T,)
GENERAL DESCRIPTION

causes the flip-flop to go LOW. The PAL22IP6 has three sets

The PAL22IP$ Interface Protocol Asynchronous Cell (IPAC)
of the S-R and 2-T macrocells, along with the PAL array for

PAL device contains two basic types of Edge-Activated-Input

flip-flops. The first type of flip-flop is a new bistable structure
known as the Dual-Toggle flip-flop (2-T). This bistable struc-
ture simply reverses output state whenever an active edge
occurs on either of the two input lines. The two inputs (T, and
T,) are totally independent of each other. The second type of
flip-flop is an edge-activated Set-Reset flip-flop (S-R). With
the S-R flip-flop, an active edge on the Set input causes the

implementing logic functions.

These flip-flops do not have a “data path”, which means they
have no setup or hold time constraints. In addition, all ofthe
Edge-Activated-Input polarities are programmable, which
provides the user a choice of either rising or falling edge for
each input.

flip-flop to go HIGH, and an active edge on the Reset input
BLOCK DIAGRAM

lo-ls

16

PROGRAMMABLE
AND ARRAY
(44 X 72)

2-T
MACROCELL

S-R
MACROCELL

2-T S-R
MACROCELL MACROCELL

2-T
MACROCELL

104 ii0g

968 01

Og 104 04i/0g

Publication # 10997 Rev.C Amendment /0
Issue Date: January 1990

This part is covered by various US and foreign patents owned by
Advanced Micro Devices. PAL, PALASM, and SKINNYDIP are
registered trademarks of Advanced Micro Devices.
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GENERAL DESCRIPTION (Cont'd.)

All of the flip-flops feature level-sensitive Asynchronous Pre-
set (AP) and Asynchronous Clear (AC) inputs, which can
override the Edge-Activated-Inputs. A HIGH logiclevelonthe
AP input of the flip-flop will cause the flip-flop to change to a
logic 1 state asynchronously. Likewise, a HIGH logic levelon
the AC input of the flip-flop will cause the flip-flop to change to
alogic O state asynchronously. The AP signal has priority over
the AC signal; if both are HIGH simultaneously, the flip-flop
will be preset to a logic 1 state. The AP and AC functions are
discussed in more detail later. The IPAC flip-flops feature the
capability of receiving both Preset and Clear signals in any
order, even simultaneously, with predictable results. The
output registers can be bypassed individually to provide more
design flexibility. The output registers also include /O feed-
back to enhance state machine designs.

The IPAC PAL device is fabricated using Advanced Micro
Devices’ advanced MONOX Il process, which is a fully ion-
implanted oxide-isolated stepper-aligned process. ltprovides
high reliability, and high programming and functional yields.
Special on-chip test circuits allow full AC, DC, and functional
testing before programming.

The PAL22IP6 can be programmed on standard PAL device
programmers with appropriate programming modules and
software configurations. Design deveiopmentis supported by
Advanced Micro Devices’ PALASM® software as well as by
other programmabile logic design tools available from third-
party vendors.

PAL22IP6-25
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CONNECTION DIAGRAMS

SKINNYDIP
lo E 1 ~ 24 : l41
h 2 S
2 []s 2[ s
3[4 21 [ ] 10g
W []s 20 [ ] W04
Ve[ |6 19 Jwo,
s 17 18| ] GND
s [|s8 17] 103
7 []e 16 J w04
g [0 15 ] 105
g 1 14 ] g
o] 12 B[ s

968 03

Top View
PLCC
8 e 2F 202
¥ 3 2 1 2 27 2%
15 s 2s[ o
1, e 24[ 04
Vee [}7 2| "] iop
Ne[]s 22 ne
1s[e 21[__]GND
1g (10 20[ |03
[ 1 19[_]v04
N_f2_13 14 15 16 17 18 /
= 22 2 - = Qm
968 03A

PIN DESIGNATIONS

| = Input
/O = Input/Output
V. = Supply Voltage

GND = Ground

NC = No Connect

ORDERING INFORMATION

AMD/MMI standard products are available in several packages.

Standard Products

The order number (Valid Combination) is formed by a combination of: a. Device Number

PAL 22
— T

a. PROGRAMMABLE ———
ARRAY LOGIC

NUMBER OF
ARRAY INPUTS

OUTPUT TYPE
IP = Interface Protocol

NUMBER OF FLIP-FLOPS

o

. Speed/Power Option
. Package Type
. Operating Conditions

c
d
e. Optional Processing

P

o
I
lan

—o

——0

]

e. PROCESSING
blank = Standard
XXXX = Other

d. OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

c. PACKAGE TYPE
P = Plastic SKINNYDIP (PD 3024)
D = Ceramic SKINNYDIP (CD 3024)
J = Plastic Leaded Chip Carrier (PL 028)

L

SPEED
-25=25nst,,

Valid Combinations

PAL22IP6-25 PC,DC,JC

Valid Combinations

The Valid Combinations table lists configurations planned to be supported in
volume for this device. Consult the local AMD sales office to confirm availability
of specific valid combinations, to check on newly released combinations, and to
obtain additional data on AMD's standard military grade products.

Note: marked with AMD logo.
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FUNCTIONAL DESCRIPTION

The PAL22IP6 has sixteen dedicated input lines and six
programmable output macrocells with I/0 pin feedback. Each
macrocell has two Edge-Activated-Inputs and Asynchronous
Preset and Clear inputs. The programming matrix imple-
ments a programmable AND logic array, which drives a fixed
OR logic array.

The programmable functions in the PAL22IP6 are automati-
cally configured from the user's design specification. The
design specification is processed by development software to
verify the design and create a programming file. Thefile, once
downioaded to a programmer, configures the device accord-
ing to the desired function.

Powerful 2-T and S-R Flip-Flops

The PAL22IP6 has three positive edge-activated 2-T flip-flops
andthree positive edge-activated S-Rflip-flops. Each flip-flop

has two Edge-Activated-Inputs with programmable polarity.
These inputs are driven by an OR gate with up to nine product
terminputs with productterm steering. Each productterm can
have up to 22 inputs. The descriptions, macrocells, and
function tables for both 2-T and S-R flip-flops are shown
below.

2-T Flip-Flop Description

The 2-T flip-flop output will be toggled whenever arising edge
is applied to either of the two Edge-Activated-Inputs. Two
rising edges between two inputs of the 2-T flip-flop can be
totally asynchronous. Simultaneous rising-edge inputs will
not cause metastability, and the flip-flop output will remain the
same.

0D
AP

i
P9 !
'

.
I
P1 X
| AP
| >T1
51 |

AC % > "
.

968 02

Figure 1a. IPAC 2-T Macrocell

Nomenclature
Input to Flip-flop Output Function
T = rising-edge transition
T T, AP AC Qs X = don't care
0 = logic zero
T T ° 0 Cﬁ Hold 1 = logic one
T t o o Q, Toggleon T, 1 = states other than a rising-edge transition
T T 0 0 Q, Toggleon T, (either 0, 1, or falling-edge transition)
T T 0 0 Q, Dual Toggle; No Change*
X X 1 X 1 Force Priority 1
X X 0 1 0 Force Priority 0

*

Simultaneous edge triggering of T, /T, is ALLOWED, and will resultin

the output not changing, or will produce a narrow pulse, dependingon

the timing lapse of the edges

Table 1a. Edge-Activated 2-T Function Table

PAL22IP6-25
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S-R Flip-Flop Description

The S-Rflip-flop will go HIGH after the first Set rising edge and
will disregard the subsequent Set edges until a Reset signal
is received. It willgo LOW after the first Resetrising edge and
will then disregard the subsequent Reset edges until the Set
signalis received. Thetime lapse betweenthe Set and Reset

active triggering edges on the device input should be greater
thanty ., inorderto trigger on both inputs. Ifitis less than
tsm. mn the second Edge-Activated-input will not trigger the
flip-flop. If it is between the t andt the output will

be unpredictable.

S-R, max 'S-R, min’

e
AP

P1 ;
| Al
i
S1| s

i
P9 :

AC % >
.

968 04

Figure 1b. IPAC S-R Macrocell

Nomenclature

T = rising-edge transition
X = don't care

Input to Flip-Flop Output Function
S R AP AC Q.4
t 1 0 0 Q, Hold
t T 0 0 0 Reset to 0 on edge
T 1 0 0 1 Setto 1 on edge
X X 1 X 1 Force Priority 1
X X o] 1 0 Force Priority 0

0 = logic zero

1 = logic one

t = states other than a rising-edge transition
(either 0, 1, or falling-edge transition)

Note: Set and Reset edge-activated inputs must be separated by t

S-R, max

for output to change (refer to Special IPAC Timing Parameters).

Table 1b. Edge-Triggered S-R Function Table
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Programmable Edge-Activated-Input Polarity

The Edge-Activated-Inputs of each macrocell are asynchro-
nous with respect to each other, and the polarity of each
triggering edge is independently programmable depending
on the fuse on the input of the Exclusive-NOR gate. Since
these inputs to each macrocell come from the programmable
array, the flip-flops can be triggered independently.

