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CMOS PAL® Devices and Sequencers

Product Pins Technology | tep (nS) lcc (MA) Description Page
PALCE16V8 20 EE CMOS 10-25 0.1-90 GAL® device equivalent 2-75
PALCE20V8 24 EE CMOS 15-25 90 GAL device equivalent 2-169
PALCE24V10 28 EE CMOS 15-25 90 GAL device type 2-300
PALCE22V10 24 EE CMOS 15-25 0.1-90 Versatile macrocell 2-237
PALCE26V12 28 EE CMOS 20-25 105 28-pin 22V10 2-316
PALCE29M16 24 EE CMOS 25-35 100 Advanced macrocell 2-332
PALCE29MA16 24 EE CMOS 25-35 100 Advanced async. macrocell 2-354 .
PALCE®610 24 EE CMOS 15-25 90 J-K, async. macrocell 2-391
PLSCE105 28 EE CMOS 37 MHz 100 PLS sequencer 33
PLSCE167 24 EE CMOS 33 MHz 80 PLS sequencer 3-21
PLSCE168 24 EE CMOS 33 MHz 80 PLS sequencer 3-21
Am29CPL151 28 uv CMOS 33 MHz 115 Instruction-based sequencer 3-63
Am29CPL154 28 uv CMOS 30 MHz 125 Instruction-based sequencer 3-98
High-Speed Bipolar PAL Devices

Product Pins Technology | tepo (ns) lcc (MA) Description Page.
PAL16L8 20 TTL 7.5-35 55-180 Standard 2-10
PAL16R8

PAL16R6

PAL16R4

PAL20L8 24 TTL 7.5-35 105-210 Standard 2-107
PAL20R8

PAL20R6

PAL20R4

PAL24L10 28 TTL 10 210 Standard 2-282
PAL24R10

PAL24R8

PAL24R4

Am/PAL22V10 24 TTL 10-35 180 Versatile macrocell 2-237
AmPAL18P8 20 TTL 15-35 90-180 Combinatorial macrocell 2-97
AmPAL22P10 24 TTL 15-25 90-180 Combinatorial macrocell 2-227
PAL10H20EGS8 24 10KH ECL 6 260 Latched macrocell 4-3
PAL10020EG8 24 100K ECL 6 285 Latched macrocell 4-3
PAL10H20EVS 24 10KH ECL 6 260 Registered macrocell 4-17
PAL10020EV8 24 100K ECL 6 285 Registered macrocell

(Continued on inside back cover)
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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 in touch with AMD aswe have many
excellent additions coming for you.

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

This 1990 PAL® Device Data Bock 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 Controllers (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 programmable 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.




Trademarks

Trademarks listed in this publication are provided as an additional courtesy. The publisher does not assume any liability for

errors or omissions.

AMD, HAL, PAL, PALASM, and SKINNYDIP are registered
trademarks and AutoVec, Diagnostics-On-Chip, DOC,
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SSR, TestPro, and ZHAL are trademarks of Advanced
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AT&T and UNIX are registered trademarks of American
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Anvil ATG is a trademark of Anvil Software, Inc.
Apollo is a registered trademark of Apollo Computers.
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mark of Microsoft Corporation.
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TRI-STATE and FAST are registered trademarks of
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PC-SILOS is a trademark of SimuCad Corporation.
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Valid, ValidGED, ValidSIM, and ValidTIME are trademarks
of Valid Logic Systems.
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Introduction

bm

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).
Theinformation may also be usefulto 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, a programmable 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 product terms 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 isfixed 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.

In practice, the distinctions between architectures are not as
significant as the differences between the types of functions to 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-
formed to 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
higherthan 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. ldeally, 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 adesign 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 support tools available for use in designing with PLDs greatly
simplify the design process by making the lower-level implemen-
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.

Allofthe 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 it into 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 to 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 athand. 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, ot, 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

Speed is one of the main reasons that 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 thingsto 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

For any design approach to be practical, it must be cost effective.
Cost is almost always a factor in considering a new design or a
design change. But the calculation of total system cost can be
misleading if not all aspects are considered. Many of the costs
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Unit NREs/ Purchase Design Gate Count | Engineering Design Cost
Cost Development Costs Volume Flexibility per Device Design Turnaround of Each
Range For Best Time Time Design Change
Economics
PLDs: BLANK Low-Med None 5K-200K Med 200-2K 1/2 Week Short Very Low
(1-10 Days)
PLDs: FACTORY Low-Med Low 10K-200K Med 200-2K 3-10 Moderate Med
PROGRAMMED Weeks (8-10 Wks.)
DISCRETE LOGIC Low-Med None 1K-10K Low 10-30 1 Week Short Med
(1-10 Days)
GATE ARRAYS Low Med-High 10K-200K Med-High 1K-10K 12-40 Long High
Weeks (3-9 Mos.)
STANDARD CELLS Low High 100K-300K Med-High 1K-10K 26-52 Long High
Weeks (6—-12 Mos.)
FULL CUSTOM Very Low High 200K and Up High 1K-60K 1-2 Yrs. Long High
(6—-12 Mos.)

Figure 4. Cost and Design-time Comparisons
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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 benefit of the use of PLDs is 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 one of the particular
designs until the device has been programmed. This means that
inventory can be stocked for several different designs in the 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. Justas 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
factery, by Advanced Micro Devices, or through distribution to
cover the temporary shortage. More details 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 aunique 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
poweroptions. More specific device information can be
found in the individual data sheets in sections 2—4.
Discussions on some of the special architecturalfeatures
of many ofthe devices canalsobe foundin theirrespective
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 givenup
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
brieflyin this data book; for more detail, please refertothe
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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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 are theindustry’s first 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. Even higherperformance ECL PAL devices will
be available in the future.
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High-Speed PAL Devices

Functional Description Commercial Specifications
Part
Number Pin ARRAY INPUTS ARRAY OUTPUTS | prod. Terms SpdPwr |t | fune® | leo
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

PAL20L8 6 14 —_ —_
PAL20R8 24 — 12 8 8
PAL20R6 2 12 6 6
PAL20R4 4 12 4 4

PAL24L10** 8 16 — —
PAL24R10** 28 —_ 14 10 10
PAL24R8** 2 14 8 8
PAL24R4** 6 14 4 4

PAL22V10 24 |0-10 10-0

AN | @

y
o

on |

74 | 210

55.5 | 210

-10 555 | 210

7

180

10 8-16

50

210

PAL10H20EV8| 24 | 0-8 12 8-0 - - 8 8,12 -6 6 125 | 260
PAL10020EV8 | 24 | 0-8 12 8-0 - - 8 8,12 -6 6 125 | 285
PAL10H20EG8| 24 | 0-8 12 8-0 —_ - 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 given application? How about stocking only one or
two PLDs to reduce your inventory costs?

The solution to your problemis AMD’s family of universai
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/(t + 1) 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. A second 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 or eight 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 PALCE610 adds to the basic macrocell by providing
16 /O 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, latched orregistered. Sixteen ofthese 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 PALCE29M16
also offers variable product term distribution.

For those applications where registers and latches are
not needed, the AmMPAL18P8 (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—D

AR CLK

P1

n=8,10,1214,16

ACTIVE LOW

ACTIVE HIGH

Combinatorial /0

ACTIVE LOW

ACTIVE HIGH

The output logic macroceli makes 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
Number

Pin
Count

ARRAY INPUTS

ARRAY OUTPUTS

bidir. | dedctd. | reg. fdbk.

reg.| comb. |macrocell

Prod. Terms
per Output

Spd/Pwr | t,,
Options

PAL22V10

15 — | 180

AmPAL18P8 20 8 10 — — 8 —_ 8 25 — {180
AL 25 — 90

15 — (210

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

* fuax 1S defined as 1/(tg + 1) 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 to | fun | loc
Count bidir. | dedctd. | reg. fdbk. | reg. | comb. |macrocell per Output | Options | (ns) | (MHz) | (mA)
PAL16L8 6 10 — — 8 — 7 H-15 15 37 90
B 15 37 | 180
PAL16R8 — 8 8 8 — — 8 B2 25 25 90
20

PAL16R6 2 | 8 6 |e| 2 | — 7-8 A | % |2 |18
B-4 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 25 256 | 210
PAL20R6 2 12 6 6 2 — 7-8 A2 a5 16 | 105
PAL20R4 4 12 4 4 4 — 7-8 B-2 25 25 | 105
B 15 — | 210
AmPAL20L10 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 PAL devices, we
have also reduced the power consumption on the slower
devices by as much as 75 percent. As a result, both the
industry-standard 20-pin and 24-pin PAL device families
are availablein a variety of speed and power grades. This
allowsthe designerto select the optimum performance at

* fuax is defined as 1/(t; + 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.




Product Overview

Low-Power PAL Devices

Functional Description

Commercial Specifications

Part

Number Pin ARRAY INPUTS

ARRAY OUTPUTS

Prod. Terms | Spd/Pwr | t.0 | fua® | lec

Count

bidir. | dedctd. | reg. fdbk.

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. Inastand-
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

per Output | Options | (ns) | (MHz) |(mA)

* fuax IS defined as 1/(tg + 1) 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 hasits ownbenefits, buttogether
they offer you the choice of using a familiar and
comfortable architecture.

The PAL-based AmPAL23S8 is a compact sequencer
device that packs 14 registers into 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
PSa0s16 1 — aomHz PROM-BASED
PLS167 Am2971A -—— Timing Generator
plsies 1 — 33MHz

The PLA-based family consists of the PLS105, PLS167,
PLS168, and PLS30S16. The PLS105 and PLS30S16
run at ablazing 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
controliers that can implement state machines and
controllers by programming the appropriate sequence of
instructions. With complete high-level software suppon,
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 Am29CPL 100 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 looking forthe 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

Functional Description

Commercial Specifications

PLS30S16

Part

Number Pin ARRAY INPUTS ARRAY OUTPUTS | prod. Terms | Spd/Pwr to | T | oo
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 | 285 | 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 IS defined as 1/(t; + t. ) for the external feedback

- in development
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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 even more functions overthe nextfew years.

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. Totopit 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. ltis 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

Functional Description Commercial Specifications
Part

Number Pin ARRAY INPUTS ARRAY OUTPUTS | pyod. Terms SpAPWr |ty | | e
Nl 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

PAL22IP6 24 6

25

210

“fuax 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-
programmabile 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 PGAprovides 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
higher thanthose 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 user looking for a low-cost, low-risk, and
easy-to-use alternative which providesinstant prototyping
through the power of in-system verification.

Programmable Gate Arrays

Part
Number

Speed

Grade Package

Notes:
* in development

Package Types — P = Plastic DIP; J = Plastic Leaded Chip Carrier;

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 AMPGA351 and AmPGA451.
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PAL® Device/

Sequencer/FPGA Menu

pu’

Standard PAL Devices

Family

Part Number

Package

Technology

Inputs

Vo

Outputs

Product
Terms/Output

tep
ns

'MAX

16R8

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

20P,DJ

TTL

PAL16L8D
PAL16R8D
PAL16R6D
PAL16R4D

20N, J,NL

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

20P,D,J

PAL16L8B
PAL16R8B
PAL16R6B
PAL16R4B

20N,J,NL

TTL

PAL16L8B-2

PAL16R8B-2
PAL16R6B-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
78
7.8

75

74

10

58.8

180

15

37

100

37

180

25

25

90

25

25

155
180
180
180

35

55

35

18

80
20
90
90

20R8

PAL20L8-7
PAL20R8-7
PAL20R6-7
PAL20R4-7

24P ,D,28J

TTL

PAL20L8-10
PAL20R8-10
PAL20R6-10
PAL20R4-10

24P,D,28J

TTL

PAL20L8B
PAL20R8B
PAL20RéB
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

78
78

75

74

210

10

210

37

210

25

25

105

25

25

210
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Standard PAL Devices (Cont.)

Product o fuax lee

Family Part Number Package Technology Inputs 110 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 7.8

24R10 PAL24L10-10 28P TTL 16 8 Comb 2 Comb 7 10 55.5 210
PAL24R10-10 14 - 10 Reg 8
PAL24R8-10 14 2 Comb 6 Reg 7.8
PAL24R4-10 14 6 Comb 4 Reg 7.8

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 34 180

AmPAL20L10B | 24P,D,28J 15 - 210

AmPAL20L10-20 20 165

AmPAL20L10AL 25 105

Universal PAL Devices
Product top fuax lee
Family Part Number Package | Technology Inputs Vo Terms/Output Features ns MHz | mA

8

PAL22V10-10 Varied Term
PAL22V10-15 Distribution
AmPAL22V10A

AmPAL22V 10

mPAL18P8B 20P.D.J TTL 10 8 Comb 8 15 180
AmPAL18P8SAL 25 90
AmPAL18P8A 25 180
AmPAL18P8L 35 90

22P10 | AmPAL22P10B 24P .D,28J TTL 12 {10 Comb 8 Polarity 15 - 180
AmPAL22P10AL 25 90
AmPAL22P 10A 25 180




PAL® Device/Sequencer/FPGA Menu

Asynchronous PAL Devices

Product
Macro- | Terms/ Other Lo X
Family Part Number Package |Technology| Inputs Output Features Im n?ﬂ

20RA10|PAL20RA10-20 24NS,JS,28FN Program-

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- |48-64mAl, 25 - 210
Activated
Flip-Flops
* Active HIGH

Sequencer PAL Devices

Product
Terms/ to fuax | Je
Family Part Number | Package | Technology Inputs /o] Outputs | Output Features ns Imz m
23S8 AmPAL23S8-20 | 20P,D TTL 9 4 Macro | 4 Reg 6-12 6 Buried 20 333 | 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
or Buried| Buried | Product fuax | lec
Family | Part Number Package |Technology|Inputs| Outp Regi Registers| Terms Features MHz | mA
PLS | PLS30S16-40 28P,J 12-17 |8-12Macro - 4-12 PLA structure, 40 | 225

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

phase-locked loop

ECL PAL Devices

Product Yo | fuax | lee

Family Part Number Package Technology Inputs /o] 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
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Field-Programmable Gate Arrays

[/{e] Configurable Equivalent fuax |lec
Family Part Number Package Technology | Blocks Logic Blocks Flip-Flops Gates MHz |mA

74

Logic
Cell™
Array

2000
Series

Logic
Cell
Array
3000
Series

Package Designators

MMI Devices AMD Devices Package MMI 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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COML MIL
PAL16R8 Family

20-pin TTL Programmable Array Logic

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B As fast as 7.5 ns maximum propagation delay

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

M 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 Vce 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. 7 110 prog.
2 comb. 7 - prog.
PAL16R8 8 8 reg. 8 reg. pin
PAL16R6 8 6 reg. 8 reg. pin
2 comb. 7 I prog.
PAL16R4 8 4 reg. 8 reg. pin
4 comb. 7 1/ prog.
PAL and PALASM are of Ad d Micro Devices. Publication # 10240 Rev.B Amendment /0

This part is covered by various U.S. and foreign patents owned by Advanced Micro Devices.

2-10
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PERFORMANCE OPTIONS

(Commercia!)
35 B4 A-2
Speed _25 B-2 A
(teo, NS) 15 H-15 B
10 D
7.5 -7
55 80-100 | 155-180

Power (lcc, 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
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BLOCK DIAGRAMS
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CONNECTION DIAGRAMS

Top View
DIP/FLATPACK PLCC/LCC
) — = §
NoTEN[]1 @ 20[ ] Vec W
L[ 19 [ ] (NOTE 10) « 288
,[]s 1SD(NOTE9) EIEII"IEIOI?9
I3[} 4 17| ] (NOTE 8) s 2 ; 2
s[4 18 [ ] (NOTE9)
s[5 16 || (NOTE 7)
L5 17 ] (NOTE 8)
s ]e 15| ] (NOTE 6)
156 16 [] (NOTE7)
I 7 14 ] (NOTE 5
s ] (NOTE 5) s[17 15 [] (NOTE 6)
M E 13 [ ] (NOTE 4)
2[s 141 ] (NOTE 5)
18[9 12] ] (NOTE 3) \_ 9 10 11 12 13 J
GND [] 10 1 (NOTE 2) |NpEpEpEEn)
0 & & T
5 W ow w
12468-005A 5 5 '6 12468-006A
2 2 2
Note | 16L8 16R8 16R6 16R4 PIN DESIGNATIONS
1 lo CLK CLK CLK Ny ek
2 ls OE OE OE | Input
110 Input/Output
3 O O4 1/04 1/04 [ Output
OE Output Enable
4 /02 ©2 02 /02 Vee Supply Voltage
5 1/03 Os QOa O3
6 1/04 Q4 Q4 O4
7 1/0s Os Os Os
8 /06 Os Os Oe
9 1107 07 (o7} 1107
10 Os Os 1/0g /08
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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:

PAL

a. FAMILY TYPE
PAL = Programmable Array Logic

16

b. NUMBER OF
ARRAY INPUTS

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

d. NUMBER OF OUTPUTS

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

R 8H-15PC
TT T

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

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

~sa~eanoe

Family Type

Number of Array Inputs
Output Type

Number of Outputs
Power

Speed

Package Type
Operating Conditions
Optional Processing

L.

