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Signetics reserves the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in
order to improve design and/or performance. Signetics assumes no responsibility or
liability for the use of any of these products, conveys no license or title under any
patent, copyright, or mask work right to these products, and makes no representa-
tions or warranties that these products are free from patent, copyright, or mask work
right infringement, unless otherwise specified. Applications that are described herein
for any of these products are for illustrative purposes only. Signetics makes no
representation or warranty that such applications will be suitable for the specified use
without further testing or modification.

LIFE SUPPORT POLICY

SIGNETICS PRODUCTS ARE NOT FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT EXPRESS WRITTEN APPROVAL
OF AN OFFICER OF SIGNETICS CORPORATION. As used herein:

1. Life support devices or systems are devices or systems which, (a) are
intended for surgical implant into the body, or (b) support or sustain life, and
whose failure to perform, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably expected to resuit in a
significant injury to the user.

2. A critical component is any component of a life support device or system
whose failure to perform can be reasonably expected to cause the failure of
the life support device or system, or to affect its safety or effectiveness.

Signetics registers eligible circuits under
the Semiconductor Chip Protection Act.

@© Copyright 1986 Signetics Corporation

All rights reserved.



DATA HANDBOOK SYSTEM

Our Data Handbook System comprises more than 60 books with specifications on electronic compo-
nents, subassemblies and materials. It is made up of four series of handbooks:

ELECTRON TUBES BLUE
SEMICONDUCTORS RED
INTEGRATED CIRCUITS PURPLE
COMPONENTS AND MATERIALS | GREEN

The contents of each series are listed on pages iv to vii.

The data handbooks contain all pertinent data available at the time of publication, and each is revised
and reissued periodically.

When ratings or specifications differ from those published in the preceding edition they are indicated
with arrows in the page margin. Where application information is given it is advisory and does not
form part of the product specification.

Condensed data on the preferred products of Philips Electronic Components and Materials Division is
given in our Preferred Type Range catalogue (issued annually).

Information on current Data Handbooks and on how to obtain a subscription for future issues is
available from any of the Organizations listed on the back cover.
Product specialists are at your service and enquiries will be answered promptly.

February 1984



ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks comprises:

T

T2a

T2b

T3

T4

T5

T6

T8

T9

T10

Lk

T12

T13

T15

T16

Tubes for r.f. heating

Transmitting tubes for communications, glass types
Transmitting tubes for communications, ceramic types
Klystrons

Magnetrons for microwave heating

Cathode-ray tubes :
Instrument tubes, monitor and display tubes, C.R. tubes for special applications

Geiger-Miiller tubes

Colour display systems
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units

Photo and electron multipliers

Plumbicon camera tubes and accessories
Micrdwave semiconductors and components
Vidicon and Newvicon camera tubes

Image intensifiers and infrared detectors
Dry reed switches

Monochrome tubes and deflection units
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units

iv

October 1985



SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

S1

S2a
S2b

S3

S4b
S5
S6

S7

S8b

S9

S10
S11
S12
S13

S$14

SDr:'vo;::ignal silicon diodes, voltage regulator diodes (< 1,56 W), voltage reference diodes,
tuner diodes, rectifier diodes

Power diodes

Thyristors and triacs

Small-signal transistors .

Low-frequency power transistors and hybrid modules

High-voltage and switching power transistors

Field-effect transistors

R.F. power transistors and modules

Surface mounted semiconductors

Light-emitting diodes

Devices for optoelectronics

Optocouplers, photosensitive diodes and transistors, infrared light-emitting diodes and
infrared sensitive devices, laser and fibre-optic components

Power MOS transistors

Wideband transistors and wideband hybrid IC modules

Microwave transistors

Surface acoustic wave devices

Semiconductor sensors

Liquid Crystal Displays

February 1987



INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of handbooks comprises:

ICo1

1C02a/b

1C03

1C04

ICO5N

ICO6N

1C08

ICO9N
1IC10

IC11N

Supplement .

to IC11IN
IC12
IC13

IC14

IC15

IC16
1IC17
IC18

Radio, audio and associated systems
Bipolar, MOS

Video and associated systems
Bipolar, MOS

Integrated circuits for telephony
Bipolar, MOS

HE4000B logic family
CMOS

HE4000B logic family — uncased ICs
CMOS

High-speed CMOS; PC74HC/HCT/HCU
Logic family

ECL 10K and 100K logic families

TTL logic series

Memories
MOS, TTL, ECL

Linear LSI
Linear LSI

12C-bus compatible ICs

Semi-custom
Programmable Logic Devices (PLD)

Microcontrollers and peripherals
Bipolar, MOS

FAST TTL logic series

CMOS integrated circuits for clocks and watches
Integrated Services Digital Networks (ISDN)

Microprocessors and peripherals

published 1986
published 1986
published 1986
published 1986
published 1984
published 1986
published 1986

published 1986

new issue 1987

published 1985
published 1986

not yet issued

new issue 1987
new issue 1987
published 1986

published 1986
not yet issued

new issue 1987

vi February 1987
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COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

c2
c3
ca
C5

cé6
c?
cs
Cc9
c1

c12
C13
C14
C15
c16é
C17
c18
Cc19
C20

Cc22

Television tuners, coaxial aerial input assemblies, surface acoustic wave filters
Loudspeakers

Ferroxcube potcores, square cores and cross cores
Ferroxcube for power, audio/video and accelerators
Synchronous motors and gearboxes

Variable capacitors

Variable mains transformers

Piezoelectric quartz devices

Varistors, thermistors and sensors

Potentiometers, encoders and switches

Fixed resistors

Electrolytic and solid capacitors

Ceramic capacitors

Permanent magnet materials

Stepping motors and associated electronics

Direct current motors

Piezoelectric ceramics

Wire-wound components for TVs and monitors

Film capacitors

July 1986
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Preface

The continuing trend of system integration has created new challenges for Design
Engineering. They must strive to consolidate higher complexity, and more feature
intensive circuits into designs without sacrificing flexibility. Today's competitive
electronic marketplace has created the need for logic devices, which can provide
cost effective methods of reducing random logic requirements, interface with fixed
and custom LSl logic, and maintain the flexible features required to make necessary
system modifications prior to production. Signetics has responded to this need with
Signetics Programmable Logic Devices (Signetics PLD).

The Signetics Programmable Logic family consists of a relatively few devices which
are designed to address logic needs ranging from random gates in the case of the
Field Programmable Gate Arrays, to highly sophisticated state machines in the case
of Field Programmable Logic Sequencers. Signetics pioneered the fully-programma-
ble AND/OR/INVERT architecture in 1975. In 1987, Signetics will introduce a new
concept in PLD architectures. Moving away from an AND-OR array structure, the
Signetics' Programmable Macro Logic architecture relies on a single NAND array
concept. Signetics' novel architectural approach to Programmable Logic incorpo-
rates all the advantages associated with more dense complex gate arrays while
retaining all the benefits of instantly programmable PLDs. By using the programma-
ble features allowed by either powerful architecture, Signetics Programmable Logic
can encompass wide-ranging levels of integration without the necessity of a
multitude of devices, each with a different I/0 configuration. The flexible program-
ming structure allows the designer to "'mold" the device architecture to the range of
applications typically found in system design. In this way, one device can be used to
perform several functions in the same design.

The 1987 Signetics Programmable Logic Data Manual contains information that the
designer will require in order to effectively utilize these products.

Signetics Application Specific Products Marketing

xi
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Application Specific Products

DEFINITIONS
Data Sheet
Product Statu. Definition
Identification roduct Status
This data sheet contains the design target or goal
] or In Design product i may
change in any manner without notice.
This data sheet contains pi y data and Yy
Product data will be published at a later date. Signetics reserves the
right to make changes at any time without notice in order to
improve design and supply the best possible product.
This data sheet contains Final Specifications. Signetics
Product Specif Full P 9 reserves the right to make changes at any time without

notice in order to improve design and supply the best
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SIGNETICS PROGRAMMABLE
LOGIC QUALITY

Signetics has put together winning processes
for manufacturing Programmable Logic. Our
standard is zero defects, and current custom-
er quality statistics demonstrate our commit-
ment to this goal.

The PLD's produced in the Application Spe-
cific Products Division must meet rigid criteria
as defined by our design rules and as evaluat-
ed with a thorough product characterization
and quality process. The capabilities of our
manufacturing process are measured and the
results evaluated and reported through our
corporate-wide QA05 data base system. The
SURE (Systematic Uniform Reliability Evalua-
tion) program monitors the performance of
our product in a variety of accelerated envi-
ronmental stress conditions. All of these pro-
grams and systems are intended to prevent
product-related problems and to inform our
customers and employees of our progress in
achieving zero defects.

RELIABILITY BEGINS WITH THE

DESIGN

Quality and reliability must begin with design.
No amount of extra testing or inspection will
produce reliable ICs from a design that is
inherently unreliable. Signetics follows very
strict design and layout practices with its
circuits. To eliminate the possibility of metal
migration, current density in any path cannot
oxceed 2 X 10° amps/cm?. Layout rules are
followed to minimize the possibility of shorts,
circuit anomalies, and SCR type latch-up
effects. Numerous ground-to-substrate con-
nections are required to ensure that the entire
chip is at the same ground potential, thereby
precluding internal noise problems.

PRODUCT CHARACTERIZATION

Before a new design is released, the charac-
terization phase is completed to insure that
the distribution of parameters resulting from
lot-to-lot variations is well within specified
limits. Such extensive characterization data

November 1986
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also provides a basis for identifying unique
application-related problems which are not
part of normal data sheet guarantees. Char-
acterization takes place from -55°C to
+125°C and at +10% supply voltage.

QUALIFICATION

Formal qualification procedures are required
for all new or changed products, processes
and facilities. These procedures ensure the
high level of product reliability our customers
expect. New facilities are qualified by corpo-
rate groups as well as by the quality organiza*
tions of specific units that will operate in the
facility. After qualification, products manufac-
tured by the new facility are subjected to
highly accelerated environmental stresses to
ensure that they can meet rigorous failure
rate requirements. New or changed process-
es are similarly qualified.

QAO05 - QUALITY DATA BASE

REPORTING SYSTEM

The QA05 data reporting system collects the
results of product assurance testing on all
finished lots and feeds this data back to
concerned organizations where appropriate
action can be taken. The QAO05 reports EPQ
(Estimated Process Quality) and AOQ (Aver-
age Outgoing Quality) results for electrical,
visual/mechanical, hermeticity, and docu-
mentation audits. Data from this system is
available on request.

THE SURE PROGRAM

The SURE (Systematic Uniform Reliability
Evaluation) program audits/monitors prod-
ucts from all Signetics' divisions under a
variety of accelerated environmental stress
conditions. This program, first introduced in
1964, has evolved to suit changing product
complexities and performance requirements.

The SURE program has two major functions:
Long-term accelerated stress performance
audit and a short-term accelerated stress
monitor. In the case of Bipolar Memory and
Programmable Logic products, samples are

selected that represent all generic product
groups in all wafer fabrication and assembly
locations.

THE LONG-TERM AUDIT

One-hundred devices from each generic fam-

ily are subjected to each of the following

stresses every eight weeks:

® High Temperature Operating Life:
Ty =150°C, 1000 hours, static biased or
dynamic operation, as appropriate (worst
case bias configuration is chosen)

® High Temperature Storage: T, = 150°C,
1000 hours

® Temperature Humidity Biased Life: 85°C,
85% relative humidity, 1000 hours,
static biased

® Temperature Cycling (Air-to-Air): —65°C
to +150°C, 1000 cycles

THE SHORT-TERM MONITOR
Every other week a 50-piece sample from
each generic family is run to 168 hours of
pressure pot (15psig, 121°C, 100% saturated
steam) and 300 cycles of thermal shock
(-65°C to +150°C).

In addition, each Signetics assembly plant
performs SURE product monitor stresses
weekly on each generic family and molded
package by pin count and frame type. Fifty-
piece samples are run on each stress, pres-
sure pot to 96 hours, thermal shock to 300
cycles.

SURE REPORTS

The data from these test matrices provides a
basic understanding of product capability, an
indication of major failure mechanisms and an
estimated failure rate resulting from each
stress. This data is compiled periodically and
is available to customers upon request.

Many customers use this information in lieu of
running their own qualification tests, thereby
eliminating time-consuming and costly addi-
tional testing.
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RELIABILITY ENGINEERING

In addition to the product performance moni-

tors encompassed in the Programmable Log-

ic SURE program, Signetics' Corporate and

Division Reliability Engineering departments
" sustain a broad range of evaluation and

qualification activities.

Included in the engineering process are:

® Evaluation and qualification of new or
changed materials, assembly/wafer-fab
processes and equipment, product
designs, facilities and subcontractors.

@ Device or generic group failure rate
studies.

® Advanced environmental stress
development.

® Failure mechanism characterization and
corrective action/prevention reporting.

The environmental stresses utilized in the
engineering programs are similar to those
utilized for the SURE monitor; however, more
highly-accelerated conditions and extended
durations typify the engineering projects. Ad-
ditional stress systems such as biased pres-
sure pot, power-temperature cycling, and cy-
cle-biased temperature-humidity, are also in-
cluded in the evaluation programs.

FAILURE ANALYSIS

The SURE Program and the Reliability Engi-
neering Program both include failure analysis
activities and are complemented by corpo-
rate, divisional and plant failure analysis de-
partments. These engineering units provide a
service to our customers who desire detailed
failure analysis support, who in turn provide
Signetics with the technical understanding of
the failure modes and mechanisms actually
experienced in service. This information is
essential in our ongoing effort to accelerate
and improve our understanding of product
failure mechanisms and their prevention.

ZERO DEFECTS PROGRAM

In recent years, United States industry has
increasingly demanded improved product
quality. We at Signetics believe that the
customer has every right to expect quality
products from a supplier. The benefits which
are derived from quality products can be
summed up in the words, lower cost of
ownership.

November 1986

Those of you who invest in costly test equip-
ment and engineering to assure that incoming
products meet your specifications have a
special understanding of the cost of owner-
ship. And your cost does not end there; you
are also burdened with inflated inventories,
lengthened lead times and more rework.

SIGNETICS UNDERSTANDS
CUSTOMERS' NEEDS

Signetics has long had an organization of
quality professionals, inside all operating un-
its, coordinated by a corporate quality depart-
ment. This broad decentralized organization
provides leadership, feedback, and direction
for achieving a high level of quality. Special
programs are targeted on specific quality
issues. For example, in 1978 a program to
reduce electrically defective units for a major
automotive manufacturer improved outgoing
quality levels by an order of magnitude.

In 1980 we recognized that in order to
achieve outgoing levels on the order of
100PPM (parts per million), down from an
industry practice of 10,000PPM, we needed
to supplement our traditional quality programs
with one that encompassed all activities and
all levels of the company. Such unprecedent-

ed low defect levels could only be achieved
by contributions from all employees, from the
R and D laboratory to the shipping dock. In
short, from a program that would effect a total
cultural change within Signetics in our attitude
toward quality.

QUALITY PAYS OFF FOR OUR

CUSTOMERS

Signetics' dedicated programs in product
quality improvement, supplemented by close
working relationships with many of our cus-
tomers, have improved outgoing product
quality more than twenty-fold since 1980.
Today, many major customers no longer test
Signetics circuits. Incoming product moves
directly from the receiving dock to the produc-
tion line, greatly accelerating throughput and
reducing inventories. Other customers have
pared significantly the amount of sampling
done on our products. Others are beginning
to adopt these cost-saving practices.

Wae closely monitor the electrical, visual, and
mechanical quality of all our products and
review each return to find and correct the
cause. Since 1981, over 90% of our custom-
ers report a significant improvement in overall
quality (see Figure 1).

Defective Parts
n per Million
120

108 —

96 |—

84 |

72 |~

60 —

48

38 -

24 —

1979 1980 1981

1882

Figure 1. Signetics Quality Progress

1985 1888

OPot191S

1983 1984
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At Signetics, quality means more than work-
ing circuits. It means on-time delivery of the
right product at the agreed upon price (see
Figure 2). Signetics considers Performance to
Customer Request and Performance to Origi-
nal Schedule Date to be key Quality issues.
Employees treat delinquencies as quality de-
fects. They analyze the cause for the delin-
quency and seek corrective action to prevent
future occurance. Continuous effort is given
to try to acheive the ultimate goal of zero
delinquencies.

ONGOING QUALITY PROGRAM
The quality improvement program at
Signetics is based on "'Do it Right the First
Time'"'. The intent of this innovative program
is to change the perception of Signetics'
employees that somehow quality is solely a
manufacturing issue where some level of
defects is inevitable. This attitude has been
replaced by one of acceptance of the fact
that all errors and defects are preventable, a
point of view shared by all technical and
administrative functions equally.

This program extends into every area of the
company, and more than 40 quality improve-
ment teams throughout the organization drive
its ongoing refinement and progress.

Key components of the program are the
Quality College, the '"Make Certain" Pro-
gram, Corrective Action Teams, and the Error
Cause Removal System.
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The core concepts of doing it right the first

time are embodied in the four absolutes of

quality:

1. The definition of quality is conformance
to requirements.

2. The system to achieve quality improve-
ment is prevention.

3. The performance standard is zero de-
fects.

4. The measurement system is the cost of
quality.

QUALITY COLLEGE

Almost continuously in session, Quality Col-
lege is a prerequisite for all employees. The
intensive curriculum is built around the four
absolutes of quality; colleges are conducted
at company facilities throughout the world.

"MAKING CERTAIN" -
ADMINISTRATIVE QUALITY
IMPROVEMENT

Signetics' experience has shown that the
largest source of errors affecting product and
service quality is found in paperwork and in
other administrative functions. The '‘Make
Certain"" program focuses the attention of
management and administrative personnel on
error prevention, beginning with each employ-
ee's own actions.

1-56

This program promotes defect prevention in
three ways: by educating employees as to the
impact and cost of administrative errors, by
changing attitudes from accepting occasional
errors to one of accepting a personal work
standard of zero defects, and by providing a
formal mechanism for the prevention of er-
rors.

CORRECTIVE ACTION TEAMS
Employees with the perspective, knowledge,
and necessary skills to solve a problem are
formed:into ad hoc groups called Corrective
Action Teams. These teams, a major force
within the company for quality improvement,
resolve administrative, technical and manu-
facturing problems.

ECR SYSTEM (ERROR CAUSE
REMOVAL)

The ECR System permits employees to re-
port to management any impediments to
doing the job right the first time. Once such
an impediment is reported, management is
obliged to respond promptly with a corrective
program. Doing it right the first time in all
company activities produces lower cost of
ownership through defect prevention.

PRODUCT QUALITY PROGRAM
To reduce defects in outgoing products, we
created the Product Quality Program. This is
managed by the Product Engineering Council,
composed of the top product engineering and
test professionals in the company. This
group:

1. Sets aggressive product quality improve-
ment goals;

2. provides corporate-level visibility and fo-
cus on problem areas;

3. serves as a corporate resource for any
group requiring assistance in quality im-
provement; and

4. drives quality improvement projects.

As a result of this aggressive program, every
major customer who reports back to us on
product performance is reporting significant
progress.

VENDOR CERTIFICATION
PROGRAM

Our vendors are taking ownership of their
own product quality by establishing improved
process control and inspection systems. They
subscribe to the zero defects philosophy.
Progress has been excellent.
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Through intensive work with vendors, we
have improved our lot acceptance rate on
incoming materials as shown in Figure 3.
Simultangously, waivers of incoming material
have been eliminated.

MATERIAL WAIVERS
1986 - (0) (Goal)

1985~ 0
1984~ 0
1983~ 0
1982- 2
1981134

Higher incoming quality material ensures
higher outgoing quality products.

QUALITY AND RELIABILITY

ORGANIZATION

Quality and reliability professionals at the

divisional level are involved with all aspects of

the product, from design through every step

in the manufacturing process, and provide

product assurance testing of outgoing prod-

uct. A separate corporate-level group pro-

vides direction and common facilities.

Quality and Reliability Functions

e Manufacturing quality control

® Product assurance testing

® Laboratory facilities - failure analysis,
chemical, metallurgy, thin film, oxides

@ Environmental stress testing

© Quality and reliability engineering

® Customer liaison

November 1986

COMMUNICATING WITH EACH
OTHER

For information on Signetics' quality pro-
grams or for any question concerning product
quality, the field salesperson in your area will
provide you with the quickest access to
answers. Or, write on your letter-head directly
to the corporate director of quality at the
corporate address shown at the back of this
manual.

We are dedicated to preventing defects.

When product problems do occur, we want to

know about them so we can eliminate their

causes. Here are some ways we can help

each other:

® Provide us with one informed contact
within your organization. This will
establish continuity and build confidence
levels.

Periodic face-to-face exchanges of data
and quality improvement ideas between
your engineers and ours can help
prevent problems before they occur.

©® Test correlation data is very useful.
Line-pull information and field failure
reports also help us improve product
performance.

Provide us with as much specific data
on the problem as soon as possible to
speed analysis and enable us to take
corrective action.

® An advance sample of the devices in
question can start us on the problem
resolution before physical return of
shipment.

1-6

This team work with you will allow us to
achieve our mutual goal of improved product
quality.

MANUFACTURING: DOING IT
RIGHT THE FIRST TIME

In dealing with the standard manufacturing
flows, it was recognized that significant im-
provement would be achieved by ''doing
every job right the first time'', a key concept
of the quality improvement program. During
the development of the program many pro-
found changes were made. Figure 4, Pro-
grammable Logic Process Flow, shows the
result. Key changes included such things as
implementing 100% temperature testing on
all products as well as upgrading test han-
dlers to insure 100% positive binning. Some
of the other changes and additions were to
tighten the outgoing QA lot acceptance crite-
ria to the tightest in the industry, with zero
defect lot acceptance sampling across all
three temperatures.

The achievements resulting from the im-
proved process flow have helped Signetics to
be recognized as the leading Quality supplier
of Programmable Logic. These achievements
have also led to our participation in several
Ship-to-Stock programs, which our customers
use to eliminate incoming inspection. Such
programs reduce the user cost of ownership
by saving both time and money.

OUR GOAL: 100%

PROGRAMMING YIELD

Our original goal back in the early 1970s was
to develop a broad line of programmable
products which would be recognized as hav-
ing the best programming yield in the industry.
Within the framework of a formal quality
program, our efforts to improve circuit de-
signs and refine manufacturing controls hava
resulted in major advances toward that goal.

Also within the framework of our formal
quality program we have now established a
stated goal of 100% programming yield.
Through the increasing effectiveness of a
quality attitude of "Do It Right The First
Time' we're moving ever closer to that tar-
get.

Signetics PLD programming yields have been
shown in collected data from internal audits
and customer reporting to be consistently
higher than comparable devices produced by
our competition. We use systematic methods
involving publication of exacting specifica-
tions of our programming algorithms, and
through evaluation of those algorithms as
implemented in industry standard program-
ming equipment. Because of this we can
assure our customers who program Signetics
PLD's on such qualified equipment they will
see consistently high yields. Our data base
shows that average lot programming yield
exceeds 97%.
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WAFER
FABRICATION

ELE MICROSCOPE CONTROL

Waters are sampled daily by the Quality Control L y from each area and subj to SEM
analysis. This process control reveals manufacturing defects such as contact and oxide step coverage in the
metalization process which may result in early failures.