Product Term Steering

Product term steering allows each pair of Edge-Activated-
Inputs to allocate terms to one input or the other (not both).
Each macrocell has a total of nine data product terms; thus,
one Edge-Activated-Inputcan use zero to nine while the other
has nine to zero (e.g., three and six). Product terms can not
be shared between flip-flop inputs. If both Edge-Activated-
Inputs need the same term, it must be created twice, once for
each input.

968 08
Figure 2. IPAC PAL Device Product Term Steering

Programmable Level-Sensitive Asynchronous
Preset and Clear

Each macrocell flip-flop has separate sum terms for Asyn-
chronous Preset (AP) and Asynchronous Clear (AC). The
Preset and Clear signals for all flip-flops are asynchronous
and independently programmable. Both inputs are level-
sensitive and override the Edge-Activated-Inputs. Preset
forces the output to go HIGH, while Clear forces the output to
go LOW. When both signals are asserted simultaneously,
Preset will override Clear. The IPAC flip-flops provide the
capability to operate both Preset and Clear in any sequence,
including simultaneously with predictable results.

Note that forthe IPAC PAL device, Asynchronous Preset and
Asynchronous Clear are sum terms ratherthan productterms.
Both Preset and Clear are controlled by independent OR
gates with inverted inputs (Figure 3a). Since both the true and
complement of every array input are available, the Preset and
Clear equations can be written as a simple sum of device
inputs and feedback. This allows more than one condition to
force Preset and Clear, adding greater flexibility for the
designer. Through DeMorganization, NAND gate control is
also possible, as shown in Figure 3b.

—3 O

AP

AC

E 968 08

Figure 3.
IPAC PAL Device Asynchronous Preset and Clear

/ABIC /A BIC
96809A&B
Figure 3a. Figure 3b.
I0.SETF = A+/B+C 10.SETF = /(/A*B*/C)
OR Function DeMorganized Equivalent

Registered or Combinatorial Outputs

Each output of the PAL22IP6 includes an edge-activated flip-
flop for data storage and synchronization. Any output can be
configured to be combinatorial by selecting the multiplexer
path that bypasses the output flip-flop. Bypass is automati-
cally selected if requested in the design specification. The
unprogrammed configuration is a registered /0.

Output Enable and High Current Bus Driver

The flip-flop outputs can be enabled to present logic HIGH or
logic LOW states, or can be disabled to provide a high-
impedance state. Each output enable is independently pro-
grammable by a dedicated product term. 1/O pins I/O,, I/O,,
10, and /O, can drive up to 48 mA; I/O pins I/O, and /O, can
drive up to 64 mA. The high current output driving capability
of the iPAC PAL device is designed to improve the perform-
ance and density of three-state memory address/data drivers,
clock drivers and bus-oriented drivers for most buses in the
market.

Security Fuse

After programming and verification, a PAL22IP6 can be
secured by programming the security fuse. Once pro-
grammed, this fuse defeats readback of the internal pro-
grammed pattern by a device programmer, securing proprie-
tary designs from competitors.

Quality and Testability

The PAL22IP6 offers a very high level of built-in quality. Extra
programmable fuses provide a means of verifying perform-
ance of all AC and DC parameters. In addition, this verifies
complete programmability and functionality of the device to
provide the highest programming yields.

PAL221P6-25
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IPAC DESIGN RESTRICTION

Overview

The high-speed IPAC PAL device has one design restriction.
On the S-R flip-flop, direct active-HIGH feedback from the
output to the non-inverting R input will violate the timing
requirements and the output will be unpredictable. The
solution is to DeMorganize the R-input equation.

Timing Requirement

For the S-R flip-flop, active edges on S and R must be
separated by atleastty ,  toguarantee that the flip-flop will
respond. lf directfeedbackis used (Qis part of the S or R-input
equation) then one input may follow the other by t., , the delay
from input to registered feedback. Therefore, 1, must be
greater than t, . . (Figure 7). We will refer to this as the
feedback criterion. For the high-speed IPAC PAL device, we
can guarantee this in all but one case.

S Input ——[

E(—— tElo—)

Q Output
E(——tsn -——)I

R Input

10997-001A

Figure 7. If Q = R, t,, must be greater than t,

Design Restriction

This one case not allowed is direct active-HIGH feedback
from Q to the non-inverting rising-edge triggered R input
(Figure 8). This also includes feedback from a different
flip-flop if both S inputs contain acommon source input (Figure
9). We will refer to this as direct feedback equivalent. All other
configurations are allowed.

1
~N

10997-002A
Q.R :=Q ; not allowed

Figure 8. Direct active-HIGH feedback to R;
not allowed

In s al—
Q1S :=In
Q2S:=In
Q2.R := Qf; not allowed —p>R
> s Qf—
> R
1
N 10997-003C

Figure 9. Equivalent to direct feedback;
not allowed

Solution

The solution is to DeMorganize the equation so that two
inversions are added to the feedback path, slowing it down.
This translates to using /Q instead of Q in the R equation,
and defining the R input as being falling-edge triggered
(Figure 10). DeMorganization will affect the number of prod-
uct terms required, but the nine available terms will generally
be sufficient.

—Ps a

> R

]

/Q.R :=/Q ; allowed

10997-004C

Figure 10. DeMorganized equivalent of Figure 8;
allowed
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Logic Diagram
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........ccccevveeniecneencnnn. -65°C to +150°C
Supply Voltage to Ground Potential
(Pin 24 to Pin 12) Continuous ............. -05Vto+7.0V

DC Voltage Applied to Outputs

(Except During Programming) ...... -0.5Vto+V , Max.
DC Input Voltage .—05Vto+55V
DC Input CUIment ........ccveeecccienirecncicnnns -30mA to +5 mA

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

OPERATING RANGES

Commercial (C) Devices
Temperature (T,) Operating Free Air....... 0°C to +75°C
Supply Voltage (Vi ¢) <o +4.75Vto +5.25 V

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating range.

Parameter Parameter
Symbol Description Test Conditions Min. Max. | Unit
Vou Output HIGH Voltage Ve =Min loy=-3.2mA 24 \'
Vin=ViorVy
lo, =24 mA
. lo, =48 mA 05
Voo QOutput LOW Voltage Ve =Min (i10,, V0., /O, 110,)
o o’ 1 4 5 \Y
VIN - Vlﬂor VIL
I, =64mA 06
(110, 1/0,) ’
Vin Input HIGH Level (Note 1) Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs
Vi Input LOW Level (Note 1) Guaranteed Input Logical LOW 08 | V
Voltage for all inputs
v, Input Clamp Voltage Veo =Max, | =—-18 mA -12 |V
by Input HIGH Current (Note 3) Veo =Max, V=24V 25 | pA
Iy Input LOW Current (Note 3) Vec=Max, V=04V ~250 | pA
A Maximum Input Current Vio=Max., V=55V 100 | pA
oz Output Leakage Current Veo=Max, V=V, orV, Vo=27V 100 WA
bz (Note 3) V,=04V -350
lse Output Short-Circuit Current Ve = Max,, Vg ;= 0.5V (Note 2) -50 | -225 | mA
le Power Supply Current V¢ =Max. 210 | mA

Notes: 1.These are absolute values with respect to device ground and all overshoots due to system or tester noise

are included.

2. Not more than one output should be tested at a time. Duration of the short circuit should not be more than
one second. V= 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
3.1/0 pin leakage is the worst case of |,,, and |, (or I, and I, ).
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
Input or Feedback to Active LOW
ton Non-Registered Output 25 ns
(Note 2) Active HIGH
"o Edge-Activated-Input to Output or Feedback (Notes 4, 5) 25 ns
s Differential Time Between E-A-| Edges of S-R Cell (Notes 4, 5) | 6 15 ns
ot Differential Time Between E-A-I Edges of 2-T Cell (Note 4) - 10 » ns
"tow Edge-Activated-Input Pulse Width (Note 4) 17 I ns
tp Asynchronous Preset to Registered Output 30 ns
tapw Asynchronous Preset Pulse Width 17 ns
_ _tAPR Asynchronous PresetMFAReoovery Time 10 - ns
te Asynchronous Clear to Registered Output 30
taow Asynchronous Clear Pulse Width 17
taor Asynchronous Clear Recovery Time 10 ns
tea Input to Output Enable (Note 3) 20 ns
ten input to Output Disable (Note 3) 20 ‘ ns

Notes: 1.Commercial Test Conditions: R, = 100 Q, R, = 390 Q (see Switching Test Circuit).
2.1, is tested with switch S, closed and C, = 50 pF (including jig capacitance). V,,=3V,V, =0V,

Vou=Vo, =15V.

3. For three-state outputs, output enable times are tested with C_ = 50 pF to the 1.5 V; S is open for high impedance
to HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with C_ = 5 pF. HIGH
to high-impedance tests are made to an output voltage of V,,— 0.5 V with S, open; LOW to high-impedance tests

are made to the V, + 0.5 V level with S, closed.

4. The definition of these parameters is in the Special IPAC Timing Parameters section.
5.0n the S-R flip-flop, direct active-HIGH feedback from the output to the non-inverting R input is not allowed.