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)
20-Pin Ceramic DIP (CD 020)

OPTIONAL PROCESSING
Blank = Standard Processing

D

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
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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:

PAL 16

a. FAMILY TYPE
PAL = Programmable Array Logic

b. NUMBER OF
ARRAY INPUTS

Family Type

Number of Array Inputs
Output Type

Number of Outputs
Speed

Power

Operating Conditions
Package Type

Optional Processing

~Te~eanTw

N

L i.  OPTIONAL PROCESSING

Blank = Standard Processing

h. PACKAGE TYPE
N = 20-Pin Plastic DIP

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

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

d. NUMBER OF OUTPUTS

e. SPEED
D = Ultra High Speed (10 ns tpp)
B = Very High Speed (15-35 ns tpp)
A = High Speed (25-35 ns tpp)

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

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

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 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 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: Family Type

Number of Array Inputs

Output Type

Number of Outputs

Speed

Device Class

Package Type

Lead Finish

se~panpoe

PAL 16 R 8-12/B R A

a. FAMILY TYPE
PAL = Programmable Array Logic

b. NUMBER OF
ARRAY INPUTS

LEAD FINISH
A = Hot Solder Dip

c. OUTPUT TYPE g. PACKAGE TYPE
R = Registered , R = 20-Pin Ceramic DIP
L = Active-Low Combinatesial . (CD 020)

2 = 20-Pin Ceramic
Leadless Chip Carrier
(CL 020)

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-
PAL16R -12 /BRA, /B2A tions, to check on newly released combinations,
16R6 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: 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

. Optional Processing

PAL 16 R 8B -2 M J /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 J = 20-Pin Ceramic DIP
L = Active-Low Combinatorial W é%DP92g) i« Flatback
= 20-Pi m
d. NUMBER OF OUTPUTS (CFLOR0) o e
L = 20-Pin Ceramic Leadless
e. SPEED — Chip Carrier (CL 020)
D = Ultra High Speed (15 ns tpp)
B = Very High Speed (20-50 ns tpp) g. CPERMTNG CONDITIONS
A = High Speed (3050 ns tpp) = Military
f. POWER
Blank = Full Power (180 mA icc)
-2 = Half Power (90 mA Icc)
-4 = Quarter Power (55 mA Icc)
Valid Combinations
Valid Combinations The Valid Combinations table lists configura-
PAL16L8 tions planned to be supported in volume for this
D.B MJ/883B, device. Consult the local AMD sales office to
PAL16R8 | B-2, A, MW/883B, confirm availability of specific valid combina-
tions, to check on newly released combinations,
PAL16R6 | B-4, A-2 ML/883B and to obtain additional information on AMD's
PAL16R4 Standard Military grade 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
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 /O pin. The
PAL16L8 has ten dedicated input lines and six of the
eight 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
1/0 pin and 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 illegal 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
PtSi fuses 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
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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 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 (Vec)

Respect to Ground -05Vto +7.0V with Respect to Ground +4.75 V1o +5.25 V

DC Input Voltage -1.2Vto +7.0V Operati define those limits betw tich the f
rating ranges aeiine se limits bDetween whici e func-

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

DC Output or I/O Pin Voltage -0.5V to Vcc +0.5V

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 Maxi-
mum Ratings for extended periods may affect device reliabil-
ty. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter '
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vor Output HIGH Voltage loh=-3.2mA Vin=ViorVi 24 v
Vce = Min.
VoL Output LOW Voltage loo=24mA Vin=ViorVy 0.5 \
VCC = Mln
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 lin=-18 mA, Vcc = Min. -1.2 \
I Input HIGH Current ViN= 2.7 V, Vcc = Max. (Note 2) 25 | pA
I Input LOW Current Vin = 0.4V, Vcc = Max. (Note 2) -250 | pA
I Maximum Input Current Vin=5.5V, Vcc = Max. 1| mA
lozw Off-State Output Leakage Vout = 2.7 V, Vec = Max. 100 | pA
Current HIGH Vin = Vinor Vi (Note 2)
lon Off-State Output Leakage Voutr = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Visor 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 (lout = 0 mA) 180 | mA
Vcc = 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 loz. (or i1 and lozH).

3. Not more 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=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 3)| Max. | Unit
teo Input or Feedback to . 16L8, 16R6 3 7.5
Combinatorial Output 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
fer Clock to Feedback (Note 4) 3 ns
tskew Skew Between Registered Outputs (Note 5) 16R8, 16R6 1 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 + tcr) 100 MHz
(Note 6) No Feedback 1/(twwt + twt) 100 MHz
trzx | OE 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.

o0 s 0w

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.

Output delay minimums are measured under best-case conditions.

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 -05Vto +7.0V

DC Input Voltage -05V to+55V

DC Input Current -30 mAto +5 mA

DC Output or I/O Pin Voltage -0.5V toVcc+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. 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
Operating Case (Tc)
Temperature
Supply Voltage (Vcc)
with Respect to Ground

-55°C Min.
125°C Max.

+4.50Vto+5.50V

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

v

Note:

1. Military products are test
and -55°C, per M|l& 71 &

+25°C, +125°C,

DC CHARACTERISTICS over MILITARY operatinggs

erwise specified

(Note 2)
Parameter
Symbol Parameter Description Min. | Max. | Unit
Vo Output HIGH Voltage Vin= Vi or Vi 2.4 \"
T Vce = Min.
VoL Output LOW Vd ViN=ViHor Vi 05 \"
- Vce = Min.
Viu Guaranteed Input Logical HIGH 2.0 Y
Voltage for all Inputs (Note 3)
Vi Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 3)
Vi lamp Voltage lin=-18 mA, Vcc = Min. -1.2 \"
M Input HIGH Current Vin=2.7 V, Vcc = Max. (Note 4) 25| pA
I Input LOW Current Vin = 0.4 V, Vcc = Max. (Note 4) -250 | pA
Iy Maximum Input Current Vin=55V, Vcc = Max. 1 mA
lozn Off-State Output Leakage Vour = 2.7 V, Vcc = Max. 100 | pA
Current HIGH Vin = Viror Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vour = 0.5 V, Vcc = Max. (Note 5) -30 | -130 ] mA
lec Supply Current Vin= 0V, Outputs Open (lour = 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 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 li. and lozy (or i and lozn).

5. Not more than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vout = 0.5V
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 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 MILITARY operating ranges (Note 2)

Parameter
Symbol Parameter Description Unit
tro Input or Feedback to
Combinatorial Output 1 Output Switching ns
ts Setup Time from Input or Feedback to Clock ns
tH Hold Time ns
tco Clock to Output 3 1 ns
tcr Clock to Feedback (Note 4) 6.5 ns
tskew | Skew Between Registered Out| 1 ns
two Clock Width 16R8, 16R6 10 ns
twH 16R4 8 ns
1/(ts + tco) 43.4 MHz
fmax 1/(ts + tcF) 54 MHz
1/(twh + twi) 55.5 MHz
tpzx 3 10 ns
texz 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, tPzx, tPxz, tea, and tegr parameters should be used for simulation purposes

only and are not tested.

4. Calculated from measured fmax internal.

o

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

75 T
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6 t t +—t v
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tpp vs. Number of Outputs Switching
10240-001A
8T
7 e o
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6 e
5 +—t -t t 1 t i t {
10 30 50 70 20 110
Cy, 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/0 Pin Voltage -0.5V 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-
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 +4.75V 10 +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
Von Output HIGH Voltage lon=-3.2mA ViN=ViorVy 24 \Y%
Vce = Min.
VoL Output LOW Voltage loo=24mA  Vin=VmorVy 05 \Y
Vce = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 038 \"
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage IIN=-18 mA, Vcc = Min. -15 v
I Input HIGH Current ViN = 2.4V, 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. 100 { pA
lozH 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. (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 i and lozL (or 4 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 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
Ciw Input Capacitance Vn=20V | Vec=5.0V | CLK, OF 9
Ta=25°C | Other Inputs 2 pF
Cour Output Capacitance Vour=20V | f=1MHz Qutputs 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
teo Input or Feedback to 16L8, 16R6 3 10 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 10 ns
N Hold Time 0 ns
tco Clock to Output 2 7 ns
ter Clock to Feedback (Note 4) 16R8, 16R6 2 6.5 ns
tw Clock Width LOW 16R4 8 ns
twn HIGH 8 ns
Maximum External Feedback| 1/(ts +tco) 58.8 MHz
fmax Frequency Internal Feedback | 1/(ts +tcF) 60 MHz
(Note 5) No Feedback Vtwn + tw) 62.5 MHz
trzx 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 fymax 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)
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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
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 (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¢ = +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=ViHorVy 2.4 \'
Vece = Min.
Vou Output LOW Voltage loo=12mA  Vin=VinorVy 0.5 v
Vee = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 3)
V) Input Clamp Voltage Iin=-18 mA, Vcc = Min. -15 v
M Input HIGH Current Vin= 24V, 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. 11 mA
lozn Off-State Output Leakage Vour = 2.4 V, Vcc = Max. 100 | pA
Current HIGH VN = Vinor ViL (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 = 0.5 V, Vec = Max. (Note 5) -30 | =130 | mA
Icc Supply Current Vin= 0V, Outputs Open (lour = 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 ViH are input conditions of output tests and are not themselves directly tested. Vi 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. 1/0 pin leakage is the worst case of liL and loz. (or 1 and lozw).

5. 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 fo 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 | CLK, OE 9
Ta=25°C | Otherinputs 2 pF
Cour Output Capacitance Vour=20V | 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 MILITARY operating ranges (Note 2)

Parameter Min.
Symbol | Parameter Description (Note 3) | Max. | Unit
tep 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
twH HIGH 16R4 8 ns
o Max. Frequency | External Feedback | 1/(ts + tco) 37 MHz
(Note 4) No Feedback 1/(twn + twr) 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, tpzx, 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 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/0 Pin Voltage
DC Output Current

Static Discharge Voltage

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-

ity. Programming conditions may differ.

-05V toVec+05V

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

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

-15VtoVec+05V

Operating ranges define those limits between which the func-

tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ran

specified ‘
Parameter
Symbol Parameter Description Max. | Unit
Vou Output HIGH Voltage \"
VoL Output LOW Voltage; 05 \"
ViH 2.0 \'
Vi 0.8 \'
-1.5 \'
.4V, Vcc = Max. (Note 2) 25| pA
he N = 0.4V, Vcc = Max. (Note 2) -250 | pA
I Maximum Input Vin=5.5V, Vcc = Max. 100 | pA
lozn Off-State Output Le Vout =24V, Vcc = Max. 100 LA
Current HIGH ViN = Vinor Vi (Note 2)
lozu Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW ViN = Vior Vi (Note 2)
Isc Output Short-Circuit Current Vourt = 0.5V, Vcc = Max. (Note 3) -30 | =130 | mA
lec Supply Current Vin= 0V, Outputs Open (lout = 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 liL and lozL (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 =0.5V
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=2.0V Vec=5.0V | CLK, OE 9
Ta=25°C | Other Inputs 2 pF
Cout Output Capacitance Vour=20V | 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 :
Symbol | Parameter Description , Max. [ Unit
tro Input or Feedback to 16L8 15 ns
Combinatorial Output
ts Setup Time from Input or Feedback to Clock ns
th Hold Time ns
tco Clock to Output : 12 ns
ter Clock to Feedback (Note 3) ; _ R8, 16R6, |i 11 ns
twi Clock Width ‘ i ns
twH ns
Maximum e 37 MHz
. 38.4 MHz
52.6 MHz
12 ns
10 ns
16L8, 16R6 15 ns
ter ct 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 -0.5Vto +7.0V

DC Input Voltage
DC Output or I/O Pin Voltage

-05V toVec+05V

OPERATING RANGES
Commercial (C) Devices

-15VtoVec+05V

Ambient Temperature (Ta)
Operating in Free Air
Supply Voltage (Vcc)

with Respect to Ground

0°C to +75°C

+4.75Vto +5.25 V

Operating ranges define those limits between which the func-

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.

tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges u

specified
Parameter
Symbol Parameter Description . | Max.| Unit
Vo Output HIGH Voltage lon 24 \Y
Vor Output LOW Voltage 05 \Y%
ViH Input HIGH Voltage \%
Vi 08 \Y
Vi -1.2 \"
hH 25 | pA
e cc = Max. (Note 2) -250 | pA
I Maximum Inpul 5V, Vec = Max. 100 | pA
lozH " Oft-State Outp ouT = 2.4 V, Vee = Max. 100 | pA
Current HIGH ViN = Vinor ViL (Note 2)
lozL Off-State Output Le Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vigor 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) 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. VO 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.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

2-36

PAL16R8B Series (Com’l)



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
Coutr 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)

3. These parameters are not 100% {
where frequency may be affected

Parameter
Symbol Parameter Description Max. | Unit
tro Input or Feedback to 16L8, 16R 15 ns
Combinatorial Output 1
ts Setup Time from Input or Feedback to Clock ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 12 ns
twe Clock Width LOW bR8, 16R6 ns
twH ns
Maximum MHz
fmax Frequency
(Note 3) 50 MHz
OEto O 15 ns
15 ns
16L8, 16R6 15 ns
16R4 15 ns

d, but are calculated at initial characterization and at any time the design is modified

PAL16R8B 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 -15Vto+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 +4.50 Vto +5.50 V

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

Note:

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

5°C, +125°C,

DC CHARACTERISTICS over MILITARY operating ranges

' specified

(Note 2)
Parameter

Symbol Parameter Description Test Min. | Max. | Unit

Vo Output HIGH Voltage 24 \

cc = Min. . 1
Vo Output LOW Voltage Vin=V, [L % W " 05 \Y
_ Vegi= A B
ViH Input HI( tage uaranteed, i ’ 1 20 v
) Voltage f Input
Vi [ G e ogigat LOW 0.8 \Y
1 v Vo for a (Note 3)

Vi q/mp Voltage IN= cc = Min. -15 \Y

I nput HIGH Curr 2.4V, Voo = Max. (Note 4) 25| pA

I nput LOW Curtent _ = 0.4V, Vcc = Max. (Note 4) -250 | pA
I Maximum Input ent Vin=5.5V, Vcc = Max. 1| mA
lozn Off-State Output Légkage Vour =24V, Vcc = Max. 100 | pA

Current HIGH Vin = ViHor Vi (Note 4)
loz Off-State Output Leakage Vour = 0.4V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vour = 0.5V, Vcc = Max. (Note 5) -30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lour = 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. ViLand ViH are input conditions of output tests and are not themselves directly tested. Vi and Vi4 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 I and lozH).

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 Vin=2.0V Vec=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.

Parameter
Symbol Parameter Description Unit
trp 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
twe ns
Clock Width
twH ns
fmax Maximum MHz
Frequency
(Note 3) MHz
trzx OE t ns
texz (Note 4) 20 ns
tea nable Using uct
I (Note 4) 25 ns
- 16L8, 16R6
ter ut to Output U 0 16R4
rm Control ( 20 ns
Notes:

2. See Switching Test Circuit for test é8nditions. 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 /O Pin Voltage

-1.5VtoVcc+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 0°C to +75°C
Supply Voltage (Vcc)
with Respect to Ground +4.75Vt0+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 Test Conditio| Max. | Unit
Vo Output HIGH Voltage lon=-3 /i or V 2.4 \"
] in.
VoL Output LOW Voltage P HOrViL g 0.5 Vv
m cc = Min.
ViH Input HIGH Voltage & "0 X pteed Input Logi . v
1 e for all In t
Vi Input LO! age ‘Guaranteeg# j 08| Vv
Volta put
Vi L ‘ e I c= -12 ] Vv
IH ] brrent il Vi . = Max. (Note 2) 25 | pA
o | inpt Current ¢ IN= Vcc = Max. (Note 2) -100 | pA
1 “J Maximum Input:@uetent. ., 55V, Voc = Max. 100 | pA
lozH Off-State Outp kage  f*Vour = 2.7V, Vee = Max. 100 | pA
Current HIGH 7 . v ViN = Vior 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 = 0.5 V, Vcc = Max. (Note 3) -30 | -130 | mA
Icc Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 90 | 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. 1/O pin leakage is the worst case of liL and lozL (or IiH and loz).

3. 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
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vin=2.0V Vec=5.0V 7
Ta = 25°C pF
Cour Output Capacitance Voutr =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

trp Input or Feedback to 16L8, 16R n 25 ns

Combinatorial Output 1 - v

ts Setup Time from Input or Feedback to Clock \y ns

tH Hold Time e B ns

tco Clock to Output 15 ns

ter Clock to Feedback (Note 3) 10 ns

twi Clock Width ns

twH ns
Maximum MHz
fmAX Frequenc MHz
(Note 4) 33 MHz

20 ns

20 ns

16L8, 16R6 25 ns

16R4 25 ns

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.
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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 (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 tesf
and -55°C, per MIL-S

DC CHARACTERISTICS over MILITARY operating ranges

(Note 2)
Parameter

Symbol Parameter Description Max. | Unit

VoH Output HIGH Voltage \

VoL 05 \'%

ViH Input H \

oigat LOW 08| V

(Note 3)

-15 Vv

, Vec = Max. (Note 4) 25| pA

I : 0.4 V, Vcc = Max. (Note 4) -250 | pA
] Maximum Input | ViN=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Lé; Vour =24V, Vcc = Max. 100 | pA

Current HIGH VIN = ViHor Vi (Note 4)
lozL Off-State Output Leakage Vourt = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) -30 | -130 | mA
lec 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. VL and Vi 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 li. and lozL (or 4 and lozH).