DIE SORT VISUAL ACCEPTANCE

Product is inspected for defects caused during fabrication, wafer testing, or the mechanical scribe and break
operation. Defects such as scratches, smears and glassivated bonding pads are included in the lot
acceptance criteria.

PRE-SEAL VISUAL ACCEPTANCE

Product is inspected to detect anydamage incurred at the die attach and wire bonding stations. Defects such
as scratches, contamination and smeared ball bonds are included in the lot acceptance criteria.

STABILIZATION BAKE PRECONDITIONING

Plastic molded devices are baked to stress wire and die bonds and help eliminate marginal devices. It aiso
ensures an optimum plastic seal to enhance moisture resistance. Hermetic devices are baked to ensure the
elimination of any remaining cavity moisture.

TEMPERATURE CYCLING

Using MIL-STD-883 Method 1010.1 Condition C devices are cycled from cold to hot temperatures imposing a
very severe stress which weakens loose bonds and padmge seals without degrading good devices. A
loosened bond is later detected during 100% electrical tests.

SEAL TESTS
Hermetic package seal integrity is ensured by 100% gross leak testing.

100% ELECTRICAL TEST

Every device is tested for i and AC/DC at high with guard bands to assure
performance to data sheet limits.

BURN IN (SUPR Il LEVEL B OPTION)
Devices are burned in for 21 hours at 155°C maximum junction temperature.

SYMBOL

Devices are marked with the Signetics logo, device number and date code or custom symbol per individual
specification requirements.

VISUAL

All products are 100% visually per the requi pecified in Si or

100% PRODUCTION ELECTRICAL TESTING

Every device is tested for functional and AC/DC parameters at 25°C with guard bands to assure
performance to data sheet limits.

FINAL QUALITY ASSURANCE GATE

The final QA i that the i and electrical AQL's have been met.
EveryszmennssealedaMMﬁodbyQApemonnel

Figure 4. Application Specific Products Programmable Logic Process Flow
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Quality and Reliability

As time goes on the drive for a product line
that has Zero Defects will grow in intensity.
These efforts will provide both Signetics and
our customers with the ability to achieve the
mutual goal of improved product quality.

The Application Specific Quality Assurance
department has monitored PPM progress,
which can be seen in Figure 5. We are
pleased with the progress that has been
made, and expect to achieve even more
impressive results as the procedures for ac-
complishing these tasks are fine tuned.

The real measure of any quality improvement
program is the result that our customers see.
The meaning of Quality is more than just
working circuits. It means commitment to On
Time Delivery at the Right Place of the Right
Quantity of the Right Product at the Agreed
Upon Price.

November 1986
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Figure 5. Programmable Logic AOQ (Average Outgoing Quality)
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PLC473
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Single Chip Multiprocessor Arbiter ....
Introduction To Signetics Programmable Logic ..
4-Bit Binary-To-7 Segment Decoder..............
PLD Programmable Retriggerable One-Shot
Low Cost Programmer For PLD 20-Pin Series
Oscillator With PLS159
Latches & Flip-Flops With PLS153
PLS159 Primer
PLS159 As Modulo Counters ..
Electronic Combination Lock .......
Schmitt Trigger Using PLS153 and PLS159
Electronic Dice
Single Pin Debouncer Using 825153/159.........
9-Bit Parity Generator/Checker With 82S153/153A...
PLS151 Toolkit...
PLS168/168A Primer ........

PLS173 As A 10-Bit Comparator, 74L.S460 ....
A Simple Entry/Exit Meeting Device (PLS157) ..
PLHS18P8A Primer
PLHS473 Primer
High-Speed 12-Bit Tracking A/D Converter Using PLS179
PLHS501 Programmable Macro Logic Primer
Erasable-Programmable Logic Array (20 X 24 X 11)
Field-Programmable Logic Array (18 X 42 X 10)..
Field-Programmable Logic Array (20 X 24 X 11)...............

Programmable Macro Logic Random Logic Unit (32 X 72 X 24) .......... 39
Programmable Macro Logic Sync/Async Register Macro Unit (32 X 64 X 24) . 3-19
Programmable AND Array Logic (18 X 72 X 8) 4-67
Mask-Programmable Logic Array (18 X 42 X 10) 3-3
Field-Programmable Logic Array (16 X 48 X 8) 6-3

Field-Programmable Gate Array (16 X 9 X 9) .....cciiuimiiniiiiiiiiiiiiiciiieeeeee e eeeee s 6-10
Field-Programmable Logic Sequencer (16 X 48 X 8) ..
Field-Programmable Logic Sequencer (16 X 48 X 8) .. .
Field-Programmable Gate Array (18 X 15 X 12) ..... . 4-3

Field-Programmable Logic Array (18 X 42 X 10).. 4-9
Field-Programmable Logic Array (18 X 42 X 10)..... 4-15
Field-Programmable Logic Sequencer (16 X 45 X 12). 4-27
Field-Programmable Logic Sequencer (16 X 45 X 12) 4-37
Field-Programmable Logic Sequencer (16 X 45 X 12) 4-47
Field-Programmable Logic Sequencer (16 X 45 X 12). 4-57
Field-Programmable Logic Array (12 X 48 X 8) ... 5-3
Field-Programmable Address Decoder (16 X 5) 5-9
Field-Programmable Address Decoder (12 X 9) ... 5-15
Field-Programmable Logic Sequencer (14 X 48 X 6) 5-21
Field-Programmable Logic Sequencer; Enhanced Speed (14 X 48 X 6).... 5-33
Field-Programmable Logic Sequencer (12 X 48 X 8) 5-45
Field-Programmable Logic Sequencer; Enhanced Speed (12 X 48 X 8). 5-57

Field-Programmable Logic Array (22 X 42 X 10)......c.cccevuinennnnnns . 5-69

Field-Programmable Logic Sequencer (20 X 45 X 12) 5-75
Field-Programmable Logic Array (18 X 42 X 10)..... 3-5
Field-Programmable Logic Array (22 X 42 X 10)..... . 3-7
Field-Programmable Logic Sequencer (16 X 64 X 8) . et reee s 6-38
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Selection

Guide

TOTAL propuct | 'NTERNAL
SIGNETICS PN | ARCHITECTURE | PACKAGE INPUTS TERMS STATE OUTPUTS Tro Icc
(# DEDICATED) REGISTERS
C, I/0, R, RI/O | (Typical Values)'?
FPGA
PLS103 16X9x9 28 Pin 16 9 0 9¢C 20ns | 120mA
PLS151 18 X 15 X 12 20 Pin 18 (6) 15 0 12 1/0 15ns | 130mA
FPAD
PLS162 18X5 24 Pin 16 5 0 5C 20ns | 120mA
PLS163 12X 9 24 Pin 12 9 0 9¢C 20ns | 120mA
FPLA
PLS100 16X 48 X 8 28 Pin 18 48 0 8C | 35ns | 120mA
PLS153 18 X 42 X 10 20 Pin 18 (8) 42 0 10 1/0 30ns | 130mA
PLS153A 18 X 42 X 10 20 Pin 18 (8) 42 (] 10 1/0 20ns | 130mA
PLHS153** 18 X 42 X 10 20 Pin 18 (8) 42 0 10 10 15ns | 150mA
PLUS153** 18 X 42 X 10 20 Pin 18 (8) 42 0 10 /0 ons | 175mA
PLC153** 18 X 42 X 10 20 Pin 18 (8) 42 (] 10 1/0 35ns | 25mA
PLS161 12X 48X 8 24 Pin 12 48 0 8C 35ns | 120mA
PLS173 22X 42X 10 24 Pin 22 (12) 42 0 10 110 20ns | 150mA
PLC173** 22X 42X 10 24 Pin 22 (12) 42 0 10 1/0 35ns | 25mA
PLUS173** 22X 42 X 10 24 Pin 22 (12) 42 0 10 /0 9ns | 175mA
PLHS473 20 X 24 X 11 24 Pin 20 (1) 24 0 2C&91/0 15ns | 140mA
PLCA73** 20X 24X 11 | 24 Pin 20 (11) 24 0 2C&91/0 30ns | 25mA
PLHS18P8A 18 X72%8 20 Pin 18 (10) 72 0 8 1/0 15ns | 120mA
FPLS
PLS105 16X 48 X 8 28 Pin 16 48 6 8R 60ns | 120mA
PLS105A 16X 48 X 8 28 Pin 16 48 6 8R 45ns | 120mA
PLC105** 16 X 48 X 8 28 Pin 16 48 6 8 R 50ns | 40mA
PLUS405** 16X 64 X 8 28 Pin 16 64 8 8R 15ns | 160mA
PLS155 16 X 45 X 12 20 Pin 16 (4) 45 4 81/0&4RI/O | 55ns | 150mA
PLS157 16 X 45 X 12 20 Pin 16 (4) 45 6" 61/0&6RI/O | 55ns | 150mA
PLS159 16 X 45 X 12 20 Pin 16 (4) 45 8* 41/0 &8 RI/O | 55ns | 150mA
PLS167 14X 48 X 6 24 Pin 14 48 6plus2* |6R 60ns | 120mA
PLS167A 14X 48 X 6 24 Pin 14 48 6plus2* |6R 45ns | 120mA
PLS168 12X 48 X 8 24 Pin 12 48 6 plus 4* [8R 60ns 120mA
PLS168A 12X 48 X 8 24 Pin 12 48 6 plus 4* |8 R 45ns | 120mA
PLS179 20 X 45 X 12 24 Pin 20 (8) 45 8* 41/0 &8 RI/O | 45ns | 145mA
FPML
PLHS501 32X 72X 24 52 Pin 32 (24) 72 0 16 C and 8 I/0 20ns | 250mA
PLHS502 32 X 64 X 24 52 Pin 32 (24) 64 16 16 C or R and 15/30ns | 250mA
8 CorR /O
OUTPUTS:

C = Combinatorial output
R = Registered output
1/0 = Combinatorial 1/0
R 170 = Registered 1/0
* State registers shared with output registers
** Under development

NOTES:

1. Tpp=Tig + Tcko for registered devices
2. For worst case specifications refer to data sheets for individual product.
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Signetics Programmable Logic Devices
may be ordered by contacting either the
local Signetics sales office, Signetics
representatives or authorized distribu-
tors. A complete listing is located in the
back of this manual.

Ordering
Information

Table 1 provides part number definition
for Signetics PLD's. The Signetics part
number system allows complete order-
ing information to be specified in the part
number. The part number and product

Table 1. New Signetics PLD Part Numbering System

PL XX YYYY

November 1986

description is located on each data
sheet.

Military versions of these commercial
products may be ordered. Please refer
to the military products data manual for
complete ordering information.

PL - Indicator for Signetics
Programmable Logic

(XX) - Process Indicator

S - Bipolar Junction Isolated
Schottky — Nichrome fuses

M - Mask Programmable

C - CMOS - EPROM cells

HS - High Speed Bipolar

Oxide Isolated — Vertical Fuse

US - High Speed Bipolar Oxide

Isolated ~ Lateral Fuse

(YYYY) - Basic Part Number
(3 or 4 characters)
(e.g. 100, 105, 153, 168, 173, 18P8,
151)

(2) - Performance Indicator
(may be blank, A, B, C etc. to designate
speed variations in basic part.)

(P) - Package Designator

F - 20-, 24-, 28-pin CERDIP DIP
N - 20-, 24-, 28-pin Plastic DIP
A — 20-, 28-lead Plastic Leaded

Chip Carrier

FA - 24-, 28-pin CERDIP DIP With

Quartz Window
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Signetics has changed its part number-
ing system for Programmable Logic
Products. The change is simple and
straightforward. ‘Simply replace the old
temperature code and ''82" Bipolar
Memory . designator with "PL." This
change in part numbering has been
done to create a unique, identifiable
image for Signetics Programmable Logic

PART NUMBERING EXAMPLES

Note To Users Of 82SXXX
Part Numbering System

Products. As we continue to introduce
PLD's with new features, processes, and
fusing technology, the new system will
allow us to better describe these prod-
ucts through the product part number. In
addition, more critical information can be
placed on the device itself even when
plastic leaded chip carriers are used.
The new part humber system does not

indicate any change in process or tech-
nology has occurred. The only thing
changing is the nomenclature.

We sincerely hope this necessary
change causes no inconveniences to
our many customers. Thank you for your
loyalty.

NEW PART NUMBER

DESCRIPTION

OLD PART NUMBER
N82S100N PLS100N
N82S105AA PLS105AA
N/A PLCA473FA
N/A PLMC153F
N/A PLHS18P8AA

CMOS - UV Erasable Fuses -

Signetics Programmable Logic Field Programmable Logic Array (FPLA)
Bipolar Schottky Process —Nichrome Fuses ~
28-Lead Dual-In-Line Package.

Signetics Programmable Logic Field Programmable Logic Sequencer (FPLS)
Bipolar Schottky Process - Nichrome Fuses - High Speed Option —
28-Lead Plastic Leaded Chip Carrier.

Signetics Programmable Logic Field Programmable Logic Array (FPLA)

24-Lead Cerdip Dual-In-Line Package with quartz window.

Signetics Programmable Logic Programmable Logic Array
CMOS - Mask Programmable —-
20-Lead Cerdip Dual-In-Line Package.

Signetics Programmable Logic Field Programmable Array
Oxide Isolated, Bipolar-Vertical Fuses - High Speed Option —
20-Pin Plastic Leaded Chip Carrier.

This change affects commercial product only.

November 1986
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WHAT IS PROGRAMMABLE
LOGIC

In 1975, Signetics Corporation devel-
oped a new product family by combining
its expertise in semi-custom gate array
products and fuse-link Programmable
Read Only Memories (PROMs). Out of
this marriage came Signetics Program-
mable Logic Family. The PLS100 Field-
Programmable Logic Array (FPLA) was
the first member of this family. The FPLA
was an important industry first in two
ways. First, the AND/OR/INVERT archi-
tecture allowed the custom implementa-
tions of Sum of Product logic equations.
Second, the three-level fusing allows
complete flexibility in the use of this
device family. All logic interconnections
from input to output are programmable.

Introduction

Signetics Programmable Logic

Development of this family did not stop
with the PLS100. In 1977, the PLS103
Field-Programmable Gate Array (FPGA)
and the PLS107 Field-Programmable
ROM Patch (FPRP) were introduced.

The PLS105 Field-Programmable Logic
Sequencer (FPLS) was announced in
1979. This device represents a signifi-
cant step forward for PLD. The FPLS is a
fully-implemented Mealy State Machine
on a chip. Incorporated into its architec-
ture are 48 P-terms, an 8-bit Output
Register, and a 6-bit internal State Reg-
ister. Reference Figure 1.

The FPLS can synchronously perform
sequential routines at 20MHz. All of
these products are now known as the
Signetics PLD Series 28 Programmable
Logic Family.

Signetics' next innovation in this area
was the Series 20 Programmable Logic
Family. All members of this family are
assembled in 20-pin packages. While
reducing the number of pins in this
family, Signetics has utilized controlied
170 in order to maintain the utility of the
Series 20. Appropriate control terms
have been included to allow active con-
trol of pin direction. Reference Figure 2.

The latest addition to the Signetics Pro-
grammable Logic families is the Series
24 devices. The PLS161 FPLA and the
PLS167 FPLS are 24-pin devices com-
parable to the 28-pin PLS100 and
PLS105 respectively. These devices
have been foliowed by the PLS162/
PLS163 Field-Programmable Address
Decoder and the PLS168 FPLS.

“1
“COMPLEMENT" 48 6 PR
ARRAY * R Qp—
© 6-BIT
™ STATE
REGISTER
48 6
eV I e L
641 . T CK
® 8,0 28 OR GATES »-oq-D
P/ -
5 PR/OE.
lo—hs (U]
8-BIT
48 AND GATES ® ouTPuT =
REGISTER
48 8 8
W\/—D + s Qf p—+ L For
PR
BDO1900S
NOTE:
I, P, C, N, F and P/E are user-programmable connections.
Figure 1. FPLS
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Signetics Programmable Logic

Infroduction

Table 1. PLD Product Family

20-PIN, SERIES 20
PART NUMBER TYPE CONFIGURATION
PLS151 FPGA 18-Input/12-Output
PLS153/153A/PLHS153 FPLA 18-Input/10-Output - 42-Term
PLS155-159 FPLS 16-Input/12-Output - 45-Term
PLS155 FPLS 4 Registered Outputs
PLS157 FPLS 6 Registered Outputs
PLS159 FPLS 8 Registered Outputs
PLHS18P8A FPAA 18-Input/10-Output - 72-Term
24-PIN, SERIES 24
PLS161 FPLA 12-Input/8-Output — 48-Term
PLS162 FPGA 16-input/5-Output
PLS163 FPGA 12-Input/9-Output
PLS167 FPLS 14-input/6-Output - 48-Term
8-Bit State Registers
6-Output Registers
PLS168 FPLS 12-Input/8-Output — 48-Term
10-Bit State Registers
8-Output Registers
PLS173/PLUS173 FPLA 22-Input/10-Output ~ 42-Term
PLS179 FPLS 16-Input/12-Output - 42-Term
8-Bit State and Output Registers
PLHS473/PLC473 FPLA 20-Inputs/11-Output — 24-Term
28-PIN, SERIES 28
PLS100/101 FPLA 16-Inputs/8-Output - 48-Term
PLS103 FPGA 16-Inputs/9-Output
PLS105/105A/PLC105 FPLS 16-Inputs/8-Output - 48-Term
6-Bit State Register
8-Output Registers
PLUS405 FPLS 16-Inputs/8-Outputs — 64-Terms
8-Bit State and Output Registers
P31 Py Dy Do
lo i
1]
H
)
1}
| ()
3 T
3H
Y Y
N X3 ] pee—O
(@/ | % :
) ]
H 1
[} 1
| i
| 1
' | o,
x’ 3
Figure 2. PLS153 20-Pin Functional Diagram
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Signetics Programmable Logic

Introduction

2.INPUT

AND-OR-INVERT DUAL — 2 OUTPUTS

LD02410S

7450 2 X 2 X 2 Fixed Interconnections Dual, 2-Wide, 2-input, AND/OR/INVERT

OCTAL
8-OUTPUTS

LD024208

PLS100 16 X 48 X 8 Octal, 48-Wide, 16-input, AND/OR/INVERT

Table 2. Gate Replacement (All Terms Used)

Gates I.Cs

Each P-Term =2 8-Input AND Gates & 1 2-Input AND Gate = 144 108
OR Matrix = 16 4-Input OR Gates = 128 32
272 140

Table 3. Typical Application

40 Gates
15-20 I.C.s

4 Variables/P-Term
4 P-Terms/Output

November 1986 2-5

PRODUCT DESCRIPTION

While all PLD devices are architecturally simi-
lar, the Field-Programmable Logic Array is
most representative of the concepts involved.
The FPLA is an AND/OR/INVERT device,
with all internal interconnections programma-
ble via fuse links. If we compare the PLS100
FPLS to the familiar 7450 AOI gate, the
similarity of function becomes apparent.

Package-Gate Replacement
Potential

All Signetics PLD devices are capable of
replacing multiple discrete logic devices. The
number of packages is dependent on the
application and the device used.

If all product terms and inputs on the PLS100
are utilized, a total of 272 gates and 140 I.C.s
can theoretically be replaced. (See Table 2.)
Since the PLS100 is made up of logic struc-
tures which are not available as commercial
logic devices, such as 32 input AND gates
and 48 input OR gates, these numbers are
based on breakdowns of these high complex-
ity logic structures into structures which are
available as discrete logic.

The typical application does not fully utilize
the FPLA, however. We can assume that the
typical application is as defined in Table 3.

The replacement of 15-20 L.C.s with one
PLS100 is not unusual.

N
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PLD ECONOMICS

The reason any product line exists is because
it solves a problem in a cost-effective man-
ner.

PLD is no different in this respect. Let's
assume that one PLS100 is replacing only 10
TTL logic packages.

If we assume that the average selling price of
an SSI level device is $0.25, then we have a
basis for comparison.

10 I.C.s @ 0.35 = $3.50

1 PLS100 FPLA = $7.00

Considering piece-part cost alone does not
fare well for the PLS100 FPLA. But, part cost
is one of the smaller costs in systems manu-
facturing. Let's next consider PC board costs.

PC BOARD

The purchase price of a PCB is calculated
on a per square inch basis. Typical costs
at the 5K level are $0.23/in?, the cost for
LS is 1.2in? = $0.23/in? = $0.28. For a
28-pin FPLA device, the packing density is

Table 4. Cost Analysis

1-PLS100 per 2.5in, giving a cost of
2.5in? X $0.23/in? = $0.58.

PCB FABRICATION

Now let's consider the cost of building the
board. The primary cost for PCB fabrication is
parts preparation and stuffing.

Estimates by PCB manufacturers indicate a
nominal cost of $0.14 per device for LS TTL
and $0.16 for 28-pin FPLA. There is also a
basic cost of $0.02 per in? for handling,
soldering, and inspecting.

The cost of incoming inspection and invento-
ry/usage must also be considered in any fair
comparison.

INCOMING INSPECTION

The cost of incoming inspection can be
calculated on a per-pin basis. Assuming an
equal mix of 14- and 16-pin SS| parts and a
testing cost of $0.01 per pin, the LS TTL cost
is $0.15 per I.C. The corresponding cost for

LS TTL FPLA
IC COMPONENTS .35 7.00
PCB MANUFACTURING
Incoming Inspection 15 .28
Component Inventory/Usage .03 16
PC Board .28 .58
Fabrication 14 )
Test .18 .45
Rework .09 18
ASSEMBLY LABOR .28 .65
COST PER COMPONENT 1.50 9.46
NUMBER OF COMPONENTS X 10 X 1
TOTAL 15.00 9.46
CONCLUSION:

THE FPLA is a 37% savings over the LS TTL DESIGN.

November 1986
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the PLS100 would be $0.01 X 28 or $0.28
total.

COMPONENT INVENTORY/

USAGE

The inventory cost for LS TTL parts is domi-
nated by inventory maintenance, while the
LS! type parts, the piece price dominates.
Assuming a 2% usage rate due to parts
breakage, burnout, etc., in the manufacturing
process, the parts cost for LS TTL is
2% X $0.25 = $0.005. Adding $0.02 per de-
vice for inventory maintenance, the total LS
cost $0.03. For FPLA, 2% = $7.00%
$0.02 = $0.16.

Consideration must also be given to testing
the completed PCB and Rework costs.

PCB TESTING

Testing costs are generally figured on a PCB
basis and are usually go-no-go tests using a
"'bed of nails"'. For this comparison, assume
a PCB of 5" X 7". The cost for testing the
completed PCB is estimated to be $3.60 for
20 1.C.s. This breaks down as $0.18 per LS
TTL device or about $0.45 per FPLA device.

PCB REWORK

The main causes of rework are poorly plated
holes, solder bridges, and parts inserted in-
correctly. The "'bed of nails' test can usually
detect all of the faults. Rework costs about
50% of test costs. The result is $1.80 per
PCB, or $0.09 per device for LS TTL and
$0.18 for the 28-pin FPLA.

System manufacturing costs are harder to
define. For this comparison we estimated
$0.28 for each LS device and about $0.65 for
the FPLA. These costs include backplane
wiring, final system assembly and test costs.