*SPECIAL IPAC TIMING PARAMETERS

t.,, Edge-Activated-Input to Output Time

The Edge-Activated-Input to Output parameter is defined as
the minimum time it takes to obtain a valid data level onthe flip-
flop output after an Edge-Activated-Input is applied.

t; , Differential Time between Edge-Activated-Input
Edges of S-R Cell

This unique timing parameter, t ., is defined as the minimum
allowed time between active edges of the two inputs of the
S-R flip-flop. If the time between adjacent active edges of
these two inputs is greater than or equal to the maximum t, .,
the second Edge-Activated-Input will trigger the flip-flop. Ifthe
time between active edges is less than or equal to the mini-
mum g ., the second Edge-Activated-Input will not trigger the
flip-flop. However, if the time between active edges lies
between the minimum and maximum ts.p the output will
be unpredictable.

t, ; Differential Time between Edge-Activated-input
Edges of 2-T Cell

The minimum allowed time between active edges of the two
inputs of the 2-T flip flop. If the time between active edges of
the two inputs is greater than the minimum t, ., the output
pulse will be measurable. If the time between active edges of
the two inputs is smaller than the minimum t, ., the output
pulse will be just a glitch. Since simultaneous inputs will not
cause metastability, the purpose of this parameter is to
determine the differential time for inputs in order to get a
measurable output pulse width.

t,, Edge-Activated-Input Pulse Width
The minimum Edge-Activated-Input pulse width required to
activate the 2-T or S-R cell.

PAL22IP6-25 (Com'l)

2-221




SWITCHING WAVEFORMS

INPUT OR
FEEDBACK T
tpp

COMBINATORIAL

ouTPUT T
968 10A
Combinatorial Output
EDGE-ACTIVATED
INPUT T
'ei0
REGISTERED
OUTPUT T
968 10B
Registered Output
tapw ¥
ASYNCHRONOUS v
PRESET T \
tap ———’]
REGISTERED Vr
OUTPUT
— taPR
EDGE-ACTIVATED- Vr
INPUT
968 10C
Asynchronous Preset
tacw _‘ﬂ
ASYNCHRONOUS v
CLEAR T \
tac
REGISTERED vy
OUTPUT :
—»! tacr
EDGE-ACTIVATED- vy
INPUT
968 10D
Asynchronous Clear
INPUT .y[\vT f
teR™ fea [*
Vou -0.5V VAV
OUTPUT oH vy
968 10E

Input to Output Disable/Enable
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SWITCHING WAVEFORMS (Cont'd)

EDGE-ACTIVATED-INPUT V.
SET (RESET) y, s tow
—®t2ts.rmax
EDGE-ACTIVATED-INPUT Vv
RESET (SET) T teio
[—Ei0
REGISTERED Vr
OUTPUT

1847C 11
Differentiai inputs for S-R Ceii (Case 1)

EDGE-ACTIVATED-INPUT Vv
SET (RESET) T
—> t<tsRAMIN
EDGE-ACTIVATED-INPUT v
RESET (SET) tow

[¢———— tE10

REGISTERED Vr
OUTPUT
968 12

Differential Inputs for S-R Celi (Case 2)

EDGE-ACTIVATED-INPUT v
Ti(R) Y,
[ tpw
EDGE-ACTIVATED-INPUT t2tar
ToM) teo
[¢— teio
REGISTERED
UTPUT
1647C 13
2-T Cell Timing (Case 1)
EDGE-ACTIVATED-INPUT v
T (2) T
tsty g
EDGE-ACTIVATED-INPUT v
T2 (M)
REGISTERED XXXXXX: 1647C 14
OUTPUT
2-T Cell Timing (Case 2)
Notes:
1.V, =15V.

2. Input pulse amplitude O V t0 3.0 V.
3. Input rise and fall imes 2-5 ns typical.
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SWITCHING TEST CIRCUIT INPUT/OUTPUT DIAGRAM
EQUIVALENT INPUT TYPICAL OUTPUT
Veo Voo e }M Veo
8k QNOM
st s
R1
INPUT {: <
ouTPUT TEST POINT v ‘JE
R2 CL = A 4
968 15 £ L
= 1647C 16
Measured
Specification| Switch S1 C R, R, Output Value
top tero Closed 50pF | 100Q 390Q | 1.5V
tea Z—H: open 50pF | 100Q| 390Q | 1.5V
Z-l: closed
ter H—Z: open 5pF | 100Q| 390Q | H-»Z:V,,-05V
L-»Z: closed L»Z:V, +05V

Key to Switching Waveforms

WAVEFORM ~ INPUTS

MUST BE
STEADY

MAY CHANGE
FROMHTO L
MAY CHANGE
FROMLTOH
DON'T CARE,
PERMITTED
DOES NOT
APPLY

QUTPUTS

WILL BE
STEADY

WILL BE
CHANGING
FROMHTO L

WILL BE
CHANGING
FROMLTOH

CHANGING,
STATE
UNKNOWN

CENTER LINE IS
HIGH IMPEDANCE
“OFF" STATE

400 NOM

¢— OUTPUT

968 07
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APPLICATION DESCRIPTION

The IPAC PAL device is ideal for interfacing two system com-
ponents with different asynchronous protocol signals. Inother
words, handshake protocol signals of two peripherals, a
processor and a peripheral, two processors, etc., which are
not synchronized to a common clock, are ideal candidates for
IPAC designs.

The two types of IPAC registers, the edge-activated S-R
register and the edge-activated Dual-T type register, not only
can simplify asynchronous designs but also offer increased
system performance over conventional solutions. They also
eliminate the need for synchronizing the asynchronous sig-
nals, thereby eliminating instances where metastability can
occur and improving system reliability. The next section de-
scribes this in detail.

Interface Design Example

The advantage of the IPAC flip-flops is to enhance the system
performance. The IPAC flip-flops eliminate the need for a
clock, and consequently the need to synchronize asynchro-
nous signals. In conventional designs such synchronization
requires two extra clock cycles to mitigate the effects of
metastability. The following example of a simple request/
grant-type interface protocol illustrates the two major advan-
tages of the IPAC PAL device.

The example interfaces a microprocessor to a peripheral
using a request/grant handshake protocol. The microproces-
sorgenerates a chip-select (CSL) signal which is transformed
to a peripheral-request (REQL) signal. The peripheral re-
sponds by generating a grant (GRANTL) signal, at which time
the microprocessor removes its REQL signal.

The conventional approach is to register the microprocessor
CSL signal to generate a much longer REQL signal. It
requires three registers and a clock to implement the design.
The GRANTL signal is used to remove the REQL signal. This
also requires two clock cycles.

D o REQL
csL D Q _
a GRANTL
CLK
968 18 .
Figure 12. Conventional Solution
TWO CLOCK CYCLE DELAY
SLOWS SYSTEM PERFORMANCE
\
csL l /r
CLK
REQL l ]
968 19
GRANTL

|

Figure 13. Timing Diagram of a Simplified REQ/GRANT Protocol

PAL22IP6-25
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The IPAC PAL device uses the falling edge of the CSL signal
to generate the request (Figure 14) without the danger of
metastability. It also removes its REQL signal on the falling

edge of the GRANTL signal, again without any risk of metas-
tability. In both instances the output signal responds to the
input without the two-clock cycle delay, thereby improving

system performance. Table 2 describes the advantages of
using the IPAC device versus standard TTL Logic (74FXXX)

csL—PR REQL

l—-<1>s
1847C 20 r—‘ GRANTL

Figure 14. The IPAC Solution

and the PAL20RSB.

T4FXXX PAL20R8B IPAC
Chip Count Comparison 1 13 13
Handshake Speed* 50 ns 54 ns 25ns
Design Complexity Complex Complex Simple
Metastability Possible Yes Yes No

Table 2. Benchmark Comparison for Various Interface Designs
* These numbers apply to both directions of handshake

2-226

PAL22IP6-25



AmPAL22P10B/AL/A

24-pin Combinatorial TTL Programmable Array Logic

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B As fast as 15 ns maximum propagation delay

®  Universal combinatorial architecture
®  Programmable output polarity
[ |

Programmable repiacement for high-speed
TTL logic

® Easy design with PALASM® software

® Programmable on standard PAL® device
programmers

®  24-pin SKINNYDIP® and 28-pin PLCC
packages save space

GENERAL DESCRIPTION

The AmPAL22P10 utilizes Advanced Micro Devices’
advanced oxide-isolated bipolar process and fuse-link
technology. The devices provide user-programmable
logic for replacing conventional SSI/MSI gates and flip-
flops at a reduced chip count.

The AmPAL22P10 allows the systems engineer to im-
plement the design on-chip, by opening fuse links to
configure AND and OR gates within the device, accord-
ing to the desired logic function. Complex interconnec-
tions between gates, which previously required time-
consuming layout, are lifted from the PC board and
placedonsilicon, where they can be easily modified dur-
ing prototyping or production.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the

outputs. In addition, the PAL device provides the follow-
ing options:

— Variable input/output pin ratio
- Programmable three-state outputs

Product terms with all fuses opened assume the logical
HIGH state; product terms connected to both true and
complement of any single input assume the logical LOW
state. Unused input pins should be tied to Vcc or GND.

The entire PAL device family is supported by the
PALASM software package. The PAL family is pro-
grammed on conventional PAL device programmers
with appropriate personality and socket adapter mod-
ules. See the Programmer Reference Guide for ap-
proved programmers. Once the PAL device is pro-
grammed and verified an additional fuse may be opened
toprevent pattern readout. This feature secures proprie-
tary circuits.