5. 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 V=20V Vee=50V 7
Ta = 25°C pF
Court 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 MILITARY operating ranges (Note 2)

Parameter ,
Symbol Parameter Description . . Max. Unit
teD Input or Feedback to 16L8, 16R6 7 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock ns
, 1.
th Hold Time B ns
tco Clock to Output or Feedback 5 20 ns
twi Clock Width ' 16R8, 16R6 ns
twH 16R4":. ns
Maximum MHz
fmax Frequency
1/(twH_+diw MHz
25 ns
25 ns
16L8, 16R6 30 ns
ter 16R4
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

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

-1.5VtoVec+05V
0.5V toVcc +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+5.25V

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

DC CHARACTERISTICS over COMMERCIAL operating ranges u ise
specified
Parameter
Symbol Parameter Description Test Conditionsz Min. | Max. | Unit
VoH Output HIGH Voltage lon = ~3,2AL Mgl 1H Or Vi 2.4 Vv
a = Min.
VoL Output LOW Voltage » ‘ Wik or Vi 05| v
ViH Input HIGH Voltage ‘ %
Vi Input LOWMRliage (. | € 08| Vv
Vi -1.2 \'
lH | / VG ax. (Note 2) 25 LA
I W Current ) ¥/'Vcc = Max. (Note 2) -250 | pA
I { Maximum Inpyt&f L0 [ 5.5 V, Ve = Max. 100 | pA
lozH Off-State Outp s "PVour=27V, Vce = Max. 100 | pA
Current HIGH i ViN = Vinor ViL (Note 2)
lozL Oft-State Output Légkage Vout = 0.4 V, Vee = Max. -100 | pA
Current LOW ViN = ViHor Vi (Note 2)
Isc Output Short-Circuit Current Voutr = 0.5V, Vcc = Max. (Note 3) -30 | -130 | mA
16L8 Vin= 0V, Outputs Open (lout = 0 MA) 155 | mA
lec Supply Current  —ereiea | Vec = 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 lozv (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. 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)

Notes:

.
2. See Switching Test Circuit for test %ﬁditio

S
“

Iy
i

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.

Parameter
Symbol Parameter Description y Max. | Unit
trp Input or Feedback to 16L8, 16R 25 ns
Combinatorial Output 1, : :
ts Setup Time from Input or Feedback to Clock A ns
th Hold Time o 0 ns
tco Clock to Output : 15 ns
ter Clock to Feedback (Note 3) : 16R8, 16R6 10 ns
twi Clock Width LOw y ns
twH HIG ) ns
Maximum Ext ; | Fee +1/(ts +tco) MHz
fmax Frequencys Intern: a 1/(ts . MHz
(Noted) % . | No FeedBack ' ) 33 MHz
trzx 20 ns
tpxz QF it Disable . 20 ns
tea put t6®Output En rodict ontrol 16L8, 16R6 25 ns
ter ut to Output . erm Control 16R4 25 ns

ns.

PAL16R8A 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 -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 +450Vto +5.50 vV

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

Note:

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

5°C, +125°C,

DC CHARACTERISTICS over MILITARY operating ranges

(Note 2)
Parameter
Symbol Parameter Description Max. [ Unit
Vor Output HIGH Voltage \"
VoL Output LOW Voltage 05 Vv
ViH Input HI \
ViL 0.8 \Y
-15
V, Vec = Max. (Note 4) 25| pA
I g =0.4V, Vcc = Max. (Note 4) -250 uA
h Maximum Input ViN=5.5V, Vcc = Max. 1 mA
lozn Off-State Output L Vout =24V, 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 = Vior Vi (Note 4)
Isc QOutput Short-Circuit Current Vour = 0.5 V, Vcc = Max. (Note 5) -30 | -130 | mA
Icc Supply Current Vin= 0V, Outputs Open (lour = 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 Vi are input conditions of output tests and are not themselves directly tested. Vi and V|y 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 i and lozv (or i1 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 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 MILITARY operating ranges (Note 2)

Parameter
Symbol Parameter Description Max. | Unit
tro Input or Feedback to 16L8, 0 ns
Combinatorial Output 1
ts Setup Time from Input or Feedback to Clock 4 ns
tH Hold Time ns
tco Clock to Output or Feedback ns
twi Clock Width Low ns
twH HIGH ns
Maximum Ext ee 144é + tco) MHz
fMAx Frequency
(Note 3) No F 1/(twi t MHz
tpzx OE ble (Note ns
texz (Note 4) ns
tea nable Using ct
m | (Note 4) 16L8, 16R6 30 ns
teR ut to Output Dj U 16R4
rm Control ( 4 30 ns
Notes:

2. See Switching Test Circuit for test é8nditions. 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 -15Vto+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.

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 +5.25V

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

DC CHARACTERISTICS over COMMERCIAL operating ranges un

specified
Parameter
Symboli Parameter Description Max. | Unit
Vou Output HIGH Voltage \
VoL Output LOW Voltage 0.5 \"
ViH Input HIGH Voltage \'
ViL Input L 0.8 \
\Y -1.5 \
l 25 | pA
m J Vcc = Max. (Note 2) 250 | pA
I Vlaximum Inp Wt 5.5V, Vce = Max. 100 | pA
lozn Off-State Outp Wout = 2.4 V, Vee = Max. 100 | pA
Current HIGH s ViN = Vior Vi (Note 2)
loz Off-State Output L Vour = 0.4V, Vcc = Max. -100 | pA
Current LOW Vin = Vior ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | =250 | mA
lec Supply Current Vin= 0V, Outputs Open (loutr = 0 mA) 55 | 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 i and lozL (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.
Vour = 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
trp Input or Feedback to 16L8, 16R6 35 ns
Combinatorial Output 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) s MHz
fMax Frequency
(Note 2) No Feedback 1/(twH + twe) MHz
tpzx OE to Output Enable ns
tpxz OE to Output Disable ns
tea Input to Output Enable Using Product Term Con ns
ter Input to Output Disable Using Product Te ns

Notes:
1. See Switching Test Circuit for test condition

2. These parameters are not 100% te
where frequency may be affected.

e 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
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
Vou Output HIGH Voltage lon=-1mMA Vin=ViorVyp 24 \'%
Vce = Min.
Vo Output LOW Voltage loo=4mA ViN = ViH or Vi, 0.5 \'
Vce = Min.
ViH 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 Iin=—-18 mA, Vcc = Min. -15 \
i 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
l 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 = Vior Vi (Note 4)
lozL Off-State Output Leakage Vour = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vour = 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. ViLand V4 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. VO pin leakage is the worst case of Iy and loz. (or ik and lozw).

5. Not more 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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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. | Unit
teo 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 | 1eR8,16R6 | 25 ns
twi HIGH 16R4 25 ns
Maximum External Feedback | 1/(ts + tco) 13.3 MHz
fmax Frequency
(Note 2) No Feedback 1/(twr + twr) 20 MHz
tpzx OE to Output Enable (Note 3) 25 ns
texz 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 -05Vto +7.0V

DC Input Voltage -15VtoVec+05V
DC Output or I/O Pin Voltage -0.5VtoVcc+ 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 +4.75Vto +5.25 V

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

DC CHARACTERISTICS over COMMERCIAL operating ranges

specified ;
Parameter
Symbol Parameter Description Test Conditio : Min. | Max.| Unit
Vo Output HIGH Voltage lon=-3 2.4 \"
VoL Output LOW Voltage 0.5 Vv
ViH Input HIGH Voltage \"
Vi 0.8 \"
-1.2 \
25 | pA
-250 | pA
100 | pA
out =2.4V, Vcc = Max. 100 HA
Current HIG Vin = ViHor Vi (Note 2)
lozu Off-State Outp 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 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. 1/O pin leakage is the worst case of liL and lozL (or hx 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 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 Vee=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 16L8, 16R 5 ns
Combinatorial Output
ts Setup Time from Input or Feedback to Clock ns
tH Hold Time ns
tco Clock to Output or Feedback ; ¢ 25 ns
twi Clock Width LOW ns
twh HIGH ns
Maximum MHz
fmax Frequency
(Note 3) MHz
OEto O 25 ns
OF \ 25 ns
16L8, 16R6 35 ns
16R4 35 ns

2. See Switching Test Circu

3. These parameters are not 1
where frequency may be affe
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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 to +125°C
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 ¢

fvise specified

(Note 2)
Parameter
Symbol Parameter Description Min. | Max. | Unit
VoH Output HIGH Voltage 2.4 \"
VoL Output LOW Volta 0.5 \"
ViH Input HI ltage 2.0 \
ViL 0.8 \'
\ n| p Voltage -15
In Input HIGH Cugrent 4V, Vecc = Max. (Note 4) 25| pA
e Input LOW: N = 0.4V, Vcc = Max. (Note 4) -250 HA
I Maximum In| rre Vin=5.5V, Vcc = Max. 1 mA
lozn Off-State Outp akage Vout =24V, Vcc = Max. 100 | pA
Current HIGH Vin = Viyor Vi (Note 4)
lozL Off-State Output Leakage Vout =0.4V, Vcc = Max. -100| pA
Current LOW Vin = Vinor Vi (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) 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 Vi 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. 1/0 pin leakage is the worst case of I and lozt (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=0.5 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=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 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 Clock Width LOW ns
twH ns
Maximum MHz
fmax Frequency
(Note 3) g MHz
OE 25 ns
25 ns
45 ns
16L8, 16R6
ter 16R4 45 ns

2. See Switching Test Circuit for 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.

PAL16R8A-2 Series (Mil) 2.55



SWITCHING WAVEFORMS

Input or

Feedback \
teD
Combinatorial
Output VT
12015-010A
Combinatorial Output
| ts+tcF |

Clock vr

12149-025A

Clock to Feedback (fmax Internal)

See Path at Right
Clock /

Registered

Output 1 * Vr

I tskew '

Registered

Output 2 * VT

12350-015A
Registered Output Skew for Outputs
Switching in the Same Direction
Input A%

ter tea
W\ ok Vow - 0.5V v
Output /774 Vo + 05V \AAN_

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) Series)

Input or
Feedback Vr
ts tH
V1
Clock tco
Registered
Output Vr
12015-012A
Registered Output
CLK
[ — —t— 1
| v I
l ts I
| LOGIC REGISTER |
| |
% l
tcF
| "
T ———— o
12015-021A
twH
Clock vr
twi
12015-011A
Clock Width
\23
OE
tPxz tPzx

§ RQ( VoH - O.SV/ 7 7
\%
Ouput. /77 Vo + 05V NN

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 Will be
Change Changing
fromHto L fomHto L
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
} S1
% R4
Output O- l € Test Point
%Rz I ’
12350-019A
Commercial Military Measured
Specification S CL Ry R2 Ry R2 Output Value
trp, tco, tcF Closed 15V
tpzx, tea Z — H: Open 50 pF 15V
Z - L: Closed 200Q | 390Q | 390Q | 750Q
texz, teR H —Z: Open 5pF B-4: B-4: B-4: B-4: H—Z:Von-0.5V
L —»Z: Closed 800Q |1.56 KQ| 800Q |1.56 KQ L—>Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typical Input Typical Output
Vee .
* °Vee
% 40 Q NOM
Input o——¢ ¢ l‘l\/
Output
Program/Verify
Circuitry ° T+
b Inl%t, Program/Verify/
Test Circuitry
10240-006A Preload
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.

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 Virp.
Remove ViLp/VuH from all registered output pins.

1. Raise Vcc to Veeh. Lower OE to ViLe to enable the output registers.

© N o o

Verify Vor/Von at all registered output pins. Note that
L because of the output inverter, a register that has
3. Raise pin 2 to Vin 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 Vi or ViLp to all registered outputs. Use output.
VhH to preload a LOW in the flip-flop; use Vip 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 2.4 5.0 55 \
VceH Power supply during preload 54 57 6.0 Vv
tp Delay time 100 200 1000 | ns
to to to tD tD
/ A\ ViHp
OE —/ N ViLe

—1———— F—1—— VHH
Pin 2 / \

ViLp

F \"‘ —T=—=— VmH
Vi

Registered /l OH

Output \ > Vo

Vie

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
Th . . outputs floating.

e preload function allows the register to be loaded

fromthe 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/ViHp from all registered output pins.
1. Raise Vccto 4.5 V. 6. Lower OE to ViLp to enable the output registers.
2. Set OE 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 ViLp to output.
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
VHH Super-level input voltage 19 20 21 \"
Vie Low-level input voltage 0 0 0.5 \')
Vinp High-level input voltage 24 5.0 55 \
to Delay time 100 200 1000 | ns
to to to tD to
oF / N T Ve

ViLp

—————— ——1+—— VhH
Pin 8 " \

Vie
\— ViHp
Registered > ( :: VoH
Outputs ) VoL
- = Vip
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
canrise 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
Symbo! 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
I ter
Registered / / [
Active-Low 7
Output te- ts
Clock \\yﬂ
twL
12350-024A

Power-Up Reset Waveform
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BT cov.
PAL16RAS8

20-pin Asynchronous TTL Programmable Array Logic

el

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

® 30 ns maximum propagation delay and 20 MHz
fmax

B individually programmable asynchronous
clock, preset, reset, and enable

B Registered or combinatorial outputs
B Programmable 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 PAL16RAS8 offers asynchronous clocking for each
of the eight flip-flops in the device. The eight macrocells
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 L
Programmable
AND Array
32x64
%43,?#434 43/&43/ 43/&43, D DE 4
Y Y Y Y Y Y \
N4 \4 A4 N4 \4 vV \'4 Vv
MACRO- H{ MACRO- H{ MACRO- H{ MACRO- H{ MACRO- HHMACRO- H{ MACRO- H{MACRO-
Enable CELL ]| CELL CELL ||| cELL CELL |l| CELL CELL CELL
Preload
A Y_l A ?_J A A ?_l A A [} |
1o l{e} l{e} /o] lle} l{e} l{e] 1] 10232-001A
PAL and PALASM are regi: of Ad: d Micro Devices. Publication # 10232 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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CONNECTION DIAGRAMS

DIP PLCC
./
PL [ 1e 20 Vee L8
= -9|& > X
o ]2 193 wo,
h[s 18] 10s
2 []a 17 vos = 18] ] 10s
s [s 16] ] 10a s []s 17| v0os
ls [ 15 ] 103 s e 16] ] 1o,
s [} 7 14 o2 s 7 15% 103
Vo
s []s 1307 1o '6':891011 12 13 2
e 12 0o ogug
L L © -
aND[] 10 113 ©E %lo 99
Note:

Pin 1 is marked for orientation.

10232-00
232-002A 10232-003A

PIN DESIGNATIONS
GND Ground

| Input

1/0 Input/Output
OE Output 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

e~pnop

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
e. OPERATING CONDITIONS (CD 020)

C = Commercial (0°C to +75°C)

Valid Combinations

Valid Combinations The Valid Combinations table lists configurations

planned to be supported in volume for this device.

CN, Consult the local AMD sales office to confirm

PAL16RA8 CNL, availability of specific valid combinations, and to
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 global register preload and pin 11
serves as global output enable. Programmable output
polarity is available to provide user-programmable 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 pin is HIGH, all outputs
willbe 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 array
fuse is programmed. With verification not operating, it is
impossible to simply copy the PAL device pattern on a
PAL device programmer.

'—EE Output
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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 PAL16RA8 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 PAL16RA8 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 PAL16RA8 is fabricated with AMD’s junction-iso-
lated process, utilizing TiW fuses.