Now using these figures, the comparison in
Table 4 can be made.
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PLD LOGIC SYNTHESIS ean Logic Equations with PLD. Each term in Xo=AB+CD +BD
each equation simply becomes a direct entry Y _ R . A
28-PIN into the Logic Program Table. The following Xy =AB +CD + EFG

PLD is capable of Logic Synthesis. No inter- gy ample illustrates this straightforward con-
mediate step is required to implement Bool- cept:

AND POLARITY
TT TT T T Ty
INPUT(1n) R N atalaais
ERERERER ERE T~ 7 Touteurrr |
P-Terms | TerM | o | 4| g |, o [sTa 7 e sTaTaT2]i o] [Te]sTaTs]2]Ts
Po = AB N e S ST S e <A
Py =CD ===l === =l === AlA
P2 = BD === === l=Im =l === 1A
P3 = AB —|—{—=[—f——]—{—f—tL{H]—-]—]=]—]— Aj o
P4 = EFG = el e ) ) e e R S B Y B DR R I Al
- [
—~—d_ I
44 1 ® 1
45 [~ ®
6 —"
Xo = Po + P1 + P2 —
Y1=P3+P1+P4pm22222222 IIRRRRER RRRERRE
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oj1|2]|3]a|s|e]|7 ol1{2f{a]sfe[7]8
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Figure 3. Field-Programmable Logic Array (16 X 48 X 8) PLS100/PLS101
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B B
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c Xo X1

) D

Xo=AB +CD+BD € Xy=AB+CD+EFG

F

) G

10024718

Figure 4. Equivalent Fixed Logic Diagram
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In the previous exampie, the two Boolean
Logic equations were broken into Product
terms. Each P-term was then prograrmmed
into the P-term section of the PLS100 FPLA

Program Table. This was accomplished in the
following manner:

Step 1

Select which Input pins lg - 145 will corre-
spond to the input variables. In this case

A - G are the input variable names. lg through
lo were selected to accept inputs A-G re-
spectively.

AND POLARITY
Frr T+ T
INPUT () R
ERERER AR KA K . _______‘_W_‘_.F:ﬁ_ ]
TEM | g | fslada o [oTe e e T3 2" [o] [7lelsles]=] 1o
[
=
44 ® —]
a5 ° —
48 ™) ]
A7
2|2)2)2)2{2]2)2 11 111l
PN 2|afafsfef{7|s]e
NO. tof1fafsfals|e]~ of1]2 sle|l7]s
w alefclolelrla
aw
<=
z3
s
“TBO1900S
Figure 5

Step 2

Transfer the Boolean Terms to the FPLA
Program Table. This is done simply by defin-
ing each term and entering it on the Program
Table.

This P-term translates to the Program Table
by selecting A=lg=H and B=Is=H and
entering the information in the appropriate
column.

This term is defined by selecting C=I4=L
and D = I3 = H, and entering the data into the
Program Table. Continue this operation until
all P-terms are entered into the Program
Table.

P1=6D
e.g, Pp=AB
AND POLARITY
TT T T, T
INPUT() A A i
TTITITIYTT | [T v — T 7
TERM s falaj2d1fo[sTs 7Te]s] > o] [7Te[s]als2]1]o
== l=I=l=l=l=Emi=1= = -
NEEE DD S BN O =
OO SR C O S DI e I =
=ttt T TR e =
N S e B R e S B =
— -
rm) — ° o
|45 °
46 [ e it
47
212)2{28212}(2}2 A REREEE REEE RN R
Sg 2f3|4|s]el7]slo
of1]2fsjs]s]e]? of1]|2|s]s|e|7]|s
u ) als|c]ole|Fr|a
w
H
ES
TB01890S
Figure 6
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Step 3

Select which output pins correspond to
each output function. In this case Fp = Pin
18 = Xp, and Fy =Pin 17 = X,.

AND POLARITY
FrT T T T
INPUT (Im) bl Lo
ERERER R BB - TouteurFe |
TERM s la|af21]|o[sTes7]e]s]a]3]2]1]0 7{e[s[af3l2]1]o0
=== I=T=T=1T=1=
g [y puny puny puny puny guny pumy pumy puy pug frg (V) gumy guy gy
—~— == === ===l H]=JL=1=]=
S S T S O T S
===l 1={—In[H][H
a4 — ] —1
a5 )
rr ~— —
a7
2{2f2{2f2{2]2]2 IAREREER ERERERE]
PIN 2|3f{a(s5]6|7|8]9
NO. |of1]2]3fafs|s|~ oflt1|2f{als|e|l7]|s
w AlBjc]pfeE|Fla Xy | Xo
aw
[
g =
g
&z
>
TB018825
Figure 7
Step 4 level is high for a positive logic expression of be expressed as Xy by placing an (L) in the

Select the Output Active Level desired for  this equation. Therefore, it is only necessary ~ Active Level box above Output Function 1,

each Output Function. For X, the active 1o place an (H) in the Active Level box above  (F4).
Output Function 0, (Fp). Conversely, Xy can

AND POLARITY
Frr T T T
INPUT () T IR ERE SRR
EREA SR G KRR [ oumpurde ]
I I SR L L L S, _
TERM | s Jafs |21 o sTe7Te s = 32T To] [7Te[s]el=2]2]1]o
— =ttt ===
S e e S
=TTt =t=
===t === ===
o e et e 1 e e el o e i 3 S R R
-
]
44 [ ] —
a5 r— ° i
48 ™ —
a7
2|2(2f2]2]2[2]2 B BEBERE
z’g 2|3|als)elz]|alo
of1]2afa|s|e]|7 of1|2f{s]s|e]|7]e
w alefc]olefrlea x1| xo
-
Dw
<=
=3
Tz
s
TBO1870S
Figure 8
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Step 5

Select the P-Terms you wish to make
active for each Output Function. In this
case Xo=Po+Py+P3 so an A has been
placed in the intersection box for Py and Xg,
Py and Xp and P, and Xo.

Terms which are not active for a given output
are made inactive by placing a (@) in the box
under that P-term. Leave all unused P-terms
unprogrammed.

Continue this operation until all outputs have
been defined in the Program Table.

Step 6

Enter the data into a Signetics approved
programmer. The input format is identical to
the Signetics Program Table. You specify the
P-terms, Output Active Level, and which P-
terms are active for each output exactly the
way it appears on the Program Table.

AND POLARITY
T T T T T T
INPUT () T =
ST | [ wmm ==
TERM | o | 4 (g a1 |o [T 7 e s a2 1T0] [7[e[sezl2[1]o
S e e e L RS e 1A
===l ===l === AlA
===l e e === A
I == s Al
oD OEE R e S Al
—1—]
o — ° —
35 . _
8
X°=P0+P1+P2 r
X1=P3+ P1+ P4 2f2)2|2)2]2]2]2 DR RnnE
1=Ps PIN 2{a|afs]e|7|s8]9
NO. fof1f2fa]sa|s|e|7 of1l2{3]sisl7|s
w alBlclole|Fla X1 | %o
]
ag
23
c=
s
TBO1861S
Figure 9
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PLD LOGIC SYNTHESIS

20-PIN

When fewer inputs and outputs are required
in a logic design and low cost is most
important, the Signetics 20-pin PLD should be

considered first choice. The PLS153 is an
FPLA with 8 inputs, 10 1/O pins, and 42
product terms. The user can configure the
device by defining the direction of the 1/0
pins. This is easily accomplished by using the
direction control terms Do -Dg to establish

the direction of pins Bg-Bg. The D-terms
control the Tri-state buffers found on the
outputs of the EX-OR gates. Figures 10 and
11 show how the D-term configures each By
pin.

L]

Po Do

So
28 ! ~ 0 &
H o TRI-STATE H
) BUFFER !
H H
1 1
1 ]
Se : ;
N\ ! Bo
X L rristate
BUFFER
/AF02200S
Figure 10. PLS153 Functional Diagram
P31 Po Dg
P3 Po Do
[ é fo o—é
Io
114 o—%
L4 O—I é
(0) INPUT
(1) ouTPUT D— By
By
- TRI-STATE
L TRI-STATE = BUFFER INACTIVE
= BUFFER ACTIVE (OPEN)
LD02450S LD02460S
a. Dg Active Makes Bg Appear As An Output b. Dg Inactive Makes By Appear As An Input
With Feedback
Figure 11
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To control each D-term, it is necessary to
understand that each control gate is a 36-
input AND gate. To make the Tri-state buffer
active (By pin an output), the output of the
control gate must be at logic HIGH (1). This
can be accomplished in one of two ways. A

HIGH can be forced on all control gate input
nodes, or fuses can be programmed. When a
fuse is programmed, that control gate input
node is internally pulled up to HIGH (1). See
Figure 12 and Figure 13.

Programming the fuse permanently places a
HIGH (1) on the input to the control gate. The
input pin no longer has any effect on that
state.

Vee =AW=

"

1 HIGH (1) O—r]
I

OR-
ARRAY

Vee o—AMY—
FUSE INTACT ce
W
: 1=LOW(0) o]
CONTROL GATE

TO AND

TRI-STATE
BUFFER

Figure 12. Input Effect On ‘Control Gates (Fuse Intact)

F o

CONTROL GATE

TO AND
ARRAY

Bx=INPUT

TRI-STATE
BUFFER

Vee O=—AM——

FUSE PROGRAMMED
S
lnl
U
1= HIGH (1) Ot
N H

CONTROL GATE

OR-
ARRA

Bx=OUTPUT

TRI.STATE
BUFFER

TC025708.

Figure 13. Effect On Control Gate If Fuse Is Programmed

November 1986

2-12



Signetics Application Specific Products

Signetics Programmable Logic

Introduction

DEDICATING By PIN
DIRECTION

Since each input to the D-terms is true and
complement buffered (see Figure 11), when
the device is shipped with all fuses intact, all
control gates have half of the 36 input lines at
logic low (0). The result of this is all Control
Gate outputs are low (0) and the Tri-state
buffers are inactive. This results in all By pins
being in the input condition. The resultant

device is, therefore, an 18-input, O-output
FPLA. While useful as a bit bucket or Write-
Only-Memory (WOM), most applications re-
quire at least one output. Clearly, the first task
is to determine which of the By pins are to be
outputs. The next step is to condition the
control gate to make the Tri-state buffer for
those gates active. To dedicate By and B4 as
outputs, it is necessary to program all fuses to
the inputs to Control Gates Dp and D4. This
internally pulls all inputs to those gates to

HIGH (1) permanently. Since all inputs to the
Control Gates are HIGH (1), the output is
HIGH (1) and the Tri-state buffers for Bp and
B4 are active. This permanently enables By
and B, as outputs. Note that even though Bg
and B4 are outputs, the output data is avail-
able to the AND array via the internal feed-
back (see Figure 11a).

To program this data, the PLS153 Program
Table is used as shown in Figure 14.

POLARITY
T T
Ty I T T 7T
g - T AND OR
I I 80y 80)
@ <.]o§ p
El= Cl— | M ]7|6|s5]|a|]3|2|1]o]ofjs]7]|e]ls]|]alal2a]1]0c slsjl7z|{s|[s|ag3|2(1]|o0
Eo"‘ g:.a 5
w E OllE
g3
B < i3
a 2
= 5 3
o|lxla
e |a | o
H ¥ .
& £ 3 o
i"-f-% il
31 .
D9 Jojojojojojojojojojojojojojolojojoio
De jojojojolofjojojojojolojojo|oiojo[oO]oO
D7 Jofo|jofjolojojojojojolojolojoiojojlojo
D6 fojojojolojojojojojoiojojojojojojo]o
s |ojojojotojlojojojojosojojlojojo]olofo
Ddjojojojolojojojojojolojojojotlojojo]|O
03 jojojojoiojojojojojotojojojloio0ojojoOjo
b2 |o|o|ojolojo|oJojojoio|ojojoto|o|o]o
D |[— ===l === === | == === — [~
D0 | = | =] f e | = —_) =] == === =]
PN j87[6]S5 1 J19f{1li7]1elis]1a]13}12[{nn ]9
NOTES:
w 1. The FPLA is shipped with alllinks intact. Thus a
"ul background of entries comresponding to states of
25 virgin finks exists in the table, shown BLANK for
< i ’
Ez 2. Unused | and B bits in the AND array are normally
> programmed Don't Care (—).
3. Unused product terms can be left blank.
TB01830S
Figure 14. Dedicating By And By As Outputs And B, Through Bg As Inputs
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By placing a (—) Don't Care in each input
box you are specifying that the True and
Complement fuses are programmed on each
Control Gate, thus permanently dedicating
the Bp and B4 pins as outputs. By placing a
(0) in all input boxes for Bo—Bg, you are
specifying that both True and Complement
fuses are intact. This causes a low (0) to be
forced on half of the Control Gate inputs,
guaranteeing the output of the Control Gate
will be low (0). When the Control Gate out-
puts are low (0), the Tri-state buffer is inactive

and the By - By pins are enabled as inputs.
All B pin directions can be controlled in this
manner.

ACTIVE DIRECTION CONTROL

Sometimes it is necessary to be able to
actively change the direction of the By pins
without permanently dedicating them. Some
applications which require this include Tri-
state bus enable, multi-function decoding,
etc. This can easily be done by programming

the Control Gate to respond to one or more
input pins. It is only necessary to select which
Iy and By pins will control the pin directions
and the active level HIGH (H) or LOW (L) that
will be used. The PLS153 Program Table in
Figure 15 shows the method of controlling
Bo-Bg with I7. When |7 is LOW (L), pins
Bo - Bg are outputs when |7 is HIGH (H), pins
By - Bg are inputs. Note that by programming
all other I, and By pins as DON'T CARE (—),
they are permanently disconnected from con-
trol of By pin direction.

POLARITY
T T
LY T T TP TT7
s T AND OR
@ <n.]-°‘ § : 1 B8() B(0)
Wi = M |7]6)5]|4 2(1]ofefs|7]|efls5|af3]|2]1 9ls|7|e6|s|ajg3|2|1]0
€ |o MI=IEIm
= wlZh& 0
z HIR
w 5;0551
I_l‘.l <|Z I|a 2
<
s 3
[ a
5 = 4
OIXT|d
Sle l .
8lz ] .
-3 w g
> o L]
[ g M
HEHHIE
31
o9 [L|—|—|— —|=|=]=|=1=|=|=]=1=]—=|-
s |L|—{—|— —|=[=]=[=1=]=]=]=1=]=]=
o7 |L|—|—|— —| === === === |—|—
o6 |L|{—|—|— —I=l==]=r==[=]=i=]—]-
o5 | L |—|—]|— - ===t =|=|=]=1—] ==
o4 fL|—|—|— — === === === ==
o3 fL|—|—]— —[—=]=]=]=1=]=]=]=1—]-]—
o2 L |—|—]— —|=]—=f=]=1=]=]=]=1—=]=]—
o1 (L |—|—|— — === === |—| ===
o0 |L|—=[—]— e e e e e e e e e e e
PN |8 |7 |65 3|21 |19l |ef15{1af13[12{n
NOTES:
w 1. The FPLA is shipped with all links intact. Thus a
=ty background of entries corresponding to states of
2: virgin links exists in the table, shown BLANK for
=< Cclarity.
Ez 2, Unused I and B bits in the AND array are normally
> programmed Don't Care (—).
3. Unused product terms can be left blank.
TBo18408
Figure 15. Active Control of By-Bg Using Iy Active Low (L)
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The previous 28-pin logic synthesis example
(Page 2-5) could be done on the PLS153 as
follows:

Xo=AB + CD + BD
Xy =AB + CD + EFG

Note that Bp was used as a CHANGE input.
When By is HIGH (H) the outputs appear on
Bg and Bg. When By is LOW (L), the outputs
appear on Bg and By. B4 through Bsg are not
used and therefore left unprogrammed.

THE ROLE OF AMAZE
(AUTOMATIC MAP AND ZAP
ENTRY) IN LOGIC
DEVELOPMENT

AMAZE is a software development package
which provides the logic designer with a multi-
mode data input capability. This software
package, which has been developed for both
mainframe and microcomputer environments,
allows data entry in the program table format
previously described, or on one of two equa-
tion formats. Both Boolean Logic Equations
and State Variable Equations are supported
on AMAZE. In addition to the flexible input
formats offered, AMAZE also provides full

device documentation, and a functional simu-
lator. The simulator features manua! and
automatic modes. In the automatic mode, the
software generates a set of input vectors
which can be used as functional test vectors.
The manual mode is an interactive procedure
which allows the designer to input vectors to
the simulator. The AMAZE simulator then
responds with the appropriate output vector.
In both modes, the simulator uses the func-
tional model generated by the user's input
data.

For more information on AMAZE refer to
Section 8 of the 1987 Signetics Programma-
ble Logic Data Manual.
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Figure 16. PLS153 Example
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SEQUENTIAL LOGIC
CONSIDERATIONS

The PLS105 and PLS155 - PLS159 represent
significant increases in complexity when com-
pared to the combinatorial logic devices pre-

viously discussed. By combining the AND/OR
combinatorial logic with clocked output flip-
flops and appropriate feedback, Signetics has
created the first family of totally flexible se-
quential logic machines.

cLock
| @ = INPUT
o
STATE
Remen @ = PRESENT STATE
I @ = NEXT STATE
PR :
@ = NEXT OUTPUT
P N
COMBIN.
tosc |
—_— ouTPUT
! REGISTER [ OF

Figure 17. Basic Architecture Of PLS105 FPLS. |, P, N, And F Are Multi-line
Paths Denoting Groups Of Blnary Variables Programmed By The User.

L.

80016905

The PLS105 FPLS -(Field-Programmable Log-
ic Sequencer) is an example of a high-order
machine whose applications are manifold.
Application areas for this device include high-
speed data controllers, microprocessor and
minicomputer bus arbitration, industrial con-
trols, timing generation, multi-function count-
ers and shift registers, and microprocessor-
driven microcontrollers. The PLS105 is fully
capable of performing fast sequential opera-
tions in relatively low-speed processor sys-
tems. By placing repetitive sequential opera-
tions on the PLS105, processor overhead is
reduced. Each PLS105 can be viewed as a
high-speed, 48-state subroutine.

The following pages summarize the PLS105
architecture and features.

FPLS Architecture

The PLS105 Logic Sequencer is a program-
mable state machine of the Mealy type, in
which the output is a function of the present
state and the present input.

With the FPLS a user can program any logic
sequence expressed as a series of jumps

o * 0

hiF3

AF021808

Figure 18. Typical State Diagram.
l1-3 Are Jump Conditions Which
Must Be Satisfied Before Any
Transitions Take Place. F; Are
Changes In Output Triggered By I,
And Stored in The Output Register.
State Transitions a— b and ¢ —>d
Involve No Output Change.

#T’Q"’l"

AF02180S

Figure 19. Typical State Transition
Between Any Two States Of
Figure 18. The Arrow Connecting
The Two States Gives Rise To A
Transition Term Tp. | Is The Jump
Condition.
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b stable states, triggered by a valid
input condition (1) at clock time (t). All stable
states are arbitrarily assigned and stored in
the State Register. The logic output of the
machine is also programmable, and is stored
in the Output Register.

Clocked Sequence

A synchronous logic sequence can be repre-
sented as a group of circles interconnected
with arrows. The circles represent stable
states, labeled with an arbitrary numerical
code (binary, hex, etc.) corresponding to
discrete states of a suitable register. The
arrows represent state transitions, labeled
with symbols denoting the jump condition and
the required change in output. The number of
states in the sequence depends on the length
and complexity of the desired algorithm.
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Figure 20. Typical State Jump From State (0) To State (1),
If Inputs A=B ="1". The Jump Also Forces F="1", As Required.
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Figure 21. Simplified Logic Diagram Of PLS105 FPLS
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State Jumps

The state from which a jump originates is
referred to as the Present state (P), and the
state to which a jump terminates is defined as
the Next state (N). A state jump always
causes a change in state, but may or may not
cause a change in machine output (F).

State jumps can occur only via "transition
terms'' T,. These are logical AND functions
of the clock (t), the Present state (P), and a
valid input (l). Since the clock is actually
applied to the State Register, T,, = [®P. When
Tnis "'true', a control signal is generated and
used at clock time (t) to force the contents of
the State Register from (P) to (N), and to
change the contents of the Output Register (if
necessary). The simple state jump in Figure
20, involving 2 inputs, 1 state bit, and 1 output
bit, illustrates the equivalence of discrete and
programmable logic implementations.

FPLS Logic Structure

The FPLS consists of programmable AND
and OR gate arrays which control the Set and
Reset inputs of a State Register, as well as
monitor its output via an internal feedback
path. The arrays also control an independent
Output Register, added to store output com-
mands generated during state transitions,
and to hold the output constant during state
sequences involving no output changes. If
desired, any number of bits of the Output
Register can be used to extend the width of
the State Register, via external feedback.

In|
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fo h hs Po Py Ps
T HEERE [ '
T b LINK Po Po

PAIR

Figure 22. Typical AND Gate Coupled To (I) And (P) Inputs.
If At Least One Link Pair Remains Intact, T, Is Unconditionally Forced Low.

LD028708

bo fo fo

oo ‘b

Figure 23. Choice Of Input Polarity Coupling To A Typical
AND Gate. With Both Links Open, (I) Is Logically Don't Care.

1LD02330S.

b1y P2 (1] To P2
LD02340S

Figure 24. Typical Transition Terms
Involving Arbitrary inputs And State
Variables. All Remaining Gate Inputs
Are Programmed Don't Care. Note
That T, Output Is State Independent.
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Input Buffers

16 external inputs (Im) and 6 internal inputs
(Pg), fed back from the State Register, are
combined in the AND array through two sets
of True/Complement (T/C) buffers. There are
a total of 22 T/C buffers, all connected to
muilti-input AND gates via fusible links which
are initially intact.

Selective fusing of these links allows coupling
either True, Complement, or Don't Care val-
ues of (Im) and (Pg).

""AND" Array

State jumps and output changes are triggered
at clock time by valid transition terms T.
These are logical AND functions of the pres-
ent state (P) and the present input (I).

The FPLS AND Array contains a total of 48
AND gates. Each gate has 45 inputs — 44
connected to 22 T/C input buffers, and 1
dedicated to the Complement Array. The
outputs of all AND gates are propagated
through the OR Array, and used at clock time
(t) to force the contents of the State Register
from (P) to (N). They are also used to control
the Output Register, so that the FPLS 8-bit
output F, is a function of the inputs and
present state.
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1LD02350S

Figure 25. Typical OR Array Gating Of Transition Terms Tq23 Controlling Ar-
bitrary State And Output Register Stages.

000 00

COMPLEMENT
ARRAY LOGIC
PATH

D+

LD02360S

Figure 26. The COMPLEMENT Array Is Logically Constructed From A 48-input
Programmable OR Gate Followed By An Inverter. All AND Terms Coupled To
The OR Gate Are Complemented At The Inverter Output, And Can Be Fed
Back As Inputs To The AND Array.
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""OR'"' Array

In general, a clocked sequence will consist of
several stable states and transitions, as de-
termined by the complexity of the desired
algorithm. All state and output changes in the
state diagram imply changes in the contents
of State and Output Registers.

Thus, each flip-flop in both registers may
need to be conditionally set or reset several
times with T, commands. This is accom-
plished by selectively ORing through a pro-
grammable OR Array all AND gate outputs T,
necessary to activate the proper flip-flop
control inputs.

The FPLS OR Array consists of 14 pairs of
OR gates, controlling the S/R inputs of 14
State and Output Register stages, and a
single OR gate for the Complement Array. All
gates have 48 inputs for connecting to all 48
AND gates.