BLOCK DIAGRAM

AmPAL22P10
Inputs

12

PROGRAMMABLE AND ARRAY

(44 X 90)
8

g 8 0

l/e] lle} l[e] /0] 110

110 Vo] 10} 110 le}
12984-002A

PAL, PALASM, and SKINNYDIP are ks of Ad d Micro Dev‘ucas._
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices.

Publication # 12984 Rev.D Amendment /0

Issue Date: January 1990
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PRODUCT SELECTOR GUIDE

tep lcc loL
Family ns (Max.) mA (Max.) mA (Min.)
Very High Speed
(B") Versions 15 210 24
High Speed
(“A") Versions 25 210 24
High Speed,
Half Power 25 105 24
(“AL") Versions
CONNECTION DIAGRAMS
Top View
SKINNYDIP PLCC
\_J - - - g8¢gz2
Jumpr 247 Veo nnoogon
4 2 1 28 27 26
12 23[] o <
e 1 []s 5[ Jwo
'O 2] ¥
I [1e 240
a4 21 ] O 1 28[Jwo
'Cs 20[] O ne []8 2[ ] NC
':6 19:]'/0 1 ]s 21:]1/0
N 18[] O o 20[ Jwo
s 17} O LN BT 19 _Juo
o 16 [] WO \__12 13 14 15 16 17 18 )
1o 15[ ] 1O _~%%U99
1 1 14[] o °
Note:
GND[] 12 1311 Pin 1 is marked for orientation
12984-003A 12984-004A
PIN DESIGNATIONS
GND Ground
| Input
110 Input/Output
NC No Connect
Vce Supply Voltage
2-228 AmPAL22P10B/AL/A



ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of: a. Family Type

. Number of Array Inputs

Output Type

Number of Outputs

Speed

Power

Package Type

Operating Conditions

Optional Processing

~Fe@meQ0T

AmPAL22 P 10 A L P C

a. FAMILY TYPE
AmPAL = Programmable Array Logic

b. NUMBER OF i. OPTIONAL PROCESSING
ARRAY INPUTS Blank = Standard Processing

c. OUTPUT TYPE
P = Programmable Polarity

h. OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

d. NUMBER OF OUTPUTS

e. SPEED ‘"———— 4. PACKAGE TYPE
B=15nstpp P = 24-Pin 300-mil Plastic
A=25nstpp SKINNYDIP (PD3024)

J = 28-Pin Plastic Leaded

f. POWER Chip Carrier (PL 028)

L = Low Power (105 mA Icc) D = 24-Pin 300-mil Ceramic
Blank = Full Power (210 mA lcc) SKINNYDIP (CD3024)

Valid Combinations

The Valid Combinations table lists configurations
planned to be supported in volume for this device.
Consult the local AMD sales office to confirm
AmPAL22P10 B, AL, A | PC,JC,DC availability of specific valid combinations, and to
check on newly released combinations.

Valid Combinations

Note: Marked with AMD logo.
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FUNCTIONAL DESCRIPTION -

All parts are produced with a fuse link at each input to the
AND gate array, and connections may be selectively re-
moved by applying appropriate voltages to the circuit.
Utilizing an easily-implemented programming algo-
rithm, these products can be rapidly programmed to any
customized pattern. Information on approved program-
mers can be found inthe Programmer Reference Guide.
Extra test words are pre-programmed during manufac-
turing to ensure extremely high field programming
yields, and provide extra test paths to achieve excellent
parametric correlation.

Variable Input/Output Pin Ratio

The AmPAL22P10 has twelve dedicated input lines,
and allten combinatorial outputs are I/0 pins. Buffers for
device inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. A product term controls the buffer, allow-
ing enable and disable to be a function of any product of
device inputs or output feedback. The combinatorial
output provides a bidirectional I/O pin, and may be con-
figured as a dedicated input if the buffer is always dis-
abled.

Programmable Polarity

The polarity of each output can be active-high or active-
low, either to match output signal needs or to reduce
product terms. Programmable polarity allows Boolean
expressions to be written in their most compact form
(true or inverted), and the output can still be of the de-
sired polarity. It can also save “DeMorganizing” efforts.

Selection is through a programmable fuse which con-
trols an exclusive-OR gate at the output of the AND/OR
logic. The output is active high if the fuse is 1 (pro-
grammed) and active low if the fuse is 0 (intact).

Security Fuse

After programming and verification, an AmPAL22P10
design can be secured by programming the security
fuse. Once programmed, this fuse defeats readback of
the internal programmed pattern by a device program-
mer, securing proprietary designs from competitors.
When the security fuse is programmed, the array will
read as if every fuse is programmed.

Quality and Testability

The AmPAL22P10 offers a very high level of built-in
quality. Extra programmable fuses provide a means of
verifying performance of all AC and DC parameters. In
addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming yields and post-programming functional
yields in the industry.

Technology

The AmPAL22P10 is fabricated with AMD’s advanced
oxide-isolated bipolar process. This process reduces
parasitic capacitances and minimum geometries to pro-
vide higher performance. The array connections are
formed with proven PtSi fuses for reliable operation.

2-230

AmPAL22P10B/AL/A



LOGIC DIAGRAM
AmPAL22P10
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ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature (Ta)

Operating in Free Air

Supply Voltage (Vcce)
with Respect to Ground

0°C to +75°C

+4.75V1to+525V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Storage Temperature —65°C to +150°C
Ambient Temperature

With Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto+7.0V
DC Input Voltage -05Vto+55V
DC Input Current -30 mAto +5 mA
DC I/0 Pin Voltage —0.5 V to Vcc Max.

Static Discharge Voltage 2001 V

Stresses above those listed under Absolute Maximum Rat-

ings may cause permanent device failure. Functionality at or

above these limits is not implied. Exposure to Absolute

mum Ratings for extended periods may affect device reliabil-

ity. Programming conditions may differ.

Maxi-

DC CHARACTERISTICS over COMMERCIAL operatmg ranges unless

specified
Parameter e
Symbol Parameter Description Test Conditions ... ~Max. | Unit
VoH Output HIGH Voltage o low= -3, 2 mA VIN ViH or VnL Vv
gt b U UL Ve = Ming:
Vou Output LOW Voltage o IOL = 'ZﬁrmA VIN = VtH or Vﬂ_ 05 \
Nee = Min. ,
ViH Guaranteed Input L09|cai HlﬁH 2.0 55 \
Voltage Sor all Inputs (Note 1)
ViL Guarant’ ed (nput Loglcal LOW 0.8 \Y
Voltage for alf Inputs (Note 1)
H‘-ﬂlﬂ-r
Vi lin==18 mA, Vcc = Min. -1.2 \
IH ‘ Surrer leMin = 2.7 V, Vec = Max. (Note 2) 25 | pA
I Input LOW Cuma ! 1 Vin= 0.4V, Vcc = Max. (Note 2) -100 | pA
li Maximum Input. Current Vin= 5.5V, Vcc = Max. 1| mA
lozh Off-State Output Leakage Vout = 2.7 V, Vcc = Max. 100 | pA
Current HIGH ViN = Vior Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vior Vi (Note 2)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 3) -30 -90 | mA
lcc Supply Current Vin= 0V, Outputs Open B A 210 mA
(lout = 0 MA) ’
Vec = Max. AL 105 | mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. I/O pin leakage is the worst case of liL and lozL (or

3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second.

lit and lozn).

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance| Pins 1,13 | ViNn=2.0V Vee=50V 11
Others Ta = +25°C 6 pF
Cour Output Capacitance Vour=20V f=1MHz 9
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified

where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter

_Symbol Parameter Description Unit
tep input or Feedback to Combinatorial Output ns
tea Input to Output Enable Using Product Term Control ns
ter Input to Output Disable Using Product Term Control | ns

Note:
2. See Switching Test Circuit for test conditions. .
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SWITCHING WAVEFORMS

Input or Input or
Feedback A Feedback \
trD ter tea

Combinatorial vr Combinatorial \ S S-‘- Vou- 0.5V /77 vr

Output Ouput ___ /7 /F Vo +05v\\N

12015-010A 12015-013A
Combinatorial Output Input to Output Disable/Enable

Notes:
1.Vr=15V

2. Input pulse amplitude 0 Vto 3.0 V
3. Input rise and fall times 2-5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHtoL fromHto L
May Will be
Change Changing
from Lto H fromLto H
Don't Care; Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
"Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
5V
Si
Ry
Output Test Point
’ I ’
12350-019A
Measured
Specification S CL Ry Rz Output Value
tro Closed 15V
tea Z — H: Open 50 pF 15V
Z — L: Closed 200 Q 390 Q
ter H—Z: Open 5pF H—Z:Vou-05V
L —»Z: Closed L—>Z:VoL+05V
AmPAL22P10B/AL/A 2-235




INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typical Input Typical Output
—o Voo * o Vee
40 Q NOM
Input ©— ¢ ¢ K
- »——I———I—v Output
Program/Verify
Circuitry ° T+
L\ﬂ lnl?OUt' Program/Verify/
Pi Test Circuitry
ins
12350-0208
— 12984-006A
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IR cov.
PAL22V10-10/15
AmPAL22V10/A
PALCE22V10H-15/25/Q-25
24-pin TTL/CMOS Versatile PAL® Device

MIL

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B As fast as 10 ns propagation delay and 71 MHz
fmax

B Low-power EE CMOS versions

B 10 macrocells programmable as registered or
combinatorial, and active high or active low to
match application needs

B Varied product term distribution allows up to
16 product terms per output for complex
functions

B Global asynchronous reset and synchronous
preset for initialization

B Power-up reset for initialization and register
preload for testability

B Easy design with PALASM® software

B Programmable on standard PAL device
programmers

B 24-pin SKINNYDIP® and 28-pin PLCC
packages save space

GENERAL DESCRIPTION

The PAL22V10 provides user-programmable logic for
replacing conventional SSI/MSI gates and flip-tlops at a
reduced chip count.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the
outputs.