Registered/
Active Low

Registered/
Active High

— e

Combinatorial/
Active Low

—

Combinatorial/
Active High

10232-005A

Figure 2. Macrocell Configurations
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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 -15V toVec+05V
DC OQutput or /O Pin Voltage 0.5V toVcc+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 +4.75Vto+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=-3.2mMA ViN=ViorVi 2.4 \"
Vce = Min.
VoL Output LOW Voltage loL = 8 mA Vin=ViHor Vi 05 \"
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 08 v
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage lin=-18 mA, Vcc = Min. -15 \"
I Input HIGH Current ViN= 2.4V, Vcc = Max. (Note 2) 25 | pA
T Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -250 pA
li Maximum Input Current ViN=5.5V, Vecc = Max. 100 | pA
lozn Off-State Output Leakage Vout = 2.4 V, Vcc = Max. 100 | pA
Current HIGH Vin = Vior Vi (Note 2)
loz. Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 3) -30 | -130 | mA
lec 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. VO pin leakage is the worst case of li and lozL (or hn 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)
tep 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 oaime achelon P :z
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
o Clock Width HIGH 20 ns
Maximum External Feedback | 1/(ts +tco) 20 MHz
fmax Frequency
(Note 3) No Feedback 1/(twH + tw) 25 MHz
trzx (-)_E 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 AU Feeé’back vr
teD ts tH
Combinatorial
Ourput x >< >< ;l vt Clock Vr
12015-010A tco
Combinatorial Output Registered y
Output T
12015-012A
Registered Output
Input tapw
Asserting
Asynchronous vt
Preset tap —»]
Registered \
Output \\\\\ Nl twi
10232-007A 12015-011A
Asynchronous Preset Clock Width
t |
Input ARW
Asserting
Asynchronous Vr
Reset tAR —>
Registered A
Output /////7 vr
10232-009A
Asynchronous Reset
Input or BE
Feedback A OE s
tER tea tpxz tpzx
“‘-(VQH-O.SV/?? ss?(VoH-O.SV/77
V: V
Output Il FVo+0sV\\ | T Output ____._.MLVOL+ 0.5V\\\ !
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 fomHto 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
} S1
% Ry
Output O 1 @ Test Point
iRz I )
12350-019A
Measured
Specification S CL Ry R2 Output Vailue
tep, tco Closed 15V
trzx, tea Z — H: Open 50 pF 15V
Z - L: Closed 560 Q 1.1kQ
texz, ter H—Z: Open 5pF H—>Z:Voy-05V
L —»Z: Closed L—>Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typical Input Typical Output

o Voo » —o Voo

40 Q NOM

Input

12350-020A Output

Program/Verify L\. Inl%t, Program/Verify/
Circuitry Pins Test Circuitry
Preload
Circuitry
B 12468-018A
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OUTPUT REGISTER PRELOAD

The preload function allows the register to be loaded 4.
from the output pins. This feature aids functional testing

of sequential designs by allowing direct setting of output 5.

states. The procedure for preloading follows. 6

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 Vip 10 Vimp.

Remove Vi p/Viup from all registered output pins.
Lower OE to Vy_p to enable the output registers.

. Verify Vo/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.

Output Register Preload Waveform

Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
Viee Low-level input voltage 0 0 05 \
ViHp High-level input voltage 2.4 5.0 5.5 \
tsp Preload setup time 25 ns
twp Preload pulse width 35 ns
thp Preload hold time 25 ns
& _| L
Registered
Output
P L
twp tHp 4
je— tsp
10232-010A

PAL16RA8
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COM'L: H-10/15/25, 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

B Electrically erasable CMOS technology

provldes reconﬂgurable Ioglc and full
testability

B 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

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

B Qutputs programmable as registered or
combinatorial in any combination

Programmable output polarity

Programmable enable/disable control

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

n

Cost-effective 20-pin plastic DIP and PLCC
packages

B Programmable on standard device
programmers

®  Supported by PALASM® software

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

GENERAL DESCRIPTION

The PALCE16V8 s an advanced PAL® device builtwith
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 PAL10HS8 series devices, with the excep-
tion of the PAL16C1.

Device logic is automatically configured according tothe
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 that canbe erased elec-
trically.

The fixed OR array allows up to eight data product terms
peroutput for 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

) -
h

's

CLK

Programmable AND Array
32X 64

12467-001A

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

Publication # 12015 Rev.C Amendmenv0

Issue Date: January 1990
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CONNECTION DIAGRAMS
Top View

DIP PLCC/LCC
\J 1 11CLKAg Ve VO7 .
cLki 1@ 20 [ ] Vee ,[—H"]r—n—lﬂ
3 2 1 20 19
P P 19 ] vo, 4 ° 18] 10s
1,3 18] voe Ws 17 Jvos
s[4 17 ] vos 5[] e 1a;|vo4
L s 16| Jvo, e[ 7 15 Jvo,
|5E 6 15 jl/oa |7E 8 14:|/02
9 10 11 12 13
e []7 14 Jvo, EEEEEEE
Ls 13 ] vo, 's GND OE/lgli0, 110, 12015-003A
le E 9 12 3 VO, Note: Pin 1 is marked for orientation
PIN DESIGNATIONS
GND [J10 11 [JoEn, CLK = Clock
12015-002A ?ND - ﬁgﬁ"d
O = Input/Output
OE = Output Enable
Vec = 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 VBH.SPC

a. FAMILY TYPE
PAL= Programmable Array Logic

b. TECHNOLOGY

a. Family Type . Power

b. Technology g. Speed

c. Number of Array Inputs  h. Package Type

d. Output Type I. Operating Conditions

e. Number of Flip-Flops j. Programming Designator

J]. PROGRAMMING DESIGNATOR
Blank = Initial Release
4 = First Revision
(May require different programmer

CE = CMOS Electrically Erasable revisions)

c. NUMBER OF
ARRAY INPUTS i. OPERATING CONDITIONS

d. OUTPUT TYPE C = Commercial (0°C to +75°C)
V = Versatile

e. NUMBER OF FLIP-FLOPS h. PACKAGE TYPE

& POWER : 20-Pin Plastic DIP (PD 020)

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

J = 20-Pin Plastic Leaded Chip

Carrier (PL 020)

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

Valid Combinations

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

PC,JC

Blank,
4

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:

. NUMBER OF

. OUTPUT TYPE

. NUMBER OF FLIP-FLOPS

a. Family Type f.

b. Technology g.
c. Number of Array Inputs  h.

d. Output Type

e. Number of Flip-Fiops ]

PAL CE

. FAMILY TYPE

PAL= Programmable Array Logic

TECHNOLOGY
CE = CMOS Electrically Erasable

k.

ARRAY INPUTS

V = Versatile

POWER
H = Half Power (90 mA Icc)

SPEED
-20 = 20 nstpp
25 = 25 nstpp

Valid Combinations

PALCE16V8H-20 Blank,

PALCE16V8H-25 E4

/BRA,
/B2A

Group A Tests

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

Miiitary Burn-in

Power

Speed

Programming Designator
Device Class

Package Type

Lead Finish

L k. LEAD FINISH

A = Hot Solder Dip

). PACKAGE TYPE
R = 20-Pin Ceramic DIP (CD 020)
2 = 20-Pin Ceramic Leadless
Chip Carrier (CL 020)

I. DEVICE CLASS
/B =Class B

h. PROGRAMMING DESIGNATOR
Blank = Initial Release
E4 = First Revision
(May require different programmer
revisions)

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 ob-
tain 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 Method 1015, Conditions A through E.
Test conditions are selected at AMD's option.

PALCE16V8
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FUNCTIONAL DESCRIPTION

The PALCE16V8 is a universal PAL device. It has eight
independently configurable macrocells (MCo—MCy).
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 compiementary 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 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 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 must use the PALCE16V8
device code. This option allows full utilization of the
macrocell.

To
Adjacent
Macrocell

£-11

SG1 ~
]
- \ ox o,
D D a 10
= SLix ck—p @ —H—:'
10
=< N Fro
rom
_50—)‘(—_ Adjacent
*SG1 SLOx Pin

*In macrocells MCp 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 IO, 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-
trolied by a product term or always enabled. In the dedi-
cated input configuration, it is always disabled. With the
exception of MCo and MCy, a macrocell configured as a
dedicated input derives the input signal from an adja-
cent I/O. MCo derives its input from pin 11 (OE) and MC7
from pin 1 (CLK).

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SLO07 and 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, SLOx, in conjunction with
SG1, selects the configuration of the macrocell, and
SL1, 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 term input, an enable select, anout-
put select, and a feedback select multiplexer. SG1 and
SLOy are the control signals for all four multiplexers. in
MCo and MC7,SGO replaces SG1 on the feedback multi-
plexer. This accommodates CLK being the adjacent pin
for MC; 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. All 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 OE.

Combinatorial Configurations

The PALCE16V8 has three combinatorial output con-
figurations: dedicated output in a non-registered device,
I/Oin a non-registered device and /O in aregistered 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,andSL0x=
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/0 in a Registered Device

The control bit settings are SG0=0,SG1=1and SL0x=
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 1/0
signal.

Dedicated Input Configuration

The control bit settings are SG0=1,SG1=0and SL0x =
1. The output buffer is disabled. Except forMCoand MC-
the feedback signal is an adjacent /0. For MCo and MC7
the feedback signals are pins 1 and 11. These
configurations are summarizedin Table 1 and illustrated
in Figure 2.

Table 1. Macrocell Configuration

SGOI SG1I SLOxl Cell Configuration| Devices Emulated

Device Uses Registers

0 1 0 | Registered Output | PAL16R8, 16R6,
16R4

0 1 1 | Combinatorial I/O |PAL16R6, 16R4

Device Uses No Registers
1 0 | 0 [Combinatorial PAL10H8, 12H8,
Output 14H4, 16H2, 10L8,

1216, 1414, 16L2

1 0 1 | Dedicated Input PAL12H86, 14H4,
16H2, 1216, 1414,
16L2

1 1 1 | Combinatorial /O | PAL16L8

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 SL1, 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

o a D a
clck—p @ cck—y Q0
Registered Active Low Registered Active High

g g

Combinatorial /O Active Low Combinatorial I/O Active High
% : % :
Combinatorial Output Active Low Combinatorial Output Active High

jb\]—c Adjacent 10 pin

Dedicated Input

12015-005A

Figure 2. Macrocell Configurations
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Power-Up Reset

Aliflip-flops power up to a logic LOW for predictable sys-
tem initialization. Outputs of the PALCE16V8 will de-
pendonwhetherthey are selected as registered or com-
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 on the PALCE16V8 as a deter-
rent to unauthorized copying of the array configuration
patterns. Once programmed, this bit defeats readback

of the programmed pattern by a device 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.
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LOGIC DIAGRAM
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Figure 6. PALCE16V8 Logic Diagram

12015-009A

2-82

PALCE16V8



LOGIC DIAGRAM (Continued)
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Figure 6. PALCE16V8 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 -05V toVec +05V
DC Output or

1/0 Pin Voltage -05V toVec+05V

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.

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta) Operating

in Free Air 0°C to +75°C
Supply Voltage (Vcc) with
Respect to Ground +4.75Vto +6.25V

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
Vou Output HIGH Voltage lon=-3.2mA Vin=VimorVi 24 \"
Vce = Min.
Vou Output LOW Voltage loo=24mA ViNn=ViorVy 0.5 Vv
Vce = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 1)
I Input HIGH Leakage Current ViNn=5.25V, Vcc = Max. (Note 2) 10 HA
I Input LOW Leakage Current Vin =0V, Vcc = Max. (Note 2) —10 nA
lozu Off-State Output Leakage Vour = 5.25 V, Vce = Max.
Current HIGH ViN = ViHor Vi (Note 2) 10 HA
lozL Off-State Output Leakage Vout =0V, Vce = Max. 10 JA
Current LOW Vin = Vior 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 (lour = 0 mA) 20 mA
Vcec = 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. VO pin leakage is the worst case of I and lozL (or hn 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.
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 | Vcc=5.0V, Ta=25°C, 5 pF
Cout Output Capacitance Vour=20V|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
tro 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) 55.5 MHz
faax Frequency Internal Feedback |1/(ts+tcr) MHz
(Note 4) No Feedback 1U(twr+w) 62.5 MHz
tpzx OE to Output Enable 10 ns
tpxz 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 —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 -0.5V toVec +05V
DC Output or

1/O Pin Voltage 05V toVec+05V
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.

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta) Operating

in Free Air 0°C to +75°C

Supply Voltage (Vcc) with

Respect to Ground +4.75Vto +6.25V

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 Vin=ViHorViL 24 \"
Vce = Min.
VoL Output LOW Voltage loo=24mA Vin=Vior Vi 0.5 \"
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)
lin Input HIGH Leakage Current| Vin=5.25V, Vcc = Max. (Note 2) 10 A
[ Input LOW Leakage Current | Vin =0V, Vcc = Max. (Note 2) -10 | pA
lozn Off-State Output Leakage Vout =5.25V, Vcc = Max.
Current HIGH Vin = Vihor ViL (Note 2) 10 HA
lozL Off-State Output Leakage Vout =0V, Vcc = Max. 10| A
Current LOW ViN = Vior 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) |H 90 mA
Vce = Max., f = 15 MHz Q 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. /O pin leakage is the worst case of lj and lozL (or 1 and lozr).

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=2.0V | Vcc=50V, Ta=25°C, 5 pF
Cour Output Capacitance Vour=20V | 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
Symbol Parameter Description Min. Max. Min. Max. Unit
tep 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 0 ns
tco Clock to Output 10 12 ns
tcr Clock to Feedback (Note 3) 8 10 ns E
twi i 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 Wtwirtwy) | 625 416 MHz
tpzx OE to Output Enable 15 20 ns
trxz 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 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.

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°C to +125°C
Supply Voltage with
Respect to Ground -05Vto+7.0V
DC Input Voltage -0.5VtoVec+0.5V
DC Output or I/0 Pin Voltage -0.5VtoVcc+0.5V
Static Discharge Voltage 2001 V
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) -55°C to +125°C
Supply Voltage (Vce)

with Respect to Ground +45Vto+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=-2.0mMmA Vn=VmorVy 2.4 \
Vce = Min.
VoL Output LOW Voltage loo=12mA  ViN=ViorVy 05 v
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 \
Voltage for all Inputs (Note 3)
IiH Input HIGH Leakage Current Vin=5.5V, Vcc = Max. (Note 4) 10 HA
I input LOW Leakage Current | Vin=0V, Vcc = Max. (Note 4) -10 | pA
lozn Off-State Output Leakage Voutr =55V, Vcc = Max. 40
Current HIGH ViNn = ViHor Vi (Note 4) HA
lozL Off-State Output Leakage Vout =0V, Vcc = Max. _40 LA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 |-130 mA
lec Supply Current Vin= 0V, Outputs Open (lour = 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 ViH 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.

4. I/O pin leakage is the worst case of Ii. and loz. (or i1 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.
Vout = 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 ViN =20V Vee = 5.0V, Ta = 25°C, 8 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 MILITARY operating ranges (Note 2)

Parameter -20 -25
Symbol | Parameter Description Min. | Max. | Min. | Max. | Unit
tep 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
tw Clock Width LOW 12 15 ns
twr ook W HIGH 12 15 ns
. 28.
Maximum External Feedback| 1/(ts+tco) 33.3 8.6 MHz
fmax Frequency Internal Feedback |1/(ts+tcr) 356.7 30.3 MHz
(Note 4) No Feedback  [1/(twitw) | 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.
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SWITCHING WAVEFORMS

Input or Input or
Feedback vr Feegback vr
trD ts tH
Combinatorial
Output Vr A%
Clock tco
12015-010A
Combinatorial Output Registered
Output i
12015-012A
Registered Output
CLK
} ts+tcr | r _____________ ‘I _____ -i
n v 1
Clock vr ! ts !
| LOGIC REGISTER |
| |
| |
12149-025A I tcr :
Clock to Feedback (fmax Internal) t————————————————— 4
See Path at Right 12015-021A
Input \23
twH
teEr tea
Clock VT Outout \\ ok Vou-0.5V/77 Vi
et [T o+ 0sv\\N
twe
12015-011A 12015-013A
Clock Width Input to Output Disable/Enable
. VT
OE
tPxz tpzx
Output /7 E { ‘: ‘: 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 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
% R1
Output O- -T_ €@ Test Point
%Rz I ’
- —_ 12350-019A
mmercial Milita
Commercia 24 Measured
Specification Sy CL R, R> R4 R> Output Value
tep, tco, tcr Closed 15V
trzx, teA Z — H: Open 50 pF 15V
Z — L: Closed 200Q | 330Q | 200Q | 390Q
trxz, ter H—Z:Open 5pF H—>Z:Voh-05V
L —Z: Closed L—-Z:VoL+05V

PALCE16V8
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ENDURANCE CHARACTERISTICS

The PALCE16V8 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 Time Temperature
DR ) 20 Years Max. Operating
Temperature (Military)
N Min. Reprogramming Cycles 100 Cycles Normal Programming
Conditions

INPUT/OUTPUT EQUIVALENT SCHEMATICS

—1— Vce
ESD  Program/Verify =
Protection Circuitry
Typical Input

Vce

K3

Preload Feedback
= Circuitry Input

Typical Output
12197-013A
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OUTPUT REGISTER PRELOAD

The Preload function allows the registers to be loaded
fromthe output pins. This feature aids functional testing
of sequential designs by allowing direct setting of output
states. The procedure is as follows.

1. Raise Veccto 5.0 V+05 V.

2. Set pin 8 to Vpro.

3. SetOE HIGH.

4. Apply the desired value (Vi/ViH) to all registered out-

© NG

put pins. Leave combinatorial output pins floating.
Clock pin 1 from Vi to Vin.

Remove Vii/ViH from all registered outputs.

Enable the output registers by lowering OE.

Lower pin 8 to ViL/V .

Verify for VoL/Von at all registered output pins. Note
that the output pin signal will be the inverse of the
preload input.