Complement Array
The COMPLEMENT Array provides an asyn-
chronous feedback path from the OR Array
back to the AND Array.

This structure enables the FPLS to perform
both direct and complement sequential state
jumps with a minimum of transition (AND)
terms.

Typically direct jumps, such as Ty and Tz in
Figure 27 require only a single AND gate
each.

But a complement jump such as T3 generally
requires many AND gates if implemented as a
direct jump. However, by using the Comple-
ment Array, the logic requirements for this
type of jump can be handled with just one
more gate from the AND Array.
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Ppy e

>

Ts PoX PoY

<—CHH

COMPLEMENT ARRAY
AF021705

Ty = PoX T3 = Po(PoX ¥ PoY)
Ty = Po[PoX + V)]
DIRECT - Ta=PolPo + X+ V)]
Tas Pe¥ Ts=0+PaXFY)
Ta=Po(X+Y)

COMPLEMENT { Ta=Po(Xe V) = Po(T7 ¥ T3)
a. Typical State Sequence b. Complement Jump

Figure 27. a. X And Y Specify The Conditional Logic For Direct Jump Transi-
tion Terms Ty And T2. The Complement Jump Term T3 Is True Only When
Both T4 and T, Are False. b. Note That The Complementary Logic Expres-

sion For T3, Tq + T, Corresponds Exactly To The Logic Structure Of The
Complement Array.
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As indicated in Figure 28, the single Comple-
ment Array gate may be used for many states
of the state diagram. This happens because
all transition terms linked to the OR gate
include the present state as a part of their
conditional logic. In any particular state, only
those transition terms which are a function of
that state are enabled; all other terms cou-
pled to different states are disabled and do
not influence the output of the Complement
Array. As a general rule of thumb, the Com-
plement Array can be used as many times as
there are states.
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Tar = lol1Po
Taz = I2Po
Tea = (Ta1 + Taz)Po = (lo1 + 12)Po

Tas =Py
Tae = lohiP3
Tes = (Taa + Tue)Ps = (loly + 12)P3

Ten = COMPLEMENT STATE TRANSITION TERM
Tan =DIRECT STATE TRANSITION TERM
Py = PRESENT STATE

a. State Diagram b. Logic Definition
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Tar Ta2 Te3 Taa Y6 Tes Ta1r Taz Te3 Tga Tdo Tes
8 TRANSITION TERMS USED 6 TRANSITION TERMS USED
1D02320S LD02310S
c. State Logic Without Using The Complement Array d. State Logic Using The Complement Array

Figure 28. Logic Reduction With The Complement Array. The Logic State Diagram In (a) Includes Compiement Jumps Tcs And
Tcs Defined In (b). When Using The Compl Array, A Savings Of 2 Transition Terms Results, As Shown In (c) And (d).
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Table 5. 20-Pin PLD Sequentiai Family Summary

DEVICE REGISTERED OUTPUTS OUTPUT TYPE
PLS155 4-Bit Register T.S.
PLS157 6-Bit Register T.S.
PLS159 8-Bit Register T.S.

PLD-20 SEQUENTIAL DEVICES

The 20-pin PLD family also includes sequen-
tial devices. These devices are all similar in
architecture. The major difference consists of
the number of outputs which are registered.

FEATURES

The PLD-20 sequencers have been designed

with a maximum of flexibility in mind. Each

element of the architecture contributes to the

ease of use the PLD-20 family provides. Each

part has the features listed:

® J/K flip-flop Output Register

® Dynamic control of flip-flop type (J/K
or D)

@ Parallel bus load

® Asynchronous preset and reset
capability

o Combinational 1/0 pins

® Programmable enable pins

® Output feedback to AND Array
available

OUTPUT REGISTER

The Output Register of the PLD-20 sequential
devices are comprised of fully implemented
J/K flip-flops. Each flip-flop is positive edge-
triggered from a common clock.

In addition, a dynamically controliable ''fold-
back'' buffer between the J and K inputs to
the flip-flop allows the designer to change the
function of the flip-flop from J/K to D-type
under the control of the flip-flop control term
(F). A fuse allows the designer to dedicate the
flip-flop as a permanent D-type by program-
ming the fuse.

By leaving the fuse intact, the flip-flop control
line (F) is maintained as the active mode
control. If the output of F is logic Low (0), then
the flip-flop is configured as a D-type. If the
output of F is a logic High (1), then the flip-
fiop is configured as a J/K type. Term F is
programmed in the same manner as the 32
logic transition terms (T). It is well to note at
this time that when the flip-flop is configured
as a D-type, the OR-term driving the K input
of the flip-flop must not be active.

During all modes of operation, the output
register data is fed back to the AND Array.
This feedback is used to establish present-
state to next-state jumps.
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Figure 29
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PARALLEL BUS LOADING forces the data contained on the Fq pin into
The Output Register may be loaded from the ~ the J/K flip-flop. It operates synchronously
bus via the load control term (L). This feature  With the rising edge of the clock. This feature

can be used to preload a state into the
machine, or to latch input data into the AND
Array.
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Figure 30

LD02440S
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PRESET AND RESET devices. This feature is controlled in the AND-

Asynchronous preset and reset capability has ~ Array on the PLS159. However, the preset

been provided on the PLD-20 sequential and reset function on the PLS155 is con-
trolled via the OR Array. The PLS157 preset

and reset controls are split between the two
arrays. See the individual data sheets for
details.
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LD024408

November 1986 2-24



Signetics Application Specific Products

Signetics Programmable Logic Intfroduction
COMBINATIONAL 1/0 PINS programmed and used exactly as the B pins  pins. The individual data sheet should be —_—
Each PLD-20 sequential device has a number ~ ©n the PLS153 FPLA. The direction control  consulted for the quantity and pin number
of combinational pins (B, which can be term (D) establishes the data flow on these assignment for each device. 2
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Figure 32
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PLA vs. PAL® ARRAYS

The PLA architecture provides the most effi-
cient means of implementing logic. The 28-
pin devices, PLS100/101 and PLS103 are
unique in their ability to directly implement
logic.

They offer the most useable P-terms, the
highest number of inputs and outputs, and the
most straightforward programming of any log-
ic device in the industry. The following dia-
grams illustrate the relative ease of program-
ming the flexible PLA structure against the
fixed OR Array of the PAL.

The Signetics approach to programmable
logic gives the designer the flexibility he
needs where he needs it—in the device
itself. The combination of totally flexible archi-
tecture, more useable product terms, and
ease of logic implementation make Signetics
Programmable Logic Family the obvious
choice.

A2 D
UNUSED! —D—\___{
M)

UNUSED!

0y=A+B+C

NOTES:
1. Unused P-terms lost to designer.

4. 10 P-terms used.

D

B ' N\ N
— D
A2
UNUSED! —-D——‘__:
o ) N N
J L/ |l
£ ) EXTERNAL
INVERTER

2. Common P-term to 2 or more outputs requires 2 or more P-terms; one on each output.
3. External inverter required to change active level of output.

Figure 33. Application Example PAL Approach

O2=A+D+E+F

O2=A+D+E+F

LD02431S

NOTES:
1. All P-terms usable.
2. Common P-terms available to all outputs.

4. 6 P-terms used.

3. Programmable outputs eliminate need for external component.

Figure 34. PLD Approach

5
D——E— 80=0y=ATETT
.

B1=02=A+D+E+F

LD02481S

*PAL is a regi of ithi ies, Inc.
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FPLA PLS153/153A COMPATIBLE WITH PAL® LOW/MEDIUM COMPLEXITY PRODUCT, Le., 14H/L4 16H/L.2 16LS 10H/LS 16C1,
12H/LS

ADDITIONAL FEATURES:

1. PROGRAMMABLE OUTPUT POLARITY

2. PROGRAMMABLE OR ARRAY

3. 10 OUTPUTS vs. 8 FOR PAL

4. 32 PRODUCT TERMS vs. 16 FOR LOW AND MEDIUM PALs

FPLS PLS155/157/159 COMPATIBLE WITH PAL REGISTERED TYPES 16R3, 16RS5, 16Rd, etc.

ADDITIONAL FEATURES:
1. PROGRAMMABLE AND/OR, ALSO CONTROLLABLE FLIP FLOPS; AS D, TOGGLE, OR JK

*PAL is a of Inc.

Figure 35. PLD-20 Product Comparison

|

|

PLD FAMILY SUMMARY

Field-Programmable Gate Arrays

PLS103 16 X9 28-Pin Tri-state (Combinatorial)

PLS151 18 X 12 20-Pin Tri-state (Combinatorial)
Field-Programmable Address Decoders

PLS162 16 X 5 24-Pin Tri-state (Combinatorial)

PLS163 | 12X9 24-Pin Tri-state (Combinatorial)

Field-Programmable Logic Arrays

PLS100 16 X 48 X 8 28-Pin Tri-state (Combinatorial)

PLS101 16 X 48 X 8 28-Pin Open Collector (Combinatorial)

PLS153/153A/PLHS153 18 X 45 X 10 20-Pin Tri-state (Combinatoriai)

PLS161 12X 48X 8 24-Pin Tri-state (Combinatorial)

PLS173/PLUS173 22 X 45X 10 24-Pin Tri-state (Combinatorial)

PLHS473 20 X 24 X 11 24-Pin Tri-state and Open Collector

PLC473 20 X 24 X 11 24-Pin Tri-state and Open Collector (CMOS)

PLHS18P8A 18 X 72X 8 20-Pin Tri-state (Combinatorial); Fixed OR Array

Fleld-Programmable Logic Sequencers

PLS105/105A 16 X 48 X 8 28-Pin Tri-state Mealy State Machine
PLS155 16 X 42 X 12 20-Pin Tri-state 4-Bit Sequencer
PLS157 16 X 42 X 12 20-Pin Tri-state 6-Bit Sequencer
PLS159/159A 16 X 42 X 12 20-Pin Tri-state 8-Bit Sequencer
PLS167/167A 14X 48 X 6 24-Pin Tri-state Mealy State Machine
PLS168/168A 12X 48X 8 24-Pin Tri-state Mealy State Machine
PLS179 20 X 42X 8 24-Pin Tri-state 8-Bit Sequencer
PLUS405A 16 X 64 X8 28-Pin Tri-state Mealy State Machine
Field-Programmable Macro l.ogic
PLHS501 32X 72X 24 52-Pin Random Logic Unit
PLHS502 32 X 64 X 24 52-Pin Registered Logic Unit
November 1986 2-27
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FPGA LOGIC DIAGRAM

PLS103

NOTES:
1. Al gate inputs

h

LDO1471S
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FPGA LOGIC DIAGRAM

PLS151

NOTES:
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FPAD LOGIC DIAGRAM

PLS162

NOTE:

B (LOGIC GATES—G) i}

1. All gate inputs with a blown link fioat to a logic "1".

LD01240S.
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FPAD LOGIC DIAGRAM

PLS163
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NOTES:
1. All gate inputs

- ———— (LOGIC GATES—G) -
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FPLA LOGIC DIAGRAM

PLS100/101

to[8]

40 B3]
s [24
2 29
322
134 21}

hs[20)

NOTES:

. (LOGIC TERMS—P) -
AaniinnnaERERn e nEnR )
e L i fa

47vecevcec0s) e ooces32310 000002423000 000161560 0c0eeB Tooeooel

1. All AND gate inputs with a bicwn link float to a logic "1"
2 AII OR gate inputs with a blown fuse float to a logic ""0"".
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FPLA LOGIC DIAGRAM PLS153/153A/PLHS 153
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are pulled to a logic "1".
are pulled to a logic "0".
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FPLA LOGIC DIAGRAM

PLS161
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' [3]
v [
s [2]
' [20]
+o [19]
i [1g]

OTES:
1. All AND/EX-OR gate inputs with a blown link float to a logic 1.
2. All OR gate inputs with a blown link float to a logic "0".

3. & [Pogra o
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FPLA LOGIC DIAGRAM PLS173/PLUS173

17]8;3
6] &
15]8,

T800841S

NOTES:
1. All programmed ""AND" gate locations are pulled to a logic '
2. All programmed ""OR" gate i
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FPLA LOGIC DIAGRAM PLHS473
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NOTES:
1. All unprogrammed or virgin 'AND' gate locations are pulled to a logic '1".
2. Al OR' gate locations are pulled to a logic '0".
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FPLA LOGIC DIAGRAM PLC473 —
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FPLA LOGIC DIAGRAM PLHS18P8A
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NOTES:
1. All unprogrammed or virgin "'AND" gate locations are pulled to a logic "1".
2. % [Progranimabis; sonnections.

November 1986

2-38



Signetics Application Specific Products ® Series 28

Signetics Programmable Logic Introduction

FPLS LOGIC DIAGRAM PLS105/105A
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NOTES:
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FPLS LOGIC DIAGRAM PLS155
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FPLS LOGIC DIAGRAM PLS157
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FPLS LOGIC DIAGRAM PLS159/159A
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NOTES:

1. All OR gate inputs with a blown link float to a logic "0".

2. All other gates and control inputs with a blown link float to a logic 1",
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FPLS LOGIC DIAGRAM PLS167/167A
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NOTES:
1. All AND gate inputs with a blown link float to a logic "1".
2. All OR gate inputs with a blown link float to a logic "0".
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FPLS LOGIC DIAGRAM PLS168/168A
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FPLS LOGIC DIAGRAM PLS179
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1. All OR gate inputs with a blown link float to a logic "0".

2. All other gates and control inputs with a blown link float to a logic "'1".
3. @ denotes WIRE-OR.
4. & ; 0
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FPLS LOGIC DIAGRAM PLUS405A
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All OR gate inputs with a blown link float to a logic '0'.
All other gates and control inputs with a blown link float to a logic '1'.
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Introduction

Signetics Programmable Logic

PLHS501

FPML LOGIC DIAGRAM

DETAIL A

(31 x;

=

3

LD067408
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Signetics Application Specific Products ® Series 28

Signetics Programmable Logic

Programming Information

PLD PROGRAMMING

The current Signetics family of Programmable
Logic (PLD) products are high-performance
bipolar and CMOS devices which use various
fusing elements to provide the many benefits
of field programming. Programming is accom-
plished by application of voltages above
those used for normal operation; therefore,
no special pins are required for programming.
The programming voltages and timing re-
quirements make unintentional programming
virtually impossible.

November 1986

PROGRAMMING INFORMATION
Complete programming system specifications
for PLD 20-, 24-, and 28-pin and 52-pin PML
products are available upon request from
Application Specific Product Marketing.

Signetics encourages the purchase of pro-
gramming equipment from a manufacturer
who has a full-line of programming products
to offer. Signetics also encourages the manu-
facturers of PLD programming equipment to
submit their equipment for verification of elec-
trical parameters and programming proce-
dures. Information on manufacturers offering
equipment certified by Signetics is available
on request from Application Specific Product
Marketing.

2-48

SIGNETICS DISCOURAGES THE
CONSTRUCTION AND USE OF

""HOMEMADE'" PROGRAMMING
EQUIPMENT

In order to consistently achieve excellent
programming vyields, periodic calibration of
the programming equipment is required. Con-
sult the equipment manufacturer for the rec-
ommended calibration interval. Records of
programming yield, by device type, should be
kept and any downward trend or sudden
change should be considered as an indication
of a need to recalibrate the programming
equipment.
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Signetics

Application Specific Products
® Series 20

DESCRIPTION

The PLMC153 is a CMOS, mask-pro-
grammable functional equivalent of the
PLS153 and PLS153A FPLAs. Custom
logic patterns can be generated directly
from working bipolar PLS153/153A de-
vices. This enables the user to prototype
and debug a device in a system prior to
committing the pattern to a mask set.
The programmed PLMC153 provides
maximum production economy, while
the CMOS process technology reduces
the power consumption of the PLMC153
to less than one third of its bipolar
counterparts.

Identical to the PLS153 and 153A, the
PLMC153 is a two-level logic element,
consisting of 42 AND gates and 10 OR
gates, featuring programmable 1/0 po-
larity and direction.

All AND gates are linked to 8 inputs (I)
and 10 bidirectional 1/0 lines (B). These
yield variable 1/0 gate configurations via
10 direction control gates (D), ranging
from 18 inputs to 10 outputs.

On chip T/C buffers couple either True
(I, B) or Complement (I, B) input polari-
ties to all AND gates, whose outputs can

FUNCTIONAL DIAGRAM

PLMC153

Mask-Programmable Logic
Array (18 X 42 X 10)

Signetics Programmable Logic

Objective Specification

be optionally linked to all OR gates.
Their output polarity, in turn, is individual-
ly programmable through a set of EX-OR
gates for implementing AND/OR or
AND/NOR logic functions.
FEATURES

o Single Mask-Programmable

o Functionally identical to PLS153
and PLS153A

e 8 inputs
® 42 AND gates
e 10 OR gates
e 10 bidirectional 1/0 lines
o Active-High or -Low outputs
® 42 product terms:
- 32 logic terms
- 10 control terms
e I/0 propagation delay: 35ns
(max.)

© Power dissipation: (typ.)
- DC: 1mA
- AC: 1mA/MHz
@ Input Loading: ~100uA {(max.)
o Tri-state outputs
e TTL compatible

P Py

Dy O

|

]

NOTE:
All points are mask-programmable.

AF01833S
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PIN CONFIGURATIONS

N Package
1o [T] [20] veo
w 2] [19] B,
w2 [3] 18] Bg
1 [] [17] 8,
1 [5] [16] 86
15 [6] E] Bs
s [7] i3] B4
(8] 1383
By : [12] 8,
GND [10} [17] 8y
CD04680S
N = Plastic
A Package

2 h o Vcc By

18] By
] e
16] Bg

15] 85
[14] &,

Bo GND By

A = Plastic Leaded Chip Carrier

APPLICATIONS

e Random logic

e Code converters

o Fault detectors

e Function generators
e Address mapping

o Multiplexing

LOGIC FUNCTION

TYPICAL PRODUCT TERM:
Pn=A'B:C-D- ... .
TYPICAL LOGIC FUNCTION:

AT OUTPUT POLARITY =H
Z=P0+P1+P2...

AT OUTPUT POLARITY =L

PO+PI+P2+ ...
B

Z= P
Z=P0-P1-P2. ..

NOTES:

via the EX-OR gates.

fixed inputs (1) and bidirectional pins (B).

1.For each of the 10 outputs, either function Z
(Active-High) or Z {Active-Low) is available, but not
both. The desired output polarity is programmed

2.Z, A, B, C, etc. are user defined connections to
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Mask-Programmable Logic Array (18 X 42 X 10) PLMC153

FPLS LOGIC DIAGRAM

#—————— (LOGIC TEAMS—P) —— ) W (CONTROL TERMS) ———88
W[
WZHC
w3
'aE‘(
W[
w[d
WHC
{Ogt
- g
8, VR
8, Y
" P
8, )—j
85 o —
5 RN
8, ).—.
o 3
» [
1
yJo] o] [ J 9 o
{ ’ jani i A Ss Y"’ ’%‘ °1ﬁ°|‘ °su°n D310, Dy J s,
o i
"‘.__... 18| By
- IS
‘Y,"";:" 17]8;
D—p- 6] 8,
¥ s,
ane {] e
D—p W8y
o
O oD 138
L)
vxz_.,.al- 2|8
x‘—;‘v 1|8y
So
X1 E"’
Jeccesn2s 13.{00..1‘ 160coe0eg 7Toeesoe( -

NOTE:
1. All points are mask-programmable.
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Signetics

Application Specific Products
® Series 20

DESCRIPTION

The PLUS153 is a two-level logic ele-
ment, consisting of 42 AND gates and
10 OR gates with fusible link connec-
tions for programming /O polarity and
direction.

All AND gates are linked to 8 inputs (I)
and 10 bidirectional 1/0 lines (B). These
yield variable 1/0 gate configurations via
10 direction control gates (D), ranging
from 18 inputs to 10 outputs.

On chip T/C buffers couple either True
(I, B) or Complement (I, B) input polari-
ties to all AND gates, whose outputs can
be optionally linked to all OR gates.
Their output polarity, in turn, is individual-
ly programmable through a set of EX-OR
gates for implementing AND/OR or
AND/NOR logic functions.

The PLUS153 is field programmable,
enabling the user to quickly generate
custom patterns using standard pro-
gramming equipment.

Order codes are contained on the pages
following.

FUNCTIONAL DIAGRAM

PLUS153

Field-Programmable Logic

Array (18 X 42 X 10)

Signetics Programmable L.ogic

Objective Specification

FEATURES
o Field-Programmable (Ti-W links)

© Functionally identical to PLS153/
153A and PLHS153

e 8 inputs
® 42 AND gates
¢ 10 OR gates
e 10 bidirectional 1/0 lines
o Active-High or -Low outputs
e 42 product terms:
- 32 logic terms
- 10 control terms
e |/O propagation delay: 12ns (max.)
o Input loading: ~100uA (max.)
o Power dissipation: 700mW (typ.)
e Tri-state outputs
e TTL compatible

APPLICATIONS

© Random logic

e Code converters

o Fault detectors

e Function generators
o Address mapping

o Muitiplexing

PIN CONFIGURATIONS

Dy Dy

g__._

Db :

AF018328

N Package
to (1] N’ [20) Ve
u[Z] [19] B,
12 [3] (18] 8s
i3 [4] [17] By
1 [5] 18] 85
15 [§] 5] 85
is [5 E By
v [€] EEN
8o (9} (12 8,
GND [16 1] 8y
CDO4680S
N = Plastic
A Package
Iz h lo Vec By

[3] [2] [5] [=o] [ro]

18] B
16] Bs
] e

By GND By By

A= Plastic L.eaded Chip Carrier

T EEE

B3

©CDO4890S

LOGIC FUNCTION

NOTES;

via the EX-OR gates.

November 1986

TYPICAL PRODUCT TERM:
Pn=A‘B-'C'D* ...
TYPICAL LOGIC FUNCTION:
AT OUTPUT POLARITY =
Z=PO+Pi+P2.

AT OUTPUT POLARITY =L
2=PO+PI+P2+ ...
zZ=P0-P1-P2-...

1. For each of the 10 outputs, either function Z
(Active-High) or Z (Active-Low) is available, but not
both. The desired output polarity is programmed

2.2, A, B, C, etc. are user defined connections to
fixed inputs (1) and bidirectional pins (B).

™
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Objective Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLUS153

FPLA LOGIC DIAGRAM

e

3eeccee2s 230 4seesd 70000000

NOTES:
1. All programmed "AND" gate locations are pulled to logic 1",
A "OR" are pulled to logic ""0".

—— (CONTROL TERMS) ————8

4

By

1] 8,

13| By

12|8;

8,

TB00943S
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Application Specific Products
® Series 24

DESCRIPTION

The PLUS173 is a high-speed version of
the PLS173 FPLA. The Signetics state-
of-the-art Oxide Isolated Bipolar fabrica-
tion process is employed to produce
performance levels not yet achieved in
devices of this complexity.

The PLUS173 is a two-level logic ele-
ment consisting of 42 AND gates and 10
OR gates with fusible link connections
for programming 1/0O polarity and direc-
tion.

All AND gates are linked to 12 inputs (1)
and 10 bidirectional 1/0 lines (B). These
yield variable 1/0 gate configurations via
10 direction control gates (D), ranging
from 22 inputs to 10 outputs.