The product terms are connected to the fixed OR array
with a varied distribution from 8 to16 across the outputs

(see Block Diagram). The OR sum of the products feeds
the output macrocell. Each macrocell can be pro-
grammed as registered or combinatorial, and active
high or active low. The output configuration is deter-
mined by two fuses controlling two multiplexers in each
macrocell.

The entire PAL device family is supported by the
PALASM software package. The PAL family is pro-
grammed on conventional PAL device programmers
with appropriate personality and socket adapter mod-
ules. See the Programmer Reference Guide for ap-
proved programmers.

BLOCK DIAGRAM

CLK/lo

Iy - Iy

PROGRAMMABLE
AND ARRAY
§7 (44 x 132)

Py 15

1t

rese oureutH oureurty ouTPUT
LOGIC LOGIC L0GIC
MACRO [T PMACRO PMACRO
CELL CE CELL
PRESET
106 104 10z 03 /04 107 108 VOs

13003-001A

PAL, PALASM, and SKINNYDIP are registered trademarks of Advanced Micro Devices.
This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices.

Publication # 14004 Rev. A Amendment /0

Issue Date: February 1990
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PERFORMANCE OPTIONS

Commercial
35 Std
CMOS | CMOS
Speed 2> | Q25 | W25 A
tep, NS CMOS i}
(tro, NS) 15 MO 15
10 -10
55 90 180
Power (lcc, mA)
OPERATING RANGES
Commercial Military
-10 -15
-15 -20
A (25 ns) A (30 ns)
Std (35 ns) Std (40 ns)
H-15 H-25
H-25 H-30
Q-25
2-238 PAL22V10



CONNECTION DIAGRAMS

Top View
SKINNYDIP/FLATPACK PLCC/LCC
"—'—\/_
CLK/Mo[} 1 ™ 24 ] vee s o o o
h[ 2 23 [1 10g s = 3 22 2289
—
ks 221 vos R T2
1a[] 4 21 [1 o, s s ° 2s[] o,
I
4 s 20 [1 10s . s 2] vos
15[ 6 19 [] vos
Is[] 7 18 [ 104 s E 7 23[] vos
L[ s 17 [J vos ne [1s 22[] nc
is[] o 16 [1 vo, s []o 21[] 1o,
lIgE 10 15 g /O w [0 20[] vos
1] 11 14 0 vo
Qi  1a[] ° s []11 19[] 1o,
GND h1 \_12 13 14 15 16 17 18 J
LI L T T T T E
13003-002A 2 20 9 £ 8§45 13003-003A
- 2 Z2 = ¥ ¥
Z Q Q
Note:
Pin 1 is marked for orientation.
PIN DESIGNATIONS
CLK Clock
GND Ground
| Input
110 Input/Output
NC No Connect
Vee Supply Voltage
PAL22V10 2-239



ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order
number (Valid Combination) is formed by a combination of:  a. Family Type

b. Technology
c. Number of Array Inputs
d. Output Type
e. Number of Outputs
f. Power
g. Speed
h. Package Type
i. Operating Conditions
j. Programming Designator
PAL CE 22 V 10 H-15 P C
a. FAMILY TYPE
PAL or AmPAL = Programmable
Array Logic
b. TECHNOLOGY j. PROGRAMMING DESIGNATOR
CE = CMOS Electrically Erasable Blank = Initial Release
Blank = Bipolar /4 = First Revision
(May require different programmer
c. NUMBER OF revisions)
ARRAY INPUTS
OUTPUT TYPE OPERATING CONDITIONS
V = Versatile C = Commercial (0°C to +75°C)
NUMBER OF OUTPUTS PACKAGE TYPE
P = 24-Pin 300-mil Plastic
f. POWER SKINNYDIP (PD3024)
Q = Quarter Power (55 mA Icc) J = 28-Pin Plastic Leaded
H = Half Power (90 mA Icc) Chip Carrier (PL 028)
Blank = Full Power (180 mA Icc) D = 24-Pin 300-mil Ceramic
SKINNYDIP (CD3024)
g. SPEED
-10 = 10nstpp
-15 = 15nstpp
25 = 25nstpp
A = 25 nstpp
Blank = 35nst
Valid Combinations an nsiro
PAL22V10-10 PC, JC,DC Valid Combinations
PAL22V10-15 The Valid Combinations table lists configurations
planned to be supported in volume for this device.
AmPAL22V10A Consult the local AMD sales office to confirm
AmPAL22V10 availability of specific valid combinations, to
check on newly released combinations, and to
PALCE22V10H-15 blank obtain additional data on AMD’s standard military
PALCE22V10H-25 ' grade products.
/4
PALCE22V10Q-25 Note: Marked with AMD logo.
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ORDERING INFORMATION
APL Products

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combina-

tion) is formed by a combination of: a.

rmFe~eaow

Family Type
Technology

Number of Array Inputs
Output Type

Number of Qutputs
Power

Speed

Programming Designator
Device Class

Package Type

Lead Finish

PAL CE 22 V 10 H25 _ /B L A

a. FAMILY TYPE —J

PAL or AmPAL = Programmable
Array Logic

b. TECHNOLOGY
CE = CMOS Electrically Erasable
Blank = Bipolar

c. NUMBER OF

ARRAY INPUTS
d. OUTPUT TYPE

V = Versatile

e. NUMBER OF OUTPUTS

f. POWER

H = Half Power (100 mA Icc)

Blank = Full Power (180-200 mA Icc)

Valid Combinations

PAL22V10-15

LEAD FINISH
A = Hot Solder Dip

PACKAGE TYPE

L = 24-Pin 300-mil Ceramic

SKINNYDIP (CD3024)

24-Pin Ceramic Flatpack

(CFLO024)

3 = 28-Pin Ceramic
Leadless Chip Carrier

K

(CLO28)
DEVICE CLASS
/B= Class B

PROGRAMMING DESIGNATOR
Blank = Initial Release

E4 = First Revision

(May require different programmer
revisions)

SPEED

-15 = 15nstpp

20 = 20nstpp

25 = 25nstpp

-30 = 30nstpp

A = 30 ns tpp

Blank = 40 ns tpp

Valid Combinations

PAL22V10-20
AmPAL22V10A
AmPAL22V10
PALCE22V10H-25 |pjank.
PALCE22V10H-30 |E4

/BLA, /BKA, /B3A

Group A Tests

Group A Tests consist of Subgroups: 1,2,3,7,8,9, 10, 11.

Military Burn-In

The Valid Combinations table lists configurations
planned to be supported in volume for this device.
Consult the local AMD sales office to confirm
availability of specific valid combinations, to
check on newly released combinations, and to
obtain additional data on AMD'’s standard military
grade products.

Note: Marked with AMD logo.

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 1015, Conditions A

through E. Test conditions are selected at AMD’s option.
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FUNCTIONAL DESCRIPTION

The PAL22V10 aliows the systems engineer to imple-
ment the design on-chip, by opening fuse links (or pro-
gramming EE cells) to configure AND and OR gates
within the device, according to the desired logic func-
tion. Complex interconnections between gates, which
previously required time-consuming layout, are lifted
fromthe PC board and placed on silicon, where they can
be easily modified during prototyping or production.

Product terms with all fuses opened assume the logical
HIGH state; product terms connected to both true and
complement of any single input assume the logical LOW
state.

The PAL22V10 has 12 inputs and 10 /O macrocells
(Figure 1). The macrocell allows one of four potential
output configurations; registered output or combinato-
rial I/0, active high or active low (see Figure 2). The con-
figuration choice is made according to the user’s design
specification and corresponding programming of the
configuration bits So - S1. Multiplexer controls are con-
nected to ground (0) through a programmable bit, se-
lecting the “0” path through the multiplexer. Program-

ming the fuse or erasing the bit disconnects the control
line from GND and it floats to Vcc (1), selecting the “1”
path.

The device is produced with afuse or EE cell link at each
inputtothe AND gate array, and connections may be se-
lectively removed by applying appropriate voltages to
the circuit. Utilizing an easily-implemented program-
ming algorithm, these products can be rapidly pro-
grammed to any customized pattern. Information on ap-
proved programmers can be found in the Programmer
Reference Guide. Extra test words are pre-programmed
during manufacturing to ensure extremely high field pro-
gramming yields, and provide extra test paths to
achieve excellent parametric correlation.