Parameter
Symbol Parameter Description Min. | Rec. | Max. | Unit
teLD Setup and Hold Time from Preload (pin 8) to OE 50 50 us
tps Setup Time from OE to Data 1 1 us
tpH Hold Time from Data to OE 1 1 us
tecs Setup Time from Data to Clock 1 1 us
tecH Hold Time from Clock to Data 1 1 us
dVy/dt VpLo Rising Slew Rate (pin 8) 10 100 | Vius
dVy/dt Vpip Falling Slew Rate (pin 8) 2 3 | Vius
Vpip Super-level Input Voltage 9.5 10 105 \
ViHp High-level Input Voltage 2.4 5.0 55 \'
Vip Low-level Input Voltage 0 0 0.5 \
——————— VpLD
Pin 8
trLD tPLD ViLp
——————————— ViHp
OE
ViLe
s> etw= Vinp
Registered VoH
oupyt — ™ ™™ N N NS Vo
ViLe
tpcs tpw
cloeck YN Viee
ViLp
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 willbe 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
trr Power-Up Reset Time 10 us
t Input or Feedback Setup Time
S i ° P See Switching Characteristics
twe Clock Width LOW
4V Vee
Power
tPR —>
Registered / / [
Output 7
I+ ts
Clock \\*—
tw
12350-024A

Power-Up Reset Waveform
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PALCE16V8Z-20

Zero Power EE CMOS Universal Programmable Array Logic

'

Advanced
Micro
Devices

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

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

B 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

B Qutputs 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 PALCE16V8is 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 macrocells provide a universal device
architecture. The PALCE16V8 will directly replace the
PAL16R8 and PAL10HS8 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
PALCE16V8Z allows battery powered operation for an
extended period.

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
peroutput for 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 configurationis de-
termined by two global bits and one local bit controlling
four multiplexers in each macrocell.

BLOCK DIAGRAM

[

ClKig

Programmable AND Array
32X 64

MACRG) MAGRO WACRO WAGRS
MCy MCy ™y MCy

WAGRG (= WUACRD WAGRO

wos My M7

Vo, vos vog voy

12467-001A

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended
10 help you evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice.

L Micro Devices. GAL is a registered trademark of Lattice Semiconductor
Cormp. This part is pmtemed by various U.S. and foreign patents owned by Advanced Micro Devices.

PAL and PALASM are

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

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B As fast as 15 ns maximum propagation delay

B Universal combinatorial architecture
N Programmable output polarity
]

Programmable replacement for high-speed
TTL logic

Easy design with PALASM® software

Programmable on standard PAL® device
programmers

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

GENERAL DESCRIPTION

The AmPAL 18P8 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 AmPAL18P8 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

Programmable AND Array
8 8 8 l % I |
1o o [l{e} I/O I/O 110 /0] 1o
05799-001A
PAL and PALASM are regi: of Ad d Micro Devices. Publication # 05799 Rev.F 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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PRODUCT SELECTOR GUIDE

tro lec loL
Family ns (Max.) mA (Max.) mA (Min.)
Very High-Speed
(B Vedions 15 180 24
High-Speed
e ,?") Vorsons 25 180 24
High-Speed,
Half-Power 25 90 24
(“AL”) Versions
Half-Power
CONNECTION DIAGRAMS
Top View
DIP PLCC
./ 3
1 e 20 Vee - -_-=8
d: spw aisiATn
s 18] YO B * 18f ] vo
i 173 o W 17| vo
1 s 16]_] WO N 16 ] 1o
. 15[] O N b 15[ ] vo
110 | 8 14 /o]
. b 1] - 910111213:!
1 s 13[] O guugg
1o 12[] w0 —g- Q02
aNb[ 10 n ©
Note:
Pin 1 is marked for orientation.
05799-002A 05799-003A
PIN DESIGNATIONS
GND Ground
| Input
e} 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. Output Type
d. Number of Outputs
e. Speed
f. Power
g. Package Type
h. Operating Conditions
Ii. Optional Processing
AmPAL18 P 8 A L PC
a. FAMILY TYPE —
AmPAL = Programmable Array Logic
b. NUMBER OF i. OPTIONAL PROCESSING
ARRAY INPUTS Blank = Standard Processing
c. OUTPUT TYPE
P= I i
Programmable Polarity h. OPERATING CONDITIONS
- H O, O,
d. NUMBER OF OUTPUTS C = Commercial (0°C to +75°C)
e. SPEED g. PACKAGE TYPE
B=15nstpp P = 20-Pin Plastic DIP
A =25nstpp (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)
N N Valid Combinations
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
AmPAL18P8 B,AL A, L PC, JC,DC availability of specific valid combinations and to
check on newly released combinations.
Note: Marked with AMD logo.
AmPAL18P8B/AL/A/L 2-99



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 AmPAL18P8 has ten dedicated input lines, and all
eight combinatorial outputs are I/0O 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/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 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.
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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 -05Vto+55V
DC Input Current -30 mA to +5 mA
DC I/O Pin Voltage -0.5 V to Vcc Max.

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 V

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

ise

DC CHARACTERISTICS over COMMERCIAL operating ran
specified -
Parameter ’

Symbol Parameter Description Max. | Unit
VoH Output HIGH Voltage \'
VoL Output LOW Voltage 0.5 \"
ViH Input HIG Vv
Vi 0.8 \"

\ -1.2 \
] 25 | pA
I . 4V, Vcc = Max. (Note 2) -100 | pA
I Maximum Input Vin=5.5V, Vcc = Max. 1] mA
lozH Off-State Output Vout = 2.7 V, Vcc = Max. 100 | pA
Current HIGH Vin = ViHor Vi (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 Vout = 0.5V, Vcc = Max. (Note 3) -30 -90 | mA
lcc Supply Current Vin= 0V, Outputs Open
1
(lout = 0 mA) B,A 80 mA
Ve = Max. AL L 90 | 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 in and lozH).

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=2.0V Vee=5.0V
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.

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

2. See Switching Test Circuit for test co

.| Unit

ns

ns

ns

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

Input or
Feegback vr Input VT
trD tER tea
Combinatorial \\ % Vou - 0.5V /77
Output vr Output [/ [# Vo + 05V\\\ vr
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
fromHto L fromHto L
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
5V
} S1
Output O l @ Test Point
%Rz I )
12350-019A
Measured
Specification Sq CL R4 Rz Output Value
trp Closed 15V
tea Z — H: Open 50 pF 15V
Z — L: Closed 200Q | 390 Q
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

Input © % * I"\/

Output
Program/Verify -

oVee ° Vee

40 Q NOM

Circuitry ?
L\‘ Input, Program/Verify/
Vo Test Circuitry
Pins
12350-020B
=3 12984-006A
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COML MIL
PAL20R8 Family

24-pin TTL Programmable Array Logic

el

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B As fast as 7.5 ns maximum propagation delay

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

B Programmable replacement for high-speed
TTL logic

®  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, PAL20RS,
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 pattern readout. 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 I/ prog.
PAL20R4 12 4 reg. 8 reg. pin
4 comb. 7 1/ prog.
PAL, PALASM, and SKINNYDIP are regi of Ad d Micro Devices. Publication # 10294 Rev.B Amendment /0

This part is covered by various U.S. and 1ove|gn patents owned by Advanced Micro Devices.

Issue Date: January 1990
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PERFORMANCE OPTIONS

(Commercial)
35 | A-2
(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
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CONNECTION DIAGRAMS

Top View
SKINNYDIP/FLATPACK PLCC/LCC
W JEDEC: Applies to -7(-12 mil), -10(-15 mil),
(NOTE 1) [ 1e 24 [ Ve B-2 Series Only
Iy : 2 23 :l li2 B g
P 22 [ ] (NOTE 10) . _§g>8 gg
1, ] 21| ] (NOTE 9) S S
1,15 20 [ ] (NOTE §) T3 Z 1 BT ®
s 19 || (NOTE 7) (NOTE 9)
e C 7 18 :;] (NOTE 6) (NOTE 8)
1, ]s 17 [__] (NOTE ) (NOTE 7)
L, [e 16 [ ] (NOTE ¢) :OT“)
1,10 15 [ ] (NOTE 3) ores)
o[ 14 Iy (NOTE 4)
eND [ |12 13 (NOTE 2)
209 & £ @&
12350-005A S g% 12350-006A
PLCC
Applies to B, A, A-2 Series Only
o~ - g 8 = 2
Note | 20L8 20R8 20R6 20R4 Oononnon
4 3 2 1 28 27 26
1 lo CLK CLK CLK we[]s ° [ Jwotee
M 24[JoTER)
2 ha OF OF oF o =
3 04 04 1104 1104 ne[s 22[ JMoTEE)
s Jo 21[ ] (NOTES)
4 1102 02 02 1102 12010 20[ ] (NoTE4)
N[ n 10 _Inc
5 Iloa 03 03 03 12 13 14 15 16 17 18
6 | w. | o | o | o TOUgUUy
R
7 1/0s Os Os Os g g
8 1/0s Os Os Os Lcc
9 /0 o o, /0 Applies to B, A, A-2 Series Only
7 7 7
10 Os Os 1/0g 1/Og ¢ o 5 s = 8
4 3 2 1 28 27 26
®
3]s 2| ne
e 24 |(NOTE 9)
PIN DESIGNATIONS 15 |7 23| (NOTE 8)
CLK Clock 6|8 22| (NOTET)
GND Ground 7 e 21| (NOTE§)
| Input 'a |10 20| (NOTES)
/0 Input/Output Ne |1 10| (NOTE 4)
NC No Connect L 12 13 14 15 16 17 18 J
o Output ~fgsige
OE Output Enable g g
Vce Supply Voltage
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

. Number of Array Inputs

Output Type

Number of Outputs

Speed

Package Type

. Operating Conditions

. Optional Processing

Ta~ea0oT

PAL 20 RB8-7TP C
a. FAMILY TYPE —————]_
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 = 75nstpD
-10 = 10nstpp

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)

N 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
PAL = Programmable Array Logic

b. NUMBER OF

ARRAY INPUTS

c. OUTPUT TYPE

a.
. Number of Array Inputs

~Ta@~oa00

R = Registered
L = Active-Low Combinatorial

d. NUMBER OF OUTPUTS

e. SPEED

Family Type

Output Type
Number of Outputs
Speed

Power

. Operating Conditions
. Package Type

Optional Processing

e
{o
10

Q
N
z
(7]

L i. OPTIONAL PROCESSING

Blank = Standard Processing

h. PACKAGE TYPE
NS = 24-Pin 300-Mil Plastic
SKINNYDIP (PD3024)
FN = 28-Pin Plastic Leaded
Chip Carrier (PL 028),
JEDEC pinout
NL = 28-Pin Plastic Leaded

Chip Carrier (PL 028),
non-JEDEC pinout

B = Very High Speed (15-25 ns tpp)
A = High speed (25-35 ns tpp)

f. POWER
Blank =
2 =

JS = 24-Pin 300-Mil Ceramic
SKINNYDIP (CD3024)

OPERATING CONDITIONS

Full Power (210 mA Icc)
Half Power (105 mA Icc)

Valid Combinations

PAL20L8,
PAL20RS,
PAL20RS,
PAL20R4

B-2 CNS, CFN, CJS
B, A, | CNS, CNL, CJS
A-2

C = Commercial (0°C to +75°C)

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 MMI 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
b. Number of Array Inputs
Output Type
. Number of Outputs
Speed
Device Class
. Package Type
. Lead Finish

sa~pan

a. FAMILY TYPE

PAL = Programmable Array Logic
b. NUMBER OF h. LEAD FINISH

ARRAY INPUTS A = Hot Solder Dip
c. OUTPUT TYPE g. PACKAGE TYPE

R = Registered L = 24-Pin 300-Mil Ceramic

L = Active-Low Combinatorial 5 gKIgJNYCDIP (CD3024)

= 28-Pin Ceramic

d. NUMBER OF OUTPUTS Leadless Chip Carrier (CL 028)
e. SPEED

-12 = 12nstpp
-15 = 15nstpp

f. DEVICE CLASS
/B= Class B

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 -12, availability of specific valid combinations, to
/BLA, /B3A check on newly released combinations, and to
PAL20R6 | -15 obtain additional data on AMD’s standard military

" ducts.

PAL20R4 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.
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ORDERING INFORMATION
APL Products (MMI Marking Only)

AMD programmabile 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: Family Type

Number of Array Inputs

Output Type

. Number of Outputs

Speed

Power

Operating Conditions

. Package Type

Optionai Processing

mFe~pooow

PAL 20 R 8 A2 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 gfLNN\éDIP ((':DI%OtZA)ck
d. NUMBER OF OUTPUTS Y
L = 28-Pin Ceramic Leadless
e. SPEED Chip Carrier (CL 028
B = Very High Speed (20 ns tpp) Ip Carrier ( )
A = High speed (30-50 ns tpp) — ¢. OPERATING CONDITIONS
M = Military
f. POWER
Blank = Full Power (210 mA Icc)
-2 = Half Power (105 mA Icc)
Valid Combinations
Valid Combinations The Valid Combinations table lists configurations
planned to be supported in volume for this device.
PAL20L8 MJS/883B, 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.
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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. 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 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/0 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.

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 PAL20R8 Family
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
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 illegal 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 will follow 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 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) and -10 (-15 Mil) Series are
tabricated 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
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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 -1.2VtoVec+05V
DC Output or IO Pin Voltage —0.5V toVcc+0.5V
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.

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
VoH Output HIGH Voltage lon=-3.2mA Vin=ViorVy 2.4 \"
Vce = Min.
Vo Output LOW Voltage loo=24mA ViN=ViorVy 05 \
Vee = Min.
ViH 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 v
Voltage for all inputs (Note 1)
\ Input Clamp Voltage lin=-18 mA, Vec = Min. -1.2 \"
IH Input HIGH Current Vin=2.7 V, Vcc = Max. (Note 2) 25 | pA
I Input LOW Current Vin=0.4 V, Vcc = Max. (Note 2) -250 | pA
h Maximum Input Current Vin=5.5V, Vcc = Max. 1] mA
lozn Off-State Output Leakage Vout =2.7 V, Vec = Max. 100 | pA
Current HIGH Vin = Vinor 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 | -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. I/O pin leakage is the worst case of li. and lozL (or it and lozH).

3. Not more than 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 Vec=5.0V 7
Ta = +25°C pF
Cout 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 COMMERCIAL operating ranges (Note 2)

Parameter Min.
Symbol | Parameter Description (Note 3)| Max. | Unit
tro Input or Feedback to 20L8, 20R6 3 75
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
tw Clock Width LOW 20R4 5 ns
twH HIGH 5 ns
Maximum External Feedback| 1/(ts +tco) 74 MHz
fmax Frequency Internal Feedback | 1/(ts + tcr) 100 MHz
(Note 6) No Feedback 1/(twh + tw) 100 MHz
tpzx E')'_?to Output Enable 3 8 ns
tpxz 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.

o0 rw

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.

PAL20R8-7 Serles (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 -0.5Vio +7.0V

DC Input Voltage -12V toVec+05V
DC Output or /O Pin Voltage -0.5V toVcc+0.5V
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)
Operating Case (Tc)
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-88

DC CHARACTERISTICS over MILITARY operatin

herwise specified

(Note 2)
Parameter
Symbol Parameter Description Min. | Max. | Unit
Vo Output HIGH Voltage n=ViorVy 24 v
Vce = Min.
Vou 2mA  Vin=VmorVy 0.5 \
Ve = Min.
Vis 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 Iin=-18 mA, Vcc = Min. -1.2 \
[ 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
h Maximum Input Current Vin=5.5V, Vcc = Max. 1] mA
lozn Off-State Output Leakage Vour =24V, Vcc = Max. 100 | pA
Current HIGH Vin = Viyor Vi (Note 4)
lozu Off-State Output Leakage Vour = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vour = 0.5 V, Vcc = Max. (Note 5) -30 { -130 | mA
lec Supply Current Vin= 0V, Outputs Open (lour = 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. Vi and 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. VO pin leakage is the worst case of I and loz. (or iy and lozw).

5. 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 Vin=2.0V Vec=5.0V 9
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
Symbol Parameter Description Max. Unit
teD Input or Feedback to 20L8, 2 12.5
Combinatorial Output 1 Output Switching R 3 12 ns
ts Setup Time from Input or Feedback to Clock ns
tH Hold Time 0 ns
tco Clock to Output 3 11 ns
tcr Clock to Feedback (Note4) 6.5 ns
tskew | Skew Between Registered Outgh 1 ns
twe Clock Width 20R8, 20R6 10 ns
twH 20R4 8 ns
1/(ts + tco) 43.4 MHz
fmax Feedback | 1/(ts + tcF) 54 MHz
1/(twx + twi) 55.5 MHz
trzx 3 20 ns
trxz 3 20 ns
tea Input to Output Enable Using Product
Term Control (Note 7) 20L8, 20R6 3 20 ns
ten 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 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.

PAL20R8-12 Series (Mil)
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MEASURED SWITCHING CHARACTERISTICS
Vec =5.25 V, Ta = 75°C (Note 1)

75 T

tep, NS

6 i 3 : : $ Il 1
T L) L] L] T 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.