On chip T/C buffers couple either True
(I, B) or Complement (I, B) input polari-
ties to all AND gates, whose outputs can
be optionally linked to all OR gates.
Their output polarity, in turn, is individual-
ly programmable through a set of EX-OR
gates for implementing AND/OR or
AND/NOR logic functions.

The PLUS173 is field-programmable, en-
abling the user to quickly generate cus-
tom patterns using standard program-
ming equipment.

FUNCTIONAL DIAGRAM

PLUS473

Field-Programmable Logic
Array (22 X 42 X 10)

Signetics Programmable Logic

Objective Specification

FEATURES
o Field-Programmable (Ti-W links)
o Functionally identical to PLS173
e 12 inputs
® 42 AND gates
e 10 OR gates
* 10 bidirectional 1/0 lines
e Active-High or -Low outputs
® 42 product terms:
- 32 logic terms
- 10 control terms

e 1/0 propagation delay: 12ns
(max.)

o Input loading: - 100uA (max.)

e Power dissipation: 700mW (typ.)
e Tri-state outputs

o TTL compatible

APPLICATIONS

e Random logic

e Code converters

o Fault detectors

o Function generators
e Address mapping

e Multiplexing

PIN CONFIGURATIONS

DL\ "
X

AF01831S

N Package

% [12]
1o [13]

I"
8, [ie]
8, [17]
8, [18]

[o] [z0f [] [e2] [29] f24] 25
NIC B, B, B, B, B, NIC
CDO3390S|
A= Plastic Leaded Chip Carrier

LOGIC FUNCTION

TYPICAL PRODUCT TERM:
Pn=A-B'C'D- ...
TYPICAL LOGIC FUNCTION:

AT OUTPUT POLARITY =H
Z=PO+P1+P2...

AT OUTPUT POLARITY =L

NOTES:

1.For each of the 10 outputs, either function Z
(Active-High) or Z (Active-Low) is available, but not
both. The desired output polarity is programmed
via the EX-OR gates.

2.Z, A, B, C, etc. are user defined connections to
fixed inputs (I) and bidirectional pins (B).

November 1986
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Objective Specification

Field-Programmable Logic Array (22 X 42 X 10)

PLUS173

FPLA LOGIC DIAGRAM

B——————— (LOGIC TERMS—P)

w[1] I§§§§§§§§ L

{zs] %

218

20] B

17 By

%] e,

1. Al 'AND' gate i are pulled to Ioglc 1"
2. AII programmed 'OR' gate Iocaﬁons are pulled to logic ""0".

{u]e

TB00S41S
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Signetics

Application Specific Products
® PML Series 52

DESCRIPTION

The PLHS501 is a member of the
Signetics Programmable Macro Logic
family. PML is unique in its capability of
performing other than two level logic
functions without incurring 1/0 buffer
delays. This allows the logic or system
designer to imbed logical operations or
macro structures within the framework of
the /0 pins. Since the imbedded func-
tions are independent of the delays
created by the 1/0 buffers, they can be
performed at speeds lesser architec-
tures cannot reproduce.

The technique used to perform this oper-
ation is a NAND foldback network which
allows the direct interconnection of any
number of logic nodes within the single
fuse matrix. Macros can be formed and
then interconnected to the I/0O structure.
In addition, single-level and muilti-leve!
logic can be performed at speeds which
reflect only the logic path utilized. There-
fore, a single-level logic function has a
very short path through the device. Addi-
tional levels incur only one NAND fold-
back delay per level. This delay is less
than the combined delay created by
previous generations of devices which
stipulate that the logic signal must pass
through 1/0 buffers after one or two
levels of logic are performed.

The PLHS501 is fabricated with
Signetics, ZA Oxide-Isolated Bipolar
Process. ZA utilizes Vertical Avalanche
Migration Programmed (VAMP™) Fuses
as programming elements. These fuses
provide high programming yield and reli-
ability. Proprietary onboard test circuitry
allows the PLHS501 to be thoroughly
tested prior to programming.

“Patent Pending
November 1986

PLHS501

Programmable Macro Logic
Random Logic Unit”

(32 X 72 X 24)

Preliminary Specification

FEATURES

o Signetics NAND foldback
architecture

o Field-Programmable
e 24 dedicated inputs
o Fixed and programmable output
buffers
- 8 1/0 buffers
- 8 EX-OR buffers
- 4 Active-Low buffers
- 4 Active-High buffers
e 72 internal NAND foldback terms
e Supported by AMAZE
Development System
e Testable in unprogrammed state
e Verify Lock Fuse
e TTL compatible
o Power dissipation: 1.25W (typ.)
o Logic delay times
- Single-level = 18ns (max.)
- Two-level = 26ns (max.)
~ Internal NAND delay = 8ns
(max.)

ARCHITECTURE

® 24 dedicated Inputs; lp-ia3

e 4 Active-High 1/0s with individual
enable: B4 -B;

® 4 Active-Low 1/0s with individual
fused enable: Bg~- B3

® 2 Active-High output pairs; each
pair with common enable: Og~ 03

® 2 Active-Low output pairs; each_
pair with common enable: O4 -0

e 4 EX-OR output pairs; each pair
with common enable: Xg - X7

e 72 internal NAND foldback terms

PIN CONFIGURATION

A Package
(52-Pin PLCC)
by W s
jal [ G|
.
Vee (2] 3] Vec
Gnp [=] 157 oND
o X
TOP VIEW
CD114508

Pin. No. Pin No.

10y 27 /0,
2 Iy 28 Xg
3 I3 29 X4
4 ly 30 Xp

5 lys 31 X
6 le 32 X4

7 by 33 Xs
8 Voo 34 GND
9 hs 35 . Xg
10 Iyo 36 Xy
11 o 37 /By
12 1y 38 /B4
13 lpp 39 /8,
14 lpg 40 /B3
15 B, 41 1
16 Bs 42 1
17 Beg a3 1
18 B; 44 iy
19 45 1y
20 GND 46 Voo
21 O 47 1g
22 O 48 1g
23 Oy 49 17
24 /0, 50 Ig
25 /0g 51 1
26 /Og 52 lyo
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Programmable Macro Logic PLHS504
Random Logic Unit* (32 X 72 X 24) S50

FUNCTIONAL DIAGRAM

il L]

v [HE

[

Q00 10 000 000 00 00

L 05,5,

(x4)

:?—‘(x‘) —{8,-8,
L ————) Xo X X Xg
(x4)
3 X Xg0 Xgy Xy

0o O,

05,04

2 &
Igl

LD06731S

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
52-Pin Plastic Leaded Chip Carrier PLHS501A Maximum junction 150°C
Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS' -
Allowable thermal rise 75°C
RATING ambient to junction
SYMBOL PARAMETER UNIT
Min Max
Vce Supply voltage +7 Vpc
ViN Input voltage +5.5 Voc
Vourt Output voltage +55 Vb
In Input currents -30 +30 mA
lout Output currents +100 mA
Temperature range
Ta Operating , 0 +75 °C
Tsta Storage ~-65 +150

November 1986 3-10
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Programmable Macro Logic

Random Logic Unit* (32 X 72 X 24) PLHSS01

LOGIC DIAGRAM
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ERAAESAEIMART
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BERES !lgl!
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BIAEEBUMERT
AAEREESBWARE
RESSENSWARS -
diaiiiiang =
REEEEARBAEE I
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gL
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BiLH1H100 |
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Preliminary Specification

Programmable Macro Logic
Random Logic Unit* (32 X 72 X 24)

PLHS501

DETAIL A

b

»)x i
H

518

November 1986
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Programmable Macro Logic
Random Logic Unit* (32 X 72 X 24) PLHS501

DC ELECTRICAL CHARACTERISTICS 0°C <Tp<+75°C, 4.75 < Vg <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
: Min | Typ? l Max
Input voltage®
Vi Low Vce = Min 0.8
Viy High Vcg = Max 20 Y
Vic Clamp®# Vee = Min, Iy = -12mA -0.8 -1.2
Output voltage
Ve = Min
VoL Low3® loL = 10mA 0.45 \
VoH High3€ IoH = -2mA 2.4
Input current
Vce = Max
e Low Vin = 0.45V -100 m
liH High Vin = 5.5V 40
Output current
Vee = Max
looFR) Hi-Z state'® Vout = 5.5V 80 uA
' Vour = 0.45V ~-140
los Short circuit* 87 Vout =0V -15 -70 mA
lcc Ve supply current® Vg = Max 250 325 mA
Capacitance
Vge =5V
Iin Input ViN = 2.0V 8 F
Cs 170 Vout = 2.0V 15 p
AC ELECTRICAL CHARACTERISTICS T, =0°C to +75°C, 4.75 < Vgc < 5.25V, Ry = 4708, R, = 10009
. PARAMETER LIMITS
SYMBOL TEST CONDITIONS - UNIT
TO FROM Min Typ Max
trps Output* Inputt Cy = 30pF 20 ns
tep2 Outputt Input 18 ns
tpp3 Outputt Input 18 ns
tpps 1! Output Input 28 ns
tpps ' Outputt Input: 26 ns
tpps ! Outputs Input 26 ns
tpp7 1! Internal 8 ns
toe Output- Inputt ' 20 ns
top? Output+ Inputt C_=5pF 20 ns
NOTES: ' '
1. Stresses above those listed under ""Absolute Maximum Ratings'' may cause function or p d to the device. This is a stress rating only.
Functional operation at these or any other condition above those indi d in the ional and prog ing specification of the device is not implied.
2. All typical vaiues are at Vgc =5V, Tp= +25°C.
3. All voltage values are with respect to network ground terminal.
4, Test one at a time.
5. For Pins 15-19, 21-27 and 37-40, Vo is measured with Pins 5 and 41 =8.75V, Pin 43 =0V and Pins 42 and 44 = 4.5V.

For Pins 28 -33 and 35-36, Vo is measured under same conditions EXCEPT Pin 44 =0V,
Von is measured with Pins 5 and 41 =8.75V, Pins 42 and 43 = 4,5V and Pin 44 =0V.
Duration of short circuit should not exceed 1 second.

lcc is measured with all dedicated inputs at OV and bidirectional and output pins open.
Measured at V= Vg + 0.5V.

10. Leakage values are a combination of input and output leakage.

11. Limits are guaranteed with 10 terms maximum connected to each internal feedback line.

©PNO

November 1986 3-13
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Preliminary Specification

Programmable Macro Logic
Random Logic Unit* (32 X 72 X 24)

PLHS501

TEST LOAD CIRCUIT

TIMING DIAGRAM

Qe
+5V
1t
i . .
Ot 1
T . )
i s
Bx X
GND
T

+3V
LB 1.5V X.sv
INCLUDES SCOPE o
AND JIG
CAPACTTANCE

7{{“ \T\Ti;’ Vo

lq B st

._«m_.l

TC02680S

| L—' e
oty | toe

WF054115

sagv

25ns 25ns

WF05391S.

MEASUREMENTS:
Al circuit delays are measured at the + 1.5V level of
inputs and outputs, unless otherwise specified.

Input Pulses

November 1986

TIMING DEFINITIONS

tpp1 Input to Output delay, one pass,
with EX-OR buffer

tpp2  Input to Output delay, one pass,
with NAND buffer

tpps  Input to Output delay, one pass,
with AND buffer

tps  Input to Output delay, two
passes, with EX-OR buffer

tps  Input to Output delay, two
passes, with NAND buffer

teps  Input to Output delay, two
passes, with AND buffer

trp7  Feedback delay per internal

NAND function performed

top Delay between output change
and when output is off (Hi-Z or
High)

toe Delay between input change and

when the output reflects
specified output level

3-14

VIRGIN STATE
A factory shipped virgin device contains all
fusible links open, such that:

1.

2.
3.
4

All product terms are enabled.
All bidirectional (B) pins are outputs.
All outputs are enabled.

All outputs are Active-High except
Bo-Bj (fusable 1/0) and /O4-/07
which are Active-Low.
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PLHS501

PROGRAMMABLE MACRO
LOGIC

The architectures of current Programmable
Logic Devices (PLDs) generally employ pro-
grammable AND-OR gate strings to permit
implementing logic functions directly in Sum-
of-Products form (SOP). Often, that becomes
a bottleneck which interferes with the efficient
allocation of the on-chip logic resources. This
becomes very apparent when considering
very dense PLDs in high pin-count packages.

PML is a novel architecture which breaks the
AND-OR bottleneck by relying instead on a
single NAND-gate array to implement SOP
logic functions, and to provide a central
programmable "interconnect' site supporting
a periphery of multi-level macros on a chip.

INTRODUCTION

Today, system designers in a rush to bring
their products to market are turning more
than ever toward Programmable Logic De-
vices, lured by their blend of design elegance
and efficiency with instant custom flexibility
despite limitations in density and architecture.

To be sure, dramatic advances in Bipolar and
CMOS processing technologies over the last
decade have spawned denser and faster
elements, with an occasional twist in architec-
ture. Nevertheless, the structure of most
current PLDs is still anchored on a fixed AND-
OR gate chain linking primitive input, output,
and function macros on a chip. Recently, to
enhance the flexibility and design adaptability
of early product offerings, denser devices
have been introduced featuring logic macros
with local programmable options and bypass
circuitry.

However, as densities continue to increase,
this approach is sure to breed devices with an
overwhelming architectural maze which is
altogether difficult to design, comprehend,
and logically manipulate, complicating rather
than _.mplifying their application.

PML, however, consists of various logic "'ac-
cess'' and ''process'’ macros coupled via a
primitive, central programmable structure in
the on-chip "interconnect’” system (see Fig-
ure 1). Macros can have various local intelli-
gence which, in turn, may be fixed or variable
by means of programmable options also em-
bedded in the central programmable core.

AND-OR PLD ARCHITECTURE

From a fundamental theorem of Boolean
algebra, any combinational logic function can
be expressed in Sum-of-Products form involv-
ing only two levels of logic transformation.
Such functions can be implemented in hard-

November 1886

PROGRAMMABLE
INTERCONNECT
YSTEM

Figure 1. General PML Architecture Based on a Central Programmable
"Interconnect’’ System Interlocking Peripheral Macros

LOGIC
PRODUCT

Y=C*D

Figure 2. Typical SOP Functi

X=A*B
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Figure 3. Basic Architecture of Current PLDs

DF06450S

ware by chaining two primitive logic macros
as indicated in Figure 2.

The outputs of an AND-OR gate chains can
be interlaced with higher level macros, such
as flip-flops, to form sequential logic func-
tions. These may be further combined into
standard or custom super-macros which, in

3-156

turn, are interwoven into final system configu-
rations. Presently, a number of PLDs are
available which contain fixed sets of logic
macros with programmable connections. In-
variably, their architectures are anchored on a
pair of concatenated AND-OR gate arrays, as
diagrammed in Figure 3, to permit implement-
ing logic functions directly in SOP form.
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Virtually all PLDs tall in three main categories:
PROM, Fixed OR, and PLA. As illustrated in
Figure 4, these differ primarily in the program-
rability of the AND-OR gate chain which, by
being irrevocably interposed as a two-level AND
logic link between on-chip macros and 1/0
paths, often’ can ‘turn into a design liability.

For example, in PROMs the exponential in-
- crease in AND array ‘size with number of OoR

inputs is a severe drawback which limits their Looerres
contention in the logic application arena. a. PROM: Programmable OR

In fixed OR devices, the fixed inputs to the
OR array confine their architectures to essen-
tially a composite of AND-OR, AND-OR-regis- !
ter logic slices defining independent 1/0
paths through the chip. This causes duplica- AND
tion of common product terms, and waste of
unused AND gates in each slice. Also, since
each slice is dedicated to an output pin, F
devices with registered, programmable /0 OR

pins entail an even greater waste of on-chip Looe7e0s
logic resources when configured in register- b. PAL*: Programmable AND
bypass or fixed input modes. Moreover, no
single level logic functions can be constructed,
except dedicated on-chip control functions.

Finally, even as the twin programmability of
the AND-OR arrays in current PLA-type de- AND
vices lends greater flexibility, and may circum-
vent some of the above problems, it does
pose difficult process, design and perfor- F
mance cormpromises in migrating toward oR

more dense structures. 0067908

Thus, on the whole, the AND-OR gate chain ¢. PLA: Programmable AND-OR
forms a bottleneck which can impair the
tragmentation and reallocation of the on-chip Figure 4. Programmable AND-OR Chain of Current PLDs
logic resources, curtailing the adaptability and
efficiency of current PLDs in applications
involving unstructured algorithms and scat-
tered logic functions.

*PAL is a registered trademark of Monolithic Memories, Inc.
November 1986 3-16
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NAND-NAND GATE

EQUIVALENCE ; x

One way of relieving the burden placed on F

PLDs' architecture by the AND-OR gate c ¥

string is to do away with it altogether, and °

replace it with a new programmable structure sne

forged out of a new compromise on silicon LoGie

between '‘interconnect redundancy and PRODUCT —
ease of design and application. The approach

adopted for PML is based on the fundamental Y=C¥D X=K*B 3
equivalence between two-level AND-OR and F=X3V=(A%B)*(C*D) _—
NAND-NAND gate constructs in expressing F=(@A*B)+C9D)

combinatorial logic functions in SOP form, as

illustrated in Figure 5. —

Since programmable NAND-NAND logic Figure 5. Equivalent NAND-NAND SOP Expression

chains can be formed by coupling identical
NAND gates with programmable inputs, the
NAND-array string in Figure 6 can be imple-

mented as a single global array with feed- , ‘NAND' NAND" R
back. ARRAY [y ARRAY 73

A basic NAND-array core linking a periphery @

of primitive macros is shown in Figure 7.
When the feedback path is just a simple wire,
the NAND-array can be fragmented into sin-

gle-level or double-level true/complement "'"ﬁ'j e =
logic functions by programming respectively Z H
single (a-c-d), or double (a-b-c-d), intercon- > p -
necting paths through the array from inputs |
to output F.
More complex functions can be implemented ‘@
by programming multi-level logic loops
through the array. , .,
| — + F
‘NAND’
ARRAY
= =1
| i
. S ——
FEEDBACK PATH

AF044508

Figure 6. NAND-NAND Gate Chain Compressed
Into a Single Array With Feedback

A

¥ é‘ Er
TYPICAL - —
PROGRAMMABLE D+=D o
CONNECTION +

b g

i) I m b

LD0BB10S

Figure 7. Elementary NAND Array Linking Primitive Macros.
Note That No Programmable Connection Is implled at
a Cross of a Solid Line With a Dotted Line

November 1986 3-17
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BASIC PML ARCHITECTURE

The primitive NAND core can be expanded to
support at its periphery a structure of logic
macros of growing size and complexity, in-
cluding various types of fiip-flops, EX-OR
gates, buffers, counters, shift registers, multi-
plexers, decoders, arithmetic/logic units,
memories, efc. As illustrated in the general
structure of Figure 8, I/0 macros would
provide off-chip paths to the outside world,
while FUNCTION macros looped about the
array would provide the necessary logic pro-
cessing capability.

In deference to trade-offs in functionality and
speed imposed by the array size and loading,
Type-1 Qutput (or Function) macros may be
driven directly from NAND gates, while Type-
2 macros may be driven by gates first looped
through the array. There are virtually no limits
to the number, size, and functionality of the
on~chip macros surrounding the central core,
other than those imposed by processing and
packaging capabilities.

The main design advantage of PML is that it
relias upon a single array to interconnect all
macros. This reduces the design task to that
of building essentially a PROM-like program-
rnable structure more forgiving than the dou-
ble array in PLA-type devices, and more
fiexible than that in fixed OR devices. Also,
the abiiity to forge the NAND core into multi-
level logic paths at will increases the usage
efficiency of the on-chip logic resources, and
greatly enhances the versatility of PML in
most applications.

THE FIRST PML OFFERING

The first PML device, designated PLHS501, is
primarily a combinational logic device includ-
ing only primitive macros. it is a "'gate buck-
et whose deceptively simple structure can
implement virtuaily all logic functions provid-
ed by existing combinational PAL/PLA-type
devices. Also, it is the first to provide true EX-
OR output functions (in addition to output
polarity inversion), as well as multi-level gate
constructs and cross-coupled latches on-chip
without involving output pins. These are
shown in Figure 9.
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Figure 9. Novel Logic Constructs Available With PLHS501

Built with Signetics' proprietary ZA oxide
isolation process, and vertical fuses, the
PLHS501 has a NAND matrix about the size
of a 16k-bit PROM. With a typical Icc of
250maA, it features maximum input to output
delays of 18/26ns over the commercial tem-
perature range, reflecting respectively single
and double passes through the NAND array.
Assuming a conservative "'interconnect’’ fac-
tor of 20%, the PLHS501 has a density

3-18

roughly equivalent to 1,500 2-input NAND
gates.

The PLHS501 is the first member of a grow-
ing family of devices slated for future intro-
duction. Built with either Bipolar or Erasabie
CMOS technologies, these will incorporate
sets of higher level macros, leading to de-
vices with greater logic power and a more
efficient utilization of the on-chip interconnect
system.
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DESCRIPTION

The PLHS502 is a member of the
Signetics Programmable Macro Logic
family. PML is unique in its capability of
performing other than two level logic
functions without incurring 1/0 buffer
delays. This allows the logic or system
designer to imbed logical operations or
macro structures such as registers with-
in the framework of the 1/0 pins. Since
the imbedded functions are independent
of the delays created by the 1/0 buffers,
they can be performed at speeds lesser
architectures cannot reproduce.

The PLHS502 features a unique clock
matrix that allows the user to individually
connect each of the 16 buried registers
to any of 8 different clock sources. The
output Q of the 8D type and 8 S-R type
registers is internally feedback to the
NAND array. In addition the output Q of
each register is internally feedback to
both the NAND array and the clock
array. Thus the PML architecture elimi-
nates the requirement of utilizing exter-
nal I/0 pins for register feedback paths.
The PLHS502 is therefore ideally suited
for both Synchronous and Asynchro-
nous State Machines as well as event
driven controlier functions.

The technique used to perform this oper-
ation is a NAND foldback network which
allows the direct interconnection-of any
number of logic nodes within the single
fuse matrix. Macros can be formed and
then interconnected to the 170 structure.
In addition, single level and multiple level
logic can be performed at speeds which
reflect only the logic path utilized. There-
fore, a single-level logic function has a
very short path through the device. Addi-
tional levels incur only one NAND fold-
back delay per level. This delay is less
than the combined delay created by
previous generations of devices which
stipulate that the logic signal must pass
through 1/0 buffers after one or two
levels of logic are performed.

The PLHS502 is fabricated in Signetics
ZA Oxide-Isolated Bipolar Process
which utilizes Vertical Avalanche Migra-
tion Programmed (VAMP™) Fuses as
programming elements. These fuses
provide high programming yield and reli-

*Patent Pending
November 198€

PLHS502

Programmable Macro Logic
Sync/Async Register Macro
Unit (32 X 64 X 24)

Objective Specification

ability. Proprietary onboard test circuitry
allows the PLHS502 to be thoroughly
tested prior to programming.
FEATURES

o Signetics NAND foldback
architecture

e Field-Programmable
® 20 dedicated inputs
e 4 input/clock pins
e 16 buried registers
- 8 D type
- 8 S-R type
e 8 individual clocks
- 4 from dedicated input/clock
pins
- 4 from NAND array
e 8 bidirectional 1/0
o 16 dedicated outputs
- 8 Active-High outputs
- 4 outputs with polarity control

- 4 Tri-statable outputs with
polarity control

o 64 internal NAND foldback terms
e Logic delay times:

- Single level = 22ns (max.)