Variable Input/Output Pin Ratio

The PAL22V10 has twelve dedicated input lines, and
each macrocell output can be an I/O pin. Buffers for de-
vice inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

CLK/lp

TR

il

PROGRAMMABLE
AND ARRAY
A\V4 (44 x 132)

ouTPUT]
LOGIC

PMACRO

CELL

/Og 102 1103 V04

10s 10s 1107 VOg 1109
13003-001A

Figure 1. Block Diagram
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Registered Output Configuration Combinatorial /O Configuration

Each macrocell of the PAL22V10 includes a D-type flip- Any macrocell can be configured as combinatorial by
flop for data storage and synchronization. The flip-flop selecting the multiplexer path that bypasses the flip-flop
is loaded on the LOW-to-HIGH transition of the clock in- (S1=1). Inthe combinatorial configuration the feedback
put. In the registered configuration (S1 = 0), the array is from the pin.

feedback is from Q of the flip-flop.

.
AR [‘ 10
1 4 4
Py 11
H DQ 0 0 50-0—@ 1/On
CLK—P Q 0 1
T
SP Sy ‘_h S1 So Output Configuration
So = o 0 Registered/Active Low
0 0 1 Registered/Active High
—-—-31.1L 1 0 Combinatorial/Active Low
! 1 1 CombinatoriaVAdtive High
L— 0 = Unprogrammed fuse or programmed EE bit
1 = Programmed fuse or erased (charged) EE bit
13003-004A
Figure 2. Output Logic Macrocell Diagram
Sp=0 Sp=0
S1=0 Si=1
°
°
: K3
T
i —
Figure 3a.  Registered/Active Low Figure 3c.  Combinatorial/Active Low
So=1 So=1
S1=0 Si=1
°
]
: —3
T
= —=—
Figure 3b.  Registered/Active High Figure 3d.  Combinatorial/Active High

13003-009A
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Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. A product term controls the buffer, allow-
ing enable and disable to be a function of any product of
device inputs or output feedback. The combinatorial
output provides a bidirectional I/O pin, and may be con-
figured as a dedicated input if the buffer is always dis-
abled.

Programmable Output Polarity

The polarity of each macrocell output canbe active high
or active low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing” ef-
forts.

Selection is controlled by programmable bit So in the
output macrocell, and affects both registered and com-
binatorial outputs. Selection is automatic, based on the
design specification and pin definitions. If the pin defini-
tion and output equation have the same polarity, the out-
put is programmed to be active high (So = 1).

Preset/Reset

For initialization, the PAL22V10 has additional Preset
and Reset product terms. These terms are connected to
all registered outputs. When the Synchronous Preset
(SP) product term is asserted high, the output registers
will be loaded with a HIGH on the next LOW-to-HIGH
clock transition. When the Asynchronous Reset (AR)
product termis asserted high, the output registers willbe
immediately loaded with a 1.OW independent of the
clock.

Note that preset and reset control the flip-flop, not the
output pin. The output level is determined by the output
polarity selected.

Power-Up Reset

All flip-flops power-up to a logic LOW for predictable
system initialization. Outputs of the PAL22V10 will de-
pend on the programmed output polarity. The Vcc rise
must be monotonic and the reset delay time is 1-10 us
maximum.

Register Preload

The register on the PAL22V10 can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-

ing of arbitrary states, making it unnecessary to cycle
through long test vector sequences to reach a desired
state. In addition, transitions from iliegal states can be
verified by loading illegal states and observing proper
recovery.

Security Fuse

After programming and verification, a PAL22V10 design
can be secured by programming the security fuse or EE
bit. Once programmed, this fuse defeats readback of the
internal programmed pattern by a device programmer,
securing proprietary designs from competitors. When
the security fuse is programmed, the array will read as if
every fuse is programmed, and preload will be disabled.

Forthe CMOS PALCE22V10, afloating gate is used as
the security bit. The bit can only be erasedin conjunction
with erasure of the entire pattern.

Quality and Testability

The PAL22V10 offers a very high level of built-in quality.
Extra programmable fuses provide a means of verifying
performance of all AC and DC parameters. In addition,
this verifies complete programmability and functionality
of the device to provide the highest programming yields
and post-programming functional yields in the industry.

The erasability of the CMOS PALCE22V10 allows direct
testing of the device array to guarantee 100% program-
ming and functional yields.

Technology

The bipolar PAL22V10 is fabricated with AMD’s ad-
vanced oxide-isolated bipolar process. This process re-
duces parasitic capacitances and minimum geometries
to provide higher performance. The array connections
are formed with proven PtSi fuses for reliable operation.
The PAL22V10-10 uses TiW fuses.

The CMOS PALCE22V10 is fabricated with AMD’s ad-
vanced EE CMOS process. The array connections are
formed by electrically-erasable floating gates similar to
those found in EEPROMs.

Programming and Erasing

The PAL22V10 can be programmed on standard logic
programmers. Approved programmers are listed in the
Programmer Reference Guide.

The CMOS PALCE22V10 may be erased to reseta pre-
viously configured device back to its virgin state. Era-
sure is automatically performed by the programming
hardware. No special erase operation is required.
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LOGIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto +7.0V

DC Input Voltage (-10)

DC Input Voltage (-15)

DC Input Current (-15)

DC Output or /0 Pin Voltage
Static Discharge Voltage

-12VtoVec+05V
-0.5VtoVec+05V
-30 mAto + 5 mA
-05V toVec+05V
2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

ity. Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta)
Operating in Free Air

Supply Voltage (Vcc)
with Respect to Ground

0°C to +75°C

+4.75Vto+5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vo Output HIGH Voltage lon=-3.2mA ViNn=ViorVi 24 \%
Vce = Min.
VoL Qutput LOW Voltage loo=16mMA ViN=VmhorVy 0.5 \"
Vce = Min.
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage In=-18 mA, Vce = Min. -1.2 \"
i1 Input HIGH Current ViNn=2.7 V, Vcc = Max. (Note 2) 25 HA
liL input LOW Current ViN= 0.4V, Vcc = Max. (Note 2) -100 | pA
Iy Maximum Input Current Vin=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Leakage Vout = 2.7 V, Vcc = Max. 100 | pA
Current HIGH Vin = Vinor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vihor Vi (Note 2)
Isc Output Short-Circuit Current Vour = 0.5V, Vec = Max. (Note 3) -30 -90 | mA
lcc Supply Current Vin= 0V, Outputs Open (lour = 0 mA) 180 | mA
Vee = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. l/O pin leakage is the worst case of i and lozt (or I and lozn).

3. Notmore than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5V
has been chosen to avoid test problems caused by tester ground degradation.

2-246

PAL22V10-10/15 (Com’l)



CAPACITANCE (Note 1)

Parameter -10 -15
Symbol Parameter Description Test Conditions Typ. Typ. Unit
Cin Input Capacitance |Pins 1, 13| V=20V Vec=50V 6 9
Others _ oEo 6
Ta=25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 8 9
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

PRELIMINARY
SR—— T
Parameter
Symbol | Parameter Description Min. Max. Unit
teo Input or Feedback to Combinatorial Output 15 ns
ts Setup Time from Input, Feedback or SP to Clock 10 ns
H Hoid Time 0 ns
tco Clock to Output 10 ns
ter Clock to Feedback (Note 4) 25 ns
tar Asynchronous Reset to Registered Output 20 ns
tarw Asynchronous Reset Width 15 ns
taRR Asynchronous Reset Recovery Time 10 ns
tspr Synchronous Preset Recovery Time 10 ns
twi LOW 6 ns
o Clock Width HIGH 5 s
Maximum External Feedback 1/(ts +1tco) 50 MHz
fmax Frequency Internal Feedback 1/(ts + tcr) 80 MHz
(Note 5) No Feedback 1/(twrt + twt) 83 MHz
tea Input to Output Enable Using Product Term Control 15 ns
teR Input to Output Disable Using Product Term Control | 15 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. Output delay minimums are measured under best-case conditions.
4. Calculated from measured fmax internal.
5

. These parameters are not 100% tested, but are calculated at initial characterization and at any time
the design is modified where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Supply Voltage with

Respect to Ground -05Vto+7.0V
DC Input Voltage (-15) -1.2Vto+7.0V
DC Input Voltage (-20) -05V to+55V

DC Output or I/0 Pin Voltage
DC Input Current (-20)

-05V to+7.0V
-30 mAto +5 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)

Temperature 125°C Max.
Supply Voltage (Vec)

with Respect to Ground +450Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc = +25°C, +125°C,
and -55°C, per MIL-STD-883.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
VoH Output HIGH Voltage loH =-2 mA Vin =V or Vi 2.4 \
Vee = Min.
VoL Output LOW Voltage loL =12 mA Vin=ViorVy 05 \
Vce = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 Vv
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min. -1.2 \"
[ Input HIGH Current Vin=2.7 V, Vcc = Max. (Note 4) 25 HA
I Input LOW Current Vin = 0.4V, Vcc = Max. (Note 4) -100 | pA
li Maximum Input Current Vin=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Leakage Vour =27V, Vecc = Max. 100 | pA
Current HIGH Vin = Vior Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 HA
Current LOW Vin = Vigor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 90 | mA
lcc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 200 | mA
Ve = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.
3. ViLand ViH are input conditions of output tests and are not themselves directly tested. Vi and V|4 are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of liL and loz, (or Iy and lozH).
5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout =0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter -15 -20
Symbol Parameter Description Test Conditions Typ. Typ. Unit
CiN Input Capacitance [Pins 1, 13| ViN=2.0V Vee=5.0V 6 9
Others _ sEo 6
Ta =25°C pF
Cour Qutput Capacitance Vour =20V f=1MHz 8 9
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