2-126 PAL20R8-7/12 Series (Com’l/Mil)



CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS
Vec=5.0V, Ta =25°C

loL, mA

Output, LOW

Vo, V

10240-003A

lox, mA

-3 -2

Output, HIGH

Vou, V

10240-004A

h, pA

v, vV

10240-005A

PAL20R8-7/12 Seties (Com’l/Mil)
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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 —-05VtoVec+05V

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.

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

Operating in Free Air 0°C to +75°C
Supply Voltage (Vec)
with Respect to Ground +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
Symbeol Parameter Description Test Conditions Min. | Max. | Unit
VoH Output HIGH Voltage lon=-3.2mA Vin=ViorVy 2.4 v
Vce = Min.
VoL Output LOW Voltage loo=24mA Vin=ViHorVy 0.5 \
Vce = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
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 IIn=-18 mA, Vcc = Min. -1.5 \"
m 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
Iy Maximum Input Current Vin=5.5V, Vcc = Max. 100 HA
lozH Off-State Output Leakage Vout =2.7 V, Vcc = Max. 100 | pA
Current HIGH Vin = ViHor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4V, Vec = Max. -100 | pA
Current LOW Vin = Vior Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 3) -30 | -130 | mA
lec 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. /O pin leakage is the worst case of i and lozL (or hi4 and lozn).

3. Not more than 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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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cn Input Capacitance Vn=20V Vec=5.0V | CLK, OE 12
Ta=25°C Other Inputs 7 pF
Cout Output Capacitance Vour=2.0V | f=1MHz Outputs 8
Note:

1.

SWITCHING CHARACTEF“STICS over COMMERCIAL operating ranges (Note 2)

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 Min.
Symbol | Parameter Description (Note 3)| Max. | Unit
tro Input or Feedback to 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 E
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(twh + tw) 71.4 MHz
tpzx OE 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
4.
5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified

. Output delay minimums are measured under best-case conditions.

Calculated from measured fmax internal.

where the frequency may be affected.

PAL20R8-10 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 -05V to+55V
DC Output or I/0 Pin Voltage -0.5V to Vcc Max.
DC Input Current -30 mAto+5mA

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=-2mA  Vin=ViorVy 2.4 \"
Vee = Min.
VoL Output LOW Voltage loo=12mA  ViN=VihorVy 05 \"
Vee = Min.
Vi 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)
\ Input Clamp Voltage lin=—-18 mA, Vcc = Min. -15 \
] Input HIGH Current Vin=24V, Vcc = Max. (Note 4) 25 HA
I Input LOW Current Vin= 0.4V, Vcc = Max. (Note 4) 250 | pA
h Maximum Input Current Vin=5.5V, Vcc = Max. 100 | pA
lozn Off-State Output Leakage Vout=2.7V, Vcc = Max. 100 | pA
Current HIGH Vin = Vinor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 | pA
Current LOW ViN = Vigor Vi (Note 4)
Isc Output Short-Circuit Current Vour = 0.5 V, 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. 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 i and lozL (or kx4 and lozn).

5. Not more 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
CN Input Capacitance VN=2.0V Vec=5.0V | CLK, OE 12
Ta =25°C Other Inputs 7 pF
Cour QOutput 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
tcr Clock to Feedback (Note 4) 12 ns
tw 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 + tcF) 37 MHz
(Note 5) No Feedback 1(twh + twl) 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, trzx, tPxz, tea, and ter parameters should be used for simulation purposes

only and are not tested.

4. Calculated from measured fpmax 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.

PAL20R8-15 Series (Mil)
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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 Vee + 0.

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 V
5V

Operating ranges define those limits between which the func-

DC Output or I/O Pin Voltage -0.5V to Vec +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 u ise

specified

Parameter
Symbol Parameter Description Test Conditions.,, Max. | Unit
Vo Output HIGH Voltage \"
VoL Output LOW Voltage 0.5 \'
ViH Input HIGH Voltage \
Vi 0.8 '
Vi 3¢ -1.5 \Y
I urrent 25 | pA
e W Current -250 | pA
I aximum Input G 100 | pA
lozi St Lo b Vour = 2.7V, Vec = Max. 100 | pA
Current HIGH Vin = Vinor Vi (Note 2)
lozL Off-State Output Legkage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = ViHor Vi (Note 2)
Isc Output Short-Circuit Current Vour = 0.5V, Ve = Max. (Note 3) -30 | -130 | mA
Icc Supply Current Vin= 0V, Outputs Open (lout = 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 i and lozt (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. Vout=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
tep 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
twe Clock Width LOW 20R6 10 ns
twH HIGH 20R4 12 ns
Maximum External Feedback| 1/(ts +tco) MHz
fmax Frequency
(Note 2) No Feedback 1/(twH + twe) MHz
trzx 6_E to Output Enable ns
trxz OE to Output Disable ns
tEA Input to Output Enable Using Product Term Contrg ns
ter Input to Output Disable Using Product Tel
Notes:

1. See Switching Test Circuit for test conditions

2. These parameters are not 100% teste
where frequency may be affected.

PAL20R8B 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 -0.5Vto +7.0V Temperature +125°C Max.

DC Input Voltage -1.5Vto+55V Supply Voltage (Vce)

DC Output or I/O Pin Voltage 5.5V 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 teste 25°C, +125°C,
are not tested. and -55°C per MiL-. g

DC CHARACTERISTICS over MILITARY operating ranges e specified

(Note 2)
Parameter
Symbol Parameter Description in. | Max. | Unit
Vo Output HIGH Voltage \'
VoL Output LOW Voltag 0.5 \
ViH 2.0 \Y
ViL 0.8 \Y
Vi -15 \
I V, Vec = Max. (Note 4) 25| pA
e nput LOW C Vin = 0.4 V, Vce = Max. (Note 4) 250 | pA
li Maximum Input¢ ViN=5.5V, Vcc = Max. 1 mA
lozn Off-State Output Vout = 2.4V, Vcc = Max. 100 | upA
Current HIGH Vin = ViHor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vour = 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. VjLand Viy 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. VO pin leakage is the worst case of liL and lozv (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. Vour =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
trp 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
twL ) LOW 20R8, 20R6 12 ns
| Clock Width HIGH 20R4 12 ns
fmax Maximum External Feedback | 1/(ts + tco) 28.5 MHz
Frequency
(Note 2) No Feedback 1/(twh + twi) MHz
tpzx OE to Output Enable (Note 3) 20 ns
texz OE to Output Disable (Note 3) , 20 ns
tea Input to Output Enable Using Product
Term Control (Note 3) 25 ns
ter Input to Output Disable Using Product
Term Control (Note 3) 20 ns
Notes:

1. See Switching Test Circuit for test
tested per MIL-STD-883, Method 50

2. These parameters are n
where frequency may,

y time the design is modified
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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 (Vec)

Respect to Ground -05Vio +7.0V with Respect to Ground +4.75V to +5.25 V
DC Input Voltage -1.5VioVec+05V

DC Output or I/O Pin Voltage -0.5V to Vcc +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 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 Test Conditions . | Max.| Unit
Vo Output HIGH Voltage lon =-3.2m. 24 \"
VoL Output LOW Voltage 0.5 v
\/m Input HIGH Voltage \
Vi Input LOW Voltage : 08 \"
\ -1.5 \
I “Max. (Note 2) 25 | pA
Max. (Note 2) -250 | pA
, Vcc = Max. 100 | pA
lozn T=2.7V, Vcc = Max. 100 | pA
Current HIGH VN = ViHor Vi (Note 2)
lozL Off-State Output Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = Vior Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcec = 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 liL and lozL (or Iin 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
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
tcr Clock to Feedback (Note 2) 20R8, 20R6 10 ns
twi Clock Width LOW 20R4 15 ns
twH HIGH ns
Maximum External Feedback | 1/(ts +tco) MHz
fmax Frequency Internal Feedback | 1/(ts + tcr) MHz
(Note 3) No Feedback 1/(twn + tw) MHz
tpzx OE to Output Enable ns
tpxz OE to Output Disable ns
tea Input to Output Enable Using Product Tern ns
ter Input to Output Disable Using Pr ns
Notes:

1. See Switching Test Circuit for test con
2. Calculated from measured

3. These parameters are
where frequenc

t any time the design is modified

PAL20R8B-2 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 -1.5VtoVcc+05V

DC Output or /O Pin Voltage -0.5V to Vcc +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 +4.75Vto +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 Test Condition:; Max. | Unit
VoH Output HIGH Voltage lon = -3.. IH or \"
i in. -
Vo Output LOW Voltage ) Al ; orViL g i 05 \'
 Nec=Min. & " "4 1
ViH Input HIGH Voltage ed Input LogicgfHIGH . o v
ge for all In L B
Vi Input LOW;Meltage £ | Guaranteed,) ogie 08| Vv
& " .~ | Voltage féf (il Inputs{Note"
Vi laput Clarmy e Ing = Mg 5] v
I ¥ Inplt FIGH Gyrrent | VNS RT7V, ‘Max. (Note 2) 25 | pA
I p«l:O Current g, (1 ViN=101 v Vce = Max. (Note 2) -250 | pA
Iy aximum Input.@éitlent. " 5, [\Wig= 5.5V, Voc = Max. 100 | pA
lozH Off-State Outpi ge ¥ BVour = 2.7V, Vee = Max. 100 | pA
Current HIGH f Vin = Vior Vi, (Note 2)
loz. Off-State Output Legkage Vour = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = ViHor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 3) -30 | -130 | mA
lee Supply Current Vin= 0V, Outputs Open (lout = 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. /O pin leakage is the worst case of li. and lozt (or v and lozH).

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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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
fwL Clock Width LOW 20R4 15 ns
twH HIGH ns
Maximum External Feedback | 1/(ts + tco) MHz
fmax Frequency Internal Feedback | 1/(ts + tcr) MHz
(Note 3) No Feedback 1/(tw + tw) MHz
tpzx 5_E to Output Enable ns
trxz OE to Output Disable ns
tea Input to Output Enable Using Product Terg ns
ter Input to Output Disable Using Prod ns E
Notes:

1. See Switching Test Circuit for test co
2. Calculated from measured
3. These parameters ar

where frequen

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 -0.5Vto+7.0V Temperature +125°C Max.

DC Input Voltage -15V to +5.5V Supply Voltage (Vcce)

DC Output or I/O Pin Voltage 5.5V with Respect to Ground +4.50 Vto +5.50 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 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 define those limits betweén which the func-
tionality of the device is guaranteed.

Note:

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

+25°C, +125°C,

DC CHARACTERISTICS over MILITARY operating ranges

(Note 2)
Parameter
Symbol Parameter Description Test in. | Max. | Unit
VoH Output HIGH Voltage orVi 4 \Y
cc = Min.
Vou Output LOW Voltage Vin = Vi 05 \Y
V
ViH Input HI ltage arante ko 2.0 Vv
Voltage nputs (Ko
Vi ! e Gi e t L ow 08 Vv
Voliage for ote 3)
Vi i p Voltage ' JiN = ¢ = Min. -15 \'
I Input HIGH Curr , Vec = Max. (Note 4) 25| pA
I put LOW Cutg it (= 0.4V, Vcc = Max. (Note 4) -250 | pA
I Maximum Input nt Vin=5.5V, Vcc = Max. 1] mA
lozn Off-State Output Leéakage Vout=2.4V, Vcc = Max. 100 | pA
Current HIGH Vin = ViHor Vi (Note 4)
lozL Off-State Output Leakage Vour = 0.4 V, Vcc = Max. -100 | pA
Current LOW , Vin = Vinor Vi (Note 4)
Isc QOutput Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) -30 | -130 | mA
lec Supply Current Vin= 0V, Outputs Open (lour = 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 Viy 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. /O pin leakage is the worst case of liL and lozL (or hn and lozn).

5. Not more 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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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) ns
Notes:

1. See Switching Test Circuit for test co

tested per MIL-STD-883, Method 50
2. These parameters are
where frequency mayi

at any time the design is modified

lon 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 -05Vto +7.0V

DC Input Voltage -15VtoVec+05V
DC Output or I/O Pin Voltage -0.5V to Vcc+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 +4.75Vto +5.25 V

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

DC CHARACTERISTICS over COMMERCIAL o

perating ranges unié ‘

specified
Parameter

Symbol Parameter Description Test Conditio . Max. | Unit

Vou Output HIGH Voltage lom = -3. Nl O VIR v

in.
VoL Output LOW Voltage or ViL 05 v
'cc = Min.
ViH Input HIGH Voltage nput Logi \'
or all In
Vi Input LO age uarantee. 0 0.8 \'
Voltage fi nputs ghlo

Vi l e IIN = -1.5 Vv

I 1 t ViNe 27V ax. (Note 2) 25 | pA

I pi Current N= 'cc = Max. (Note 2) -250 | pA

Iy aximum Inpu ntt . 5V, Vcc = Max. 100 | pA
lozn Off-State Outp g out = 2.7 V, Vcc = Max. 100 | pA

Current HIGH Vin = ViHor Vi (Note 2)
lozL Off-State Output Légkage Vour = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = ViHor Vi (Note 2)
Isc Output Short-Circuit Current Vour = 0.5 V, Vcc = Max. (Note 3) -30 | -130 | mA
Icc Supply Current Vin= 0V, Outputs Open (lour = 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 Iy and oz (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.
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
tro 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
tw HIGH ns
Maximum External Feedback | 1/(ts +tco) MHz
fmax Frequency
(Note 2) No Feedback 1/(twh + tw) MHz
trzx O=E to Output Enable ns
tpxz OE to Output Disable ns.
tea Input to Output Enable Using Product Term Control ns
ter Input to Output Disable Using Product Ter ns
Notes:

1. See Switching Test Circuit for test conditions;

2. These parameters are not 100% teste
where frequency may be affected.

esign is modified

PAL20R8A-2 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 to +125°C
Supply Voltage with Supply Voltage (Vce)

Respect to Ground -0.5Vto+7.0V with Respect to Ground +4.50 Vo +5.50 V
DC Input Voltage -1.5V to+55V Operat define those limits betw hich the fi
DC OUtpUt or |/O Pin Voltage 55V )perating ranges aeiine Se limits beitween WNIC e junc-

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.

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 specified
(Note 2) ‘
Parameter
Symbol Parameter Description Max. | Unit
VoH Output HIGH Voltage v
VoL Output LOW Voltage 05 "
Vi \'
0.8 \'
4, Vice = Min -15] Vv
Vcc = Max. (Note 4) 25| pA
I = 0.4V, Vcc = Max. (Note 4) -250 A
h Maximum Inpu ViN=5.5V, Vcc = Max. 1] mA
lozn Off-State Output Vour =24V, Vcc = Max. 100 uA
Current HIGH Vin = Vinor Vi (Note 4)
lozu Off-State Output Leakage Vout = 0.4 V, Vcc = Max. -100 | pA
Current LOW Vin = ViHor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max. (Note 5) -30 | -130 | mA
Icc Supply Current Vin= 0V, Outputs Open (lout = 0 MA) 105 | 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 Vi are input conditions of output tests and are not themselves directly tested. ViL 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. IO pin leakage is the worst case of li. and loz. (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.

2-144

PAL20RBA-2 Series (Mil)



SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter
Symbol Parameter Description Min. Max. Unit
teo 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/(twH + twi) MHz
tpzx OE to Output Enable (Note 3) ns
texz OE to Output Disable (Note 3) ns
tea Input to Output Enable Using Product 45 ns
Term Control (Note 3)
ter Input to Output Disable Using Product 45 ns
Term Control (Note 3) ‘
Notes:
1. See Switching Test Circuit for test
tested per MIL-STD-883, Method 5
2. These parameters are not@00% teste sca initjal fb at any time the design is modified
where frequency ma; Boted. . ‘
3. These param i tested, but are evalu, 2 i n and at any time the design is modified
where thes Gg affected.
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SWITCHING WAVEFORMS

Input or
Feedback Vr
trD
Combinatorial
Output vr
12015-010A
Combinatorial Output
} ts+tcrF |
Clock Vr
12149-025A
Clock to Feedback (fmax Internal)
See Path at Right
Clock /
Registered
Output 1 * Vr
I tSKEW |
Registered *
Output 2 vr
12350-015A
Registered Output Skew for Outputs
Switching in the Same Direction
Input A4
teR teA
VoK - 0.5V
Output VoL+ 0.5V vi
12015-013A
Input to Output Disable/Enable
Notes:
1. VT =15 V

2. Input pulse amplitude 0 Vto 3.0 V
3. Input rise and fall times 2-5 ns typical.
(2—4 nsfor -7 (-12 Mil) and -10 (-15 Mil) Series)

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

1
. !
Logic |5 ReaisTER i
|
|
tcF |
— _ ]
12015-021A

twH

Clock VT
tw
12015-011A
Clock Width
vt
OE
tpxz tpzx

%k Vo - 05V/77]
v
Ouput. [77¥ Vo + 05V NN

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
fromHto L fromHto L

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
5V
S1
R1
Output Test Point
) I ’
e = 12350-019A
mmercial Milita
Commerc b Measured
Specification Sy CL Ry R2 Ry R2 Output Value
tep, tco, tcr Closed 15V
tezx, tea Z — H: Open 50 pF 15V
Z - L: Closed 200Q | 330Q | 3%0Q | 750Q
texz, ter H-—2Z: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 Vee °Vee
40 Q NOM
Input
. 12350-020A Output
T
Program/Verify L\. '"l%n’ Program/Verify/
Circuitry Pi Test Circuitry
ins
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 5. Lower pin 210 Vi.p.

of sequential designs by allowing direct setting of output . .
states. The procedure for preloading follows. 6. Remove ViLp/VuH from all registered output pins.