- Two logic levels = 30ns (max.)

- Each additional internal NAND
delay = 8ns (max.)

- Maximum operating frequency
fmax = 35MHz

e Supported by AMAZE
Development System

o Testable in unprogrammed state
e Verify Lock Fuse

e TTL compatible

e Power dissipation: 1.25W (typ.)

APPLICATIONS

® Any digital function requiring
more than 2 levels of logic

e Systems requiring state/controller
functions in conjunction with
random logic

e Asynchronous state machines

e Event-driven state machines

e Logic sequencers

¢ Ripple counters

PIN CONFIGURATION

A Package (52-Pin PLCC)

Pin No.
1

2

ha

la

hs

lie

h7
Vee

COENDN A BN =

lg
he
120/CLK
121/CLK
122/CLK
123/CLK

/B1
/B2
/B3
/B4
GND
/B5
/B6
/87
24 Oy

25 0y

26 0,

DN RO I mb mb b b o b ok b b
BVLOCCDIDIOARBN-O
~
[}
S

CD118408
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Detail A

PROGRAMMABLE MACRO
LOGIC

The architectures of current Programmable
Logic Devices (PLDs) generally employ pro-
grammable AND-OR gate strings to permit
implementing logic functions directly in Sum-
of-Products form (SOP). Often, that becomes
a bottleneck which interferes with the efficient
allocation of the on-chip logic resources. This
becomes very apparent when considering
very dense PLDs in high pin-count packages.

PML is a novel architecture which breaks the
AND-OR bottleneck by relying instead on a
single NAND-gate array to implement SOP
logic functions, and to provide a central
programmable '‘interconnect’' site supporting
a periphery of multi-level macros on a chip.

INTRODUCTION

Today, system designers in a rush to bring
their products to market are turning more
than ever toward Programmable Logic De-
vices, lured by their blend of design elegance
and efficiency with instant custom flexibility
despite limitations in density and architecture.

To be sure, dramatic advances in Bipolar and
CMOS processing technologies over the last
decadr have spawned denser and faster
elements, with an occasional twist in architec-
ture. Nevertheless, the structure of most
current PLDs is still anchored on a fixed AND-
OR gate chain linking primitive input, output,
and function macros on a chip. Recently, to
enhance the flexibility and design adaptability
of early product offerings, denser devices
have been introduced featuring logic macros
with local programmable options and bypass
circuitry.

However, as densities continue to increase,
this approach is sure to breed devices with an
overwhelming architectural maze which is
altogether difficult to design, comprehend,
and logically manipulate, complicating rather
than simplifying their application.

PML, however, consists of various logic ''ac-
cess'' and ''process'’ macros coupled via a

November 1986
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Figure 1. General PML Architecture Based on a Central Programmable
"Interconnect’’ System Interlocking Peripheral Macros

LOGIC
PRODUCT

Y=C*D

X=A*B

F=X+Y=A*B+C*D

LD06760S

Figure 2. Typical SOP Function With Elementary AND-OR Gates

primitive, central programmable structure in  gence which, in turn, may be fixed or variable
the on-chip "interconnect’ system (see Fig- by means of programmable options also em-
ure 1). Macros can have various local intelli-  bedded in the central programmable core.
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AND-OR PLD ARCHITECTURE
From a fundamental theorem of Boolean
algebra, any combinational logic function can
be expressed in Sum-of-Products form involv-
ing only two levels of logic transformation.
Such functions can be implemented in hard-
ware by chaining two primitive logic macros
as indicated in Figure 2.

The outputs of an AND-OR gate chains can
be interlaced with higher level macros, such
as flip-flops, to form sequential logic func-
tions. These may be further combined into
standard or custom super-macros which, in
turn, are interwoven into final system configu-
rations. Presently, a number of PLDs are
available which contain fixed sets of logic
macros with programmable connections. In-
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Figure 3. Basic Architecture of Current PLDs

variably, their architectures are anchored on a

pair of concatenated AND-OR gate arrays, as
diagrammed in Figure 3, to permit implement-
ing logic functions directly in SOP form.

Virtually all PLDs fall in three main categories:
PROM, Fixed OR, and PLA. As illustrated in
Figure 4, these differ primarily in the program-
mability of the AND-OR gate chain which, by
being irrevocably interposed as a two-level
logic link between on-chip macros and I/0
paths, often can turn into a design liability.

For example, in PROMs the exponential in-
crease in AND array size with number of
inputs is a severe drawback which limits their
contention in the logic application arena.

In fixed OR devices, the fixed inputs to the
OR array confine their architectures to essen-
tially a composite of AND-OR, AND-OR-regis-
ter logic slices defining independent 1/0
paths through the chip. This causes duplica-
tion of common product terms, and waste of
unused AND gates in each slice. Also, since
each slice is dedicated to an output pin,
devices with registered, programmable 1/0
pins entail an even greater waste of on-chip
logic resources when configured in register-
bypass or fixed input modes. Moreover, no
single level logic functions can be constructed,
except dedicated on-chip control functions.

Finally, even as the twin programmability of
the AND-OR arrays in current PLA-type de-
vices lends greater flexibility, and may circum-
vent some of the above problems, it does
pose difficult process, design and perfor-
mance compromises in migrating toward
more dense structures.

AND

OR

LD067708

a. PROM: Programmable OR

AND

OR
10067808

b. PAL*: Programmable AND

OR

LD06790S

c. PLA: Programmable AND-OR
Figure 4. Programmable AND-OR Chain of Current PLDs

Thus, on the whole, the AND-OR gate chain
forms a bottleneck which can impair the
fragmentation and reallocation of the on-chip
logic resources, curtailing the adaptability and
efficiency of current PLDs in applications
involving unstructured algorithms and scat-
tered logic functions.

*PAL is a regi
November 1986

of Monolithic Memories, Inc.
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NAND-NAND GATE
EQUIVALENCE

One way of relieving the burden placed on F
PLDs' architecture by the AND-OR gate
string is to do away with it altogether, and

>

o
E]

o
<

o

replace it with a new programmable structure oue
forged out of a new compromise on silicon LoGIo

between ''interconnect'’ redundancy and PRODUCT

ease of design and application. The approach

adopted for PML is based on the fundamental Y=C¥b x=A%B
equivalence between two-level AND-OR and F=X*V=@R+B)*C*D)
NAND-NAND gate constructs in expressing F=(A*8B)+(C*D)

combinatorial logic functions in SOP form, as

illustrated in Figure 5.

Since programmable NAND-NAND logic
chains can be formed by coupling identical
NAND gates with programmable inputs, the
NAND-array string in Figure 6 can be imple-

mented as a single global array with feed- , NAND' NAND' .
back. 'ﬁ"l ARRAY ,';]—F’l ARRAY {;{'*"

LD08800S

Figure 5. Equivalent NAND-NAND SOP Expression

A basic NAND-array core linking a periphery
of primitive macros is shown in Figure 7.
When the feedback path is just a simple wire,
the NAND-array can be fragmented into sin-

gle-level or double-level true/complement "‘—/__’_ NAND -]
logic functions by programming respectively Z H
single (a-c-d), or double (a-b-c-d), intercon- g TR S
necting paths through the array from inputs | =
to output F.
More complex functions can be implemented t@
by programming multi-level logic loops
through the array. ) — L. F
‘NAND'
ARRAY
= -1
| |
SO S ——
FEEDBACK PATH

AF044508

Figure 6. NAND-NAND Gate Chain Compressed
Into a Single Array With Feedback
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Figure 7. Elementary NAND Array Linking Primitive Macros.
Note That No Programmable Connection is Implied at
a Cross of a Solid Line With a Dotted Line
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BASIC PML ARCHITECTURE

The primitive NAND core can be expanded to
support at its periphery a structure of logic
macros of growing size and complexity, in-
cluding various types of flip-flops, EX-OR
gates, buffers, counters, shift registers, multi-
plexers, decoders, arithmetic/logic units,
memories, etc. As illustrated in the general
structure of Figure 8, 1/O macros would
provide off-chip paths to the outside world,
while FUNCTION macros looped about the
array would provide the necessary logic pro-
cessing capability.

In deference to trade-offs in functionality and
speed imposed by the array size and loading,
Type-1 Output (or Function) macros may be
driven directly from NAND gates, while Type-
2 macros may be driven by gates first looped
through the array. There are virtually no limits
to the numiber, size, and functionality of the
or-chip macros surrounding the central core,
other than those imposed by processing and
packaging capabilities.

November 1986

The main design advantage of PML is that it
relies upon a single array to interconnect all
macros. This reduces the design task to that
of building essentially a PROM-like program-
mable structure more forgiving than the dou-
ble array in PLA-type devices, and more
flexible than that in fixed OR devices. Also,
the ability to forge the NAND core into muiti-
level logic paths at will increases the usage
efficiency of the on-chip logic resources, and
greatly enhances the versatility of PML in
most applications.

THE FIRST PML OFFERING

The first PML device, designated PLHS501, is
primarily a combinational logic device includ-
ing only primitive macros. It is a 'gate buck-
et" whose deceptively simple structure can
implement virtually all logic functions provid-
ed by existing combinational PAL/PLA-type
devices. Also, it is the first to provide true EX-
OR output functions (in addition to output
polarity inversion), as well as multi-level gate

3-24

constructs and cross-coupled latches on-chip
without involving output pins. These are
shown in Figure 9.

Built with Signetics' proprietary ZA oxide
isolation process, and vertical fuses, the
PLHS501 has a NAND matrix about the size
of a 16k-bit PROM. With a typical Icc of
250mA, it features maximum input to output
delays of 18/26ns over the commercial tem-
perature range, reflecting respectively single
and double passes through the NAND array.
Assuming a conservative "interconnect’’ fac-
tor of 20%, the PLHS501 has a density
roughly equivalent to 1,500 2-input NAND
gates.

The PLHS501 is the first member of a grow-
ing family of devices slated for future intro-
duction. Built with either Bipolar or Erasable
CMOS technologies, these will incorporate
sets of higher level macros, leading to de-
vices with greater logic power and a more
efficient utilization of the on-chip interconnect
system.



Signetics Section 4
PLD Data Sheets

Application Specific Products

INDEX

Section 4 ~PLD Data Sheets

Series 20
PLS151
PLS153
PLS153A
PLHS153
PLS155
PLS157
PLS159
PLS159A
PLHS18P8A

Field-Programmable Gate Array (18 X 15 X 12)
Field-Programmable Logic Array (18 X 42 X 10) .
Field-Programmable Logic Array (18 X 42 X 10) .
Field-Programmable Logic Array (18 X 42 X 10)
Field-Programmable Logic Sequencer (16 X 45 X 12).. 4-27
Field-Programmable Logic Sequencer (16 X 45 X 12).. 4-37
Field-Programmable Logic Sequencer (16 X 45 X 12).. 4-47
Field-Programmable Logic Sequencer (16 X 45 X 12).. 4-57
Programmable AND Array Logic (18 X 72 X 8).......... 4-67







Signetics

Application Specific Products
® Series 20

DESCRIPTION

The PLS151 is a single level logic ele-
ment, consisting of 15 AND gates with
fusible link connections for programming
1/0 polarity, 1/0 direction and output
enable control.

All gates are linked to 6 inputs () and 12
bidirectional 1/0 lines (B). These yield
variable 1/0 gate configurations via 3
direction control gates (D), ranging from
18 inputs to 12 outputs.

On chip T/C buffers couple either True
(I, B) or Complement (I, B) input polari-
ties to each AND gate. The polarity of all
gate outputs is individually programma-
ble through a set of EX-OR gates for
implementing AND/NAND logic func-
tions. Alternately, if desired, OR/NOR
logic functions can also be realized by
programming for each gate the compie-
ment of its inputs and outputs (DeMor-
gan's Theorem).

- The PLS151 is field programmable, en-
abling the user to quickly generate cus-
tom patterns using standard program-
ming equipment.

Order codes are contained on the pages
following.

FUNCTIONAL DIAGRAM

PLS151

Field-Programmable Gate
Array (18 X 15 X 12)

Signetics Programmable Logic

Product Specification

FEATURES
o Field-Programmable (Ni-Cr link)
e 6 inputs
o 15 product terms:
- 12 logic terms
- 3 control terms
e 12 bidirectional 1/0 lines
e Active-High or -Low outputs
o Programmable output enable
e Power dissipation: 575mW (typ.)
e /0 propagation delay: 25ns
(max.)
e Input loading: -100uA (max.)
e TTL compatible
o Tri-state outputs

APPLICATIONS

¢ Random gating functions
o Address decoding

e Code detectors

o Memory mapped 1/0

o Fault monitors

e I/0 port decoders

PIN CONFIGURATIONS

N Package
o [1] 20] Voo
n [2] [19] Byt
I:E [18] B1o
s [2] [17] B
1 [5] [76] 8o
1s [€] 18] B,
B [7] [12] Bs
B 2] 73] B5
8; [9] [1z] 84
GND [ig] 11 B3

N = Plastic

910
17] 8o
[16] 8,
5] 8,
14] 8

A = Plastic Leaded Chip Carrier

LOGIC FUNCTION

TYPICAL OUTPUT FUNCTIONS:

NOTES:

1.For each of the 12 outputs, either function X
(Active-High) or X (Active-Low) is available, but not
both. The desired output polarity is programmed
via the EX-OR gates.

2.X, A, B, C, etc. are user defined connections to

Gn Go Doz
W
ZO—s
s> &4
<
X X EJ
lq
T T
== o
Bn Bo
LDO1710S
All Ni-Cr links are initially intact.
November 19, 1986 4-3

fixed inputs (I) and bidirectional pins (B).
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Signetics Application Specific Products @ Series 20 Product Specification

Field-Programmable Gate
Array (18 X 15 X 12) PLS151

FPGA LOGIC DIAGRAM

#——————————— (LOGIC GATES—G) ———————————@  (CONTROL GATES)

"M 10 9 8 7 6 5 4 3 2 1 0 D2 Dy Do

]
h{2]
23]
13[4

taf5]

156

Sy

i
S11| S| Se

blown link float 1o a logic "'1".
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Signetics Application Specific Products ® Series 20 Product Specification

Field-Programmable Gate PLS151
Array (18 X 15 X 12)
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLS151N Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLS151A Maximum ambient 75°C
Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
RATING'
SYMBOL PARAMETER UNIT
Min Max
Vce Supply voltage +7 Vbe
Vin Input voltage +5.5 Vpec
Vourt Output voitage +55 Vpe
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Temperature range
Ta Operating 0 +75 °C
Tsta Storage -65 +150
DC ELECTRICAL CHARACTERISTICS 0°C <Tp<+75°C, 4.75V <V <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min l Typ? I Max
Input voltage®
Vi Low Vce = Min 0.8 v
ViH High Ve = Max 20
Vic Clampa" Vee = Min, iy =-12mA -0.8 -1.2
Output voltage®
Vee = Min
VoL Low loL = 10mA 0.5 v
VoH High lon =-2mA 2.4
Input current’”
Ve = Max
I Low Vin = 0.45V -100 MA
™ High Vin = 5.5V 40
Output current
Vg = Max
looFr) Hi-Z state Vout = 5.5V 80 HA
Vour = 0.45V -140
los Short circuit*> Vour =0V -15 -70 mA
Icc Vcc supply current Vce = Max 115 155 mA
Capacitance
Voo =5V
Cin Input Vin =20V 8 pF
Cs 170 Vg =20V 15

Notes on following page.
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Signetics Application Specific Products @ Series 20 Product Specification

Field-Programmable Gate
Array (18 X 15 X 12)

PLS151

AC ELECTRICAL CHARACTERISTICS R; =470, Ry = 1k, 0°C <Tp<+75°C, 4.75V < Vg < 5.25V

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITIONS UNIT
Min | Typ? | Max
trp Propagation delay Output + Input + 16 25 ns
C = 30pF
toe Output enable Output - Input £ 17 25 ns
top Output disable® Ouput + Input + CL = 5pF 17 25 ns
NOTES:

1. Stresses above those listed under ""Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only.
Functional operation at these or any other conditions above those indi d in the operational and progi ing specification of the device is not implied.

2. All typical values are at Vgg =5V, Tp=+25°C.

3. All voltage values are with respect to network ground terminal.

4.Test one pin at a time.

5. Duration of short circuit should not exceed 1 second.

6. Measured at V1= Vg + 0.5V.

7. and hy limits are for dedicated inputs only (lo-ls).

TEST LOAD CIRCUIT

TIMING DIAGRAM

§ Vo
+5V +3V
INCLUDES SCOPE
o——14, AND JIG m‘w va X ad
| I CAPACITANCE ov
[} 1 B b
] | I v
o—t—a]is '
V . — — - Vou
o—o] 1 B thv 7|{ 15V
' Bw By s Vr
| Vou
o—t—1e, _.I t t
GND Fe—tpp <—top— 3
-J. WF054118
TC02000S

TIMING DEFINITIONS VOLTAGE WAVEFORM

tpD Propagation delay between input
and output.

ton Delay between input change and
when output is off (Hi-Z or High).

toe Delay between input change and
when output reflects specified out-
put level.

10%

[ N

MEASUREMENTS:
All circuit delays are measured at the + 1.5V level
of inputs and outputs, unless otherwise specified.

Input Pulses
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Signetics Application Specific Products @ Series 20 Product Specification

Field-Programmmable Gate
PLS151
Array (18 X 15 X 12) S

LOGIC PROGRAMMING 1/0 DIRECTION - (B)

In a virgin device all Ni-Cr links are intact.

s [
The FPGA can be programmed by means of o
Logic programming equipment. o
With Logic programming, the AND/EX-OR G B G B

gate input connections necessary to imple-
ment the desired logic function are coded

directly from logic equations using the Pro- m DIRECTION [ CODE |
gram Table on the following page. [ woi [ & ] m—w -
woozars 7

In this Table the logic state of variables | and

B associated with each gate Gy, Dy is as- QUTPUT POLARITY -(B)
signed a symbol which results in the proper

fusing pattern of corresponding links defined G G
as follows: X?D’_ G )(?D"—a

VIRGIN STATE

A factory shipped virgin device contains all [ acTive LeveL | cooE | [ACTIVE LEVEL | CODE |
fusible links intact, such that: [ wew' | W] LOW v ]

D01751S LDO1760S

1. All outputs at 'H' polarity.

2. All P, terms are disabled.
3. All P, terms are active on all outputs.

4. All B terms are 1/0 unless otherwise pro-
grammed.

"AND" ARRAY - (I, B)
— 1B y — 1, |
'°°_'l$ .—:,E Lso——C_i: I'QO_C—i: uao——C[;;

9. . 2, P,

s T cooe | e eone | s T oome | s ooox |
wacve™ | o | Y —— [ ——— [Coowroane | -
LDO1770S LD01780S LDO1780S 1LD01800S

NOTES:

1. This is the initial unprogrammed state of all links.
2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (sither | or B) are left intact.
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Product Specification

Signetics Application Specific Products @ Series 20

Field-Programmable Gate

Array (18 X 15 X 12)

PLS151

FPGA PROGRAM TABLE

° ~
- -
z -
© -
N o
Py 2
e :
~ e
R e
ioI. N
e e
= 2
- -
- N
« -
- - -
R -
- o
[Y-3)
a-a g MM
o w o ow o ow o owow A8 aArsmwmmunuﬁuwm«umu g
8850353886888 00| - SOBE BEEE BBRE
3va A3y # F1avL AVao0ud] orcnoe o poon oo a0 g pmCAG 3 o
S1UVd 4O HIGWNN TVLOL yuerq uer oq ueo saws posnun ¢ | 0 v T on —| wmua
# L14Vd QIZITOBNAS HINOLSNO | () aieo 1000 powwestoud Aewuiou ase sa § pue | posmun 2 a1 B 81
(XXXX) 40 # 30IA3Q SOLLINDIS oo sop svig whoue | (a0 [ 11 MO1 H 81
# HIUO ISVHOUNA | e e e o o o P o vods ot 4 o R L
INVN YINOLSND | saon | 1OHINOD anv

Teo17208
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Signetics

Application Specific Products
® Series 20

DESCRIPTION

The PLS153 is a two-level logic element,
consisting of 42 AND gates and 10 OR
gates with fusible link connections for
programming 1/0O polarity and direction.

All AND gates are linked to 8 inputs (l)
and 10 bidirectional 1/0 lines (B). These
yield variable 1/0 gate configurations via
10 direction control gates (D), ranging
from 18 inputs to 10 outputs.

On chip T/C buffers couple either True
(I, B) or Complement (I, B) input polari-
ties to all AND gates, whose outputs can
be optionally linked to all OR gates.
Their output polarity, in turn, is individual-
ly programmable through a set of EX-OR
gates for implementing AND/OR or
AND/NOR logic functions.

The PLS153 is field programmable, en-
abling the user to quickly generate cus-
tom patterns using standard program-
ming equipment.

Order codes are contained on the pages
following.

FUNCTIONAL DIAGRAM

PLS153

Field-Programmable Logic
Array (18 X 42 X 10)

Signetics Programmable Logic

Product Specification

FEATURES
o Field-Programmable (Ni-Cr links)
e 8 inputs
® 42 AND gates
e 10 OR gates
e 10 bidirectional 1/0 lines
e Active-High or -Low outputs
® 42 product terms:
- 32 logic terms
- 10 control terms
® |/0 propagation delay: 40ns (max.)
® Input loading: -100uA (max.)
e Power dissipation: 650mW (typ.)
o Tri-state outputs
o TTL compatible

APPLICATIONS

o Random logic

e Code converters

o Fault detectors

e Function generators
e Address mapping

e Multiplexing

PIN CONFIGURATION

N Package

N = Plastic

LOGIC FUNCTION

Py Po

Do D

i

AF018325

TYPICAL PRODUCT TERM:
Pn=A:‘B:C:D° ...
TYPICAL LOGIC FUNCTION:
AT OUTPUT POLARITY = H
Z=PO+Pi+P2...

AT OUTPUT POLARITY =L
P+P+P2+ ...

November 19, 1986
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Signetics Application Specific Products ® Series 20

Product Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLS153

FPLA LOGIC DIAGRAM

oD T
P

w2
b3}

i
1|}
'n

L
156 |4

pi
MEE <
v[e |

i
£
i
.

TR
i

5i

1. All p ""AND" gate
grar "OR" gate

are pulled to logic "1".

are pulled to logic ''0".