PRELIMINARY
Parameter *20
Symbol | Parameter Description Min. Max. Unit
trD Input or Feedback to Combinatorial Output 20 ns
ts Setup Time from Input, or Feedback to Clock 17 ns
tH Hold Time 0 ns
tco Clock to Output 15 ns
tcr Clock to Feedback (Note 3 and 4) 13 ns
tar Asynchronous Reset to Registered Output 25 ns
tARW Asynchronous Reset Width (Note 5) 20 ns
tarr Asynchronous Reset Recovery Time (Note 5) 20 ns
tspR Synchronous Preset Recovery Time (Note 4) 20 ns
twi Clock Width LOW 15 ns
ock Wi
twH HIGH 15 ns
Maximum External Feedback | 1/(ts + tco) 31.2 MHz
fmax Frequency
(Note 6) Internal Feedback 1/(ts +tcr) | 33.3 MHz
tea Input to Output Enable Using Product 20 ns
Term Control (Note 4)
ter Input to Output Disable Using Product 20 ns
Term Control (Note 4)
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time
the design is modified where these parameters may be affected.

5. tarw and taRR are not directly tested, but are guaranteed by the testing of ts and taR.

6. These parameters are not 100% tested, but are calculated at initial characterization and at any time
the design is modified where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto+7.0V

DC Input Voltage -05Vto+55V

-30 mA to +5 mA
—0.5V to Vcc Max.

DC Input Current
DC Output or I/O Pin Voltage

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)

Operating in Free Air 0°C to +75°C
Supply Voltage (Vcce)
with Respect to Ground +4.75V1to +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating rang

specified
Parameter
Symbol Parameter Description Unit
Vo Output HIGH Voltage \"
VoL Output LOW Voltage
ViH Input HIGH Vol \"
Vi 0.8 \"
Vi ‘ : -12| Vv
'\, Vee = Max. (Note 2) 25 | pA
L Vin=0.4 V, Vcc = Max. (Note 2) -100 | pA
ViN=5.5V, Vcc = Max. 1| mA
lozH Vout = 2.7 V, Vcc = Max. 100 | pA
ViN = Vinor ViL (Note 2)
lozL Vout = 0.4V, Vcc = Max. -100 A
Vin = Vinor Vi (Note 2)
Isc Vout = 0.5V, Vcc = Max. (Note 3) -30 -90 | mA
Icc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 180 | mA
Vce = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.
2. /O pin leakage is the worst case of li. and lozL (or i1 and lozw).

3. Notmore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour =0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance |Pins1,13] Vin=2.0V Vec=50V 11
Others _ oRo, 6
TA = 25 C pF
Cout Output Capacitance Vour =20V f=1MHz 9
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note

A S
Parameter .
Symbol | Parameter Description Min. Unit

trp Input or Feedback to Combinatorial Output ‘ ns
- ts Setup Time from Input, Feedback or SP to Clock 0 ns

tH Hold Time

tco Clock to Output or Feedback

tAr Asynchronous Reset to Registere

tarw Asynchronous Reset Widt

taRr Asynchronous Reset Re

tspr Synchronous

test conditions.

3. These parameters ate not 100% tested, but are calculated at initial characterization and at any time
the design is modified where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Supply Voltage with

Respect to Ground -0.5Vto+7.0V
DC Input Voltage 05V to+55V

-0.5V to Vcc Max.
-30 mAto +5 mA
100 mA (Note 6)

DC Output or /O Pin Voltage
DC Input Current
Output Sink Current

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operating in Free Air -55°C Min.
Operating Case (Tc)

Temperature +125°C Max.
Supply Voltage (Vce)

with Respect to Ground +4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested:at L
and -55°C per MIL-S,}?&{E

(Note 2)
Parameter
Symbol Parameter Description Unit
VoH Output HIGH Voltage \Y
Vou Output LOW Voltage \
Vin Input HIGH \
Vie 0.8 \Y
| -1.2 \
V=27 v, vcc = Max. (Note 4) 25 | pA
Vin=0.4V, Vcc = Max. (Note 4) -100 | pA
Vin=5.5V, Vcc = Max. 1 mA
Vout = 2.7V, Vcc = Max. 100 A
Vin = Vinor Vi (Note 4)
lozL Off-State Output Leakage Vour =04V, Vcc = Max. -100 HA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Shont-Circuit Current Vout = 0.5V, Vce = Max. (Note 5) -30 -90 | mA
lec Supply Current Vin= 0V, Outputs Open (lour = 0 mA) 180 | mMA
Vce = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Vi and ViH are input conditions of output tests and are not themselves directly tested. Vi and V|4 are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /0O pin leakage is the worst case of Ij_ and loz {or 4 and lozH).

5. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vour =0.5 V
has been chosen to avoid test problems caused by tester ground degradation.

6. Not more than one output should sink 100 mA at a time. Duration should not exceed one second.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance |Pins1,13] Vin=20V Vec=5.0V 11
Others _ oo 6
Ta=25°C pF
Cour Output Capacitance Vour=20V | f=1MHz 9
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

A
Parameter , .

Symbol | Parameter Description Min. ax. Unit
tep Input or Feedback to Combinatorial Output ' ns
ts Setup Time from Input, or Feedback to Clock
tH Hold Time
tco Clock to Output or Feedback

2. See Switching Te . qujﬁ”%r test conditions.
3. tarw and taRR are not directly tested, but are guaranteed by the testing of ts and tag.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time
the design is modified where frequency may be affected.

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature

Ambient Temperature with
Power Applied

Supply Voltage with Respect
to Ground

DC Input Voltage
(Except Pin 5)

DC Input Voltage (Pin 5)
DC OQutput or I/O Pin
Voltage

Static Discharge Voltage
Latchup Current

(Ta = 0°C to +75°C)

—-65°C to +150°C Commercial (C) Devices
. . Ambient Temperature (Ta)
—55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Voltage (Vcc) with
0S5 Vio+7.0V Respect to Ground
0.5 V1o V. 0.5V (Except H-25) +4.75Vto +5.25V
> VioVee+ 9. Supply Voltage (Vcc) with
—06Vto+11.0V Respect to Ground (H-25) +45V10+55V
Operating Ranges define those limits between which the func-
—05VtoVee +0.5V tionality of the device is guaranteed.
2001V
100 mA

Stresses above those listed under Absolute Maximum Ratings
may cause permanent device failure. Functionality at or above
these limits is not implied. Exposure to Absolute Maximum
Ratings for extended periods may affect device reliability. Pro-

gramming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min. Max. Unit
Vo Qutput HIGH Voltage lon=-3.2mA ViN=VmnorVy 2.4 Y
Vce = Min.
Vou Output LOW Voltage loo=16mA Vin=VmorVy 04 \
Vce = Min.
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y
Voltage for all Inputs (Note 1)
lH Input HIGH Leakage Current | Vin=5.5 V, Vec = Max. (Note 2) 10 uA
I Input LOW Leakage Current | Vin =0V, Vcc = Max. (Note 2) -10 HA
lozH Off-State Output Leakage Vout =5.5V, Vcc = Max., 10 A
Current HIGH ViN = ViLor Vi (Note 2)
lozL Off-State Output Leakage Vour =0V, Vcc = Max. -10 HA
Current LOW Vin= ViLor ViH (Note 2)
Isc Output Short-Circuit Vout = 0.5V, Vcc = Max. (Note 3) -30 | -150 mA
Current
lcc Supply Current Vin= 0V, Outputs Open H 90 mA
(lout = 0 MA), Vcc = Max. Q 55
Notes:

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included.