1. Raise Vcc to Vecn. 7. Lower OE to Ve to enable the output registers.

2. Set OE to Ve to disable output registers. 8. Verify Vo/Von atall registered output pins. Note that

because of the output inverter, a register that has

3. Raise pin 2 to Vun to enter preload mode. been preloaded HIGH will provide a LOW at the
4. Apply either Vinor ViLp to all registered outputs. Use output.
VuH to preload a LOW in the flip-flop; use Vi to
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit

VhHH Super-level input voltage 10 11 12 \'
Vie Low-level input voltage 0 0 0.5 \
Viup High-level input voltage 2.4 5.0 55 \"
Veen Power supply during preload 54 57 6.0 Vv
to Delay time 100 200 1000 ns

b e

ViHp

ViLe

—]———— ——1—— VhH
Pin2 / \

ViLe

/ \'- —T—— VHH
Vi

Registered / >.__ o

Output \ VoL

“I—— Ve

10294-003A

Output Register Preload Waveform
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OUTPUT REGISTER PRELOAD
Applies to -10 (-15 Mil) Series Only

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. Raise Vccto 4.5 V.
2. Set OE to Viup to disable output registers.

3. Apply either Viup or ViLp to all registered outputs. Use

preload a LOW in the flip-flop. Leave combinatorial
outputs floating.

. Pulse pin 10 to Vuu, then back to 0 V.

. Lower OE to Vip to enable the output registers.

4
5. Remove ViLp/ViHp from all registered output pins.
6
7

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

Vinp to preload a HIGH in the flip-flop; use ViLp to output.
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
VHH Super-level input voltage 19 20 21 \"
Vie Low-level input voltage 0 0 0.5 \'
Vinp High-level input voltage 24 5.0 55 \"
to Delay time 100 200 1000 | ns
o o o to to
""" Ve
OE / \
—/ N v
—————— ——1+—— VHH
Pin 10 y \\

/ ViLe

a g \ ¥IHP

egistere >_ OH

Outputs ) C VoL

- ViLe

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 .
butfer. This feature is valuable in simplifying state ma- - The Vcc 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 synchronous 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
tw Clock Width LOW Characteristics
n Vee
Power
! ter
Registered
Active-Low / / [
Output 7
e {5

= AV
.

Power-Up Reset Waveform

12350-024A
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Final COM'L :

PAL20RA10/-20

24-pin Asynchronous TTL Programmable Array Logic

-20/std  MIL: std

-—
(%4
Advanced

Micro
Devices

DISTINCTIVE CHARACTERISTICS

B As fast as 20 ns maximum propagation delay B TTL-level register preioad for testability
and 30 MHz fuax Easy design with PALASM® software

B Individually programmable asynchronous ®

Programmable on standard PAL® device

ciock, preset, reset, and enabie programmers

B Registered or combinatorial outputs M 24-pin SKINNYDIP® and 26-pin PLCC

m  Programmable polarity packages save space

B Programmable replacement for high-speed
TTL logic

GENERAL DESCRIPTION

The PAL20RA10 offers asynchronous clocking for each
of the ten flip-flops in the device. The ten macrocells fea-
ture programmable clock, preset, reset, and enable, and
all can operate asynchronously to other macrocells in
the same device. The PAL20RA10 also has flip-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
%Enabie 10

Preloadg

Programmable
AND Array
40x80
N4a,w43‘ 43,“43‘ 43/&43/ 43,?&43, 49“4:5/
Y Y \ Y Y Y Y Y Y Y
N4 N4 v Vv vV Vv
MACRO- H{MACRO- H{ MACRO- Hi MACRO- H{MACRO- Hf MACRO- H{ MACRO- H{MACRO- H{ MACRO- HHMACRO-
Enablef| ceLL ||| CELL CELL |f] cEL CELL CELL CELL ||| CELL CELL ]| cELL | |
| ?_I i ) ) YJ i \?_l } ) ?J i \ Preload
Input/ Input/ Input/ Input/ Input/ Input/ Input/ Input/ Input/ Input/
Output  Output Output  Output  Output Output Output  Output Output  Output 10243-001A
PAL, PALASM, and SKINNYDIP are d Micro Devices. Publication # 10243  Rev.C  Amendment /0

ks of A
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
./
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B s 20[] 10e
s s 19 ] ¥Os
s []7 18] VOs
s [Js 17[] 103
b o 16 [] V02
is []10 15[ ] VO
e [ 141 0o
GND[] 12 13 OE
12350-005A

PIN DESIGNATIONS

GND Ground

| Input

110 Input/Output

NC No Connect

OE Output Enable

PL Preload

Vee Supply Voltage

PLCC (-20 only)
ok £ >8 g°§
annannnn
/ 4 3 2 1 2827 26 )
2] s * Iy
'3E 6 24| Jwg
L, [ Juos
vl e 2[ne
s[] o 21 Juo,
16 [ 10 20[ v,
4w R1I 19 [Jwo,
\_._12 13 14 15 16 17 18 )
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g eBES
PLCC (std only)
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4 3 2 128 27 26
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13 s u[Juog
7 2 Jwsg
e[ e 2[ Jro,
s e 21{_Juog
e[ 10 20[ Juo,
Ne [ 19 [Ine
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TrregEgg
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s |8 22| 10g
1g |9 21| Vo,
17 10 20| W03
NC f11 19} 10,
\__12 13 14 15 16 17 18 )
LT
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
b. Number of Array Inputs
Output Type
. Number of Outputs
Speed
Operating Conditions
. Package Type
. Optional Processing

STa~oQ0n

PAL 20 RA 1020 CNS

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
ns1po 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 MMl 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

@amppoom

PAL 20 RA10M JS/883B

a. FAMILY TYPE
PAL = Programmable Array Logic

b. NUMBER OF DEVICE CLASS
ARRAY INPUTS /883B = Class B
c. OUTPUT TYPE 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
Chip Carrier (CL 028)

e. OPERATING CONDITIONS
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.
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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 polarity
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 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 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.

— e

Combinatorial/Active Low

—

Combinatorial/Active High

Registered/Active High

torial. Otherwise, the output is from the register. Each 10232-005A
:):rt:éjt 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. Whenthe
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-
rectloading of arbitrary states, making it unnecessary 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 retaintheir
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

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 -05Vto +7.0V with Respect to Ground +4.75V10+5.25 V

DC Input Voltage
DC Output or I/O Pin Voltage

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

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.

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=-32mMA Vin=ViHorVi 24 \'
Vce = Min.
Vou Output LOW Voltage lo. =8 mA ViNn =V orVi 0.5 \"
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 \
Voltage for all Inputs (Note 1)
\ Input Clamp Voltage Iin=-18 mA, Vcc = Min. -1.5 \'
I Input HIGH Current Vin= 2.4V, Vcc = Max. (Note 2) 25| pA
I Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -250 | pA
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 = Vinor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max. -100 | pA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vourt = 0.5V, Vec = Max. (Note 3) -30 | -130 | mA
lcc Supply Current Vin= 0V, Outputs Open (lour = 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 li and lozL (or i1 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 =0.5V
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
CiN Input Capacitance | _Inputs | Vin=2.0V Vee =50V 5
CLK, OE Ta = +25°C 9 pF
Cour Output Capacitance Vour=2.0V 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)
tep 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
i aaton : v .
tco Clock to Output or Feedback 5 20 10 30 ns
tap Asynchronous Preset to Registered Output 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
twe ] LOW 14 20 ns
| oWt e 14 20 ns
Maximum External Feedback | 1/(ts + tco) 30 20 MHz
fmax Frequency
(Note 4) No Feedback 1/(twh + twe) 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.
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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 /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 +4.50Vio +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
Vou Output HIGH Voltage lon=-2mA Vin=VmorVy 2.4 \"
Vce = Min.
VoL Output LOW Voltage loL =8 mA Vin = Vij or ViL 05 v
Vce = Min.
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
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. -15 \
TH Input HIGH Current Vin=2.4V, Vcc = Max. (Note 4) 25| pA
e Input LOW Current Vin = 0.4V, Vcc = Max. (Note 4) -250 | pA
] Maximum Input Current ViN=5.5V, Vcc = Max. 1] mA
lozu Off-State Output Leakage Vout = 2.4V, Vcc = Max. 100 | pA
Current HIGH ViN = Vior Vi (Note 4)
lozu Off-State Output Leakage Vout = 0.4 V, Vcc = Max. ~100 | pA
Current LOW Vin = ViHor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max. (Note 5) -30 | -130 | mA
lee Supply Current Vin= 0V, Outputs Open (lour = 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 Vi 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. VO pin leakage is the worst case of li. and loz. (or I and lozw).

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.

2-162

PAL20RA10 (Mil)



SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter Standard

Symbol | Parameter Description Min. Max. | Unit

trp 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

tapw Asynchronous Preset Width 25 ns

tar Asynchronous Reset to Registered Output 55 ns

tAaRw 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/(twi + twi) 20 MHz

tpzx _O=é to Output Enable (Note 3) 25 ns

tpxz 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.

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.

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.

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
trD ts tH
Combinatorial
Output Vr Clock VT
12015-010A fco
Combinatorial Output Registered v
Output T
12015-012A
Registered Output
Input tapw
Asserting
Asynchronous i
Preset tap —»
Registered \ twi
A%
Output \\\\\ N\ 12015-011A
10232-007A Clock Width
Asynchronous Preset
Input tarw
Asserting
Asynchronous Vr
Reset tAR —
Registered 4
Output / / / / / AV
10232-009A
Asynchronous Reset
Input or
Feedback M CE vr
ter teA texz tpzx
* Vou- 0.5V g_ W\ Vou - 0.5V/77
v Vv
Output VoL + 0.5V T Output ____LZALVOL + 05V !
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
May Will be
Change Changing
fromLto H fromLto H
\/ V‘V‘V‘V \/ 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
} 81
% R1
Output O j_ @ Test Point
i% I )
12350-019A
Commercial Milita
! v Measured
Specification S CL R R2 R R2 Output Value
trp, tco Closed 15V
tpzx, tea Z — H: Open 50 pF 15V
Z — L: Closed 560Q [11KQ | 560Q [ 1.1KQ
tpxz, teR H—2Z: Open 5pF H—>2Z:Vou-05V
L —»Z: Closed L>Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Typlcal Input Typical Output
* o Ve * o Vee
40 Q NOM
Input
L 12350-020A Output
T
Program/Verify b I"I%t' Program/Verify/
Circuitry Pi Test Circuitry
ins

Preload

Circuitry
- 12468-018A
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OUTPUT REGISTER PRELOAD

The preload function allows the register to be loaded
fromthe 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.

4. Remove Vip/Vinp from all registered output pins.

5. Lower OE to Vip 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

2. Apply either Viypor Viip to all registered outputs. output.
Leave combinatorial outputs floating.
3. Pulse PL from Viup to Viep 10 Vire.
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit

ViLp Low-level input voltage 0 0 0.5 \
ViHp High-level input voltage 2.4 5.0 55 Vv

-20 COM'L 15
tsp Preload setup time std COM'L 25 ns

std MIL 30

-20 COM'L 20
twp Preload 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

e _] L
Registered
Output
P L
twp thp »
fa— tsp
10232-010A
Output Register Preload Waveform
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COM'L: H-15/25
PALCE20VS8

EE CMOS 24-Pin Universal Programmable Array Logic

MIL: H-20/25

BN
Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B pin, function and fuse-map compatible with all
GAL® 20V8/As

B Electrically erasable CMOS technology
provides reconfigurable logic and full
testability

® High speed CMOS technology
-15 ns propagation delay for “~15” version
—-25 ns propagation delay for “~25" version

Programmable output polarity
Programmable enable/disable control
Preloadable output registers for testability
Automatic register reset on power-up
Cost-effective 24-pin plastic SKINNYDIPe and
28-pin PLCC packages

Programmable on standard PAL® device
programmers

B Direct plug-in replacement for a wide range of ® Supported by PALASMe 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
low-power, high-speed, electrically-erasable CMOS
technology. Its macrocells provide a universal device
architecture. The PALCE20V8 is fully compatible with
the GAL20V8 and can directly replace PAL20R8 series
devices and most 24-pin combinatorial PAL devices.

Device logicis 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 PALCE20V8 utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement

complex logic functions easily and efficiently. Muitiple
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 canbe erased elec-
trically.

The fixed OR array allows up to eight data product terms
peroutput for logic functions. The sumof these products
feeds the output macrocell. Each macrocell can be
programmed as registered or combinatorial with an ac-
tive-high or active-low output. The output configuration
is determined by two global bits and one local bit control-
ling four multiplexers in each macrocell.

 -ho CLKI,
10
Programmable AND Array
40 X 64
Input]
Mux.] {MacrRG—mact mACR MAC MAC| macR—mac
) MC 4 MC, MCy MCq MCg MCg
L Kj EZ 12197-001B
OEM1  lyp 10g VO, V0, 0,4 V04 04 10g Vo, Yis
PAL, PALASM, and SKINNYDIP are regi of Advanced Micro Devices. Publication # 12197 ~ Rev.C  Amendment /0

This part is covered by various U.S. an; foreign patents owned by Advanced Micro Devices.

Issue Date: January 1990
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CONNECTION DIAGRAMS

Top View
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Pin Designations: CLK = Clock 8
GND= Ground
I = Input
VO = Input/Output
NC = ﬁg‘&nﬂgg Note: Pin 1 is marked for orientation.
OE = Output Enable
Vcc = Supply Voltage
ORDERING INFORMATION

Commercial Products

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

(Valid Combination) is formed by a combination of:

PAL CE 20 VBH-5 P C

FAMILY TYPE
PAL= Programmable Array Logic

. TECHNOLOGY
CE = CMOS Electrically Erasable

a. Family Type Power

b. Technology g. Speed

c. Number of Array inputs  h. Package Type

d. Output Type Ii. Operating Conditions

e. Number of Flip-Flops J. Programming Designator

NUMBER OF
ARRAY INPUTS

. OUTPUT TYPE
V = Versatile

j. 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

. NUMBER OF FLIP-FLOPS

f. POWER
H = Half Power (90 mA Icc)

. SPEED
-15 = 15nstep
-25 = 25 nstpp

Valid Combinations
PALCE20V8H-15 Blank,
PC, JC
PALCE20V8H-25 /4

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 to confirm
availability of specific valid combinations and to
check on newly released combinations.

Note: Marked with AMD logo.

2-170

PALCE20V8



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 d. 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 V8H-20 /BLA

TTT T I
k. LEAD FINISH

A = Hot Solder Dip

In
i
]

a. FAMILY TYPE
PAL= Programmable Array Logic

b. TECHNOLOGY j- PACKAGE TYPE

CE = CMOS Electrically Erasable L = 24-Pin (300-mil) Ceramic
c. NUMBER OF 3= 20:Pin Gerami Laadess

ARRAY INPUTS T Ghi f

Chip Carrier (CL 028)

d. OUTPUT TYP

V= VersatiIeE L i. DEVICECLASS

/B =Class B

e.. NUMBER OF FLIP-FLOPS

h. PROGRAMMING DESIGNATOR

f. POWER Blank = Initial Release
H = Half Power (30 mA Icc) E4 = First Revision
(May require different
g. SPEED

programmer revisions)
-20 = 20 ns tpp

-25 = 25ns tpp
Valid Combinations
The Valid Combinations table lists configurations
planned to be supported in volume for this device.
Valid Combinations Consult 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 tain additional data on AMD’s standard military
grade products.
Note: Marked with AMD logo.
Group A Tests

Group A tests consist of subgroups 1,2, 3,7,8,9,10and 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 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 I/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 (OE) 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
(111 Macrocell
J:— OE —10
VaAn 0—00
cc
= ¢ 01
b L T
?
—h_sn.ox
sG1  ~ T
]
0X
-{Jvo,
E ) D Q 10
= Slix ClkK—> @ —H]
10
:Q " From
o Xp——m
. Adjacent
*SG1 -j—t SLOx Pin

* In Macrocell MCo and MCy, SG1 is replaced by SGO on the feedback multiplexer.

12197-004A

PALCE20V8 Macrocell
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Contiguration 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 I/O.

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SLO7 and SL1¢
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, SL0y, in conjunction with
SG1, selects the configuration of the macrocell and
SL 1, sets the output as either active low or active high.

The configuration bits work by acting as control inputs
forthe multiplexers in the macrocell. There are four mul-
tiplexers: a product term input, 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 MC, SGO replaces SG1onthe feedback multi-
plexer.

These configurations are summarized in table 1 and il-
lustrated in figure 2.

If the PALCE20VS 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 SLOx=
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. SL1x is an input 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/O in a registered
device.