' g :" 3
e e e

[w]es

17| By

15| Bg

148,

3] By

12|86,

n}8,

98By

TB00943S

November 19, 1986

4-10



Signetics Application Specific Products ® Series 20

Product Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLS153

ORDERING INFORMATION

THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLS153N Maximum junction 150°C
Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS' * -
Allowable thermal rise
RATING ambient to junction 75°C
SYMBOL PARAMETER UNIT
Min Max The PLS153 device is also processed to
Vee Supply voltage +7 Vpc military requirements for operation over the
military temperature range. For specifications
Vin Input voltage +55 Voo and ordering information consult the
Vour Output voltage +55 Voc Signetics Military Data Book.
In Input currents -30 +30 mA
lout Output currents +100 mA
Temperature range
Ta Operating 0 +75 °C
Tsta Storage -65 +150
DC ELECTRICAL CHARACTERISTICS 0°C <Tp<75°C, 4.75V <V <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min I Typzj Max
Input voltage®
Vi Low Vce = Min 0.8 v
Vi High Vee = Max 2.0
Vic Clamp®* Vog = Min, Iy =-12mA -0.8 -1.2
Output voltage
Vce = Min
VoL Low3® loL = 15mA 0.5 v
Voh High%8 lon =-2mA 2.4
Input current’!
Ve = Max
i Low Vin = 0.45V -100 YA
[} High Vin=5.5V 40
Output current
Vce = Max
lo(0FF) Hi-Z state'® Vour = 5.5V 80 uA
Vour = 0.45V -140
los Short circuit*67 Vour = 0V -15 -70 mA
Icc Vce supply current® Vo = Max 130 155 mA
Capacitance
Veec =5V
Cin Input Vin = 2.0V 8 pF
Cg 170 Vg =2.0V 15

Notes on following page.
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Signetics Application Specific Products @ Series 20 Product Specification

Field-Programmable Logic Array (18 X 42 X 10) PLS153

AC ELECTRICAL CHARACTERISTICS R, =470, Ry = 1kQ, 0°C < Tp < +75°C, 4.75V < Vg <5.25V

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITIONS i Tyo? | Max UNIT
trD Propagation delay Outputt Inputt Cp = 30pF 30 40 ns
toe Output enable Output- Inputt Cp = 30pF 25 35 ns
top Output disable® Output+ Inputt Cp =5pF 25 35 ns
NOTES:
1. Stresses above those listed under ""Absolute Maximum Ratings'' may cause or p age to the device. This is a stress rating only.

Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied.
Al typical values are at Vgg = 5V, Ty = +26°C.

All voltage values are with respect to network ground terminal.

Test one at a time.

Measured with +10V applied to |y.

Measured with +10V applied to lp.7. Output sink current is supplied through a resistor to V.

Duration of short circuit should not exceed 1 second.

lcc is measured with lg, Iy at OV, lg~ly and Bg.g at 4.5V.

Measured at V= Vg + 0.5V.

10. Leakage values are a combination of input and output leakage.
111 and Iy limits are for dedicated inputs only (lo-ly).

CONOOPWON

-3

TEST LOAD CIRCUIT TIMING DIAGRAM
QVec
o
s ppme || e K KoK=
1 ] CAMCITANCE
1 1 Ry
1 | ]
o—t—sli,
our . — = - Vou
M : = v R
! . ~1t ™ g e
A < L-‘m—’| '-'oo—'l toe
_J-_ WF05411S
- TCo10028
TIMING DEFINITIONS VOLTAGE WAVEFORM
) Propagation delay between input
and output.
top Delay between input change and
when output is off (Hi-Z or High).
toe Delay between.input change and
when output reflects specified out-
put level.

MEASUREMENTS:
All circuit delays are measured at the + 1.5V level
of inputs and outputs, unless otherwise specified.

! Input Pulses
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Signetics Application Specific Products ® Series 20

Product Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLS153

LOGIC PROGRAMMING
The FPLA can be programmed by means of
Logic programming equipment.

With Logic programming, the AND/OR/EX-
OR gate input connections necessary to im-
plement the desired logic function are coded
directly from logic equations using the Pro-
gram Table on the following page.

In this Table the logic state of variables |, P,
and B associated with each Sum Term S is
assigned a symbol which results in the proper
fusing pattern of corresponding links defined
as follows:

""AND" ARRAY -(I, B)

OUTPUT POLARITY - (B)

P
Q,

[X:} 0——‘I£ "

7,

NOTES:
1. This is the initial unprogrammed state of all links.

2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either | or B) are

left intact.

November 19, 1986
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PD
LS019908 8020008 LS018708 LS01660S
STATE [ cope | STATE ] cooE ] [ STATE [ copEe | [ STATE | cope |
[ macnive? | o | | 1, B | v ] I 1, B [ o ] | pontcare | - |
OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains ail
P L3 fusible links intact, such that:
s s 1. All outputs at "H" polarity.
2. All P, terms are disabled.
Loomnes 3. All P, terms are active on all outputs.
[ Pa sTATUS | coo | [Pa sTATUS | oD |
[ acmve’ | [_wactve | o |




Product Specification
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Signetics

Application Specific Products
® Series 20

DESCRIPTION

The PLS153A is a two-level logic ele-
ments, consisting of 42 AND gates and
10 OR gates with fusible link connec-
tions for programming 1/O polarity and
direction.

All AND gates are linked to 8 inputs (I)
and 10 bidirectional 1/0 lines (B). These
yield variable 1/0 gate configurations via
10 direction control gates (D), ranging
from 18 inputs to 10 outputs.

On chip T/C buffers couple either True
(I, B) or Complement (I, B) input polari-
ties to all AND gates, whose outputs can
be optionally linked to all OR gates.
Their output polarity, in turn, is individual-
ly programmable through a set of EX-OR
gates for implementing AND/OR or
AND/NOR logic functions.

The PLS153A is field programmable,
enabling the user to quickly generate
custom patterns using standard pro-
gramming equipment.

Order codes are contained on the pages
following.

FUNCTIONAL DIAGRAM

PLS153A

Field-Programmable Logic
Array (18 X 42 X 10)

Signetics Programmable Logic

Product Specification

FEATURES
o Field-Programmable (Ni-Cr links)
e 8 inputs
® 42 AND gates
e 10 OR gates
e 10 bidirectional 1/0 lines
e Active-High or -Low outputs
® 42 product terms:
- 32 logic terms
- 10 control terms

© 1/0 propagation delay: 30ns
(max.)

o Input loading: ~100uA (max.)

o Power dissipation: 650mW (typ.)
o Tri-state outputs

o TTL compatible

APPLICATIONS

o Random logic

e Code converters

e Fault detectors

® Function generators
e Address mapping

o Multiplexing

PIN CONFIGURATIONS

Py Py

L) 0,

-0 By

AF018328

N Package
10 (1] [20] Ve
||E [18] By
2 [3] 18] By
13 [4] [17] By
14 [5] [16] 86
15 [€] [15] 85
1s [7] [12] B4
1 (8] [13] By
Bo [2] [12] B,

GND [10]

N = Plastic

) o
[17] &7
16] 8
[15] B5
e

Bo GND By

B, B;
CDO04890S
A = Plastic Leaded Chip Carrier

LOGIC FUNCTION

TYPICAL PRODUCT TERM:
Pn=A-‘B-C‘D- ...
TYPICAL LOGIC FUNCTION:
AT OUTPUT POLARITY =H
Z=PO+P1+P2...

AT OUTPUT POLARITY =L
Z=PO+PI¥P2+ ...
z=Po-Pi-P2...

NOTES:

1.For each of the 10 outputs, either function Z
(Active-High) or Z (Active-Low) is available, but not
both. The desired output polarity is programmed
via the EX-OR gates.

2.Z, A, B, C, etc. are user defined connections to

November 19, 1986
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fixed inputs (I) and bidirectional pins (B).
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Signetics Application Specific Products ® Series 20

Product Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLS153A

FPLA LOGIC DIAGRAM

{n]®

{e] %

7|8

1] 8,

13| 8;

12|8;

1|8y

3 %

|1 ] ihob b
W[z ;
-
L3 :
yle B /
s 0 ,
<>« 5
130 .
L i i
w7 i - - . -
w[s :
B & i 5
8, ’» . ; e
o e
8, — L
L
8,
%
8
Bg -
8, - e
B,
By
Sy [Po[Ds|0;10g
7 =D
‘ T Bl A
= D
2
==leg
a0
—FAD-
S8
g L
R A
. *Te,
- - —D
=
- - =D~
% % Ts,
e . - =
L i i : )
x,'ﬂﬁ"
31eeeees2d 230c0cs0if 150000003 T7Toseeses( —_
NOTES:
1. All p "AND" gate are pulled to logic 1",
2. Al "OR" gate are pulled to logic "'0".

9]8o

T8008435
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Signetics Application Specific Products @ Series 20 Product Specification

Field-Programmable Logic Array (18 X 42 X 10) PLS153A
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLS153AN Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLS153AA Maximum ambient 75°C
Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
RATING
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Voc
ViN Input voltage +55 Voc
Vour Output voltage +5.5 Voc
N Input currents -30 +30 mA
lout Output currents +100 mA
Temperature range
Ta Operating 0 +75 °C
Tsta Storage -65 +150
DC ELECTRICAL CHARACTERISTICS 0°C < T, <75°C, 4.75V <V <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min l Typ? I Max
Input voltage®
ViL Low Vcc = Min 0.8 v
ViH High Vce = Max 2.0
Vic Clamp®* Vec = Min, Iy =-12mA -0.8 -1.2
Output voitage
Ve = Min
Vo Low>S loL = 15mA 0.5 \
VoH High38 IoH = —2mA 2.4
Input current!?
1 Vce = Max
W Low Vin = 0.45V -100 pA
hH High Vin=5.5V 40
Output current
Vce = Max
loorr) Hi-Z state'® Vour = 5.5V 80 uA
Vour = 0.45V -140
los Short circuit*67 Vour =0V -15 -70 mA
lcc Ve supply current® Vee = Max 130 155 mA
Capacitance
’ Voo =5V
Cin Input Vin=2.0V 8 pF
Cs 1710 Vg = 2.0V 15

Notes on following page.
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Signetics Application Specific Products @ Series 20

Product Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLS153A

AC ELECTRICAL CHARACTERISTICS R, =470Q, Ry =1k, 0°C <Tp<+75°C, 4.75V <V <5.25V

SYMBOL PARAMETER T0 FROM TEST LIWITS UNIT
CONDITIONS | win | Typ2 | Max
tep Propagation delay Outputt Inputt Cy = 30pF 20 30 ns
toe Output enable Outputt Inputt CL = 30pF 20 30 ns
top Output disable® Outputt Inputt C_ = 5pF 20 30 ns
NOTES:

Stresses above those listed under 'Absolute Maximum Ratings" may cause

orp

to the device. This is a stress rating only.

Functional operation at these or any other conditions above those indicated in the operational and programming specification of the device is not implied.

“DOLINOIOSLODN

-

All typical values are at Vg =5V, Ta=+25°C.
All voltage values are with respect to network ground terminal.
Test one at a time.

Measured with +10V applied to ;.
Measured with +10V applied to lp-7. Output sink current is supplied through a resistor to Vgc.
Duration of short circuit should not exceed 1 second.

Icc is measured with lp 4 at OV and I;_7 and Bo_g at 4.5V.
Measured at V1= Vg + 0.5V.
L.eakage values are a combination of input and output leakage.
liy and Iy limits are for dedicated inputs only (lg-lg).

TEST LOAD CIRCUIT

TIMING DIAGRAM

gl
+5V +3V
INCLUDES SCOPE
o] e & Ko R
! i
1 1} Ry
) S
[ e ] :
[ our ' B st 7'/ \—K_‘;.;vm
] K
i o [} S R2 Ict _’l l N I.__ Vou
1
R L, = = —tep e top—s toe
_L 'WF05411S
- TCo16028
TIMING DEFINITIONS VOLTAGE WAVEFORM
tpp Propagation delay between input
and output.
ton Delay between input change and
when output is off (Hi-Z or High).
toe Delay between input change and
when output reflects specified out-
put level.
MEASUREMENTS:
Al circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.
Input Pulses
November 18, 1986 4-18




Signetics Application Specific Products ® Series 20

Product Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLS163A

LOGIC PROGRAMMING
The FPLA can be programmed by means of
Logic programming equipment.

With Logic programming, the AND/OR/EX-
OR gate input connections necessary to im-
plement the desired logic function are coded
directly from logic equations using the Pro-
gram Table on the following page.

In this Table the logic state of variables |, P,
and B associated with each Sum Term S is
assigned a symbol which results in the proper
fusing pattern of corresponding links, defined
as follows:

""AND'"" ARRAY - (I, B)

OUTPUT POLARITY -(B)

LS019508

TACTIVE LEVEL | CODE

w1 | o

b— 1.8

%,

NOTES:
1. This is the initial unprogrammed state of all links.

2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either | or B) are

left intact.

November 19, 1986
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: PD !
LS01890S LS02000S LS01970S 5019808
[ STATE [ copE | [ STATE [ cope | [ STATE | copE | [ STATE CopE |
[ macnive”? T o | { 1, B [ v ] { 1, B [ v ] [ poNTcaRE [ - |
OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
P P fusible links intact, such that:
s s 1. All outputs at "H" polarity.
2. All P, terms are disabled.
LSozoros LSome0s 3. All P, terms are active on all outputs.
[P sTATUS | cooe | [P, sTATUS | GobE |
[ actve® | a | [ wactve | o |

CAUTION: PLS153A TEST
COLUMNS

The PLS153A incorporates two columns not
shown in the logic block diagram. These
columns are used for in-house testing of the
device in the unprogrammed state. These
columns must be disabled prior to using the
PLS153A in your application. if you are using
a Signetics-approved programmer the dis-
abling is accomplished during the device
programming sequence. If these columns are
not disabled, abnormal operation is possible.

Furthermore, because of these test columns,
the PLS153A cannot be programmed using
the programmer algorithm for the PLS153.
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Field-Programmable Logic Array (18 X 42 X 10)
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DESCRIPTION

The PLHS153 is a high-speed version of
the PLS153 and PLS153A FPLAs. The
Signetics state-of-the-art Oxide Isolated
Bipolar fabrication process is employed
to produce performance levels not yet
achieved in devices of this complexity.

The PLHS153 is a two-level logic ele-
ments, consisting of 42 AND gates and
10 OR gates with fusible link connec-
tions for programming 1/0 polarity and
direction.

All AND gates are linked to 8 inputs (I)
and 10 bidirectional I/0 lines (B). These
yield variable 1/0 gate configurations via
10 direction control gates (D), ranging
from 18 inputs to 10 outputs.

On chip T/C buffers couple either True
(I, B) or Complement (I, B) input polari-
ties to all AND gates, whose outputs can
be optionally linked to all OR gates.
Their output polarity, in turn, is individual-
ly programmable through a set of EX-OR
gates for implementing AND/OR or
AND/NOR logic functions.

The PLHS153 is field programmable,
enabling the user to quickly generate
custom patterns using standard pro-

PLHS153

Field-Programmable Logic
Array (18 X 42 X 10)

Signetics Programmable Logic

Preliminary Specification

FEATURES
o Field-Programmable

e Functionally identical to PLS153/
153A

® 8 inputs
® 42 AND gates
e 10 OR gates
© 10 bidirectional 1/0 lines
® Active-High or -Low outputs
® 42 product terms:
- 32 logic terms
- 10 control terms

* |/O propagation delay: 20ns
(max.)

® Input loading: -100uA (max.)

o Power dissipation: 650mW (typ.)
o Tri-state outputs

e TTL compatible

APPLICATIONS

¢ Random logic

e Code converters

o Fault detectors

o Function generators
o Address mapping

PIN CONFIGURATIONS

gramming equipment. e Multiplexing
FUNCTIONAL DIAGRAM
Py Po Do 0y
wor—1F ) )
]
i
s Bl
] .
'ro—l——-b T
& 1
U U U U]
N R

AFO1834S

N Package
1o [1] [20] Vee
w2} [19] B,
w (3] 18] 8y
13 [4] 17) B2
1 [5] 161 85
'SE [15) B5
15 [7] 4] B
w [€] 13] B3
8o [9] 2] B,
GND [10] 1] 8,
) CD04680S
N = Plastic

18] B,
17] 87
16] 86
15] Bs
74] B4

CD04890S
A = Plastic Leaded Chip Carrier

LOGIC FUNCTION

TYPICAL PRODUCT TERM:
Pn=A°B:C'D- ...

TYPICAL LOGIC FUNCTION:

AT OUTPUT POLARITY =H
Z=PO+P1+P2...

AT QUTPUT POLARITY =L

NOTES:

1.For each of the 10 outputs, either function Z
(Active-High) or Z (Active-Low) is available, but not
both. The desired output polarity is programmed
via the EX-OR gates.

2.Z, A, B, G, etc. are user defined connections to
fixed inputs (l) and bidirectional pins (B).

November 1986
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Field-Programmable Logic Array (18 X 42 X 410) PLHS153

FPLA LOGIC DIAGRAM

#*———— (LOGK TERMS—P) ———— i} — (CONTROL TERMS) ——8
o] I@iﬁﬂﬁiﬁ%%%ﬁ 5%%&%%%!&%%
‘ L L
[z}
w[s ] i
nLeb m&@
‘A 1
i
foee
] L
L

i -
w[e o ' i
| 53@§§§§§§E%§§§§§§-
e §§§§—
l i .

7|8,

15| Bs

14| 8,

13| 8

12|8;

1|8,

9|8

TB00943S

NOTES:
1. All unprogrammed or vnrgln "AND gate locations are pulled to |ogqc 1
2. All unpru vrammed * gate locations are pulled to logic ""0"
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Preliminary Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLHS153

ORDERING INFORMATION

THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLHS153N Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLHS153A Maximum ambient 75°C
Aliowable thermal rise
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
SYMBOL PARAMETER RATING UNIT The PLHS153 device is also processed to
Min Max military requirements for operation over the
military temperature range. For specifications
Vee Supply voltage t7 Voc and ordering information consult the
Vin Input voltage +55 Vbc Signetics Military Data Book.
Vout Output voltage +5.5 Vpc
In Input currents -30 +30 mA
lout Output currents +100 mA .
Temperature range
Ta Operating 0 +75 °C
Tsta Storage -65 +150
DC ELECTRICAL CHARACTERISTICS 0°C < T, <75°C, 4.75V < Vg <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ? | Max
Input voltage®
Vi Low ' Voe = Min 0.8 v
ViH High Vo = Max 2.0
Vic Clamp3# Ve = Min, Iy =-12mA -0.8 -1.2
Output voltage
Vce = Min .
VoL Low> loL = 15mA 0.5 v
VoH High®® lon =—-2mA 2.4
Input current'?
Vce = Max
I Low ViN = 0.45V -100 A
[ High Vin = 5.5V 40
Output current
Vce = Max
lo(oFF) Hi-Z state'® Vour = 5.5V 80 uA
Vout = 0.45V -140
lus Short circuit*67 Vout = 0V -15 -70 mA
Icc Ve supply current? Ve = Max 130 155 mA
Capacitance
Voo =5V
Cin Input Vin = 2.0V 8 pF
Cg 170 Vg =2.0V 15

Notes on following page.
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Preliminary Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLHS153

AC ELECTRICAL CHARACTERISTICS R, =470Q, Ry = 1kQ, 0°C <Tp <+75°C, 4.76V <Vgc <5.26V

SYMBOL PARAMETER T0 FROM TEST LIS UNIT
CONDITIONS | min | Typ? | Max
tep Propagation delay Outputt Inputt Cy = 30pF 14 20 ns
toe Output enable Output- Inputt Cy = 30pF 16 20 ns
top Output disable® Output+ Inputt CL = 5pF 14 20 ns
NOTES:
1. Stresses above those listed under ''Absolute Maximum Ratings' may cause malfunction gr pe it to the device. This is a stress rating only.

Functional operation at these or any other conditions above those indi

2. All typical values are at Voo =5V, Tp=+25°C.

3. All voltage values are with respect to network ground terminal.
4. Test one at a time.

5. Measured with + 10V applied to Is.

6. Output sink current is supplied through a resistor to Vgc.

7. Duration of short circuit should not exceed 1 second.

8. Igc is measured with all pins = open or 4.5V.

9. Measured at Vy = Vg +0.5V.

10. Leakage values are a combination of input and output leakage.
11. i and hiy limits are for dedicated inputs only (lp-17).

TEST LOAD CIRCUIT

d in the

ing specification of the device is not implied.

P Prog

TIMING DIAGRAM

g e
+8V
INCLUDES SCOPE
o=tk AND JIG
1 ) N CAPACITANCE
] 1 h
i J By
o—tsti, :
put ]
G e | ]
: Bw 8 R2 IC._
O—tis] By i
GND = =
=
TC01602S

+3V

R C

o

— — = Vo
S

He

l— -
toe

WF054118

fa—top—

TIMING DEFINITIONS

tep Propagation delay between input
and output.

top Delay between input change and
when output is off (Hi-Z or High).

toe Delay between input change and

when output refiects specified out-
put levei.

November 1886
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VOLTAGE WAVEFORM

25ns

WF053918
MEASUREMENTS:
Ali circuit delays are measured at the + 1.5V level
of inputs and outputs, unless otherwise specified.

Input Pulses
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Preliminary Specification

Field-Programmable Logic Array (18 X 42 X 10)

PLHS153

LOGIC PROGRAMMING
The FPLA can be programmed by means of
Logic programming equipment.

With Logic programming, the AND/OR/EX-
OR gate input connections necessary to im-
plement the desired logic function are coded
directly from logic equations using the Pro-
gram Table on the foliowing page.

In this Table the logic state of variables I, P,
and B associated with each Sum Term S is
assigned a symbol which results in the proper
fusing pattern of corresponding links defined
as follows:

""AND" ARRAY -(l, B)

OUTPUT POLARITY - (B)

LS019508

ACTIVE LEVEL | CODE
HIGH

15019608

[ Aorive tever | coe |
oW ]

w1

-

NOTES:

1. This is the initial unprogrammed state of all links. It is normally associated with all unused (inactive) AND

gates Py, Dp.

2. Any gate Py, will be unconditionally inhibited if both the true and complement of an input (either | or B) are

programmed for a connection.

November 1986
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P.D Po PD *
15019908 LS02000S Lso18708 15019805
[ state | copE | [ STATE | copE | [ STATE [ copE_| [ STATE | _cooE_|
| mNnactivez | o | i |, B w1 | [ v ] | _ponTcare' | -
OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
P P fusible links intact, such that:
D—s D—s 1. All outputs at "'L" polarity.
2. All P, terms are enabled.
—_— LS s 3. Al P, terms are inactive on all outputs.
P, STATUS | CODE | P, STATUS | CODE |
active | A | INACTIVEY | & |
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DESCRIPTION

The PLS155 is a Tri-state output, regis-
tered logic element combining AND/OR
gate arrays with clocked J-K flip-flops.
These J-K flip-flops are dynamically con-
vertible to D-type via a ''fold-back’ in-
verting buffer and control gate Fc. It
features 4 registered 1/0 outputs (F) in
conjunction with 8 bidirectional 1/0 lines
(B). These yield variable I/0 gate and
register configurations via control gates
(D, L) ranging from 16 inputs to 12
outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and
21 OR gates with fusible link connec-
tions for programming 1/0 polarity and
direction. All AND gates are linked to 4
inputs (l), bidirectional 1/0 lines (B),
internal flip-flop outputs (Q), and Com-
plement Array output (C). The Comple-
ment Array consists of a NOR gate
optionally linked to all AND gates for
generating and propagating complemen-
tary AND terms.