2. I/0 pin leakage is the worst case of i and lozL (or 4 and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.
Vout = 0.5 V has been chosen 1o avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
CiN Input Capacitance Vin=2.0V Vec=5.0V 5
TA = 25°C pF
Cour Output Capacitance Vour=20V f=1MHz 8
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges {Note 2)

-15 -25
Parameter
Symbol | Parameter Description Min. Max. Min. Max. Unit
teo Input or Feedback to Combinatorial Output 15 25 ns
ts Setup Time from Input, Feedback or SP to Clock 10 15 ns
tH Hold Time 0 0 ns
tco Clock to Output 10 15 ns
tcr Clock to Feedback (Note 3) 7 13 ns
taR Asynchronous Reset to Registered Output 20 25 ns
tarw Asynchronous Reset Width 15 25 ns
tARR Asynchronous Reset Recovery Time 10 25 ns
tspr Synchronous Preset Recovery Time 10 25 ns
twi LOW 8 13 ns
twr | COSKWIdth THGH 8 13 ns
Maximum External Feedback 1/(ts +tco) 50 33.3 MHz
Frequency
fmax (Note 4) Internal Feedback 1/(ts +tcF) 58.8 35.7 MHz
tea Input to Output Enable Using Product Term Control 15 25 ns
ter Input to Output Disable Using Product Term Contro! 15 25 ns
Notes:
2. See Switching Test Circuit for test conditions.
3. Calculated from measured fmax internal.
4. These parameters are not 100% tested, but are calculated at initial characterization and at any time
the design is modified where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied -55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto+7.0V
DC Input Voltage

(Except Pin 5) —-0.5VtoVec+05V

DC Input Voltage (Pin 5)
DC Output or I/O Pin Voltage

-0.6Vto+11.0V
-0.5VtoVee+0.5V

Static Discharge Voltage 2001V
Latchup Current
(Ta = -55°C to +125°C) 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given

OPERATING RANGES
Military (M) Devices (Note 1)
Operating Case
Temperature (Tc)
Supply Voltage (Vcc)
with Respect to Ground

-55°C to +125°C

+45V1to+55V

Operating ranges define those limits between which the func-

tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc = +25°C, +125°C

and -55°C, per MIL-STD-883.

are not tested.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symboi Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage lon=—2.0mA Vin=ViorVy 2.4 \
Vee = Min.
VoL Output LOW Voltage loo=12mA Vin=ViorVy 0.4 \Y)
Vce = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 3)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 3)
4 Input HIGH Leakage Current Vin=5.5V, Vcc = Max. (Note 4) 10 pA
I Input LOW Leakage Current | Vin =0V, Vcc =Max. (Note 4) -10 HA
lozH Off-State Output Leakage Vout =55V, Vecc=Max. 10
Current HIGH Vin = Vior Vi (Note 4) HA
lozL Off-State Output Leakage Vour =0V, Vcc =Max. ~10 uA
Current LOW Vin = Viwor Vi (Note 4)
Isc Output Short-Circuit Current Voutr = 0.5V Vcc = Max. -30 -150 mA
(Note 5)
lcc Supply Current Vin= 0V, Outputs Open 100 mA
(lout = 0 MA), Vcc = Max.
Notes:

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted.

3. ViLand Vi4 are input conditions of output tests and are not themselves directly tested. Vi and Vi1 are absolute voltages with

respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. /O pin leakage is the worst case of Iy and loz (or ik and lozH).

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100%

tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance V=20V Vec=5.0V 8
Ta = 25°C pF
Cour Output Capacitance Vour=2.0V =1MHz 9
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

Parameter -25 -30
Symbol | Parameter Description Min. Max. Min. Max. Unit
trp Input or Feedback to Combinatorial Qutput 25 30 ns
ts Setup Time from Input, Feedback or SP to Clock 20 20 ns
tH Hold Time (Note 4) 0 0 ns
tco Clock to Output 20 20 ns
tcr Clock to Feedback (Note 3) 18 18 ns
AR Asynchronous Reset to Registered Output 30 35 ns
tarw Asynchronous Reset Width (Note 4) 25 . 30 ns
tARR Asynchronous Reset Recovery Time (Note 4) 25 30 ns
tspR Synchronous Preset Recovery Time 25 30 ns
t LOW 15 15 ns
2 Clock Width
twH HIGH 15 15 ns
Maximum External Feedback | 1/(ts +tco) | 25 25 MHz
Tmax Frequency —
(Note 5) Internal Feedback 1/(ts + tcF) 26 26 MHz
tea Input to Output Enable Using Product 25 30 ns
Term Control (Note 4)
tER Input to Output Disable Using Product 25 30 ns
Term Control (Note 4)
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 7, 8, 9, 10, and 11 are
tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time
the design is modified where these parameters may be affected.

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time
the design is modified where frequency may be affected.
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SWITCHING WAVEFORMS

Input or Input or
Feedback A Feegback

v j{
tPD ts tH »
Combirg;ot‘r)iﬁtl VT Clock 1{ \"23
12015-010A fco
X)O(X.)l@

Combinatorial Output

Registered
Output
12015-012A
Registered Output
CLK
I ts +tcF | ;- _____________ ‘I ————— 1|
| v §
Vv | |
Clock T i Logic |—S o} REGISTER |
| |
| |
12149-025A : tcr =
Clock to Feedback (fmax Internal) b -
See Path at nght 12015-021A
Input VT
tWH
ter e tea
Clock VT W\ §-|( Von - 0.5V / 77
\
Ouput _ /77¥Vor+ 05V \AAN
twi
12015-011A 12015-013A
Clock Width Input to Output Disable/Enable
Input t > Input
Asserting ARW Asserting
Asynchronous VT )( Synchronous VT
Reset Preset
tarR
Registered
Output vr Clock
tARR
Registered
Clock VT Output VT
13003-006A 13003-007A
Asynchronous Reset Synchronous Preset
Notes:
1. Vr=15V.

2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2-5 ns typical. (2—4 ns for 22V10-10)

2-258 PAL22V10



KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
_— Must be Will be
Steady Steady
May Change Will be
m— fromHto L Changing
fromHto L
/7777  MayChange Will be
{ [ { { / fromLtoH Changing
from Lto H
Don’t Care; Changing,
M Any Change State
Permitted Unknown
Center Line
Does Not is High-
Apply Impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
5V
; 81
Output O -I @ Test Point
%Rz I ’
= = 12350-019A
mmercial Milita
Co v Measured
Specification S, CL Ry R2 Ry R2 Output Value
tpp, tco, ter Closed 15V
tea Z — H: Open 50pF | 300Q | 390Q | 390Q | 750Q 15V
Z — L: Closed CMOS: | CMOS:
ter H —Z: Open 5pF 338Q | 248Q | H5Z:Vou—-05V
L —»Z: Closed L—>Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Bipolar Devices Only

Typical Input Typical Output
Vee v
* © VYce
40 Q@ NOM
Input
Output
Program/Verify
Circuitry ° 1
L\A l"l%t' Program/Verify/
Pins Test Circuitry
12468-017A Preload
Circuitry
= 12468-018A
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ENDURANCE CHARACTERISTICS

The PALCE22V10 is manufactured using AMD’s ad- parts. As a result, the device can be erased and
vanced Electrically Erasable process. This technology reprogrammed — a feature which allows 100% testing at
uses an EE cell to replace the fuse link used in bipolar the factory.

Endurance Characteristics

Symbol| Parameter Min. Units Test Conditions
10 Years Max. Storage
t Min. Pattern Data Retention Ti Temperature
in. Pattern ion Time

OR 20 Years Max. Operating
Temperature (Military)

N Min. Reprogramming Cycles 100 Cycles Normal Programming
Conditions

INPUT/OUTPUT EQUIVALENT SCHEMATICS
CMOS Devices Only

—1— Vce

ESD  Program/Verify =
Protection Circuitry

Input

—|—' Vee
N

Preload Feedback
= Circuitry Input

Output 12197-013A
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OUTPUT REGISTER PRELOAD

Bipolar Devices Only 4. Clock pin 1 from Viip to Vipp.

The preload function allows the registers to be loaded 5. Remove Vip/ViHp from all registered output pins.

from the output pins. This feature aids functional testing .

of sequential designs by allowing direct setting of output 6. Lower pins 2 and 3 to Viip.

tates. The proc for preloading follows. !

states. The procedure for preloading follows 7. Enable the output registers according to the

1. Raise Vccto 50 V0.5 V. programmed pattern.

2. Setpins2and3 (and 13 for AmPAL22V10/A) to Vhn 8. Verify Vou/Von at all registered output pins. Note that

to disable outputs and enable preload. the output pin signal will depend on the output

polarity.

3. Apply the desired value (ViLp/Vinp) to all registered
output pins. Leave combinatorial output pins

floating.
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
VHH Super-level input voltage 10 11 12 \"
ViLp Low-level input voltage 0 0 0.5 Vv
Vinp High-level input voltage 24 5.0 55 \%
to Delay time 100 200 1000 ns
Pins 2, 3 Z
(and 13 for

AmPAL22V10/A) ;

to

\
Registered VI(;{:

utputs V
- ViLp

e— 1D
ViHp
Clock
1) ViLe
14004-002A

Output Register Preload Waveform
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OUTPUT REGISTER PRELOAD

CMOS Devices Only 4. Clock pin 1 from Viip to Vinp.
The preload function allows the registers to be loaded 5. Remove Vi p/Viup from all registered output pins.
from the output pins. This feature aids functional testing
of sequential designs by allowing direct setting of output 6. Lowerpin 5to ViLp.
. Th re for | ing f .
states. The procedure for preloading follows 7. Enable the output registers according to the
1. Raise Vccto 5.0V £0.5V. programmed pattern.
2. Set pin 5 to VhH to disable outputs and enable 8. Verify Vou/VoH at all registered output pins. Note that
preload. the output pin signal will depend on the output
larity.
3. Apply the desired value (ViLe/Vinp) to all registered potarly
output pins. Leave combinatorial output pins
floating.
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
VhH Super-level input voltage 9.5 10 10.5 \'
Vip Low-level input voltage 0 0 0.5 \
Vinp High-level input voltage 3.0 4.0 Vce \Y
tpLD Setup and Hold Data to Preload (Pin 5) 50 50 us
tpsu Data Setup Prior to Applying Preload Latch Pulse 1.0 1.0 us
teDH Data Hold After Latch Pulse 1.0 1.0* us
trH Mode Hold After Latch Pulse 1.0 1.0* us
tpw Latch Pulse Width 1.0 1.0* us
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>