Dedicated Output in a Non-Registered
Device

The control settings are SG0=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 =0and SLOx =
1. The output buffer is disabled. The feedback signal is
an adjacent I/0 pin.

Combinatorial I/0 in a Non-Registered
Device

The control 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 output
buffer. The signal at the I/O pin is fed back to the AND
array via the feedback multiplexer. This allows the pinto
be used as an input.

Combinatorial I/0O in a Registered Device

The control bit settings are SG0=0,SG1=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 1/0 signal.

Table 1. Macroceli Configurations

SGO SG1 SLOy Cell Configuration Devices Emulated
Device has registers

0o 1 0 Registered PAL20RS, 20R6,
Output 20R4
0 1 1 Combinatorial I/O PAL20R6, 20R4

Device has no registers

1 0 0 Combinatorial PAL20L2,
Output 18L4,16L6,14L8
1 0 1 Dedicated Input PAL20L2,18L4,
16L6
1 1 1 Combinatorial YO PAL20L8

Programmable Output Polarity

The polarity of each macrocell 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
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is made through a programmabie bit SL1y
which controls an exclusive-OR gate at the output of the
AND/OR logic. The output is active high if SL1xis a 0
and active low if SL1xis a 1.

PALCE20V8

2-173




OE OE

D Q D Q
CLK—> Q ck—pP @
Registered Active Low Registered Active High

g g

Combinatorial I/O Active Low Combinatorial I/O Active High
Vee Vee
Combinatorial Output Active Low Combinatorial Output Active High

m——G Adjacent 1/O pin

Dedicated Input

12197-012A

Figure 2. Macrocell Configurations
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Allflip-flops power up to a logic LOW for predictable sys-
teminitialization. Outputs of the PALCE20V8 depend on
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 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 on the PALCE20V8 as a deter-
rent to unauthorized copying of the array configuration
patterns. Once programmed, this bit defeats readback

of tne 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 erasedin 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
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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 -05V toVcc +05V
DC Output or

1/0 Pin Voltage -05V toVec +05V
Static Discharge Voltage 2001 V

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.

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

0°C to +75°C

+4.75 V1o +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 otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min. Max. | Unit
VoH Output HIGH Voltage lon=-3.2mMA Vin=VigorVy 2.4 Y,
Vce = Min.
VoL Output LOW Voltage loo=24mA Vin=VnorVy 05 Y
Vee = Min.
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all inputs (Note 1)
ViL Input LOW Voitage Guaranteed Input Logical LOW 0.8 \
Voltage for all inputs (Note 1)
i+ Input HIGH Leakage Current | Vin=5.25 V, Vcc = Max. (Note 2) 10 A
I Input LOW Leakage Current | Vin =0V, Vcc = Max. (Note 2) -10 UA
lozn Off-State Output Leakage Vout =5.25V, Vcc = Max. 10
Current HIGH VN = Vior Vi (Note 2) HA
loz Off-State Output Leakage Vout =0V, Vcc = Max. ~10 A
Current LOW Vin = Vior Vi (Note 2) H
Isc Output Short-Circuit Current | Voutr = 0.5V, Vcc = Max. (Note 3) -30 -130 mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 90 mA
Vce = 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. VO pin leakage is the worst case of i and lozt (or lin and lozn).

3. 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.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance VIN =20V | Vcc=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 -15 -25
Symbol | Parameter Description Min. | Max. | Min. | Max. | Unit
trD Input or Feedback to Combinatorial Output 15 25 ns
ts Setup Time from Input or Feedback to Clock 12 15 ns
tH Hold Time ns
tco Clock to Output 10 12 ns
tce Clock to Feedback (Note 3) 8 10 ns
M| Glock Width LOW 8 12 i
twH HIGH 8 12 ns E
Maximum External Feedback |1/(ts+tco) 455 37 MHz
fmax Frequency Internal Feedback |1/(ts+tcr) 50 40 MHz
(Note 4) No Feedback  |1/(twi+tw) | 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.

PALCE20V8H-15/25 (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 Operating Case . .
with Power Applied -55°C 0 +125°C Temperature (Tc) —55°C 1o +125°C
Supply Voltage with Supply Voltage (Vcc)
Respect to Ground -05Vto +7.0V with Respect to Ground +45V1io+55V
DC Input Voltage -05V toVec +05V Operating ranges define those limits between which the func-
DC Output or /O tionality of the device is guaranteed.
Pin Voltage -0.5V toVec +0.5V

Note:

Static Discharge Voltage 2001V
Latchup Current 1. Military products are tested at Tc = +25°C, +125°C

(T = =55°C to +125°C) 100 mA and -55°C, per MIL-STD-883.

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.

&C CHZI;\)RACTERISTICS over MILITARY operating ranges unless otherwise specified
ote

Parameter
Symbol Parameter Description Test Conditions Min. | Max. | Unit
VoH Output HIGH Voltage lon=—2.0mA Vin=ViorVy 2.4 \'
Vee = Min.
VoL Output LOW Voltage loo=12mA Vin=VihorVy 05 \
Vee = Min.
Viu 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 v
Voltage for all Inputs (Note 3)
i Input HIGH Leakage Current Vin = 5.5V, Vcc = Max. (Note 4) 10 LA
I Input LOW Leakage Current | Vin =0V, Vcc = Max. (Note 4) -10 | upA
lozn Off-State Output Leakage Vout =55V, Vec = Max. 40
Current HIGH Vin = Vior Vi (Note 4) KA
lozL Off-State Output Leakage Vout =0V, Vcc = Max. _40 LA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vout =05V, Vcc = Max. (Note 5) -30 | -130 mA
lcc Supply Current Vin =0V, Outputs Open (lout = 0 mA) 90 mA
Veec = 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. Vi and V4 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. /O pin leakage is the worst case of li. and loz. (or Iiw and loz).

5. 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. 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 ViIN =20V | Vcc=5.0V, Ta=25°C, 12 pF
Cout 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
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
tcr Clock to Feedback (Note 3) 13 18 ns
twi ) LOW 12 15 ns
| OOk 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/(twn+tw) | 41.7 333 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 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.

E
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SWITCHING WAVEFORMS

Input or % Input or
Feedback vt Feegback VT
trD ts tH
Combinatorial
Output \u Clock %
t
12015-010A co
Combinatorial Output Registered
Output A
12015-012A
Registered Output
CLK
. S Lo
ts + tcF | |
| v |
Clock { vr I ts |
| LOGIC REGISTER |
| |
| |
12149-025A : tcE I
Clock to Feedback (fmax Internal) br—————————————————— 4
See Path at Right 12015-021A
twH Input VT
Clock VT \%5 teR tea
& VOH - 0.5V/]7
V
. Output (7o + 05V \N\_
12015-011A
Clock Width 12015-013A
Input to Output Disable/Enable
OE
tpxz tpzx
\ Sk Vou- 05v/77
A%
Ouput /7 Vo + 05V
12015-014A
OE to Output Disable/Enable
Notes:
1. V=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
May Will be
Change Changing
fromLto H from L to 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
svo—o~
St
Ry
Output O I
R
1" 2
- - 12197-007A
Switching Test Circuit
mmercial Mili
Co ercia tary Measured
Specification S CL Ry R2 Ry Rz Output Value
trp, tco, tcrF Closed S50pF | 200Q | 390Q | 200Q | 390Q 15V
tpzx, teA Z — H: Open 50pF | 200Q | 330Q | 200Q | 330Q 15V
Z — L: Closed
texz, ter H—Z:Open 5pF 200Q | 390Q | 200Q | 390Q H—->Z:Voh-05V
L —Z: Closed L—-Z:VoL+05V

PALCE20V8
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ENDURANCE CHARACTERISTICS

The PALCE20V8 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
. . . Temperature
tor Min. Pattern Data Retention Time 50 Years Max. Operating
Temperature (Military)
N Min. Reprogramming Cycles 100 Cycles Normal Programming
Conditions

INPUT/QUTPUT EQUIVALENT SCHEMATICS

—1— Vce
=
ESD  Program/Verify =
Protection Circuitry
Typical Input

Preload Feedback
= Circuitry Input

Typical Output
12197-013A
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VUINTVI NG I LD DNk Aw

The Preload function allows the registers to be loaded
from the output pins. This feature aids functional testing
of sequential designs by allowing direct setting of output
states. The procedure is as follows.

1
2
3.
4

. Raise Vccto 50V £ 05 V.

. Set pin 8 to Vpip.

Set OE HIGH.

. Apply the desired value (ViL/Vin) to all registered
output pins. Leave combinatorial output pins
floating.

©oNO®m

. Clock pin 1 from Vi to V.
. Remove Vi/Viy from all registered outputs.
. Enable the output registers by lowering OE.

Lower pin 8 to ViL/Viu.

Verify for VoL/Vor at all registered output pins.
Note that the output pin signal will be the inverse
of the preload data.

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
te Hold Time from Data to OE 1 1 us
tecs Setup Time from Data to Clock 1 1 us
trcH Hold Time from Clock to Data 1 1 us
dV,/dt VpLp Rising Slew Rate (pin 8) 10 100 | Vius
dVi/dt Vpuo Falling Slew Rate (pin 8) 2 3 Vius
VpLD Super-Level Input Voltage 13.0 13.5 14.0 \Y
Viup High-Level Input Voltage 2.4 5.0 55 \Y
Vip Low-Level Input Voltage 0 0 0.5 \')
——————— VpLD
Pin 8
tPLD tPLD ViLp
——————————— ViHp
OE
Vie
s> etw= Vip
Registered VoH
Output Vou
_______________ ViLp
trcs tpw
cock Yy Tt Vikp
ViLe
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:

HIGH independent of the logic polarity. This feature pro- i .

vides extra flexibility to the designer and is especially 1. The Ve 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
ter Power-Up Reset Time 10 us

ts “Input or Feedback Setup Time e
See Switching Characteristics
™ Clock Width LOW 9
n Vee
Power
I ter
Registered / / [
Output 7
e {g
Clock \\*
12197-009A

Power-Up Reset Waveforms
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COM'L: A/B/-20/AL

PAL20X10A Series
AmPAL20L10B/-20/AL

XOR Registered 24-pin TTL Programmable Array Logic

MIL: A

el

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
®  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

B 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 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 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 @ 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
to prevent pattern readout. This feature secures proprie-
tary circuits.

PRODUCT SELECTOR GUIDE
DEDICATED PRODUCT TERMS/ teD lec
DEVICE INPUTS OUTPUTS OUTPUT FEEDBACK ENABLE (ns) | (mA)
AmPAL20L10B 15 210
AmPAL20L10-20 12 8 comb. 3 [/{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 8reg. 4, XOR reg. pin 30 180
2 comb. 3 10 prog.
PAL20X4A 10 4 reg. 4, XOR reg. pin 30 180
6 comb. 3 /0 prog.
PAL, PALASM, and SKINNYDIP are regi of A d 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 1980
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BLOCK DIAGRAMS o
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Inputs

12

Programmable
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(40 x 40)
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BLOCK DIAGRAMS

PAL20X8
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CONNECTION DIAGRAMS

Top View
SKINNYDIP/FLATPACK PLCC (except AmMPAL20L10)
MNoen) [ 1« >~ 24 veo 8 g g
I, [ 23[ ] (NOTE 12) s -28828
1. []3 22[ ] (NOTE 11) T 3 2 7 % 37 %
Iy [: 4 21 :‘ (NOTE 10) Ne[]s b 25 [ ](NOTE 10)
[ ] 20| ] (NOTE9) W[ s 24 [ (NoTE 9)
s E 6 19 :] (NOTE 8) 1s[]7 23] ot 8)
lg [: 7 18 i] (NOTE 7) ne[T]s 2[ ] noTE?)
1, s 17 [_] (NOTE §) 1s[]o 21[ I noTe 8y
[P ) 16 |__] (NOTE 5) 7o 20 [~ (NOTE 5)
1, [0 15 [ ] (NOTE 4) N[ 1[I Ne
l'o [':: 11 14 (NOTE 3) _ 12 13 14 15 16 17 18 )
GND [ |12 13 (NOTE 2) EIIZ.”E”E”&JQLJ
TTEREEE
10303-005A 222 5303008
PLCC
AmPAL20L10 only
; srog 8g 8
Note | 20L10 20X10 20X8 20X4 = =838 8
1 lo CLK CLK CLK LR m e
— — — [ ]s 25 Juog
2 l14 OE OE OE 4 Je 4[]0,
1
3 | o o VO VO =k =
4 1102 Oz 02 1102 5o a[1vos
210 20[ 1o,
5 1/03 O3 O3 /03 [am Rt 19 : 0,
12 13 14 15 16 17 18
6 1/04 O4 Oa Os ugguuuu‘
7 1/Os Os Os Os -85 - 88
8 1/O6 Os Os Os
9 1107 0Oy O (o 10303-007A
10 1/08 Os Os 1/0g Lce
11 /09 Og Og 1/0g = =
12 O10 O1o /010 11010 g v 2888
4 3 2 1 28 27 26
13 |s o 2| Ne
PIN DESIGNATIONS :4 j : ((:::t;)
5
CLK Clock 16 |8 22| NoTE®)
|GND I("ig)t:nd s 21| moTE7)
1
VO InpuOutput wln | e
gc gztggtnnect \_ 12 13 14 15 16 17 18 Y,
OE Output Enable - 2 g g: g: g
Vee Supply Voltage 222
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
Combination) is formed by a combination of: Family Type

. Number of Array Inputs

Output Type

. Number of Outputs

Speed

Operating Conditions

. Package Type

. Optional Processing

SQmP 00T

PAL 20 X 1_9“ CNs
a. FAMILY TYPE
PAL = Programmable Array Logic
b. NUMBER OF h. OPTIONAL PROCESSING
ARRAY INPUTS Blank = Standard Processing
c. OUTPUT TYPE g. PACKAGETYPE )
X = XOR Registered NS = 24-Pin 300-mil Plastic
L = Active-Low Combinatorial NL ggLNN;?IF;.(PPS%Zﬁ)
= 28-Pin Plastic Leade
d. NUMBER OF OUTPUTS Chip Carrier (PL 028)
JS = 24-Pin 300-mil Ceramic
e. SPEED SKINNYDIP (CD3024)
A = 30nstpp

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

Valid Combinations
Valid Combinations The Valid Combinations table lists configurations
planned to be supported in volume for this device.
PAL20L10A Constult the local AMD sales office to confirm
PAL20X10A availability of specific valid combinations, and to
CNS, CNL, check on newly released combinations.
PAL20X8A CcJs
PAL20X4A Note: Marked with MMI 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:

a. FAMILY TYPE

AmPAL = Programmable Array Logic
b. NUMBER OF

AmPAL 20 L 1

Family Type

. Number of Array Inputs
. Output Type

. Number of Outputs
Speed

Power

. Package Type

. Operating Conditions
Opticnal Processing

~TQ P oNO®

10

ARRAY INPUTS

c. OUTPUT TYPE
L = Active-Low Combinatorial

d. NUMBER OF OUTPUTS

i. OPTIONAL PROCESSING
Blank = Standard Processing

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

g. PACKAGE TYPE
P = 24-Pin 300-mil Plastic

SKINNYDIP (PD3024)
J = 28-Pin Plastic Leaded
Chip Carrier (PL 028)
= 24-Pin 300-mil Ceramic
SKINNYDIP (CD3024)

e. SPEED
-20 = 20 nstpp
B = 15nstpp
A = 25nstpp

f. POWER

Blank = Full Power (165210 mA Icc)
L = Low Power (105 mA lcc)

Valid Combinations

AmPAL20L10

B, -20,
AL

PC, JC,
DC

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.
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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:

sa~pang

Family Type

Number of Array Inputs
Output Type

Number of Outputs
Speed

Operating Conditions
Package Type

Device Class

PAL 20 X 10A M JS /883B

a. FAMILY TYPE J

PAL = Programmable Array Logic

b. NUMBER OF
ARRAY INPUTS

c. OUTPUT TYPE
X = XOR Registered

h. DEVICE CLASS
/883B= Class B

g. PACKAGE TYPE
JS = 24-Pin 300-mil Ceramic

L = Active-Low Combinatorial W gf"yNéDlP (003024) K
= 24-Pin Ceramic Flatpac
d. NUMBER OF OUTPUTS . (2%':[%‘02(?,) )
= 28-Pin Ceramic
e. SPEED Leadless Chip Carrier
A = 35nstpp (CL 028)

f. OPERATING CONDITIONS
M = Military (-55°C to +125°C)

Valid Combinations
PAL20L10A
PAL20X10A MJS/8838,
MWr883B,
PAL20X4A
Group A Tests

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 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.
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FUNCTIONAL DESCRIPTION

Four different devices are available inthe 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
yields, and provide extra test 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 1/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
1/0 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 a desired state. In addition, transitions fromillegal
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. For the 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
AmMPAL20L10 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
19.

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 LCcC
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 AmPAL20L10 is fabricated with the IMOX™ oxide-
isolated bipolar process using proven PtSi 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 /O Pin Voltage -0.5V to Vcc+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+5.25V

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

DC CHARACTERISTICS over COMMERCIAL operating ranges un