FUNCTIONAL DIAGRAM

PLS155

Field-Programmable Logic
Sequencer (16 X 45 X 12)

Signetics Programmable Logic

Product Specification

FEATURES
o Field-Programmable (Ni-Cr link)
® 4 dedicated inputs
e 13 control gates
e 32 AND gates
e 21 OR gates
e 45 product terms:
- 32 logic terms
- 13 control terms
e 8 bidirectional 1/0 lines
e 4 bidirectional registers
e J-K, T, or D-type flip-flops
e Asynchronous Preset/Reset
e Complement Array
e Active-High or -Low outputs.
® Programmable OE control
e Positive edge-triggered clock
o Ciock frequency: 15MHz (max.)
e |Input loading: ~1001A (max.)
o Power dissipation: 750mW (typ.)
o TTL compatible
o Tri-state outputs

(LOGIC TERMS) (CONTROL TERMS) .
O—ix e
C—1x : L
g__
g [
U UU W] U
“ oD £
" >
P D
D T -
M (n)
D i K 4 cK

November 19, 1986
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PIN CONFIGURATIONS

N Package
cK [T} Vee
lo (] 2] By
11 (5] [ 8g
2 (4] 7] Fg
13 ] ] F,
8o [€] 5] Fq
847} 4] Fo
B2 (7} [13) Bs
B3 (5] [17)8,4
GNDi9] miyd
CD033108
N = Plastic
A Package
h l CK Vec B,
3] [2] [7] [20] [ig]
2 [4] 2] 8
5 [ ]
%[ ol
8, [7] 5] F1
8, [8] ] £,
LoJ o] [u] feaf o
B; GND OE B, Bs
©D03320S
A= Plastic Leaded Chip Carrier

APPLICATIONS

e Random sequential logic

e Synchronous up/down counters
o Shift registers

o Bidirectional data buffers

o Timing function generators

e System controllers/synchronizers
o Priority encoder/registers

853-0317 86602
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS155

On-chip T/C buffers couple either True (I, B,
Q) or Complement (i, B, Q, T) input polarities
to all AND gates, whose outputs can be
optionally linked to all OR gates. One group
of AND gates drives bidirectional 1/0 lines
(B), whose output polarity is individually pro-
grammable through a set of EX-OR gates for
implementing AND-OR or AND-NOR logic
functions. Another group drives the J-K inputs
of all flip-flops. The Asynchronous Preset and
Reset lines (P, R), are driven from the OR
matrix.

All flip-flops are positive edge-triggered and
can be used as input, output or I/0 (for
interfacing with a bidirectional data bus) in
conjunction with load control gates (L), steer-
ing inputs (I), (B), (Q) and programmable
output select lines (E).

The PLS155 is field programmable, enabling
the user to quickly generate custom patterns
using standard programming equipment.

Order codes are contained on the pages
following.

VIRGIN STATE
The factory shipped virgin device contains all
fusible links intact, such that:

1. OE is always enabled.

2. Preset and Reset are always disabled.

3. Al transition terms are disabled.

4. All flip-flops are in D-mode unless other-
wise programmed to J/K only or J/K or D
(controlled).

5. All B pins, are inputs and all F pins are
outputs unless otherwise programmed.

November 19, 1986

LOGIC FUNCTION

Qs @ a1 @
nn-n e PRESENT STATE

STATE REGISTER ReBeCo...

) werrsure

SETQy Jo= (Qge Q00,00 ¢A*B+C...
Kp=0

RESETQy Jy=0 e
Ky= (Q3® 3,0 Qe Gg)vA*BC ...

HOLD Q: J,=0
K=0
TOGGLE Qg Jg=(Qg® Q,°Qy® Q) *A*B*C...

Kg=(Qg® 8,00, Q) sA*BeC...

TB00S01S

NOTES:
Similar logic functions are applicable for D and T
mode flip-flops.

FLIP-FLOP TRUTH TABLE

OE |[LCKP R J K
H
L |XXHLXX|H L
L | XXLHXX|L H
LirTirLriLr}a Q
L LT LLLH| L H
LiLTLLHL|H L
L|LTLLHH|Q Q
H|HTLLLH] L | B
H|HTLLHL|H L*
X T XXLH| L | H*
VI P X X HL| K| L
NOTES:
1.Positive Logic:
JIK=Top+ Ty + T2 covreiinnneenn Ta1

Tn=Ce (lgelielz ..) e(QpeQ4...) ¢(BpeBye..)

2. Tdenotes transition from Low to High level.

3. X=Don't care

4.* = Forced at Fy, pin for loading J/K flip-fiop in I/0
mode. L must be enabled, and other active T,
disabled via steering input(s) 1, B, or Q.

5. AtP =R = H, Q = H. The final state of Q depends
on which is released first.

6.* * =Forced at F, pin to load J/K flip-flop
independent of program code (Diagnostic mode),
Tri-state B outputs.
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Product Specification

Field-Programmable Logic Sequencer (16 X 45 X 12) PLS155

FPLS LOGIC DIAGRAM

R gate inputs with a blown link float to logic "0".
3. @ denotes WIRE-OR.W ”

1
2. All other gates and control inputs with a blown link float to logic "1".

TERMS)——————————@

ap ['_;_—,:;l

cxo—a—{]cx

LDO17028
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Product Specification

Field-Programmable Logic Sequencer (16 X 45 X 12)

PLS155

ORDERING INFORMATION

THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLS155N Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLS155A Maximum ambient 75°C
Allowable thermal rise o
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
RATING
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Vbc
Vin Input voltage +5.5 Voc
Vout Output voltage +55 Vpc
hn Input currents -30 +30 mA
lout Output currents +100 mA
Temperature range
Ta Operating 0 +75 °C
Tsta Storage -65 +150
DC ELECTRICAL CHARACTERISTICS 0°C <Tp<+75°C, 4.75 <Vcc <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ? | Max
Input voltage®
Vin High Vce = Max 2
ViL Low Vce = Min 0.8 \
Vic Clamp Vee = Min, Iy =-12mA -0.8 -1.2
Output voltage® )
Vee = Min
Von High lon =-2mA 24 v
VoL Low loL = 10mA 0.35 0.5
Input current®
Vce = Max
Iy High ViN=5.5V <1 80
I Low Vin = 0.45V -10 -100 A
Output current
Vce = Max
lo (oFF) Hi-Z state® Vout = 5.5V 1 80 uA
Vout = 0.45V -1 -140
los Short circuit* Vour = 0V -15 -70 mA
lcc Ve supply current’ Vce = Max 150 190 mA
Capacitance
Vce = 5.0V
Cin Input ViN = 2.0V 8 pF
Cour Output Vout = 20V 15
NOTES:

1. Stresses above those listed under "'Absolute Maximum Ratings' may cause malfunction or permanent damage to the device. This is a stress rating only.
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not implied.

PN O PO

Al typical values are at Vgc =5V, To= +25°C.

All voltage values are with respect to network ground terminal.

Test one at a time.
Measured with Vy applied to OE.

Duration of short circuit should not exceed 1 second.

loc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open.
Leakage values are a combination of input and output leakage.

November 19, 1986
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS155

AC ELECTRICAL CHARACTERISTICS 0°C <Tp<+75°C, 4.75 <Vgg <5.25V, Ry = 4709, Ry =1k

LIMITS
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT
Min® [ Typ! LMax

Pulse width

tokH Clock? high CK - CK + 25 20

tokL Clock low CK + CK - C = 30pF 30 20 ns
tekp Period CK + CK + 70 50

tPRH Preset/Reset pulse ,B) + (,B) - 40 30

Setup time

tisy Input CK + B) * 40 30

tis2 Input (through Fp) CK + F * C = 30pF 20 10 ns
tis3 Input (through

Complement Array)* CK + (1,B) * 65 40 4

Hold time

tint Input CK + (,B) C = 30pF 0 -10 ns
tiH2 CK + F + 15 10

Propagation delays

tcko Clock F + CK + CL = 30pF 25 30

toE1 Output enable F - CE - C = 30pF 20 30

top1 Output disable® F+ OE + Ci =5pF 20 30

trp Output B+ (,B) + C = 30pF 40 50 ns
toe2 Output enable B+ (,B) + Cy = 30pF 35 55

top2 Output disable® B+ ,B) - C_ =5pF 30 35

tero Preset/Reset Ft (,B) + CL = 30pF 50 55

NOTES:

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

To prevent spurious clocking, clock rise time (10% —90%) < 10ns.

Measured at V1= Vg +0.5V.

When using the Complement Array Tckp = 95ns (min).

Limits are guaranteed with 12 product terms maximum connected to each sum term line.
For test circuits, waveforms and timing diagrams see the following pages.

OO AN
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Field-Programmable Logic Sequencer (16 X 45 X 12)

PLS155

TEST LOAD CIRCUIT

VOLTAGE WAVEFORM

Gate Outputs

November 19, 1986 4-32

vee 430V =—emee
T 0%
+5v
10%
o O—] T 8y ov
! | P
| | R1
ih O—> — 82
Bw o_'.> out _I. [
! ! Rz o
| p— FN
8x O—| = = (INCLUDES
oK O—= GND [«—O TE 2&2::-:::&'? wrosiecs
Toote208 MEASUREMENTS:
_L Al circuit delays are measured at the +1.5V level
= of inputs and outputs, uniess otherwise specified.
Toote11s Input Pulses
TIMING DIAGRAMS TIMING DEFINITIONS
tokH Width of input clock pulse.
L8 +3v tokL Interval between clock pulses.
(NPUTS) XI,SV X|.5V tckp Clock period.
ov tPRH Width of preset input pulse.
l__,m_.l__ tisy __I tis1 Required delay between beginning
+3v of valid input and positive transition
1.5v 1.5v / 1.5v of clock.
CcK ov tis2 Required delay between beginning
[ "5‘—”‘”— foxm ‘Tcl;—‘c'“"l of valid input forced at fiip-flop
- —_————— vou output pins, and positive transition
F 1.5V %VT of clock.
(outPuTS) tekow ! voL 1 Required delay between positive
toos transition of clock and end of valid
+3v input data.
3 1.5V 1.5v tiHz Required delay between positive
ov transition of clock and end of valid
I?o‘; input data forced at flip-flop output
e Py be nsition of
tcko lay between positive transition
Fiip-Flop Outputs clock and when Outputs become
valid (with OE low).
toet Delay between beginning of Output
- +3v Enable Low and when Outputs be-
(INPUTS) 1.5v come valid.
ov top1 Delay between beginning of Output
too | Enable High and when Outputs are
! v in the off state.
8 / OH trD Propagation delay between combi-
(ouTeuTS) &\ 18v vr national inputs and outputs.
VoL toez Delay between predefined Output
tog2 top2 . Enable High, and when combina-
o +3v tional Outputs become valid.
i
(OUTPUT ENABLE) +1.5v +1.5v " top2 gzgebme:nzrme:ogm
weosaats tional Outputs are in the off state.
trrRO Delay between positive transition of

predefined Preset/Reset input, and
when flip-flop outputs become val-
id.
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TIMING DIAGRAMS (Continued)

+3v

18
(INPUTS)

—— 3V
cK ’ * 1.5V
- OV

omum’! e e tisy 'CKO>|
[ X +3v
*PRESET RESET 7 1.5V A 15y
- Y o o o s e e e e e o OV
(1. BINPUTS) le— tpRH —
a (PRESET) \x'-
(RESET) N
[e— tprO
=== VoH
F 1.5y (RESET) > sy
(OUTRUTS) SV (PResET) AN e v
L

WF05491S

* The leading edge of preset/reset must occur only when the input clock is "'low"', and must remain "high"' as long
as required to override clock. The falling edge of preset/reset can never go "'low" when the input clock is 'high"'.

Asynchronous Preset/Reset

+3v
8 1.5V 1.5V
(LOAD SELECT) ) :

ov
+3v
OF (st 1.5V
- ov
toet —ﬁi
4 i’ \
L \
- = /| L S
|
|
. | +3V Vo
(NPUTS) VT (FORCED DjN) 1.5V
ov VoL
[e—— t0D1
“+3v
cK
—ov

AN

Flip-Flop Input Mode

WF05501S
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PLS155

The FPLS can be programmed by means of

Logic Programming equipment.

With Logic programming, the AND/OR-EX-

OR input connections necessary to imple-

""AND" ARRAY - (1), (B), (Qp)

ment the desired logic function are coded
directly from the State Diagram using the
Program Tables on the following pages.

In these tables, the logic state or action of all
1/0, control, and state variables is assigned a
symbol which results in the proper fusing

pattern of corresponding links, defined as

follows:

p— 18, Q —1,8,0 — LB8,Q
LB,Q ]
—18.3 ' 183 b—1.8,0 —1.8,0
|
(T,Fc,L,P,R, D)y (T,Fg, L, P, R, D), (T,Fe, L, PR, D)y, (T,Fc, L, P, R, D)y
| N CODE | STATE ] cooE | [ STATE [ cooE | STATE CODE
L INACTIVE 2 0 | [ 8,0 [ v} [ 8,a L ] DON'T CARE _
18020308 LS02040S8 15020508 18020808
""COMPLEMENT" ARRAY - (C)
< T c c
c c c c
(T F) o, F) (T FO) Ty, Fo)
ACTION CODE | [ ACTION [ cooe [ ACTION T cooE ] [ ACTION ] cooE |
wactive*® | O aEnerate® | A | propagate | e | [ vransearent | - ]
LS020708 LS02080S LS020808 15021008
""OR" ARRAY - (MODE)
- - Fc Fc
T c
— e —] R
M —4 ™—
O Ly Py Rp) (Op, Ly Py Ry)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
PROPAGATE . TRANSPARENT - (cm&sm A 4K hd
LS021108 18021208 15021308 LS021408
Notes on following page.
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"OR" ARRAY - (Q, = D-Type)

Tn Tn
—4 J Q| | J f—o
M = ENABLED M = ENABLED
- K — K
Tn STATUS CODE Tn STATUS CODE
ACTIVE (Set) A INACTIVE (Reset) ]
15021508 15021608

"OR" ARRAY - (Q, = J-K Type)

Tn Tn Tn Tn
—q s o | — J o | — J bF-ao|— y p—a
M = DISABLED! M= DISABLED M = DISABLED! M = DISABLED
—4 X — K —4 K — K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE (o] SET H RESET L HOLD -
LS021708 LS02180S LS02190S 15022008
"OR" ARRAY -(S or B), (P), (R) "EX-OR'' ARRAY - (B)
Tﬂ Tn
’ D P,R,S D P,R,S s D_ s
(OR B) (OR B) 8 DO— e
[ T,STATUS T CoDE | [ TySTATUS [ coDE | [ poLARITY CODE | [___PotariTY CODE
[ acve | A | { macve [ e Low L | HIGH H
Lso022108 15022208 15022308 LS022408
""OE" ARRAY - (E)
s> | 0>+ | 0>+ | =—>
N L] ] L
En Ep En En
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
et o CONTROL A ENABLE? [ DISABLE -
18022508 LS02260S 1LS022708 LS02280S

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
2. Any gate (T, Fg, L, P, R, D), will be unconditionally inhibited if both of the I, B, or Q links are left intact.

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T, Fc.

4. E,=0 and E, = are logically equivalent states, since both cause F, outputs to be unconditionally enabled.
5. These states are not allowed for control gates (L, P, R, D), due to their lack of "OR" array links.

November 19, 1986
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FPLS PROGRAM TABLE

AND T OR T CONTROL T NOTES
———————— =———— —1 — == == == == == — — — — — — —{ 1. The FPLS is shipped with all links intact. Thus a back-
INACTIVE — To | [acmve  Tal, g g0 K IQ | ground of entries corresponding to states of virgin
+8,0 ™ vem. | [mAcnvs :. ] ©@=0) | Koo 4| FFMooe  [ioce !c ] links exists in the table, shown BLANK for clarity.
1.8.0 1 om ‘“""""“HA CONTROL V4 | 2 Programunused C, 1, B, and Q bits in the AND array as
YRR I | e 1ol a8 (—). Program unused Q, B, P, and R bits in the OR
OON'Y CARE | — | | onsAaLEA'L : array as (—) or (A), as applicable.
T T 17 3. Unused Terms can be left biank.
AT L0 | [rocace i | CISHET I | 4.Q(P)and Q (N) are respectively the present and next
GENERATE 1A e lfsEer__w @= 4K | states of flip-fiops Q.
nonanLVL . | [reser — To | FIF MODE [ €a POLARITY
TRANSPARENT | — HOLO -
L Ilwowo - ! 11 1 EEENEE
T AND OR
£ i [T0) o(F) o(N) P | r 8(0)
12 e T
Q ™ 3l2[1lo]7]elsfalsl2]1]o]sf2][1]o] [a]2]1]ofelalefa]7lelsfa;3]{2]1]0
7 - ; :
Z T T
o} . t }
@ 2 - H
> 3 .
@ - : :
a —+ t
: : = =
a2 | ® > -+ +
2 |g : : *
8 ; i
a T T
o o LJ L 1
w T T
(e} w 10 : 1
N T T
(o] 11 N N
- § T T
12
z 4 +
Q (2o 13 H H
= 5o e T 1
g 122, } f
3 E:J 8 e 15 Y H
r4 M ¥
0w X =2W w 16 1 +
FXO0CX =T 1
I et b3 17 | H
- 5 » ‘.“_" g PPy T T
w < } t
o000 19 N H
A )
" 20 I |
T ¥
21 'L j'
22 } :
w 23 : =
l; 24 | K
T T
o 25 s $
L L]
' 26 : N
27 t 4
> 28
w -+ +
[*9 29 It H
N T
30 i .
31 | §
£ A ! t& T
- Lo ;
# 5 Q [ N
o w 8 ® +
YwoOuw o7 b »
22853 [ }
< L w Q +
z o < os H H o=
c w (=] S [ + —'
uopB3s s +
<2z 03 N B ;
O T o }
- 0O z2 < b2 } }
0 o = 1 v )
32 9 o )
(&) €N - DO 4' ';
v Islal3]2]e]18j13]12,0]8] 7] 6]17]16]15]14]

TBO1211S

November 19, 1986 4-36



Signel

Application Specific Products
® Series 20

DESCRIPTION

The PLS157 is a Tri-state output, regis-
tered logic element combining AND/OR
gate arrays with clocked J-K flip-flops.
These J-K flip-flops are dynamically con-
vertible to D-type via a "'fold-back’ in-
verting buffer and control gate Fc. It
features 6 registered 1/0 outputs (F) in
conjunction with 6 bidirectional 1/0 lines
(B). These yield variable 1/0 gate and
register configurations via control gates
(D, L) ranging from 16 inputs to 12
outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and
21 OR gates with fusible link connec-
tions for programming I/0O polarity and
direction. All AND gates are linked to 4
inputs (I), bidirectional 1/0 lines (B),
internal flip-flop outputs (Q), and Com-
plement Array output (C). The Comple-
ment Array consists of a NOR gate
optionally linked to all AND gates for
generating and propagating complemen-
“tary AND terms.

FUNCTION DIAGRAM

PLS157

Field-Programmable Logic
Sequencer (16 X 45 X 12)

Signetics Programmable Logic

Product Specification

FEATURES
o Field-Programmable (Ni-Cr link)
e 4 dedicated inputs
e 13 control gates
® 32 AND gates
e 21 OR gates
e 45 product terms:
- 32 logic terms
- 13 control terms
e 6 bidirectional 1/0 lines
e & bidirectional registers
e J-K, T, or D-type flip-flops
o Tri-state outputs
o Asynchronous Preset/Reset
e Compiement Array
e Active-High or -Low outputs
e Programmable OE control
o Positive edge-triggered clock
e Clock frequency: 15MHz (max.)
® Input loading: ~-100nA (max.)
o Power dissipation: 750mW (typ.)
o TTL compatible

(LOGIC TERMS)

(CONTROL TERMS)
L

O—x

|

"B

oes

Oo—z

a
a
Q

e

Tar T, F

s DD al
. F
IIN\= [} ul 0
-
™ " | ek
7L
L >~
R I
y e
P !
g |
F
10~ sF Ty 45
T2 1f
™ K d oK
C

AF01891S.

November 19, 1986
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PIN CONFIGURATIONS

N Package

N = Plastic

A Package

I, lp CK Veo Bs
3 2 1| f20] j19

4] .
15[5]
8, [6]
B,E
8, [5]

] s
&l s

15] F2

4] Fy

BTl T T ]

By GND OE B, F,

A= Plastic Leaded Chip Carrier

APPLICATIONS

o Random sequential logic

e Synchronous up/down counters
o Shift registers

e Bidirectional data buffers

o Timing function generators

e System controllers/synchronizers
e Priority encoder/registers

853-0318 86602
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On-chip T/C buffers couple either True (1, B, LOGIC FUNCTION

Q) or Complement (I, B, Q, C) input polarities
to all AND gates, whose outputs can be

optionally linked to all OR gates. One group Q3 02 Q1 Qo
of AND gates drives bidirectional 1/0 lines ﬂllﬂﬂ e PRESENT STATE
(B), whose output polarity is individually pro- STATE REGISTER ReBeCo...

grammable through a set of EX-OR gates for
implementing AND-OR or AND-NOR logic nﬂﬂﬂ G- nexrsmare

functions. Another group drives the J-K inputs

N SETQy Jg= (03¢ Q,*Q,¢Qp)*A*B*C...
of all flip-flops. The Asynchronous Preset and

Reset lines (P, R), for two of the registers are e

driven from the AND matrix. The Preset and T O 1 Gge Gre0ye By R-Boc ..
Reset lines (P, R) controlling the lower four HOLD O 4,20

registers are driven from the OR matrix. K220

All flip-flops are positive edge-triggered and TOGALE Qg' J3=(Q3° G,% 0, G) A+ B+C...
can be used as input, output or 1/0 (for o
interfacing with a bidirectional data bus) in Ka=(A3 0,* 0y Qg *ABeC ...
conjunction with load control gates (L), steer- 8003015

ing inputs (I), (B), (Q) and programmable
output select lines (E).

The PLS157 is field programmable, enabling NOTES:
the user to quickly generate custom patterns Similar logic functions are applicable for D and T

using standard programming equipment. mode flip-flops.
Order codes are contained on the pages FLIP-FLOP TRUTH TABLE
following. —
OE
H
VIRGIN STATE
The factory shipped virgin device contains all L XX HLXX|H L
fusible links intact, such that: L[ XXLHXX] L H
1. OE is always enabled. L{LtTLriLrLtL|a Q
2. Preset and Reset are always disabled. :: ||: ¥ t t :_-‘ ’: l|:| ":'
3. Al tr-ansmon !erf'ns are disabled. L Lt LLunla Q
4. Al flip-flops are in D-mode unless other-
wise programmed to J/K only or J/K or D HIHTLLLH|L H*
(controlled). H|HTLLHL|H L
5. All B pins are inputs and all F pins are 10V X T XX LH L H**
outputs unless otherwise programmed. X T XXHL|H L**
NOTES:
1.Positive Logic:
JIK=To+ Ty +Tp coereiiens Ta

Tn=Ce (lpelyely ) o(QoeQy..) «(BgeBye...
2. Tdenotes transition from Low to High level.
3. X=Don't care
4.* = Forced at Fp, pin for loading J/K flip-flop in 1/0

mode. L must be enabled, and other active T,

disabled via steering input(s) I, B, or Q.

5. AtP =R = H, Q = H. The final state of Q depends
on which is released first.

6.* * =Forced at F, pin to load J/K flip-flop
independent of program code (Diagnostic mode),

Tri-state B outputs.
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FPLS LOGIC DIAGRAM

TERMS) e

[]
']

- (LOGIC TERMS-T)

&
]

s

evoeee2d 23ecvrorciBl5ecceccBd Teoseseol Fe cK's 4.___.@0“

NOTES:

1. All OR gate inputs with a blown link float to iogic "0".

2. All other gates and control inputs with a blown link fioat to logic "1'".
3. @ denotes WIRE-OR,

4. 4 | Programmable